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15 is passed over a silica gel catalyst bed and a copper/chromium/
' barium/titanium oxide catalyst bed. Caprolactam is obtained with
a selectivity of 91% and a conversion of 85%. In this case too
there is rapid inactivation of the catalyst.

20 US-A 2 301 964 relates to the uncatalyzed conversion of 6—amino-
capronitrile to caprolactam in aqueous solution at 285°C. The
yields are below 80%.

FR—A 2 029 540 describes a process for cyclization of 6-—amino-
25 capronitrile to caprolactam using catalysts which are metallic Zn
or Cu powder, or oxides, hydroxides, halides, cyanides of rubi-
dium, lead, mercury or elements with an atomic number of from 21
to 30 or 39 to 48. These catalysts are used as suspended cata-
lysts in stirred autoclaves operated batchwise. Caprolactam is
30 obtained in yields of up to 83%. However, there are problems in
complete removal of the catalysts from the required caprolactam
because the latter may form compounds with the soluble con-
stituents of the metals used, or extremely fine particles may be
produced by mechanical agitation.
35
) It is an object of the present invention to provide a process for
preparing cyclic lactams by reacting amino carbonitriles with
water in the presence of catalysts which does not entail the
disadvantages described above, provides high yields and selec-
40 tivities and allows continuous operation.

It was furthermore intended to keep the amount of catalyst used
as small as possible. In addition, it was intended to avoid the
separation problems occurring in a suspension procedure, whether
45 by complexation of the soluble constituents of the catalyst with
components of the reaction mixture or due to extremely fine s
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30 catalysts m’s I Treddautocraves whi ch are operated batchw se.

Caprolactamis in this case obtained in yields of up to 83% How ever,
there are problens in conplete renoval g:‘ the catal ysts fromthe reqwred
caprol act am because caprol actam may forfm com pounds with the sol uble
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reaction m )@é{{ﬁ,ﬁrouggﬁ to very fine particles produced by the high
mechani ¢ stress In the agitation process. We have found that this object
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sol ubl e conﬁuﬁemwgdent from the dependent claims.

The starting materials employed in the process according to the
15 invention are amino carbonitriles, preferably those of the
general formula I

R1
20 HN— |} C CH; |—™C==N (1)

R2

25
where n and m are each 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9, and n + m
total at least 3, preferably at least 4.

Rl and R2 can, in principle, be substituents of any type, it

30 merely being necessary to ensure that the required cyclization is
unaffected by the substituents. R! and R? are preferably, indepen-
dently of one another, each c;-c;—-alkyl, 5-c7-cycloa1kyl or
Cg-Ci12-aryl.

35 Particularly preferred starting compounds are amino carbonitriles
of the general formula

H,N—(CH3)qn—C=N

40 where m is 3, 4, 5 or 6, in particular 5. The starting compound
when m = 5 is 6-aminocapronitrile.

In the process according to the invention, the amino carbo-
nitriles described above are reacted with water in liquid phase
45 using heterogeneous catalysts.to give cyclic lactams. Use of
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fi xed bed through which the reaction m xture contin- uously flows in an
upward or downward direction. 10 Preferrsd enbodi ments of the process
according to the invention are evident fromthe dependent clains. The
starting nat emisos carpeuitxiles Ofetheofermuka dorgenyts oln el Sorneepending
are am no cardy@litr Laetampref etheblfprivhbaeIdf the general fornmula | [err] 25
where n and mare each 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9, and n + mtotal at

| east 3, preferably at Ieast 4. [err] and [err] can, in principle, be

substltuents of any t 30 nmerely being necessary to ensure that the
required c Ilzatl n |s\u fec by the substituents. [err] and [err] are
pref erably, indepen- &39?1 F Qnother each [err], [err] or [err]. 35
Particularly preferked staxXting! conpounds are am no carbonltr9¥¥k of the

general formula [err] 40 where-ATT9 3, 4, 5 0or 6, in particular 5. The
starting conpound when m = S 6-aninocapronitri|e. In the process

accordi ng f&)the i nvention, khe am no carbo-
H

where n, m, R! and R2 have the abovementioned meanings. Particu-
larly preferred lactams are those where n is 0 and m is 4, 5 or
15 6, in particular 5 (in the latter case, caprolactam is obtained).

The reaction is carried out in liquid phase at, in general, from
140 to 320°C, preferably 160 to 280°C; the pressure is generally
in the range from 1 to 250 bar, preferably from 5 to 150 bar, it
20 being necessary to ensure that the reaction mixture is predomi-
nantly liquid under the conditions employed. The holdup times
are generally in the range from 1 to 120, preferably 1 to 90
and, in particular, 1 to 60 min. In some cases, holdup times of
l - 10 min have proved to be entirely sufficient.
25
In general, at least 0.01 mol, preferably 0.1-20 mol and, in
particular, 1-5 mol of water are employed per mol of amino
carbonitrile.

30 The amino carbonitrile is advantageously employed in the form of
a 1-50% by weight, in particular 5-50% by weight, particularly
preferably 5-30% by weight, solution in water (in which case the
solvent is also reactant) or in water/solvent mixtures. Examples
of solvents which may be mentioned are alkanols such as methanol,

35 ethanol, n—~ and i—-propanol, n—, i— and t-butanol and polyols such
as diethylene glycol and tetraethylene glycol, hydrocarbons such
as petroleum ether, benzene, toluene, xylene, lactams such as
pyrrolidone or caprolactam, or alkyl-substituted lactams such as
N-methylpyrrolidone, N-methylcaprolactam or N—ethylcaprolactam,

40 as well as esters of carboxylic acids with, preferably, 1-8
carbon atoms. Ammonia can also be present in the reaction. Mix-
tures of organic solvents can, of course, alsc be used. Mixtures
of water and alkanols in the water/alkanol ratio by weight of
1 — 75/25 — 99, preferably 1 — 50/50 — 99, have emerged in some

45 cases as particularly advantageous.
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such as titanium oxide, amorphous, as anatase or rutile, zir-
conium oxide, zinc oxide, manganese oxide or mixtures thereof. It
is likewise possible to use oxides of the lanthanides and
actinides such as cerium oxide, thorium oxide, praseodymium

15 oxide, samarium oxide, rare earth mixed oxide, or mixtures
thereof with previously mentioned oxides. Examples of further
possible catalysts are:

Vanadium oxide, niobium oxide, iron oxide, chromium oxide,

20 molybdenum oxide, tungsten oxide or mixtures thereof. Mixtures of
said oxides with one another are likewise possible. It is also
possible to use some sulfides, selenides and tellurides such as
zinc telluride, tin selenide, molybdenum sulfide, tungsten sul-
fide, sulfides of nickel, 2zinc and chromium.

25
The abovementioned compounds can be doped with or contain com-
pounds of main groups 1 and 7 of the Pericdic Table.

Further suitable catalysts are zeoclites, phosphates and hetero-
30 polyacids, as well as acidic and alkaline ion exchangers such as
Nafion.

These catalysts may in each case contain up to 50% by weight of
copper, tin, zinc, manganese, iron, cocbalt, nickel, ruthenium,
35 palladium, platinum, silver or rhodium.

The -catalysts may, depending on their composition, be used as
unsupported or supported catalysts. Thus, for example, titanium
dioxide can be used in the form of pellets or applied in the form

40 of a thin layer to a support. Methods which can be used to appiy
TiO, to a support such as silicon dioxide, aluminum oxide or zir-
conium dioxide are all those described in the literature. Thus; a
thin layer of TiO; can be applied by hydrolyzing organotitanium
compounds such as titanium isopropylate or butylate, or by hydro-

45 lyzing TiCl, or other inorganic Ti-containing compounds. Sols
containing titanium oxide can also be used.

This Sheet Has Been Repl

[l IIIIM liir




carbonitrile. 88 'I}hkt;e %%“céﬁ)g%?tf% |l e |s adsvant ageogslzy gr?psoc{;?g In the
formof a 1-50% by weight, in particular 5-50% by weight, particularly
preferably 5-30% by weight, solution in ter (in which case the solvent is
al so reactant) or in water/solvent m xtufes. Exanples of solvents which my
be nentioned Bhe adveatags afictheyLinedhhed| procedure@scordingnte i the dpyest,
n-, i- and t-tidradsl, endthel gwd shaudoh the poesibhiXity gifycerrpimig out the
tetraet hyl eney1ieEaltiohy d6REDibRE ¥ Uah ad st Bl Gt frRagiNRAnnEL Z8 & he
toluene, Xyl Gligey %Qhé”ssﬁflﬁﬂé’ﬁz . @hkd pLe1ds &?dors@laetcmt s achieved

alkyl - substy L4l ol el agmnat L ergﬂgs%s S oo, N SRV LSRR B

or N-ethyl capr aci d

,
preferably, f"é‘l’cé'l’eﬁgn é?Bn’éhr%ﬁmté céﬁn‘&?sﬁl’ﬁ'@' n?aFﬁ 1pdicate that
M x- tures ofth® gaﬁaéys‘ésvm% g diengouseful skifey sféwbemegeﬁ of/ satalastof
wat er and al kexesl $si exaremély /Xxw.aThie wepghaticr iprokfileihs 7668GrLihg in the

preferably 1-Sf¥gepsi8n procediad) maaﬁek%pa:dmyl@xﬁuoﬂ%f afne/ sdvBNbAGENLS

;“m f] gmz‘arcggt?ssrﬁlttueﬂtkt of St é eaia15PlEth Gl :Qén%%sék ts)hg% t;%a@mb m..{JE"Fu

of het erogene&lgr 8afg'8l yﬁueﬁyc%i&?y pﬁﬁtﬁ‘g:g%s gre«?‘&tgng £25n He nigh Hboka-
nical stress during agitation are completely eliminated in the
continuously operated fixed bed procedure.

15 EXAMPLES

A solution of 6—aminocapronitrile {ACN) in water and ethanol in
the ratios by weight stated in the table was passed under 100 bar
into a heated tubular reactor with a capacity of 25 ml (diameter

20 6 mm, length 800 mm) which was packed with titanium dioxide (ana-
tase) in the form of 1.5 mm pellets. The product stream leaving
the reactor was analyzed by gas chromatography and high-pressure
liquid chromatography (HPLC). The results are likewise to be
found in the table.
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These catal ysts may confain up to 50% by weight in each case of copper,

tin, zinc, nmanganese, iron, cobalt, nickel, ruthenium palladium platinum
Silver or rhodium 35 The catal ysts may?e used, depending on the
‘conmposition of the catal yst, as unsupported or supported catal yst. Thus,
for exam ple, titaniumdi oxide can be used as titanium dioxide extrudate
or as titaniqmmm &esltied in a thin layer to a support. [err] can be
applied to a support such as silicon dioxide, alum num 40 oxide or zircon

[sic] dioxidg ssideicH lofMebROskR: flSSricRsdriNe! N, 44 Rﬁ'i:é&:uaﬁd é@t& etnhhfbl

[err] layeg d:hy i i g such as
Ti |sopropon§€ P&aﬁﬂﬂbg‘%%ﬁ tﬁxd{g é’}éjﬁ g%lgn CBEgr}'jﬁior o%& Dot gani ¢
Ti - cont ai ni nb {I"?f%ﬁ@ﬁ 4 % ﬂ? MR Jiime. gé Jeihdn,apq.
45 5 The am%mt%ﬂ%lw FRQCF?RedP%&%PBEéa% Sk BRY the tgplactivity
tion is, on foe eapralactam wWaspd4ti bility of sinple continuous oper at| on of
t he cycl ization. On the other hand, surprisingly the yields and = -

sel ectivi jpes achieved in the fi xed bed are very high 5 andruisRis: Al iR re

short holdup tinmes and very high throughputs. Since, accordi
observations to date, the catal ysts have a ”"’I’ﬂl"”m”l”m
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10 2.

EXAMPLES 23 TO 27

Examples 23 to 27 were carried out as in Examples 1 to 6 using the same tubular reactor and emp

different catalysts.
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claim 3, wherein 6-amnocapronitrile is enployed as amno carbonitrile. 25

5. A process as clained in any of claggg 1to 4, wherein a 1-50% by wei ght
sl oo e ST TRt o S e i

We claim:

1. A process for preparing cyclic lactams by reacting amino car-
5 bonitriles with water in the presence of catalysts, wherein
the reaction is carried out in ligquid phase in a fixed bed
reactor in the presence of heterogeneous catalysts which have
no soluble constituents under the reaction conditions.

10 2. A process as claimed in claim 1, wherein the reaction is
carried out at from 140 to 320°C.

3. A process as claimed in either of claims 1 and 2, wherein
amino carbonitriles of the formula
15

HaN—( CH ) —C==N
where

20 mis 3, 4, 5 or 6 are employed.

4. A process as claimed in claim 3, wherein é—aminocapronitrile
is employed as amino carbonitrile.

25 5. A process as claimed in any of claims 1 to 4, wherein a 1-50%

by weight solution of the amino carbonitrile in water or in
water/org. solvent mixtures is employed.
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