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15 cyclohexanone oxime in dimethyl sulphoxide (DMSO) as
solvent is contacted with a strongly acidic catalyst. This
catalyst is a sulphonated polystyrene divinyl benzene
resin and functions as an ion exchanger.

On an industrial scale the conversion of cyclic

20 ketoximes into the corresponding lactams according to the
Beckmann rearrangement — for formation of e-caprolactam
from cyclohexanone oxime - usually takes place in a
homogeneous, strongly acidic liquid phase, use being made
for example of oleum, optionally dissolved in ligquid

25 sulphur dioxide.

The lactam—-containing reaction mixture is
subsequently neutralized with ammonia water, and the
lactam is separated from the resulting ammonium sulphate
solution. The next step is recovery of ammonium sulphate

30 from the lactam—free solution by crystallization.

This means that a large amount of ammonium
sulphate is produced in the preparation of e-caprolactam,
for instance 1.7-1.9 ton (NH,),SO, per ton of lactam, if
conversion has taken place in oleum. Such an amount of by-

35 product is considered undesirable in view of the
increasing difficulties encountered in selling ammonium
sulphate and the attendant environmental problems, and for
this reason methods have been sought for quite some time
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In the patent publication referred to, GB-B-
15 1342550, it was suggested to have the conversion of the

oxime into the corresponding lactam take place under the
influence of a strongly acidic ion exchanger in the H*
form, the ion exchanger being contacted with an oxime
dissolved in a solvent. In contrast, the conversion of

20 oximes into lactams in a homogeneous environment of oleum,
optionally dissolved in liquid sulphur dioxide, the lactam
formed is released by neutralization of the acid with
ammonia. In case of application of a strongly acidic ion
exchanger such a neutralization is not necessary because

25 no oleum is used. However, the lactam selectivity and
oxime conversion belonging to this known method described
in GB-B-1342550 are not high enough for this process to
compete with the above-mentioned rearrangement method
using oleum.

30 The present invention aims to provide an
improved embodiment, with a higher lactam selectivity and
a higher lactam productivity, for the rearrangement of
cyclic ketoximes into the corresponding lactams using ion
exchangers.

35 This aim is achieved by contacting a solution of
an oxime in a solvent with a heterogeneous, strongly
acidic catalyst, the heterogeneous catalyst being a
carrier with sulphonated benzene rings and the sulphonated
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15 phenyl cyclohexanone oxime, cyclohexenoﬁe oxime.

As raw material for the process according to the

invention use is preferably made of a cyclic ketoxime.
' Preferably, the cyclic ketoxime has 5-12, in particular 6-
12 carbon atoms. Examples of extremely suitable cyclic
20 ketoximes are cyclohexanone oxime, cyclooctanone oxime and
cyclododecanone oxime.

This specification and the examples will be
based in particular on cyclohexanone oxime, for in this
embodiment the commercially interesting e—-caprolactan is

25 formed.

Possible solvents may be either inorganic or
organic or mixtures of both.

The ketoxime is preferably dissolved in an
organic solvent. Possible organic solvents described in

30 GB-B-1342550 are toluene, dimethylformamide and mixtures
of acetic acid anhydride, toluene and cyclohexane. An
organic sulphoxide of the general formula R*SOR?, where R!
and R? represent C,-C; alkyl or C4—C,, aryl groups, is a
very suitable solvent. Of this group of organic

35 sulphoxides, preference is given to dimethyl sulphoxide
(DMSO) because this substance is prepared on an industrial
scale and can be obtained at a reasonable price.

| Disregarding the price, there are also other
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gramme of dry Cghﬁbﬁghated benzene rings, the sulphonated benzene rings
10 being modified with an electron-withdrawing group. The
catalyst is capable of ion exchange. The ion-exchanging
capacity is expressed in meq of H* per gramme of dry
catalyst.
The catalyst according to the invention
15 customarily has a capacity between 0.1 meq H* and 6 meq H*
per gramme of dry catalyst. '
The modified benzene rings can be described by
the following general formula:

20 R?
R® SO,H (1)

RS R3
25
R‘

where R?® to R’ independently represent one or more
electron-withdrawing groups, to be chosen from a nitro

30 (-NO,), halogen (-Cl, -Br, -F, -I), a sulphonic acid
(-SO;H), a hydroxy, an alkoxy or a cyano (-C=N) group, the
remaining groups representing hydrogen, an alkyl or an
aryl alkyl and where at least one group is represented by

35 -R-P or ~P (I1), (III)

wherein R can be a substituted or unsubstituted C;-C; alkyl
or a substituted or unsubstituted C,~C,, aryl or arylalkyl
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P are (linear) carbon polyners suc ene K f ene and
but adi ene.10 the process conditions and t at 1s not or rdly dissolved

in the solvent used. The carrier may be of organic or
inorganic origins. _
Examples of organic carrier P are (lineair)
carbon polymers such as polyethylene, polypropylene and
15 butadiene. Usually one or two -P or —-R-P groups are
present on the benzene ring. Examples of suitable resins
are polystyrene (one —-P group wherein P is polyethylene)
poly—-divinylbenzene (two —P groups wherein P is poly-
ethylene) and mixtures of these resins in which benzene
20 rings with one and benzene rings with two —-P groups are
present, such as polystyrene divinylbenzene resin. These
resins are commercially available and can be easily
sulphonated with e.g. oleum.
R in formula II can be a methyl, ethyl, propyl-
25 or fenylenegroup. R can also be another sulphonated
benzene ring connected with the benzene ring of formula I
via a formylgroup as described in DE-A-3544210.
A preferred embodiment according to the
invention is a sulphonated polystyrene divinyl benzene
30 resin in which the sulphonated benzene ring also carries
an electron-withdrawing group. Such an ion exchanger with
chlorine or bromine as electron-withdrawing groups is
described in US-3-4,269,943. If this sulphonated
polystyrene divinyl benzene resin, modified with electron-
35 withdrawing groups, is used as catalyst, the ion exchanger
unexpectedly appears to have a longer stability than the
state-of-the—art ion exchanger during rearrangement of
oximes into lactams. An added advantage of the increased



%I &nﬁﬂﬁkﬁHRc P or -R P groups are present on the benzene ring.

Fe resins are polystyrene (one [err] group wherein P is
poI -di vinyl benzene (two -P groups wherein P is poly. % Iene)
and hese resins in which benzefe rings with one antf i
rings mnth tmo -P groups are present, such as pol ystyrene d|V|nbeenzene
resin. These resins are commercially available and can be easily
sul phonat ed Wﬂhha©1g1tqlewwmhﬁ iionf exehhager aznobdiagntbhyhe énfghtion
propyl -or tenyl.en u a I n u t in
connect ed mntthhE%B%nggné%r H%s§ or%ﬁ%%qﬁ v?ameﬁgil @gg Egggggegesgflbed
i n OE- A- 354421 thatApsodusitiad tantisdiimeneasedo foirkgeto ?ﬁé Pﬁﬁéﬁﬂtﬁnaﬁs a
sul phonat ed pol ety e drdudld roenaen Suichsin den 14bkeh bbgasubahpaat ed

benzene ring al'so carries _an el ectron-w t hdraw ng grqup. gﬁh an i

exchanger vt hashiys ﬁ@t@rlmrtoﬁlﬁ@ 209 PeEt MF wioEh G5 n§ r 8TPY T s°f
described in U§q§14§2Qg¢%4§str@ﬂﬂysso&ﬁ?p@&@&teﬁt&a&wstyeee&pdeseeﬁl1th-
zene resin, nodifi with elect ,aw_n S tal yst
the ion exchanj%i}ﬁngﬁﬁegféﬁlﬁagﬁgganan ﬁﬁvghg Sgﬁéeah FHE g ?il ﬁan ¥he
st at e- of -t he- anfentdor®d lapeeyitgur i ng rearrangenent of oxines into | actans.
An added advantage of theJgeasst Suiiddrit YariersOn ecRaRERn and

on i at I'S

according to the inventi ossi b g
t enper at urk8, swetalatoxirdaiuctibh tiraes Qb grounsg Swchhas SpladuleQit P

used here stands OEn@Tﬁlgﬁguﬁfheoi)o:pﬁcbémgha'tﬁédsﬁQbhéﬁhtéa sahabnét site

and per unit of t12me nount active catal yst sites aof. a

catal yst is expridband Fhg qaien &y, bana SB4 Lore s(dtlﬁgcgar?é’agqrhe
earlier menti ongchnFlRACivia RBerglaa (ﬁrdu‘p))r.gam @xampmeerdf are :incargamicand

he- sul phonat e AR PR 11 Ao vag, HibIoiR, £ LM IY 105200,

or, for 15 bound to the sulphonated benzene r1ng v1a an alkyl group:

SO,H
20
?Hz (IV)
CH,
i
25 | /0/ 6 \0

Si Si Si

For a reasonable reaction velocity a temperature

of 75-200°C, and preferably from 110°C to 150°C, is
30 desirable.

As embodiment for a process according to the
invention a continuous process is preferred over batchwise
production, for in a continuous process a higher oxime
conversion and lactam yield are achieved. Preferably, a

35 fixed bed reactor is used, but a continuously stirred tank
reactor as embodiment for the reactor is also possible.

The invention will be elucidated on the basis of
the following examples, without being limited therseto.

In the examples a number of terms are used

40 which, for the sake of clarity, are explained below:
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mol of reacted oxime

mol of anone obtained
10 Anone selectivity (%) = * 100%
mol of reacted oxime

Lactam yield (%) = lactam selectivity * oxime

conversion/100%
15
The ion exchanger capacity is expressed in meq
H* per gramme of dry ion exchanger.
In the examples use is made of commercially
available polystyrene divinyl benzene resin from Rohm and
20 Haas.
The ion exchangers used are:
Amberlyst 15 (*): sulphonated polystyrene divinyl resin as
reference material
Amberlyst 17 : sulphonated polystyrene divinyl resin
25 modified with chlorine

(2]

Amberlyst 35 sulphonated polystyrene divinyl resin
modified with a second sulphonic acid

group on the benzene ring.

30 (*) Amberlyst is a tradename of Rohm and Haas.

Example I
Ion exchanger Amberlyst 17, with a capacity of
35 3.26 meq H* per gram of dry catalyst, was pretreated by
successive washes with 5 n HCl, water and DMSO.
The initial cyclohexanone oxime concentration
was 5 wt.% in DMSO. The reactor contents consisted of 0.25
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summari zed 3 n Peyiyatent of H+rper,hour. Some other results are

summarized in Table 1.

Example II
Example I was repeated, now with Amberlyst 35,

10 with a capacity of 5.55 meq of H* per gram of dry
. catalyst. The results are summarized in Table 1.

Example III
At room temperature 5 times 5 gram of dry
15 Amberlyst 15 ion exchanger, which had previously been
vacuum—-dried at 60°C, were added (at 15 minutes intervals)
to a mixture of 41.5 gram of 65% HNO; and 73.6 gram of
H,S0, (hereafter to be referred to as nitrating acid) in a
250 ml round-bottom flask. The reacting mixture was then
20 heated to 95°C, following which the mixture was kept at
this temperature for 10 minutes. Subsequently, the mixture
was slowly cooled down to room temperature during 2 hours,
after which the ion exchanger was filtered off from the
nitrating acid and washed five times with demineralized
25 water. The reaction of the wash water then still is mildly
acidic. (pH = 6).
The resulting exchanger had a capacity of 2.36
meq of H' per gram of dry catalyst.

30 Example IV
Example I was repeated, but now the ion

exchanger obtained in Example III was used. The results
are summarized in Table 1.

35 Example V
Example I was repeated, now at a temperature of

150°C. The ratio between mol of cyclohexanone oxime and
equivalents of H" was 4.1 at t=0. The g—caprolactam



Exa Ie I 1S re e ted, now with Anberlyst 35, with a capacity of 5.55 neq

of Thi dry catalyst. The results are summari zed in Table 1.
Exa mtenperatureStlnes 5 gram of dry Anberlyst_15 ion
exc ad. previ ously been vacuondried at [err], ver 8Eaddla (at

15 mnutes |nterval s) toa m xtureof 41.5 gramof 65%[err] and 73.6 gram of
[err] (hereafter to be referred to as nitrating acid) in a 250 nm

][olulnd bot t \%n f Iﬁ':);?}fuc'ﬂla?rt@a(gﬂmdﬁw llréetlw_fw ﬁdmndfe?he&am pexrr],
ol | owi n ic e mxtur e utes.
Subseque%t ly, ﬁ?é”‘rﬁ%(r"lt Q%aﬁﬁspgﬂp;t}o@%dl ghgd%\%%Bﬁégr %%?’n %gﬁr}xﬁé?a B 1 uring

2 hours, after Mableh the i on exchanger was filtered off fromthe nltratlng
acid and washed five tinmes with dem neralized water. The reaction of the
wash water then still is mldly acidic (pH = 6). The resulting exchanger
had a capachty Bxamplss Weq of [err] per gramof dry catalyst. Exanple |V

Exanple | was repeated, by &%”&ﬂ&é@&&?@é&n%@b@aldﬁfé IntleXﬁ@'a% 111 was
used. The results are sumari ze |n Tabl e r% V Exa e wwq_i
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10 hexanone oxime was hydrolyzed into cyclohexanone and
hydroxylamine. By means of a batch distillation the water
was subsequently distilled off at a pressure of 50 mm Hg.
The distillation was continued at reduced pressure (15 mm
Hg), cyclohexanone and 16.1 g eg—caprolactam being
15 recovered from the DMSO solution.

Comparative Experiment A
Example I was repeated, now use being made of

Amberlyst 15, with a capacity of 4.11 meq of H' per gram

20 of dry catalyst. The eg-caprolactam productivity was 0.25
mol of lactam per equivalent of H* per hour. Some other
results are summarized in Table 1.



aﬁhﬂﬂmnﬁ. hdedr ed reactor 1.5 kg of a m xture as obtained in Exanple
r 2 mnutes with 10 g of water that contai ned phosphoric
aC|d of 1.8, the tenperature being [err], 100% of the

cycl ohexanone OXInE was| hydrol yzefd i nto cycl ohexanone and hydr oxyl am ne. By
means of a batch distil|ati®n thel water was subsequently distjilled g@ff at a
pressure of 50 mm Hg. The dstillhtion was continued at reduded pressure
(15 nm Hg), cycl ohexanohe a®d 16.{L ‘g e-caprol actam bei ng recqvered fromthe
DVSO sol uti on. Conpar at ve:gxperinentgA‘Exanplenl was repeat ¢d, nowguse
bei ng made of Anberl yst , oW th p ca acitg of §.11 Aeq ol [err] pef gram
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Clahﬂﬁm;ﬂ egr the conversion of a ketoxime or an al doxine into a

corr In which a solution of the oxine in a solvent is
cht terogeneous strongly acidic catalyst chara%§£r|é din
that enous catalyst is a carriér~with sul phonat ed {2

rings, the sulphonated benzene rings also carrying an el ec- i
tron-wi thdrawi ng group. 2. Process according toclarnrﬂ “Characferized in

that the benzene rings aredescribed by the follow ng g r]
where [err] to [err] independently r erg sty q{r% or mugrml mmlllru I“
wi t hdrawi ng groups, the remaining gro |ng rogent
or an arylal kyl and where at | east one group of [err] to [err] S

represented byj[errprdbes8i FoR £10P! €SN Ss fort UbStd ikl 8k e WS WSt i tut ed

[err] alkyl or a substituted, or unsubstitute er ryJ or, aryl al kyl and
wherein P Ps part féﬂxbmﬁah?g°d? T PR %éﬁ 4& lﬁE§¥§aaCCOFdlng

to claim 1, characteslaeilonnof hiehe tdweimarines sslwénmrmmmmammwlw

Process according t t he benzene

rings have one and %aﬁ @éf&§%%$ nte%égéﬁig% {Fiégg égg%kgroups and that P
represents a |ineai ¢hapadber tded nin cthat ntke sheperogenouptatalyshelisiiai nyl
benzene resin. 5. PQgges ra&geﬁdé@gpﬁghgggdQg@hggnéﬂfqﬁﬁb1.éhecharacterrzed

in that the electron wthdraw ng group nmay be a nitro
10 sulphonated benzene rings also carrying an electron-
withdrawing group. :
2. Process according to claim 1, characterized in that
the benzene rings are described by the following
general formula

15

20
where R? to R7 independently represent one or more
electron withdrawing groups, the remaining groups
representing hydrogen, an alkyl or an arylalkyl and
where at least one group of R?® to R’ is represented by
25
=R-P or ~-P

wherein R represents a substituted or unsubstituted
C;-Cs alkyl or a substituted or unsubstituted C¢,-C,,
30 aryl or arylalkyl and wherein P is part of an organic
or anorganic carrier.
3. Process according to claim 1, characterized in that
the carrier is of organic origins.
4. Process according to claim 3, characterized in that
35 part of the benzene rings have one and part of the
benzene rings have two -P groups and that P
represents a lineair carbon chain to form a
sulphonated polystyrene divinyl benzene resin.



[ er mhis Sie en [err] or a sulphonic acid [err] group. 6. Process _
¥ thﬁLBg i¢d of clains 1-5, characterized in that the solvent is an

accor ¥
osgaim,' m iﬂE}I Process according to claim6. characterized in that the
orga )

E ﬂ] an organi ¢ sul phoxi de ©f14 e general fornul a2#Fef$95in
which [err] and [err] represent [err] alkyl or [err] aryl groups. 8.
Process according to claim7, characterized in that the organic sul phoxide
i s di net hyl suBphaﬂﬁﬁadﬁasﬂacdhrdﬁmqpessachgmdin? vhadmg anrd,of clains
1-8, characterized i ensl.Qn _ ragur
above [err]. 10. Pré?%é%ﬁgﬁ%ggﬁgﬁgxiéigﬁyt%%égﬁ g?%ﬁhg&fﬁg?gggggaggggpzed
in that the oxinme i ¥ &gl alitacoXiM9.)11a Prdegen hc€br dirBy. toFclalin 10,

characterized in thgg @hgug?ﬂdﬁqckghq@ NesRf) 6gddupar bon atonms. 12. _
AF oG ey R ek NG SRS S MU
a cycl ohexanon& *oxi e g y on '
characterized in that the solvent is an organic
solvent. '
7. Process according to claim 6, characterized in that
the organic solvent is an organic sulphoxide of the
10 general formula R!SORZ, in which R® and R? represent
C,-Cs alkyl or C¢—C,, aryl groups.
8. Process according to claim 7, characterized in that
the organic sulphoxide is dimethyl sulphoxide (DMSO).
9. Process according to any one of claims 1-8,
15 characterized in that the conversion takes place at a
temperature above 75°C.
10. Process according to any one of claims 1-9,
characterized in that the oxime is a cyclic ketoxime.
11. Process according to claim 10, characterized in that
20 the cyclic ketoxime has 6-12 carbon atoms.
12. Process according to claim 10, characterized in that
the cyclic ketoxime is a cyclohexanone oxime.
13. Process as substantially described in the
specification and the examples.
25 S



