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Process for Producing Pyrrolidone
and N-Alkyl Pyrrolidones

Akzo nv, Arnhem

Descriptions-

The”épplication relates to a process for producing pyr-

- rolidone and N-alkyl pyrrolidones from saturated or unsatu-
rated 1 4—dlcarboxyllc acids and their anhydr1des~ hydro-~
gen; and a primary amine or ammonia.

. N~alkyl ﬁyf;qlidones,.particularly N-methylpyrrolidone, are
technica11Y'very important solvents in industrial petro-
chehistryfand“are also used as étarting substances for

‘various syntheses.

-N—methylpy?:olidone is generally produced industrially us-
ing the Reppe process (Chem. Ing. Technik (22) 17, 1950,
. PP. 361'ffa),'in which monomethylamine and gamma-butyrolac-
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gen, and.a primary am ne or anmoni a. N-al kyl pyrrolidones, particularly
*N-net hyl pyrrolidone, are technically very inportant solvents in industrEﬁI
petro- chem stry and are al so used as starting substances'ﬂﬂ$sq§$T QEBE
synt heses. . N-nethyl pyrrolidone is generally produced i ndust rff s- ing

t he Reppe process (Chem Ing. Technik (22) 17, 1950, pp. f : ch
nononet hyl am ne and gamma- butyro- | actone are maintained W “z“ “““MI l
diluent for a cer- tain period of tine at tenperatures exceeding 250[err]C

over a dehydrating catalyst. Due to the freely occurring dineriza- tion of
N-net hyl pyrrolidone as a result of the reaction,
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tone are maintained with a suitable diluent for a certain
period of time at_temperatures'exceeding 250°C via a dehy-
drating catalyst. Due to the freely occurring dimerization
of N-methylpyrrolidone as a result of the reaction, the
yield is only 85-90%, however.

In US 4 885 371, a process for producing N-methylpyrroli-
done is described in which monomethylamine and gamma-buty-
rolactone are reacted with each other via a borohydride
catalyst.

A number of other publications (JP 01190667, JP 01186864,
JP 01186863) also describe the synthesis of N-alkyl pyr-
rolidones, starting from gamma-butyrolactone, with primary,
secondary, or tertiary amines. The mean reaction time is

3 h at 250°C. '

According to the Soviet application no. 1558903} N-methyl-
pyrrolidone is produced by_feaction of gamma-butyrolactone
and an excess of monomethylaminé at 250°C via a Y zeolite
as a catalyst. According to K. Hatada et al. (Bull. Chem.
Soc. Japan 50(10), 1977, pp. 2517-2521), a copper-exchanged
Y zeolite is used as a catalyst for the same reaction.

In the process of JP'490§0585, N-methylpyrrolidone is ob-
tained by reaction of monomethylamine, diluted with a large'
amount of water, and gamma-butyrolactone at 250°C and 2
hours reaction time. |

The process of JP 51042107 uses gamma-butyrolactone, methyl-
amine, and water in the ratio of 1:1.4:4 to produce N-
T T
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the yield is only 85-90% however. In US 4 885 371, a process for

“produci ng N-nethylpyrroli- done is described in which nononethyl am ne and
gama- butyrol actone are reacted with each other over a bpsSHEETHASSBEEN
catal yst. A nunmber of other publications (JP 01190667, JP OREMBXED, JP

01186863) al so describe the synthesis of N-al kyl pyr- rolj i-ng
from gamma- but yrol actone, with primary, secondary, or terl[l i““'mﬁiﬂ‘lfhe
mean reaction time is 3 h at 250[err]C : ; ,
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methylpyrrolidone as the end product at a temperature of
250°C and a pressure of 45-50 kg/cm?’. The excess water
serves as a carrier for the reuse of unreacted methylamine.

In accordance with JP 49000259, N-methylpyrrolidone is ob-
tained by heating a mixture of gamma~butyrolactone, alkyl-
amine, and hydrogen for 3 hours at 270°C. A mixture of cop-
per and a metallic oxide (Cu plus SiO,, Al;0,, Si0,-Al;0,,
TiO,, Zro,, or Cr,0,) is used as a catalyst. The reaction
takes place in the gaseous phase, and the yield'is only
about 60%. ' |

According to JP 47021420, N-methylpyrrolidone is obtained
with a yield of 99% when monomethylamine and gamma-butyro-
lactone are allowed to react with each other in the aqueous
phase for a sufficient length of time.

JP 49020582 describes é process in which monomethylamine is
first allowed to react with ganma-butyrolactone, followed
by a cyclization, such as via an aluminum oxide catalyst.

Finally, DE 2200600 describes a process for producing N-
ﬁethylpyrrolidone from'maleic anhydride, hydrogen, and an
amine compound, in which a palladium—carbon catalyst is
used. A yieid of only at most 78.4% is-obtained at a reac-
tion temperature of 275°C and a pressure of 119 atm. The
reaction occurs in an excess of water.

Furthermore, very long reaction times are prescribed and
the reaction occurs under very high pressure, so that ex-
pensive process-related measures are needed.
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2. According to the Soviet application no. 1558903, N
-nethylpyrrolldone I S produced by reaction of gamma-butyro- |actone and an
excess of nononet hyl ami ne at 250[err]C over a Y zeollrnn&8HEEEHB§P§
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All the aforementioned processes have the disadvantage
either that the yield is low or that the product is unsat-
isfactorily impure and must undergo expensive purification
following the process. With the exception of the process
described in DE 2200600, the synthesis always starts from
gamma-butyrolactone, which must be previousiy-produced from
1,4-butanedidl, maleic anhydride, or other educts, and iso-
lated.

The object of the invention, therefore, is to provide a

- process in which N-alkyl pyrrolidones or pyrrolidone'itself
can be produced directly from the corresponding dicar-~
boxylic acids or their anhydrides, without the otherw1se
common isolation of an intermediate product, and in which a
high product yield is achieved while at the same time ful-
filling the high purity requirements imposed on the prod-
uct.

This object is met in accordance with the invention by al-
lowing the dicarboxylic acids or their anhydrides to react
with hydrogen in a suitable reactor via a first catalyst
bed and subsequently reacting the unisolated intermediate
product with a primary amine or ammonia via a second cata-
lyst bed downstream from the first.

In,the'process according to the invention, the correspond-

ing intermediate product is first obtained downstream from

or above the first catalyst bed, with a yield and purity up
-to 98% or more, and, during its production and still in the
gaseous phase state, is then reacted with the primary amine
or ammonia above the second, downstream catalyst bed to

Sheet Has Been Reilaced

T




Chem Soc. Japan 50(10), 1977, pp. 2517-2521), a copper- exchanged Y
-zeolite is used as a catalyst for the sane re- action. In the process of.
JP 49020585, N-nethyl pyrrolidone is ob- tained by react rii8 SHEET HAS BEEN
nmononet hyl ami ne, diluted with a Iarge anount of water, and REPLACED

gamma- but yrol actone at 250[err]C and 2 hours reaction t ess
of JP 51042107 uses gamma- butyrol actone, nethyl- am ne, Imn mnrﬁ
ratio of 1:1.4:4 to produce N- methylpyrrolidone as the

tenperature of 250[err]C and a pressure of 45-50 kg/cnR. The excess mater
serves as a carrier for the reuse oftngeacted met hyl am ne. AGW2323

form N-alkylpyrrolidone or pyrrolidone. In this second Step
as well; the purity and Yield are each on the average up to
98% or more.

Use of a catalyst containing copper for the first catalyst
bed has proven advantageous for the process.

Likewise, use of a catélyst containing silicon or an alumi-
‘num-phosphate catalyst for the second, downstream catalyst
bed has proven advantageous for the process.

In particuiar, catalysts with a zeolitic structure are pre-
ferred. The best results, however, are obtained using a
copper chromite catalyst for the first catalyst bed and a
cation-exchanged zeolite of type X or Y for the second
catalyst bed. With this combination, a conversion of the
reactants of up to 98% or more is pdssible.'

The reaction takes place preferably in the gaseous phase,
in order to achieve optimum conversion of the reactants.

To enable better contrdl of the reaction and sufficiently
exact dosing of ‘the reaétants, diluents such as gases,
water, or aprotic solvents can be present. It has proven
advantageous for the reactants of the first step, espe-
cially for hydrogen, to be introduced to the reaction sys-
tem after diluting with nitrogen. Likewise, the primary
amine'is easier to dose in a diluted, aQueous solution.
Overall, by using the previously mentioned diluents a réac-
tion is achieved that ptoceeds continuously.

lll
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| n ‘accordance with JP 49000259, N-nethyl pyrrolidone is ob- tained by
heating a m xture of gamma-butyrol actone, al kyl- am ne, and hydrogen for 3
hours at 270[err]C. A mixture of cop- per and a netal | iTeiSSHEET AR BEEN s
Sigerr], [err], [err] Tigerr]; Zrderr], or [err]) is us®REPKACEDcat al yst .

The reaction takes place in the gas phase, and the yiel 60%;
According to JP 47021420, N-nethyl pyrrolidone is obtai ‘M a! ﬂ
99% when nononet hyl am ne and ganma- butyro- | actone are react

wi th each other in the aqueous phase for a sufficient length of tine.

6 AGW2323

The temperature inside the reactor is 225 to 350°C above
the first catalyst bed and 225 to 400°C above the second
catalyst bed, whereby 250 to 300°C is preferred for the"
first catalyst bed and 260 to 340°C for the second catalyst
bed. Maximum space-time yields are obtained in this case.

The molar ratio of 1,4-dicarboxylic acid or its anhydride
to hydrogen is from 1 to 20 to 1 to 250, whereas the molar
ratio of hydrogen to the primary amine or ammonia is from .
15 to 1 to 250 to 1.

The reaction is further characterized by short to very
short retention times of the applicable reaction mixture
above the respective associated catalyst bed. These times
are 0.01.to 15 seconds in each case and can be reduced to
times under 3 seconds by employing appropriate flow rates
and reactant ratios. ' '

The reaction can also be conducted advantageously when the
reaction pressure is only within the range from 0.1 to 10
bar and when, in most cases, the general ambient pressure
is not éxceeded, so that the reaction can be conducted us-
ing simple apparatus or reactors suitable for slight over-
pressure. '

The product according to the invention can be obtained with
a yield and purity of up to 98% or more and contains as by-
products only some gamma-butyrolactone and possibly prop-
ionic acid, both of which can be eliminated easily. Par-
ticularly when producing N-methylpyrrolidone from maleic
acid, methylamine, and water, the unconverted gamma-butyro-

\
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‘al lowed to react w th gamma-butyrol act one, fol l oned by a cyclization,
as over an al um num oxi de catal yst. : -nnssHEETHASBEEN
_ REPLACED
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lactone is easily separated, since it is converted during
the distillation to gamma-hydroxy N-methyl butylamide,
which, together with possibly other by-products, remains
behind in the distillation residue. '

" The present invention is explained in more detail-by the

following example.

Example 1

A conventional glass reactor was fitted with a feed opening
at a suitable location between the first and second cata-
lyst beds..

The catalyst for the first catalyst bed comprlsed 21.95 g
Cu chromite catalyst (manufacturer: Alfa) and the catalyst
for the second catalyst bed 15.9 g NaX zeolite.

1.584 mol/h hydrogen and 0.016 mol/h maleic anhydride were
fed over the first catalyst bed and additionally 0.017
mol/h monomethylamine and 0.096 mol/h water through the re-
actor feed opening. :
The temperature was 275°C above the first catalyst bed and
275° above the second catalyst bed. .

After a total reaction time of 4 hours, 6. 09 g N-methylpyr-
rolidone was obtalned. The yield was 96%.

_

T

JP 49020582 describes a process in which nononethylanm ne is first

such



Fi.'nal | y,. DE 2200600 descri bes a process for producing N nethyl pyrrolidone
“from mal ei ¢ anhydride_ _hydrogen, and an am ne conpound, in which a .
paIIad|un}carbon catalyst is used. Ayield of only atp8SHEED HAYEEEN
obtained at a. rmmmwl mﬂﬁl ture of 275[err]C and'a PREFIACE® Of 119
“atm The reacti xcess of water. FurthernDre
reaction times are prescr"l béd &nd the reaction occurs ﬂMﬁw

AH

pressure, so that ex- pensive process-rel ated neasure
the af orementioned processes have the dlsadvantage el
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Process for Producing Pyrrolidohe
and N-Alkyl Pyrrolidones

Akzo nv, Arnhem

Patent Claims:

1. Process for producing pyrrolidone and N-alkyl pyr-
rolidones from saturated or unsaturated 1;4—dicar-
boxylic acids and their anhydrides; hydrogen; and a
primary amine or ammonia, characterized in that the

' dicarboxylic acid or its anhydride is allowed to react
in an appropriate reactor with hydrogen or ammonia wvia
a first catalyst bed and the unisolated intermediate
product is. subsequently reacted with the primary amine
o:.ammonia directly via a second, downstream catalyst
bed.

—
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tHer that the yield is low or that the product is unsatis- factorily inpure
“and nmust undergo expensive purification follow'ng the process. In a
manner simlar to that described in DE-A-22 00 600, prmBBé%EEﬂﬂﬁ?Qﬁ%%

di scl osed in S-A-3 448 118, and US-A-3 19BEBERPEDN which
the producti Ommm‘r‘m“mﬂu e or pyrrolidones is con : cal l ed
one- pot process. ¢ These' prrocésses have the previously mmﬂ“m“ﬂ‘ﬂ“‘

di sadvant ages. Usual |y, however, the synthesis starts )
ganmma- but yr ol act one, whi ch nust have been previously pro- duced from

1,4-butanediol, naleic anhydride, or otdier. educts, and isol at gwa3a3

.2, Process in accordance with Claim 1, characterized by
' the use of a catalyst containing copper for the first
catalyst bed.

3. Process in accordance with Claim 1, characterized by
the use of a catalyst containing silicon or an alumi-
num-phosphate catalyst for the second catalyst bed.

4. 'Process in accordance with Claim 3, characterized in
that the catalyst has a zeolitic structure.

5. Process in accordance with one or more of Claims 1 to
4, characterized by the use of a copper chromite cata-
lysﬁ for the first catalyst bed and a cation-exchanged
zeolite of type X or Y for the second catalyst bed.

6. Process in accordance with one or more of Claims 1 to
5, characterized in that the reaction occurs in the
gaseous phase.

.7. Process in accordance with one or more of Claims 1 to
6, characterized by the presence of diluents.

8. Process in accordance with Claim 7, characterized in
that the diluent comprises gases, water, or aprotic
solvents.

9. Process in accordance with one or more of Claims 1 to
8, characterized in that the temperature inside the
reactor above the first catalyst bed is 225 to 350°C.

S
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The object of the invention, therefore, is to provide a process in whi ch

g "N-al kyl pyrrolidones or pyrrolidone itself can be pr ocdye SHEET BASBFEN om
t he correspondi ng di car box- REPLACED

(A AR

10.

11.

12.

13.

14,

15.
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Process in accordance with one or more of Claims 1 to
9, characterized in that the temperature inside the
reactor above the second catalyst bed is 225 to 400°C.

Process in acCordénce Qith one or more of Claims 1 to
10, characterized in that the temperature is 250 to

300°C above the first catalyst bed and 260 to 340°C

above the second catalyst bed.

Process in accordance with one or more of Claims 1 to

.11, characterized in that'the molar ratio of 1,4-di-

carboxylic acid or its anhydride to hydrogén is from 1
to 20 to 1 to 250.

Process in accordance with one or more of Claims 1 to
12, characterized in that the molar ratio of hydrogen
to the primary amine or ammonia is from 15 to 1 to 250

to 1.

Process in accordance_with one or more of Claims 1 to
13, characterized in that the retention time of the

reactants above the respective catalyst bed is 0.01 to
15 seconds. '

Process in accordance with one or more of Claims 1 to
14, characterized in that the pressure inside the re-
actor is 0.1 to 10 bar (0.01 to 1.0 MPa).

-
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yl'ic.acids or their anhydrides, w thout the otherwise com non isolation of
"an internmediate, and in-which a high prod- uct yieldis achieved whi | e at

the sane time fulfilling the high purity requirenmentse |§éé%ﬁ
product . This object is net in accordance with the |nve al -

I owi ng the dicarboxylic acids or their anhydrides to react mnth hydr ogen in

a suitable reactor over a first catalyst bed and subsﬁmlmumﬁﬂﬂ)ng t he
non-i sol ated internediate directly with a primary am ver
second catal yst bed downstreamfromthe first.. _In the process accordlng
o the invention, the correspond- - : :

tot o P 11 _ AGW2323

Process for Prodnciné Pyrrolidone
and N-Alkyl Pyrrolidones

Akzo nv, Arnhem
Abstract

~ The invention relates to a process for producing pyr-

" rolidone and N-alkyl pyrrolidones from saturated or unsatu-
rated 1,4-dicarboxylic acids and their anhydrides; hydro-
gen; and a primary amine or ammonia, characterized in that
the dicarboxylic acid or its anhydride is allowed to react
in an appropriate reactor with hydrogen or ammonia via a
first catalyst bed and the unisolated intermediate product
is subsequently reacted with the primary amine or ammonia -
directly via a second, downstream datélyst bed. |
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ing intermediate is first obtai ned downstream fromor over the fi rsf150226%-5 (Is
catal yst bed, with a yield and purfity up to 98% or nore, and is then R7M¢
reacted in the gas phase state with thg Ek%& anmppia over the
second, downstream catal yst bed to for mwg i done o h@é?!ﬁ@nSH

In this second step as well, the purit d are each ' EET
up to 98% or nore. Use of a catalys m mﬁ,/,:mum pper for] tjhe first -
catal yst bed has proven advantageous Li kewi]seC SusBRG%
- Catalyst containing siliconor an alum - num phosphate_cat aljyqt_for the
second, downstream catal yst bed has prO\ien advant ageous for |t he process:

Process for Producing Pyrrolidone
and N-Alkyl Pyrrolidones

Akzo nv, Arnhem

Description:

The application relates to a process for producing pyr-
rolidone and N-alkyl pyrrolidones from saturated or unsatu-
rated _1,4-dicarboxylic acids and their anhydrides; hydro-

gen; and a primary amine or ammonia.

N-alkyl pyrrolidones, particulérly N-methylpyrrolidone, are

technically very impo ant l%r@ g: d& :Lal petro-
chenistry and are alsge sed skétékt stances for

various syntheses.

N-methylpyrrolidone is generally produced industrially us-
ing the Reppe process (Chem. Ing. Technik (22) 137, 1950,
pp. 361 ff.), in which monomethylamine and gamma-butyrolac-

—_—
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I'n particular,
results, however, are obt ai ned using a copper chrongte-catalyst for

best

catalysts with a zeolitic structure are pre- ferred. The

the first catalyst bed and.a catlon ﬁéé:‘hﬁ[ggggﬂeol ite of ﬂEBEAOEMﬁNTYQﬁEET

the second : : REPLACED

G3 APR B9
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tone are maintained with a suitable diluent for‘a certain

period of time at temperatures exceeding 250°C via a dehy-

.drating catalyst. Due to the freely occurring dimerization

- of N-methylpyrrolidone as a result of the reaction, the

yield is only 85-90%, however.

In US 4 885 371, a process for producing N-methylpyrroli-
done is described in which monomethylamine and gamma-buty-

‘rolactone are reacted with each other via a borohydride

catalyst.

A number of other publications (JP 01190667, JP 01186864,
JP 01186863) also describe the synthesis of N-alkyl pyr-
rolidones, starting from gamma-butyrolactoné, with primary,
secondary, or tertiary amines. .The mean reaction time is

3 h at 250°C. '

According to the Soviet application no. 1558903, N-methyl-

pyrrolidone is produced by reaction of gamma-butyrolactone
and an excess of monomethylamine at 250°C via a Y zeolite
as a catalyst. According to K. Hatada et al. (Bull. Chem.
Soc. Japan 50(10), 1977, pp. 2517-2521), a copper-exchanged
Y zeolite is used as a catalyst for the same reaction.

In the process of JP 490205&5,.N-methylpyrrolldone is ob-
talned by reaction of monomaﬁhylamlne, diluted with a large
amount of water, and gamma-butyrolactone at 250°C and 2
hours reaction time.

The process of JP 51042107 uses gamma-butyrolactone, methyl-
amine, and water in the ratio of 1:1.4:4 to produce N-
_—
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catal yst bed. Wth this conbination, a conversion of the reaction partners
of up to 98% or nore is possible. . The reaction takes place preferably in
t he gas phase, in order to achiﬁmgsgggfmusm@anersion of__the reaction part-
ners. .To enable better control ofREMACEDacti on and su1fREPﬁW$h%yF§§&§f

: [

dosing of the reaction partners, dilu as gases C
sol vénts can be present. It has“““““ﬁ““ﬂmmr ‘ 03 APR 9985

3

methylpyrrolidone as the end product at a temperature of
250°C and a pressure of 45-50 kg/cm’. The excess water

serves as a carrier for the reuse of unreacted methylamine.

In accordance with JP 49000252, N-methylpyrrolidone is ob-
tained by heating a mixture of gamma-butyrolactone, alkyl-
amine, and hydrogeﬁ for 3 hours at 270°C. A mixture of cop-
per and a metallic oxide (Cu plus SiO,, Al,0,, SiO,-Al,0,,
TiO,, 2r0,, or Cr,0,) is used as a catalyst. The reaction

takes place in the gaseous phase, and the yield is only
about 60%.

According to JP 47021420, N-methylpyrrolidone is obtained
with a yield of 99% when monomethylamine and gamma-butyro-
lactone are allowed to react with each other in the aqueous
phase for a sufficient length of time.

JP 49020582 describes a process in which monomethylamine is
first allowed to react with gamma-butyrolactone, followed
by a cyclization, such as via an aluminum oxide catalyst.

Finally, DE 2200600 describes a process for producing N-
methylpyrrolidone from maleic anhydride, hydrogen, and an
amine compound, in which a palladium-carbon catalyst is
used. A yield of only at most 78.4% is obtained at a reac-
tion temperature of 275°C and a pressure of 119 atm. The
reaction occurs in an excess of water.

Furthermore, very long reaction times are prescribed and
the reaction occurs under very high pressure, so that ex-
pensive process-related measures are needed.

- .
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proven advant ageous for the reaction partners-of the first step, but
‘especially hydrogen, to be introduced to the-re- action system after
diluting with nitrogen. Likew sgysSREEPHASBEENani ne i s _gasier to dose in a

di | uted, aqueous solu- tion. Overal REPWEDS| ng the pre¢vpe lCﬁMEﬁﬂ@H‘EE’Fﬁ

diluents a reaction is achi eved t conti nupusA
tenperature inside the reactor !ﬂ‘ﬂgﬁ rr] C over theflrst cat yst
.bed and 225 to 400[err] C over t | yst bpd] &hiAPR/19980

300[err]Cis preferred for the flrst catal yst bed and| 260 to 340[err]Cfor
t he second catal yst bed. Maxi num space-tine yields arje obtalned rmtHi
case. The nolar ratio of 1, 4- dlcarbﬁxyllc acid or its—anhydrjde

—
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All the aforementioned processes have the disadvanfage
either that fhe yield is low or that the product is unsat-
isfactorily impure and must undergo expensive purification
following the process. With the exception of the process
described in DE 2200600, the synthesis always starts from
gamma-butyrolactone, which must be previously produced from
1,4-butanediol, maleic anhydride, or other educts, and iso-
lated.

The object of the invention, therefore, is to provide a
process in which N-alkyl pyrrolidones or pyrrolidone'itself
can be produced directly'from the corresponding dicar-
boxylic acids or their anhydrides, without the otherwise
common isolation of an intermediate product, and in which a
'high product yield is achieved while at the same time ful- |
filling the high purity requirements imposed on the prod-
uct.

This object is met in accordance with the invention by al-
lowing the dicarboxylic acids or their anhydrides to react
with hydrogen in a suitable reactor via a first catalyst
" bed and subsequently reacting the unisolated intermediate
- product with a primary amine or ammonia via a second cata-
lyst bed downstream from the first.

In the process according to the invention, the correspond-

ing intermediate product is first obtained downstream from

or above the first catalyst bed, with a yield and purity up
to 98% or more, and, during its production and still in the
gaseous phase state, is then reacted with the primary amine
or ammonia above the second, downstream catalyst bed to

" This Sheet Has Been F ‘{T
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{o\ hydrogen is. 1 to 20 to 1 to 250, whereas the nolar ratio of hydrogen to
‘the primary amne or ammonia is 15 to 1 to 250 to 1. The reaqgtion is

further characterized by short to very short residence times of the
appl i cabl e reaction m xture ovefysidHEET: BN;e associ a} q;tp@_ggepuwn shgg[
These tlnes are 0.01 to 15 secondsREH case and can +-eetreed—t-0
\\\l\l\\\l\\\\ \\\\\\\\l\\ | | o3 aeR e
5

form N-alkylpyrrolidone or pyrrolidone. In this second step
as well, the purity and yield are each on the average up to
98% or more.

Use of a catalyst containing copper for the first catalyst’
bed has proven advantageous for the process.

Likewise, use of a catalyst containing silicon or_an alumi-
num-phosphate catalyst for the second, downstream catalyst
bed has proven advantageous for the process.

In particular, catalysts with a zeolitic structure are pre-
ferred. The best results, however, are obtained using a
copper chromité catalyst for the first catalyst bed and a
cation-exchanged zeolite of type X or Y for the second
catalyst bed. With this comblnatlon, a conversion of the
reactants of up to 98% or more is p0551ble._

The reaction takes place preferably in the.gaseous phase,
in order to achieve optimum conversion of the reactants.

To enable better control of the reaction and sufficiently
exact dosing of the reactants, diluents such as gases,
water, or aprotic solvents can be present. It has proven
advantageous for the reactants of the first step, espe-
cially for hydrogen, to be introduced to the reaction sys-
tem after diluting with nitrogen. Likewise, the primary
amine is easier to dose in a diluted, aqueous solution.
Overall, by using the previously mentioned diluents a reac-
tion is achieved that.proceeds continuously.

—_—
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6 \ ti mes under 3 seconds by enpl oyi n'g appropri‘ate flow rates and

ratios of the reaction partners. The reaction can al so be conducted
advant ageousl y when the reactl é?%%: EsBEE@n|y within the range fromO0.1
to 10 bar and when, in nost cas eperal anbi ept e

exceeded, so that the reaction can onducted us- REPLACEMERT Sﬁfﬁp

MMM 1] o5 aer-mms

The temperature inside the reactor is 225 to 350°C above
the first catalyst bed and 225 to 400°C above the second

. cataiyst bed, whereby 250 to 300°C is preferred for the
first catalyst bed and 260 to 340°C for the second catalyst
bed. Maximum space-time yields are obtained in this case.

The molar ratio of 1,4-dicarboxylic acid or its anhydride
to hydrogen is from 1 to 20 to 1 to 250, whereas the molar
fatio of hydrogen to the primary amine or ammonia is from
15 to 1 to 250 to 1.

The reaction is further characterized by'short to very
‘short retention times of the applicdble reaction mixture
‘above the respective associated catalyst bed. These times
-are 0.01 to 15 seconds in each case and can be reduced to
times under 3 seconds by émploying appropriate flow rates
and reactant ratios.

The reaction can aléo be conducted advantageously when the
reaction pressure is only within the range from 0.1 to 10
bar and when} in most cases, the general ambient pressure
is not exceeded, so that the reaction can be conducted us-
ing simple apparatus or reactors suitable for slight over-
pressure. . '

The product according to the invention can be obtained with
a yield and purity of up to 98% or more and contains as by-
products only some gamma-butyrolactone and possibly prop-

" ionic acid, both of which can be eliminated easily. Par-
ticularly when producing N-methylpyrrolidone from maleic
écid,'methylamine, and water, the unconverted gamma-butyro-

" This Sheet Has Been Rerlaced
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i.hg sinple apparatus or reactors suitable for slight over- pressure. The
product according to the invention can be obtained with a yield and purity

of up to 98% or nore and Contatﬂﬁ%%gﬂ?YHAQ@EéNCts onl y—sere

gamia- but yrol act one and possi bl L ACEDI C acid, bo hRBﬂAGEMEMTé%ﬁEDe
elimnated easily. Particu- larly when produci ng N mefhyTpyrTorTdome—f rjom

mal ei ¢ aci d, nethylam ne, and ““n“mmverted. hamgy, ‘?lﬁ 9§ct one is
easily separated, since it is ¢ the dip-{tillation
gama- hydr oxy N-net hyl butyl am de, which, to- get-her M ¥“h—poessibly_otihgr

by- products, remains behind in the distillation resi dpe.
: _ ' 7

lactone is easily separated, since it is converted durlng
the dlstlllatlon to gamma-hydroxy N—methyl butylamide,
which, together with possibly other by- products, remains
behind in the distillation residue.

The present invention is explained in more detail by the
following example. '

Example 1

A conventional glass reactor Qas fitted with a feed opening
~at a suitable location between the first énd second cata-
lyst beds.
The catalyst for the first catalyst bed comprised 21.95 g
Cu chromite catalyst (manufacturer: Alfa) and the catalyst
for the second catalyst bed 15.9 g NaX zeolite.
1.584 mol/h hydrogen and 0.016 mol/h maleic anhydride were
fed over the first catalyst bed and additionally 0.017
mol/h monomethylamine and 0.096 mol/h water through the re-
actor feed opening.
- The temperature was 275°C above the first catalyst bed and
275° above the second catalyst bed.
After a total reaction time of 4 hours, 6.09 g N-methylpyr-
rolidone was obtained. The yield was 96%.
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The pr

esent invention is explained in nmore detail By the follow ng exanple.

‘Exanple 1 A conventional glass reactor was fitted with a feed opening at
a sui en  t he THISISHEEAHASSRERMd cat a- | beds~—The
cataly cat al yst bedREBKACER | sed 21.95 g QBEHMBFMENaT SHEET
cat al m ! IA m ‘Alfa) a i ini emﬂmm for the spcpnd catatyst—hed
o 9 | ﬁIH 1] | - | | ©3 APR 1%

8

Process for Producing Pyrrolidone
and N-Alkyl Pyrrolidones

Akzo nv, Arnhem

Patent Claims:

1. Process for producing pyrrolidone and N-alkyl pyr-
rolidones from saturated or unsaturated l}4—dicar—
boxyli¢ acids and their anhydrides; hydrogen; and a
primary amine or: ammonia, characterized in that the
dicarboxylic acid or its anhydride is allowed to react
in an appropriate reactor with hydrogen or ammonia via °
a first catalyst bed and the unisolated intermediate
product is subsequently reacted with the primary amine

or ammonia directly via a second, downstream catalyst-
bed. | B

I ———
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7 - 1.584 nol /h hydrogen and 0.016 nol/h nal ei c "anhydri de were fed over

the first catalyst bed and additionally O. 017 nol /h m)nomF't-i'1;EfI--e.-1q=i-icre—a,ncl._...,.._T
0. 096—ﬁ=aH—h—wat—e|;t—h|Leugh the re- actor feed opem ng. REPLACEMENT SHEET
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Process in accordance with Claim 1, characterized by
the use of a catalyst containing copper for the first
catalyst bed.

Process in accordance with Claim 1, characterized by
the use of a catalyst containing silicon or an alumi-
num-phosphate catalyst for the second catalyst bed.

Process in accordance with Claim 3, characterized in
that the catalyst has a zeolitic structure.

Process in accordance with one or more of Claims 1 to
4, characterized by the use of a copper chromite cata-
lyst for the first catalyst bed and a cation-exchanged

‘zeolite of type X or Y for the second catalyst bed.

. Process in accordance with one or more of Claims 1 to

5, characterized in that the reaction occurs in the
gaseous phase.

Process in accordance with one or more of Claims 1 to
6, characterized by the presence of diluents.

Proéess in accordance with Claim 7, characterized in
that the diluent comprises gases, water, or aprotic
solvents.

Process in accordance with one or more of Claims 1 to

8, characterized in that the temperature inside the

‘reactor above the first catalyst bed is 225 to 350°C.

_—
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'Fhé tenperature was 275[err]C over the first catal yst bed and 275[err] over
t he second catal yst bed. After a total reaction tine of 4 hours, 6.09 g

N-methyl pyrrolldanewas obtal “edmyé%e%‘r%%éﬁ% 96% REPLACEMENT SHEET
AW gy | [
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12.

13.

14.

15.
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Process in accordance with one or more of Claims 1 to
9, characterized in that the temperature inside the
reactor above the second catalyst bed is 225 to 400°C.

Process in accordance with one or more of Claims 1 to
10, characterized in that the temperature is 250 to '

- 300°C above the first catalyst bed and 260 to 340°C

above the second catalyst bed.

Process in accordance with one or more of Claims 1 to
11, characterized in that the molar ratio of 1,4-di-

~carboxylic acid or ltS anhydrlde to hydrogen is from 1

to 20 to 1 to 250.

Process in accordance with one or more of Claims 1 to
12, characterized in that the molar ratio of hydrogen
to the primary amine or ammonia is from 15 to 1 to 250
to 1.

Process in acéordance with one or more of Claims 1 to.
13, characterized in that the retention time of the
reactants above the respectlve catalyst bed is 0.01 to
15 seconds.

Process in accordance with one or more of Claims 1 to
14, characterized in that the pressure inside the re-
actor is 0.1 to 10 bar (0.01 to 1.0 MPa).
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Process for Producing Pyrrolidone
. and N-Alkyl Pyrrolidones

AXzo nv, Arnhen

Abstract

The invention relates to a process for producing pyr-
rolidone and N-alkyl pyrrolidones from saturated or unsatu-
rated 1,4-dicarboxylic acids and their anhydrides; hydro-
gen; and a primary amine or ammonia, -characterized in that
the dicarboxylic acid or its anhydride is allowed to react
in an appropriate reactor with hydrogen or ammonia via a
first catalyst bed and the unisolated intermediate product -
is subsequently reacted with the primary amine or ammonia
directly via a second, downstream.catélyst bed.
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with hydrogen over a first catalyst bed and then the non- |solatedﬁ { (2nd)
internmediate is reacted directly with the primary amne or anmonia 0V¢kbézéﬂ-5
second, downstream catal yst bed. 2. A process according to daiml,

characterised in that a copper-containing catalyst is used ) =2
catal yst bed. (HthAﬁtMENT SHEET
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Process for Producing Pyrrolidone
and N-Alkyl Pyrrolidones

Description:

The application relates to a process for producing pyr-
rolidone and N-alkyl pyrrolidones from saturated or unsatu-
rated 1,4-dicarboxylic acids and their anhydrides, hydro-
gen, and a primary amine or ammonia.

N-alkyl pyrrolidones, particulérly N-methylpyrrolidone, are
technically very important solvents in industrial petro-
chemistry and are also used as starting substances for
various syntheses. '

N-methylpyrrolidone is generaliy produced industrially us-
ing the Reppe process (Chem. Ing. Technik (22) 17, 1950,
pp. 361 £f.), in which monomethylamiﬁe and gamma-butyro-
lactone are maintained with a suitable diluent for a cer-
tain period of time at temperatures exceeding 250°C over a
dehydrating catalyst. Due to the freely occurring dimeriza-
tion of N-methylpyrrolidone as a result of the reaétion,
the yvield is only 85-90%, however.

In US 4 885 371, a process for préducinq N-methylpyrroli-
done is described in which monomethylamine and gamma-
butyrolactone are reacted with each other over a borohy-
dride catalyst. |

A number of other publications (JP 01190667, JP 01186864,
JP 01186863) also describe the synthesis of N-alkyl pYI-
rolidones, starting from gamma -butyrolactone, with primary,

secondary, or tertiary amines. The mean reaction time is
3 h at 250°C. | '



3. A process according tooCdaim1, characterised in that a
sislicon-containing catalyst or an alumnium phos Ayt

cat St
used for the second catalyst bed. = 4. A process acf |-AﬁEM5VU§HEEﬁ3
‘characterised in that the catalyst has a zeolitic sgrpucture.
2 | 23 JAN 997

According to the Soviet application no. 1558903, N-
methylpyrrolidone is produced by reaction of gamma-butyro-
lactone and an excess of monomethylamine at 250°C over a Y
zeolite as a catalyst. According to K. Hatada et al. (Bull.
Chem. Soc. Japan 50(10), 1977, pp. 2517-2521), a copper-
exchanged Y zeolite is used as a catalyst for the same re-
action.

In the process of JP 49020585, N-methylpyrrolidone‘is ob-
tained by reaction of monomethylamine, diluted with a large
amount of water, and gamma?butyrolactone at 250°C and 2

" hours reaction time.

The process of JP 51042107 uses gamma-butyrolactone, methyl-
amine, and water in the ratio of 1:1.4:4 to produce N-
methylpyrrolidone as the end product at a temperature of
250°C and a pressure of 45-50 kg/cm?. The excess water
serves as a carrier for the reuse of unreacted methylamine.

In accordance with JP 49000259, N-methylpyrrolidone is ob-
tained by heating a mixture of gammg-butyrolaCtone, alkyl-
amine, and hydrogen for 3 hours at 270°C. A mixture of cop-
per and a metallic oxide (Cu plus SiO3,; Alp03, SiO9-Aly03,
TiO3, 2rOz, or Crz03) is used as a catalyst. The reaction
takes pléce in the gas phase, and the vield is only about
60%.

According to JP 47021420, N-methylpyrrolidone is obtained
with a yield of 99% when monomethylamine and gamma-butyro-
lactone are allowed to react with each other ‘in the agqueous
" phase for a sufficient length of time.



9 . 5 A process according to one or nore Claims 1 to 4,
characterised in that a copper chromte catal yst. is used
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JP 49020582 describes a process in which monomethylamine is
first allowed to react with gamma-butyrolactone, followed
by a cyclization, such as over an aluminum oxide catalyst.

Finally, DE 2200600 describes a process for producing N-
methylpyrrélidone from maleic anhydride, hydrogen, and an
amine compound, in which a palladium-carbon catalyst is
used. A yield of only at most 78.4% is obtained at a reac-
tion temperature of 275°C and a pressure of 119 atm. The
reaction occurs in an excess of water. .

Furthermore, very long reaction times are prescribed and
the reaction occurs under very high pressure, so that ex-
pensive process-related measures are needed.

All the aforementioned processes have the disadvantage ei-
ther that the yield is low or that the product is unsatis-

¢ . factorily impure and must undergo expensive purification
following the process. | |

In a manner similar to that described in DE-A-22 00 600,
processes are also disclosed in US-A-3 109 005, US-A-3 448
118, and US-A-3 198 808 in which the production of pyr-
rolidoneﬂor pyrrolidones is conducted in a so-called one-
pot process. These procésses have the previously mentioned
disadvantages. Usually, however, the synthesis starts from
gamma-butyrolactone, which must have been previously pro-
duced from 1,4-butanediol, maleic anhydride, or other -
educts, and isolated.

The object of the invention, therefore, is to provide a
process in which N-alkyl pyrrolidones or pyrrolidone itself
can be produced directly from the corresponding dicarbox-



the f.irst catalyst bed and a cation-exchanged zeolite of the

X or

I's used for the second catal yst bed. 6. A process according

Y type
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ylic acids or their anhydrides, without the otherwise com-
mon isolation of an intermediate, and in which a high prod-
uct yield is achieved while at the same time fulfilling the
high purity requirements imposed on the product.

This object is met in accordance with the invention by al-
lowing the dicarboxylic acids or their anhydrides to react
with hydrogen in a suitable reactor over a first catalyst -
bed and'subsequently reacting the non-isolated intermediate
directly with a primary amine or ammonia over a second
catalyst bed downstream from the first.

In the process according to the invention, the correspond-

ing intermediate is first obtained downstream from or over

the first catalyst bed, with a yield and purity up to 98%
or more, and is then reacted in the gas phase state with
the primary amine or ammonia over the second, downstream
catalyst bed to form N-alkylpyrrolidone or pyrrolidone. In
this second step as'well, the purity and yield are each on
the average up to 98% or more.

Use of a catalyst containing copper for the first catalyst
bed has proven advantageous for the process.

Likewise, use of a catalyst containing silicon or an alumi-
num-phosphate catalyst for the second, downstream catalyst
bed has proven advantageous for the process.

In par;iculgr, catalysts with a zeolitic structure are pre-
ferred. The best results, however, are obtained using a
copper chromite catalyst for the first catalyst bed and a
cation-exchanged zeolite of type X or Y for the second

to



characterised in that diluents are present. 8. AﬂﬂﬁﬁéEﬁﬁ'ﬁgﬁﬁgu.\g to
AQaim7, characterised in that the diluents are g sg&r~“aLéy pt i C
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sol vent s. 9. A process according to one or norp pf gﬁl ns 1 tg §,
characterised in that the tenperature in the reactpr 03 Aph97 fli r st
reactor bed is 225 to 350[err] C 5

catalyst bed. With this combination, a conversion of the
reaction partners of up to 98% or more is possible.

The reaction takes'place preferably in the gas phase, in
order to achieve optimum conversion of the reaction part-
ners.

To enable better control of the reaction and sufficiently
exact dosing of the reaction partners, diluents such as
‘gases, water, or aprotic solvents can be present. It has
proven advantageous for the reaction partners of the first
step, but especially hydrogen, to be introduced to the re-
action system after diluting with nitrogen. Likewise, the
primary amine is easier to dose in a diluted, aqueous solu-
tion. Overall, by using the previously mentioned diluents a
reaction is achieved that proceeds continuously.

The temperature inside the reactor is 225 to 350°C over the
first catalyst bed and 225 to 400°C over the second cata-
lyst bed, whereby 250 to 300°C is preferred for the first
catalyst bed and 260 tb 340°C for the second catalyst bed.
Maximum space-time yields are obtained in this case.

The molar ratio of 1,4-dicarboxylic acid or its anhydride
to hydrogen is 1 to 20 to 1 to 250, whereas the molar ratio

of hydrogen to the primary amine or ammonia is 15 to 1 to
250 to 1.

The reaction is further characterized by short to very
short residence times of the applicable reaction mixture
over the respective associated catalyst bed. These times
are 0.01 to 15 seconds in each case and can be reduced to



10.

.A process according to one or nore of Clainms 1 to 9,
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times under 3 seconds by employing appropriate flow rates
and ratios of the reaction partners.

The reaction can also be conducted advantageously when the
reaction pressure is only within the range from 0.1 to 10

bar and when, in most cases, the general ambient pressure

is not exceeded, so that the reaction can-be conducted us-
ing simple apparatus or reactors suitable for slight over-
pressure.

The product according to the invention can be obtained with

‘a yield and purity of up to 98% or more and contains as by-

products only some gamma-butyrolactone and possibly propi-
onic acid, both of which can be eliminated easily. Particu-
larly when producing N-methylpyrrolidone from maleic acid,
methylamine, and water, the unconverted gamma-butyrolactone
is easily separated, since it is converted during the dis-
tillation to gamma-hydroxy N-methyl butylamide, which, to-
gether with possibly other by-products, remains behind in
the distillation residue.

The present invention is explained in more detail by the
following example.

Bxample 1

A conventional glass reactor was fitted with a feed opening
at a suitable location between the first and second cata-
lyst beds. The catalyst for the first catalyst bed com-
prised 21.95 g Cu chromite catalyst (manufacturer: Alfa)

and the catalyst for the second catalyst bed 15.9 g NaX
zeolite. :



characterised in that the tenperature in the reactor over the second
catal yst bed is 255 to 400[err]C. 11. A process according to one or
nore of Clains 1 to 10, characterised in that the
t he first catalyst bed is 250 to 300[err] C. and REPEACEM
catal yst bed is 260 to 340[err] C 1

1.584.m01/h hydrogen and 0.016 mol/h maleic anhydride were
fed over the first catalyst bed and additionally 0.017
mol/h monomethylamine and 0.096 mol/h water through the re-
actor feed opening.

The temperature was 275°C over the first catalyst bed and
275° over the second catalyst bed. After a total reaction
time of 4 hours, 6.09 g N-methylpyrrolidone was obtained.
The yield was 96%.



12. A process according to one or nore of Jaims 1 to 11, characterised in
that the nolar_ratio of the 1,4-dicarboxylic acid to hydrogen is 1 to 20
to 1 to 250. f_“"?r‘irp#ﬁeess\agpording to one or nore of Clains 1 to 12,

characteri sed nol ar ratio of hydrogen to primary amne or
ammonia is 15 Wm W ﬁﬁ”ﬂf | [m REPLACEMENT SHEET
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Claims

1. A process for preparing pyrrolidone and N-alkyl
pyrrolidones from saturated or unsaturated 1,4-dicarboxylic
acids and/or their anhydrides, hydrogen and a primary amine
or ammoﬁia, characterised in that, in a suitable reactor,
the dicarboxylic acid or its anhydride is allowed to react.
with hydrogen over a first catalyst bed and then the_non—
isolated intermediate is reacted directly with the primary

amine or ammonia over a second, downstream catalyst bed.

2. A process according to Claim 1, characterised in that a
copper-containing catalyst is used for the first catalyst

bed.

3. A process according to Claim 1, characterised in that a
silicon-containing catalyst or an aluminium phosphate

catalyst is used for the second catalyst bed.

4, A process according to Claim 3, characterised in that

the catalyst has a zeolitic structure.



14. A process according to one or nore of Clainms 1 to 13, characterised in
that the residence tinme of the reaction partners over the particular
catal'yst bed is . 0.01 to 15 seconds. :

| _ REPLACEMENT SHEET
(AR TR 23 94 1997
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5. A process according to one or more Claims 1 to 4,

charaéterised in that a copper chromite catalyst is used for
the first catalyst bed and a cation-exchanged zeolite of the

X or Y type is used for the second catalyst bed.

6. A process according to one or more of Claims 1 to 5,
characterised in that the reaction takes place in the gas

phase.

7. A process accotding to one or more of Claims 1 to 6,

characterised in that diluents are present.

8. A process according to  Claim 7, characterised in that

the diluents are gases, water or aprotic solvents.

9. A process according to one or more of Claims 1 to 8,
characterised 1in that the temperature in the reactor over

the first reactor bed is 225 to 350° C.



15. A process according to one or nore of Clains 1 to 14, characterised in
that the pressure inside the reactor is 0.1 :
—

A
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10. A process according to one or more of Claims 1 to 9,
characterised in that the temperature in the reactor over

the second catalyst bed is 255 to 400° C.

1l1. A process according to'one or more of Claims 1 to 10,
characterised in that the témperaturé over the first

catalyst bed is 250 to 300° C. and over the second
catalyst bed is 260 to 340° C.

12, A process according to one or more of Claims 1 to 11,
characterised in that the molar ratio of the 1,4-dicarboxylic

acid to hydrogen is 1 to 20 to 1 to 250.

13. A process according to one or more of Claims 1 to 12,
characterised in that the molar ratio of hydrogen to primary

amine_or ammonia is 15 to 1 to 250 to 1.

14. A process according to one or more of Claims 1 to 13,
characterised in that the residence time of the reaction
partners over the particular catalyst bed is 0.0! to 15

seconds.



to 10 bar (0.1 to 1.0 Mpa).
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15. A process according to one or more of Claims 1 to 14,
characterised in that the pressure inside the reactor is 0.1

to 10 bar (0.1 to 1.0 Mpa).
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Process for Producing Pyrrolidone
and N-Alkyl Pyrrolidones
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Abstract

The invention relates to a process for producing pyr-
rolidone and N-alkyl pyrfolidbnéé'frdm'éaturatéd or unsatu-
‘rated 1,4-dicarboxylic acids and their anhydrides; hydro-
gen; and a primary amine orlammohia;fCharacterized in that
the dicarboxylic acid or its anhydride is allowed to react
in an appropriate reactor with hydrogen or ammonia wvia a
first catalyst bed and the unisolated intermediate product -
is subsequently reacted with the primary amine or ammonia -
directly via a second, downstream.datélyst bed.



