MD 96/19439 1 . PCT/ FR95/ 01644 PROCESS FOR THE
PREPARATI ON OF PENTENENI TRI LES The present invention relates to a process
for the preparation of pentenenitriles. Pentenenitriles, nore particularly
3-pentenenitrile and 5 4-pentenenitrile, .can result in adiponitrile by
reaction with WQdP6gaA489ani de. The inventlion nore speci PCTAFR9S£0m6#4t s of
a process for the preparatlon of pentenenltrlles by the use, in the vapour
phase, of 2-nethyl gEROE) FOR o] : J| BENTE] FRILES/ or of
their precursors, in the presence of an aC|d|c SO|Id catalyst chosen in
particul ar from acidic nﬁgécBFSFe§Fe9§¥enﬁéPH|€e&ﬁ5?§,t9rﬁd§§@0@ﬁ§ys (or

|1 d cl k oxi des and aci_di c phosphates. 15 Duri ng
Phe. pr opar at; ohBrE 8|gBﬁPFF?FéOByOﬁyBFBE?&ﬁgﬁFEHESF'butadiene, Wi th the

s - :
ot hy g1 Ut ar onF ERF PRCRREE &t RET <DEERNBAFEr haoZre” P ABSTEBOrY -551-4en88Y These
by- product s cusrahly:baYe:20e agby- Y8y o LBdshe Lok qupet s and mst

| argely be incinerate i's fherefore entire esira enhance the

val ue of such pyapt9dHCH$tANHyERbS§ehScRIAE . the ains of the present
I nvention. This is because the 25 conpounds enpl oyed.in the present

process, 2-nethyl - The invention more specifically consists of a

process for the preparation of pentenenipriles by'the_
use, in the vapour phase, of 2-methylglutarimide and/or

10 of ethylsuccinimide and/or of their precursors, in the
presence of.an acidic solid catalyst chosen in
particular from acidic molecular sieves, acidic clays,
bridged clays (or pillared clays), bulk oxides-and
acidic-phosphaﬁes. .

15 During the preparation of adiponitrile by
hydrocyanation of butadiene, with the intermediate
production of pentenenitriles, large amounts of
methylglutaronitriie and ethylsuccinonitrile are
inevitably obtained. These by-products currently have

20 only very few industfial outlets and must largely be
incinerated.

It is therefore entirely desirable to enhance
the value of such by-products and this is one of the
aims of the present invention. This is because the

25 compoﬁnds employed in the present process, 2-methyl-
glutarimide énd/or ethylsuccinimidé, as well as their
precursors, can be prepared jrom methyiglutaronitrile

or from ethylsuccinonitrile.



glutarim de ‘and/ or ethyl succinimde, as well as their precursors, can be
prepared fromnethylglutaronitrile or from ethyl succinonitrile. . WO
“96/ 19439 2 PCT/ FRO5/-.01644 2- Met hyl gl ut ari mi de
can be enployed directly or in the formof one of its precursors, such as
in particul ar WD Q6B %r ami de, 2- met hyl 24-cyano- but yPSH/FR95/01644
4-cyanoval eric acid or 2-nethyl-4- 5 cyanovaleric acid. Likew se,
et hyl succini m de can be ZMatdpd@lytagmide cam hehenplaowesd diredtlyt s
"precursors, such as in particular 3-cyanoval eram de, 2-ethyl-3-,
cyanopr opi ona@rddn Fhey £HR3ThI iR QT IS RragiHsers 1 Fuck \afholR opi oni ¢
acid. 2-Methyl glutarimde and its .precursors are .the st_inportant and the
preferred sub§g?§Fé§ﬂéﬁbﬁ§qﬂ?ﬂﬂyﬂﬁﬁﬁﬁW%é%TtﬁimﬁﬁhékﬂiFEX?Q%k present
process, in particul ar; because of t N ry RL.OPPrL | f, 15
met hyl gl ut ar o%’lut ty%aér'aiéi\/edi Ic4gb gnfﬁf%gclgu%rﬁo ?ﬁ?%olﬁﬁe%ttqg’rlorzlesul ts which
whi ch they pro #ﬁ5v&&é¥§gngéi#garinide can be prepared, for exanple, by

y

reaction of ne glutaronitrile with dodecanoic acid, as described in an
rarticle in the Likewise, ethylsuccinimide can be employed
directly or in the form of one of its precursors, such
as in particular 3-cyanovaleramide, 2—ethy1-3—'_
cyanopropionamide, - 3-cyanovaleric acid or 2—e£hyl—3-
10 cyanopropionic acid. .
2-Methylglutarimide and its precursors are
the most important and the'preferredjsubstrates among
those which can be employed in.thé present process, in
particular because of the higher proportioh of -
15 methylglutaronitrile available and because of the
better results which which they provide.
2-Methylglutarimide can be prepared, for
example, by reaction of methylglutaronitrile with
dodecanoic acid, as described in an arficle in the
20 Journal of Organic Chemistry, 36, pages 3050 et seq.
(1971) . It can also be prepared by reaction of
methylgluﬁaric acid with ammonia, as described in
'another.article in the Journal of Organic Chemistry,
22, pages'1728 et seq. (1957).
25 The acidic molecular sieves emplbyed are in
particular acidic zeolites of ﬁentasil structure, such
as, for example,_ ZS8M-5, ZSM-11, ZSM-12, ZSM-22, ZSMf23,

ZSM-48, mordenite or ferrierite, and acidic zeolites of



20 Journal of Organic Chem stry, 36, pages 3050 et seq. (1971). It can

- al so be prepared by reaction of nethylglutaric acid with amonia, as
descri bed i n anot her article in the Journal of Organic Chenmistry, 22, pages
1728 et seq. (1957). ‘The aci dic nol ecul ar sieves enployed
are in parti cm(hr%ab'iﬁtﬂ?& zeolites of pentdsil structure PEU/FRIE/ 0¥k .
exanpl e, ZSM5, ZSM 11, ZSM 12, ZSM 22, ZSM 23, ZSM 48, nordenite or
ferrierite, afPuiawite AorieEsres such@as fogexample, zeolite X gr

PCT/ FR95/ 01644 f auj aS| te structure, such as, for exanple, zeolite X or
zeolite Y. The §& 5 of pent asi | structure are nore particularly

lit f ZSM5, ZSM ZSM 22 5 SM 23.. ZSM 48 deni t
gﬁg ;efflgrlte type havﬁﬁﬁft?ﬁfiéﬁl fQﬁ?ﬁﬁ%ﬁ%z§t¥&$ﬁ%§%eﬁr$nn$%?ﬁglo?
ratios of oxi Qe MELLQ L1 Olersd ARG eradyR ETEkD 11 ook

ich: 10 presents a conponeht™ choseh Tromh{ydrogen;’

and mono- 5 di gl KIS WG PEIANG e M PRPO L 158Shat Ingar a |

hydr ogen aton1
the general formula (I) expressed in terms of ratios of

oxides:
Mz/no . X203 ° mS iOZ b pH20 . ( I )

in which:

10 _ - M represents a component chosen from
hydrogen, NH, and mono-, di-, tri- and
tetravalent metals, M being at least in part
a hydrogen atom,

- X represents a trivalent element chosen from

15 Al, Ga, Fe and B,

- n represents a number from 1 to 4,
- m represents a number equal to or greater
than 2,
- p represents a number from 0 to 40.
20 The zeolites of faujasite structure are more
particularly those having the general formula (II)

expressed in terms of ratios of oxides:
Mz/no° Z203 'dsi02'xH20 (II)

in which:



X represents a trivalent elenment chosen from 15 ' A, Ga, Fe and
B, n represents a nunber from1 to 4, - m represents.-a nunber equal to
“or greater than 2, - p represents a nunber fromO to 40. 20

The zeolites of faujasite structure are nore particularly those having the -
general fornmuW® (Ol6l/)193% essed in terns o4 ratios of oxiPMEYFR95/01644

Merr]OQ Zerr]Qerr].dSiderr]xHerr]O (1) in which: WO 96/ 19439
4 : PCT/-FROSM I@present sMa eqamunant chaggorfrem chosen from
hydrogen, NH4 and nono-, di-, tri-_and tetraval ent netals, M being at |east

in part a hydrogen atomh¥sirogen, NH, and meppeseffs atFii-varént el ement
chosen fromAl, Ga, Fe and B, - ~n represents a nunber from1 to 4, d
eglrfeé‘ieé‘waﬁt

represents a nunber equd®HEE! Fradl Peiftg at least in paxhesents

a nunber fromb5 to 100. Tt}le dzeol i tes,C used in the context of- the
a hydrogen atom,

5 -  Z represents a trivalent element chosen from

Al; Ga, Fe and B,

- n represents a number from 1 to 4,
C - d represents.a number equal ;o or greater

than 2,

10 - X represents.a number ﬁfom 5 to 100.

The zéolités used in-the context of the
invention are preferably those in the formula (I) or
(IT) of which the oxide used in combinétion with silica.

- is that of a trivalent metal, in particular Al or Ga.
15 - Preference.is generally given to the acidic
zeolites in the formula (I) or (II) of which M is
chosen from hydrogen, Fﬂh, alkali'metals, such as, for
example, Na, K, Li, Rb or Cs, alkaline-earth metals,
such as, for example, Be, Mg, Ca, Sr or Ba, rare-earth
20 metals, such as,'for example, La or Ce, or transition
metals, such as, for example, Fe.

For a more detailed description of acidic
clays, reference may be made to Patent FR~A-2,622,575,
which is incorporated in the present text by reference.

25 Preference is given, in the process of the
invention, to the use of smectites, such as, for
example, mbntmorillonites, beidellites, nontronites,

hectorites, stevensites and saponites.



invention are .preferably those in the fornula (1) or (11) of which t he
oxide used in conbination with silica is that of a trivalent netal, in
particular Al or Ga. 15 Preference is general ly given to the
acidic zeolites in the formula (1) or (11) of which Mis chosen from
hydr ogen, NH[ eMP] 9641494139 netal s, such as,5for exanple RET/ER5I/0 1/@4 4or
Cs, -alkaline-earth netals, ,such as, for exanple My, Ca, Sr or Ba,
rare-earth 20 netals, SFanoed Flewsexaliich qan (he usedyasg qats yats

metal s, such as I exanp Fe. For a nDr det ai | ed description of acidic
clays, referend® ﬁg’ﬁ B& 5‘% PFASESEnt 311-"!?- ?Y@zg?ej—?@em }Eeets of

given, 1n the BrocesBeE Bret fetbdied Fifees eropidtars i Rich as,
(for exanpl e, nRALgRGhL) gnuaaal\%ggg%%g% BALEOUR g 4E Y Bim

stevensites a saponites

PCT/ FR95/ 06644 0Br kdgedngbithessMiiech cache gse ‘ikh %%t%msto% d he present
h have be

process, are clays between the sheets of whic en I ntroduced bridges
or pillars whi ¢hterifallaa® aphediak.spaci ng. The basal spacing is the sum5

~of the thickness of a sheet of the clay and of the

’ The preparation of these bridged clays has
been described in particular in Patent FR-A-2,563,446
and in Patent FR-A-2,618,143.

10 Preference will generaliy be given, as
starting clay, to beidellites.

Bridging of the clays can be achieved in
particular using aluminium, vanadium, molybdenum,
zirconium, iron, nobium, tantalum, chromium, lanthanum,

15 cerium, titanium and gallium hydroxides or mixed
‘hydroxides of a number of these metals.

These bridged clays can be modified, in
particular by the action of a dihalogen, of an ammonium
halide or of an acid, such as sulphuric acid or

20 hydrohalic acids. The halogen thus optionaily
introduced is preferably chlorine or fluorine.

Use is preferabiy made, in the process of the
invention, of clays, pﬁrticularly beidellites, bridged
using.aluminium'hydréxide.

25 The bulk oxides are metal oxides, mixtures of
metal oxides or modified metal oxides, in particular
modified by the action of a dihalogen, of an ammonium

halide or of an acid, such as sulphuric acid or



interfoliar spacing. The preparation of these bridged clays has been
described in particular in Patent FR A-2,6563,446 and in Patent
FR-A-2,618,143. 10 Preference will generally be given, as
starting clay, to beidellites. Bridging of the clays can be achieved in
particul ar usWRg98Vad#ai%um vanadi um nol§bdenum zi I‘COﬁ'CUI"VfFRﬁISdIﬂ,ng@bI g(rjn :
tantal um chrom_u |.ant hanum 15 cerium titanium and gallium hydroxides
or nixed hydrBYFnglé‘aéﬂ-caﬁ?&ﬁiﬁer Toe hrdegemetiius. optdsmalditiged clays can be
nodi fied, in particular. Qy the acté'é(ln %Ith a di hal ogen, of, an anmoni um hal i de-
or of an aci dIPSEOAYSESs depREETETRbLY Ghisyine, oF MHMOrdngi ds. The hal ogen
thus optionally introduged.i.s prefetably chlorine or .fl.uqrine. Use is
preferably nmade, in the&%%:&g s "6F %’ﬁe"%ﬂ?éntaisoﬁfonofll&l 9 particularly

bei del lites, pridged gsiogggsgbuy%fi(ym Bydr axd 8. 2P0, /Fe.0. .a The bul k
F %X| ges, o‘f/ 5 15

oxi des are neta m Xt ﬁres’_ of netdl OXPtes %% metal oxi des,
in particylar Sﬁ'@gj/'ézioc‘gdm@)étﬁ?@s‘?chh@agegﬁéeg' 88,988, OkudR agmepl um hal i de

or of an acid, such as sul phuric aci
particular chlorinated aluminas and fluorinated
aluminas, sulphated zirconia, niobium oxide or tungsten
oxide.

The acidic phosphates which can be used in

10 the process of the invention are iﬁ particular, by way
of examples, boron phosphates, alone or as a mixture
with alumina;or with silica, corresponding to various
H,;B0,/H,PO, molar ratios introduced during the synthesis,
lanthanum phosphate, aluminium phosphates corresponding

15 to various Al,0,/H;PO, molar ratios introduced during the
synthesis, phosphofus pentoxide/silica mixtures
(generally known as UOP catalysts), aluminophosphates
of zeolite structure (AlPO) and silicoaluminophosphates
of zeolite étructure.(SAPO).

20 . The process is implemented continuously.

The catalyst used can be arranged in a
stationary bed or be employed in a fluidized bed. It
can be used as a mixture with inert solids, in order to
increase the contact surface area.

25 The process is generally implemented at a
temperature of 200°C to 600°C and preferably of 250°C
to 500°C. |

The contéct time, defined as the ratio



WO 96/ 19439 _ -6  PCT/ FR95/ 01644 hydr ohal i c
- -acids. The hal ogen thus optionally introduced is preferably chlorine or

- -fluorine. Mention nay be nade, as non-limting exanples, of '

Si /Al Si / Ga , S / d

S Si Of et 1]/ B8P PE74PEPOm xt ur o6, hal ogerht el um nas. PORARRRE/ Ppoes
ticul h | nat lum ¥ d fl I.nat . wm sul ted

D conia, ni oBRBREGR: HBCoFOLIRBSenC08) BECSHNE ol COB A S8 %ni ch can
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i ntroduced during the synthesis, [anthanum phosphat e, "al tm ni um phosphat es

correspondi NgcAPriekOgXal,i Q¢S aﬁb&s&k%e@)'] A ehe] Babaeh témipiratiire)s

I ntroduced during the synthesis, phosphorus pentoxide/silica m xtures

(generall g kn?éﬁe@alwva@aaby&&h, 03l uBieaepkio $ph Sloe Beeondro land migtlct ur e
(Al PO and silicoal um nophosphates of zeolite structure (SAPO . 20

The process i sftenl Eremt ed2ceetondousl 30 Seeomdisal yst used can be arranged
Iin a stationary bed or be enployed in a fluidized bed. It can be used as a.
m xture with inert soli@he pressure tie notr exdsicad .cdift dst gsmemaddyar ea.

25 The process is generally inplenmented at a
between a pressure lower than atmospheric pressure and

10 MPa (100 bar) and preferably between 0.01 MPa
10 (0.1 bar absolute) and 5 MPa (50 bar).

The 2-methy1glutarimide and/the
ethylsuccinimide and/or their precursors can be
introduced into the féactor.containing the catalyst
either in the molten state or in solution in a solvent

15 which is substantially inert under the reaction
conditions.

Use may be made, as solvents, of any compound
which is vaporized under the reaction conditions, which
does not induce harmful side reactions and in which the

20 substrate or éubstrateé employed are soluble. In the |
present text, a substrate is regarded as soluble in a
compound wheﬁ_it can be dissolved in the proportion of
at least 5 grams per litre of the said compound at
50°C. |

25 - Mention may be made, as non-limiting examples
of solvents, of nitriles, such as acetonitrile,
propionitrile, valercnitrile, adiponitrile or

methylglutaronitrile, ketones, such as acetone or



tenperature of 200[err]C to 600[err]C and preferably of 250[err]C to

- 500[err]C. The contact tinme, defined as the ratio WO 96/ 19439

7 PCT/ FR95/ 01644 between the volune of the catalyst and the
total gas flow rate (2-nethyl glutarinde and/ or et hyl succi ni m de and/ or
their precursoM® P643IN43R , if appropriate8+ carrier gasPOT/FRYS/@Iéds e)

at the chosen tenperature, 5 generally varies fromO0.1 second to 50 seconds
and nost oft en ™etEilo iBautard kafone s @ mihermhe st ag adibutot critical . -

It is generally between ressure | ower _t han at nospheric pressure and 10
MPa (180 bar) %%eﬁr @freéﬁr)ef Ydrns o alier aen qkso kmusadAtute) and 5

MP 50 b . The_2-nmethyl glutarimde and/the ethylsuccinin de and/or their
prgcfjrsorgrzzan-ls_ gvieﬁ’ttr g&%glgaariqﬁqys[q;g Pé&g&'ﬁ}etgwﬁt%%%“l QE Ay st
either in the geb&?gﬁﬁﬁg%ﬂfﬁ%é %_COL[##§1$ a solvent 15 which is

substantially ine € reactio I'tions. Use nmay be nmade, as

sol vents, @f any corrpounqah\@_@j S SN Zi%f%ag‘%fe# \I}% Eﬁi’q}%higlo&i%%di tions,

whi ch does not induce harnfdl side reactions
with an inert carrier gas; this joint introduction can

be carried out in the form of a mixture or in the form
of separate simultaneous inﬁroductions.

The inert carrier gas can consist of a gas or

10 a mixture of gases which are inerf under the reaction
conditions, such as, for example, nitrogen or argon.

The substrate employed, in particular
2-methylglutarimide and/or its precursors, represents
from 5% to 100% by weight with réspect to the total

15 weight of gases introduced_into the reaction and
preferably from 10% to 100%.

The process of the invention generally
results in the formation of a mixture of
pentenehitriles, 2-pentenenitrile, 3-pehtenenitrilé and

20 4—pentenenitri1e. These last two pentenenitriles can be
converted into adiponitrile by reaction with hydrogen
cyanide. |

The following examples illustrate the
invention.

25 The-following procedure will be used, except
when otherwise_mentioned; in the examples.

Tﬁe following afe successively éharged, onto

the sintered glass, in a reactor arranged vertically



20 substrate or substrates enployed are soluble. In the present text, a
. substrate is regarded as soluble in a conmpound when it can be dissolved in
-the proportion of "at least 5 grans per litre of the said conpound at

50[err]C. 25 ' Mention may be nmade, as non-limting exanpl es of
sol vents, of Mot 9i6Y89438uch as acetonitri®e, propionitrPCE/FRASL 0644 i | e,
adi ponitrile or methylglutaronitrile, ketones, such as acetone or WO
96/ 19439 . (tube made ofgPyrex glass wipihr/erRemyarhs44 Tretd®andobut vyl

ket one, or ethers, such as dibutyl ether or dinethoxyethane. Water can al so
be used as soMdERt WRAATSTESZUrsSr STBF SYRHR IGHAINE | (HrRd & &% to

et hyl succi ni m . de are enpl oyed., § Th can .al.so be | ced in
conjyunct i on V\n'lt'%saﬁlmi)nrér)?’te%ﬁ’r fedeba ©f i G ﬁér{"% AT (ﬂ# %ﬁ%
carried out in.the fOLw ofsa ﬁ*%?&&f 9 L Lpeof o ofg &Q&i{i‘&e n_the

si mul t aneous i FOAUC?IOHS.'T e€”i ner't carri er gas can RSl stoor a gas or

10 oo LS Ealpias uth ¥ poyh s, U g aack o8 Gt didn:, sueh
2-met hyl gl ut agh@inda RARIE 1aydd AURRATz WML Height of 1.2 cm.
The catalyst is then calcined overnight at
475°C.
The reaction is carried out under a
io0 0.3 litre/hour nitiogen stream at.a temperature of
450°C, except when otherwise mentioned.
The dissolved substrate is then injected via
a syringe driver.
The injection flow rates will be specified
15 for each example: they are expressed in grams of
solution per hourﬂ |
After running for approximately 1 hour, the
test proper lasts 1 hour, during which the products
exiting from the reactor are trapped in a series of
20 three receivers, the first at rooﬁ temperature and the
following ones cooled by ice.
Analysis of the reaction éroducts and of the
unconverted substrate is caﬁried out by gas
chromatography (GC).

25 The following are calculated for each test:



from5%to 100% by weight with respect to the total 15 weight of gases
Introduced into the reaction and preferably from 10%to -100% The process
of the invention generally results in the formation of a m xture of
pentenenitriles, 2-pentenenitrile, 3-pentenenitrile and.20

4-pent eneni t rifQ.2 ast two pentenerdfi@riles can be RSMARRIBADIES
adi ponitrile by reaction with hgdrogen cyani de. The foll ow ng exanpl es

i I'l ustrate the i nvérft§ siegzse of conversiome(BG) |of tHee preestratew ¥ be

used, except when otherw se _nentioned, in the exanples. The follow ng are
successi vel y char gecffe%fﬁ SRR R e‘?cgﬂ"ﬁ%‘g,“”r LTLRToreArrdted
vertically WO 96/,1.943 ' .9 ' PCT/ FRO5/ 01644
(tube made of Pyreygc}sglavﬁ tlllleeanlcel'hagﬁ%ed:’ 15 cmand with a dianeter = 2

Caralyst of JoM 5 t5e 0rSE i MR- A R Had ot C D ferr).
depending son the 5 me@xAMIASIr 1N i & RS Gl LE Ploh-dpsde 25 M~ and
then a second | ayer of 'quartz with a height of 1.2 cm f%e catalyst is then
cal ciined over ni ght cmpounds formed with respect to the substrate
charged;
- isomeric distribution of the pentenenitriles
formed.
10 EXAMPLES 1 TO 11
These testé were carried out by using
2-methylglutarimide as substrate.
Tests of various acidic zeolites of ZSM-5
type of general formula (I) in which X represents Al
15 and exhibiting various Si0,/Al,0, molér ratios (value of
m in the formula (I)): |
Zeolite 1: 8i0,/Al,0, = 51
10d% of_the components M in the formula
(I) are H
20 n=1
Zeolite 2: Si0,/A1,0, = 350
100 % of the components M-in the formula
(I) are H
n=1
25 | The operating conditions are those given in
the general procedure described above.
The conéentration of 2-methylglutarimide in

the injected solution is 15 % by weight/weight and the



475[err]C. The reaction is carried out under a 10 0.3 litre/hour nitrogen
. stream at a tenperature of 450[err]C, .except. when ot herwi se nentioned. The

di ssol ved substrate is then injected via a syringe driver.

The injection

flowrates will be specified 15 for each exanple: they are expressed in

grans of sol utWwons@Lroadar .

t est proper

After runninglior approxi natRCT/BRODL01644e
| asts 1 hour, during which the products exiting fromthe

reactor are trippedtionafiewi zstefofothighsedutdesni ker8,5t géhkirst at room
tenperature and the foll ow ng ones cooled(bg)ice. Anal ysis of the reaction
£

products and of the uncoBker€eatagbstisee

chr omat ogr ap
test: WO

with respect to that whi tREhEESBE

hy (
967

chpriedisatedy (das

G0) . %5 T
geggnds) for each of thepexamp PCT/ FR95/ 01644 -

R CREP4HAY 2T CPWRIYRR 48

he foliggﬁng are calculated for each

t he

degree of conversion ( of the'gubsﬁgate: % of the, sub tnat??%?QVﬁrted
0

_pentenenitgilegefgg_of

10

15

20

25

The abbreviations MGI, PN, PN2, PN3, PN4 and

MGN used have the following meanings:

- MGI = 2-methylglutarimide

- PN = pentenenitriles

- PN2 = 2-pentenenitrile

- ‘PN3 = | 3—pent¢nenitri1e

- PN4 = 4 -pentenenitrile

- " MGN = methylglutaronitrile.

EXAMPLES 12 ANﬁ 13

These tests were carried out by using
2-methylglutarimide as substrate.

The operating conditions are those given in
the general procedure deécribed above but the tests are
Cafried out at different temperatures.

The concentration of 2-methylglutarimide in
the injected solution is 15 % by weight/weight and the'
injection flow rate of this solution is 3.5 g/h.

The catalyst uséd is zeolite 1 (1 cm?).

The contact -time (ct) is indicated for each
of the examples. | |

Thé results obtained are collated in Table 2

below.




- 5. met hyl glutaronitrile fornmed: nolar % of these conpounds forned
~with respect to the substrate charged; - I soneric distribution of the
pentenenitriles formed. 10 EXAMPLES 1 TO 11 These tests were carried out
by using 2-meth | utarim de as substrate. Tests of various acidic zeolites
of ZSM5 type BP gév{éﬁézﬁ%orrrul'a (1) in whRch X represenPSTAFR25/01and
exhibiting varjious SiQerr]/Alferr]QJerr] nolar ratios (value of min the

formul a (l )) Z@:&'mbié:é 1 Catalys‘%I q %Efdeéxél [ 5& ]%q rY[i] % PN51 1 QI@% .
conponents Mijn the forjnula (1) @re Zeolite 2:
Sigerr]/A[erf]Jerr] |=v858*100| % of the ¥Hpo EHRAPNRARNA (| MENT gridml=l | 1)
are Hn=1 25 The opefating conditi ofige2-thos¢ given in the
general procedure descr|li bed above. The cophcentration of 2-gethylfgl utarj m de
in the injected solutidn is 15 9% by wei ght/wei ght™"&%d t he
Example 1 Zeolite 2 Aceto- 98 75 0. 1.6
(2 cm?®) " nitrile 40/44/16
Example 2 Zeolite 2 Aceto- 96 77 € ' 0.8
(1 cm®) nitrile- 28/53/19
Example 3 Zeolite 2 Aceto- 80 65 4 0.4
(0.5 cm?®) nitrile - 16/61/23
5 Example 4 | Zeolite 2 ‘aceto- 62 47 . 1 .0.2
(0.25 cm®) nitrile 10/63/27
Example 5 Zeolite 1 Aceto-~ 79 60 6 | 0.2
(0.25 cm?) nitrile - 15/61/24
Example 6 Zeolite 1 ' Aceto- 89 63 9 0.4
(0.5 cm?) nitrile 28/52/20
Example 7 | Zeolite 1 Aceto- 99 67 12 0.8
(1 cm®) nitrile 41/44/15
Example 8 Zeolite 2 Acetone 36 26 ' 1 0.5
(0.5 cm?) 4/60/36
.10 Example 9 | Zeolite 2 Acetone 68 52 0 1.8
(2 cm®) 11/62/27
Example Zeolite 2 Acetone 28 17 0 0.2
10 (0.25 cw®) 4/59/37
Example Zeolite 2 Acetone 50 39 1 0.9
11 (1. cm®) 7/61/32

15 TABLE 1



WD 96/ 19439 11 PCT/ FR95/ 01644 i njection flow
. rate of this solutionis 3.5 g/ h. The contact time (ct) is indicated (in
seconds) for each of the exanples. The results obtained are conbined in
Table 1 5 bel ow. The abbreviations M3, PN, PN2, PN3, PN4 and MaN used have

the fol |l owi ng Wb AgRe32 ME = 2-¥&et hyl gl ut ari niREL/FRI5 fN644&
pentenenitriles 10 - PN2 = 2-pentenenitrile - PN3__ =
3-pentenenitri |E§‘amp1es Pl = 4So‘i€£{1ten€'rﬁct£' lBye « ox MN | 7y & | ot

met hyl gl utaronitrile EXANVPLES 12 AND 13 . These tpsts wgre

carried out by using 2}d& K¢l gl dtari nm de d”gIsubﬁ?lfzé?%’.’P%e ¥per pting’
conditions ar¢ those glven in the generall procefdaisergdescriped apove b+t t he
tests are carified out at differgnt tenpedatures} 20 The

concentration|of 2-methyl glutarifmide in ghe inj LRI sol utfon ik 15 % by -
wei ght/wei ght [and_the [njecttonfitowratg or tnfs solatroni1s 3fo5 0/ n} The
catal yst used|i®&* %86l i{e 1*T1 cnj e?$f?. The®Tontact tinme (t)* ik Pntlidated

for each 12 nitrile 15/64/21
Example 350 Aceto- 22 9 9 0.8
5 13 nitrile ' 6/71/23
TABLE 2

EXAMPLES 14 TO 17-
These tests were carried out by using various
substrates which afe precursors of 2-methylglutarimide:
10 - EXample 14, carried out with 4-cyanovaleramide
- Example 15, carried out with 2-methyl-4-
cyanobutyramide |
- Example 16, cafriea out with 4-cyanovaleric acid
- .Example 17, carried out with 2-methyl-4-
15 cyanobutyric acid.
Thé operating conditions are those given in
the general procedure described above. |
The concentration of substrate in the
injected solution is 50 % by weight/weight and the
20 1njectlon flow rate of this solution is 1 g/h.
The contact time (ct) is indicated for each
of the examples.
The resﬁlts obtained are coliated in Table 3

below.



25 of the exanples. The results obtained are collated in Tabl e 2 bel ow.

WD 96/19439 12 PCT/ FRO5/ 01644
‘Exanpl es Cat al yst Sol vent DC % YY % PN _ YY % ct-
(vol une) M3 PN2/ PN3/ PN4 MGN (ins) distri-
buti on Exanpl é/Q 96/2-1952)43Qe 2 Aceto- 14 98 PCT/FR%5/01644 0
1.6 (2 cnerr]) _nitrile 4W4M16EMWMe2 Zeolite 2
Acet o- Exg les CatalysL77 Solvent QDC % QY% gls;]' cr’r{ HE ]%) _@Lt rifle
28/ 53/ 19 Examl e Z¢olite 2 Acet o- _ 6p
4 0.4 (0|5 cnferr])velivmel | e sub- RIW/B@/ZB‘* 5| MeN | Beawplle 4
Zeolite 2 acet o- 62 Atate | aistri- 1 0.p (0. 25
cnferr]) nitrifle 10/ 63/ 27 |Exanpl . 5 Zeolife 1 Acet|o-
79 60 6 0.2 (0.2% crer|PyArtrile
15/ 61/ 24 Exanpre ©_  Zgolite I ACET O~ —89 —P3
9 . 0.4 (0)5*RTH&rr])ZRitrityg Water 82 | 28/ 59 20 Exakhl p #-7
Zeolite 1 Acet o- (2 em*P9 67 51/37)22 0.B (1
cnferr]) nitrifllLe 141/ 44/ 15 |Fxanplle 8  Zeolite 2 Acetione

2 Gxample zedlite 1 [0. Water 81 a7 19 2.7 -
5 15 (2 em®) _ 52/35/13
Example Zeolite 1 Aceto- . iOO 17 6 4.5
16 (2 cm®) nitrile 65/24/11
Example Zeolite 2 Aceto- 100 40 11 ‘4.5
17 (2 emd) nitrile . 51/37/12
10 ' TABLE 3

EXAMPLES 18 AND 19
These tests weré carried out by using
2-methylglutarimide as substrate.
The operating conditions are those given in
15 the general procedure described above but the tests are
carried out with different concentrations of
2-methy1§lutarimide in the injected solution.
. The injection flow rate of these solutions is
 3.5 g/h.
20 The catalyst used is zeolite 2 (0.5 cm®).
The contact time (ct) is indicated for each
of the examples.

The results obtained are collated in Table 4

below.



(0.5 cnferr]) 4/ 60/ 36 10 Exanple 9 Zeolite 2

Acet one : 68 52 0 1.8 (2 cnferr])

11/ 62/ 27 Exanple - Zeolite 2 Acet one 28 17

0 0.2 10 (0.25 cnferr]) 4/ 59/ 37
Exanpl e |96/ P39 Acet one By 3®CT/FRI5/01644
0.9 11 (1 cnferr]) , 7/61/32 15
TABLE 1 Eg%lg§3 P a1 J/Solven’c vy s on P ERQ5|£9J-644
Exanpl es Temp. Solyent DC % YY % %ct (inferr]lO

M3 PN2/ PN3{PN4  MGN| ¢i9¥B) distri- b BNRGPER/PNe OWEN | limaghy o-

68 41 14 0{8 12 _ ni ty &ds@ri- 15) 64/ 21
Exanpl e 350 Acgt o- 22 9 . 0.8 5 13
nitrile ' 6/ 71/ P3 TABLE 4 EXAMPLE$ 14 TQ T#*These tlests fere cqrried
out by using yarrogs sppstratres (wiich_arg¢ FSors_of
2-net hyl gl ut af iEF®e® 1p 2% gxadfiff® 14, &rrfed ot with 3 0.4
4- cyanoval er afde - Exanpl e 15 nieanei ¢d out W tdys2savet hiyl - 4-
Example 30 Aceto- 54 . 43 2 0.4
5 19 nitrile 7/64/29
IABLE 4

EXAMPLES 20 TO 25
These tests were carried out by using
2-methylglutarimide as substrate and by employing
10 different acidic'catalysts.
These catalysts are commercially available
products.
Only boron phosphate was prepared in the
laboratory, according to the following brocedure:
15 - 417.4 g of H,PO, (2.9 mél) are introduced
into a 1 1 reactor équipped with a central stirrer and
a reflux condenser;
- then 180 g (2.9 mol) of boric acid H;BO,,
sieved at 300 pum, are introduced with stirring;
20 - the mixture is heated at reflux for one
hour and is then cooled to room temperature;
- the mixture is calcined for 3 h at
500°C. |

The operating conditions are those given in.



cyanobut yr ani de - Exanpl e 16, carried out with 4-cyanovaleric acid -
Exanple 17, carried out with 2-nethyl-4- 15 cyanebutyric acid. The
‘operating conditions are those given in the general procedure described
above. The concentration of substrate in the injected solution is 50 % by
wei ght / wei ght Wn@6/A&843® injection flowérate of this PETUFRSS/i0d684g/ h.
The contact time (ct) is indicated for each of the exanples. The results
obt ai ned are &&el geaered PaRIcedynge|dgRcribefipadimvE43gith a catalyst 14
PCT/ FR95/ 01644 Exanpl es Cagal¥st Sol vent, D% % YY % PN YY % ct
(vol une) volume ofhl CMHNOAPRRPRRELIRERCT(PH Symethyiglidrarimicsyt i on
Exanpl e Zeoliite, 1 ., Water 2. . L . - 18 2,7 .1 (2
cnB) in the mjeéleé‘wsé%%ﬁ?pl%f J33zé‘o|]‘ii'i é”%ghtv@%eelrg%t' &

17 19 2. crfier : . 35/ 13
Exanpl e Zeopllttéo%en 'Eé.e%two._rate f% 1 'ﬂﬁ.xré/)hour anél an ing ect¥d |
5 flow rate of 1.5 g/h, acetonitrile being used as

solvent.

The contents of the traps are analysed after
the first hour of operétion.

The results obtained are collated in Table 5

10 below: degree of conversion (DC)_of the substrate and

the yield (YY) of pentenenitriles formed.

Examples Catalyst ' DC % | YY %
MGI PN

Example 20 BPO4 B/P = 0.85 | 60 27

Example 21 . Mordenite . 8102/A1203 59 25
ZM756 = 25

15 | Example 22 Zeolite @ $i02/a1203 | 80 23
= 6

Example 23 | Faujasite HY | $i02/a1203 | 61 10
ZF520 = 10

Example 24 Mordenite Si02/A1203 44 9
ZM510 =5

Example 25 HCl-treated | All of Ca2+ | 47 7

montmorillonite exchanged

TABLE 5



16 (2 cnferr]) nitrile . 65/ 24/ 11 Exanpl | ﬂ -

- Acet o- 100 40 11 4.5 17 (2 crrBﬁ“I“ﬁﬂﬂr“" |Iﬂ|||“|

*51/ 37/ 12 10 TABLE 3 EXAWPLES %18 "AND 1§ These
tests were carried.out by using 2-nmethylglutarimde as substrate. The
operating condQi¥sL2%9t hose given in 157 the gener al PGFORAA BLE44
descri bed above but the tests are carried out with different concentrations
of  2-methylglutarimide in the injected SAdMSon. The injection flow rate of

these solutions is 3.5 g/h. 20 The cat al 1\./'St u§ed is zeolite 2
(0.5 cn8). The contact t+me (TX9<ees|fef R PYEP2E3LHCBI%the exanpl es. The
results obtained are coll q% E%&Table

4. b ; VWD 96/ 1943
5  Benditestinilen. Shatreteried BY cag Ganc 1BCEBE vy o6 P
YY % ct (gﬁvwvwapour phaseﬁm%f 2fm£¥ﬁ?$%fﬁgarf$§he(éﬂHfgrd$ftr" buti on

5 ethylsuccinimide and/or of theif precursors, in the
presence of an acidic solid catalyst'chosen from acidic
molecular sievesg, acidic clays, bridged clays (or
pillared clays), bulk oxides and aCidic phosphates.

2. Process according to claim 1,

10 charactgrized in.that_the 2-methyiglutarimide_is
emplqyed directly or in the form of one of its
precursors, such as 4-cyanovaleramide, 2-methyl-4-
cyanobutyrémide, 4-cyanovaleric acid or 2-methyl-4-
cyanobutyric acid._

15 3. Process according to one of claims 1 and
2, characterized in that the acidic molecular sieves
employed are zeolites of pentasil structure, such as
ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-48,
mordenite or ferrierite; and zeolites of faujasite

20 structure, such as zeolite X or zeolite Y.

4. Process according to claim 3,
characterized in that the zeolites of pentasil
structure are zeolites of.ZSM—S, ZSM-11, ZSM-12, ZSM—
22, ZSM-23, ZSM-48, mordenite and ferrierite type

25 having the general formula (I’ expressed in terms of

ratios of oxides:

M2/no" X203 * mSi02 . szO (I )
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0.4 5 19 nitrile 7/ 64/ 29 TABLE 4 ‘EXAVMPLES® 20" TO
25 These tests were carried out by using 2-nethylglutarimde as substrate
and by enpl oyiWwg 94/194B9ferent acidic cat&l ysts. These REATRIFS0L644
comercially avail abl e products. Only boron phosphate was prepared in the

| aboratory, aceorvtiighito the followi ng procedure: 15 - 417. 4
g of Herr]PdJerr] (2.9 nol) are introduced into a 1 1 reactor equi pped
with a central stirtTer FMdEIPFRIERES cdneRARepent chogernfaey g (2.9 nol) of

boric acid Herr]BJerr], sieved at _300 Jerr]m . introduced with
stirring; 20 hYgrog?%E'%$%Fﬁ¢£“} CHEa%éd'anﬁﬁl for one hour
and is then cooled to roomte rature; = the. m xture is _calcined for 3
h at 500[err]C. The operztH ‘r;%g%%ft’f'%%%l%‘r SRt Ry eheTRE 10 page

5 a hydrogen atom,
- X represents a trivalent element chosen from

Al, Ga, Fe and B,

- n represents a number from 1 to 4,

- m represents a number equal to or greater
10 than 2, -

- p represents a number from_o to 40.

5. Process according to claim 3,
characterized in that the zeolites of faujasite
structure are more particularly thbse having the

15 general formula (II) expressed in terms of ratios of

oxides:
Mz/no he Z203 * dSi02 d XH20 (II)

in.whiéh:
- M represents a component chosen from
20 | hydroéen, NH, and mono-, di-, tri- and
tetravalent metals, M being at least in part
a hydrogen atom;
- Z represents a frivalent element chosen from
Al, Ga, Fe and B,
25 - n represents a number from 1 to 4,

- d represents a number equal to or greater



" WD 96/ 19439 . 16 PCT/ FR95/ 01644 tg mH .
‘procedure descri bed -above, with a catalyst volune of 1 cnB, ﬂlﬂﬂﬂﬂu ""l l
of 2-methylglutarimde in the injected solution of 33 % by wei*ght/ wei ght,s a *

nitrogen flow rate of 1 litre/hour and an injection 5 flowrate of 1.5
g/ h, acetonitr e AdikP¢3%ed as sol vent. Me contents of POTY FROSYD 1drda
anal ysed after the first hour of operation. The results obtained are
collated in Table 5 10 Y&@how- degree of conver5|on (E() of the substrate
and the yield (YY) of pentenenltrlles formed. Exanp

Cat al yst DC % TPPIRSMEts Spy |fer°2D5 to 10%P04 o 25B/P
85 60 27 Exanple 21 Nor de Si 02/ A12Q3 .
ZI\/(I;GO = 25 igp 6" Ex&M5CE sz“"““%é"& %% c{”@rﬂ aéé‘?%afz&:@ 80

© 23 = 6 Exanpl ez23 ] A 10 ZF520
2710 Bxarpl & 247 charaBd A8 Hh th§%§ﬂ/§1%%“%4used FM610

= 5 Exanpl g 25Eref@§bbh&e%%%%e irfthedtcifila (4§ or (z1)/ JPRIHIY !l onite
exchanged TABLE 5

the oxide used in combination with silica is that of a
trivalent metal, such as Al or Ga.
7. Process according to one of claimé 1 and
2, characterized in that the clays used are smectites,
10  such as montmorillonites, beidellites, nontronites,
hectorites, steveﬁsites and saponites.
8. Process according to one of claims 1 and
2, characterized in that the bridged clays used are
clays between the sheets of which have been introduced
15 bridges or pillars which maintain.a basal spacing, by
bridging using aluminium, vanadium, molybdenum,
zirconium, iron, nobium, tantalum, chromium, lanthanum,
cerium, titanium and gallium hydroxides or mixed
hydroxides of a number of these metals, and are
20 preferébly beidelliteé, bridged using aiuminium
hydroxide.

9. Process according to claim 8,
characterized in that the bridged clays used are
modified by the action of a dihalogen, of an ammonium

25 halide-or of an acid, such as sulphuric acid or
hydrohalic acids, the halogen thus optionally
introduced preferably being qhiorine or fluorine.

10. Process according to one of claims 1 and



'\Igf)ogglsgg?g? t he .pr epar at i on. (%f7 pentenenitri rg/ F?ﬁglr gg?gfl %lemﬂulmmll “ |II| :
“in the vapour phase, of 2-nethylglutarimde and/or of 5 ethylsucé¢intm tle ®

and/or of their precursors, in the presence of an acidic solid catalyst
chosen from acwdi 26 /b9€238l ar sieves, aci d2¢ clays, bri dge@rLiFRYS/Qb644
pillared clays), bulk oxides and acidi c phosphates. 2. Process accordi ng
to claimi1, 102, characterized in that the bukk:ayideat usedi asei mesapl oyed
directly or in-the formof one of its precursors, such_as

4- cyanovaleran?%%deQAn%%HQPrﬂs E?aﬁ%EﬁEyPﬁﬁ@@% OF_ BshALvaKaELE acid or

2- met hyl - 4- but di t
of olaims 1 a3t %‘t%”r%x?&?zaatmnt A5t 2 ALPATPEPR. O ot AFvanebBy

enpl oyed are zgo es_of pentasil .str ur Z ZSM 11, ZSM12,
ZgR¢2¥ ZSN@Zgh £%é$4%r rﬁ%n??%dbr #ébrlgrfﬁfgﬁ %c gyﬁltes of faujasite
20 struc%ureh SHSR P czgg%age théf8ééﬁet us §g§§§s accordlng to

claim 3, charact erlze In that the zeoliTes o pen aS|
introduced preferably being chlorine or fluorine.

11.. Process according to claim 10,
characteriéed in that the bulk oxides used are chosen
from Si0,/A1,0,, Si0,/Ga,0;, Si0,/Fe,0; and SiO,/B,0,

10 mixtures, halogeﬁated aluminas, suéh as chlorinated -
aluminas and fluorinated aluminas, sulphated zirconia,
niobium oxide or tungsten oxide. |

12. Process according to one of claims 1 and
2, characterized in that the acidic phosphates are

15 chosen from boron phosphates, alone or as a mixture
with alumina_or with silica, corresponding to various
H,BO,;/H,PO, molar ratios introduced during the synthesis,
lanthanum phosphate, aluminium phosphates corresponding
to various Al,0,/H,PO, molar ratios intro._duced during the

20 synthesis, phoéphorus pentoxide/silica mixtures
(generally known as UOP catalysts), aluminophosphates
of zeolite structure.(AlPO) and silicoaluminophosphates
of zeolite structure (SAPO) .

13. . Process according to one of claims 1 to

25 12, characterized in that the process is implemented at
a temperature of 200°C to 600°C and preferably of 250°C
to 500°C. |

14. Process according to one of claims 1 to



structure are zeolites of ZSM5, ZSM 11, ZSM 12, ZSM 22, ZS :

mordenite and ferrierite type 25 havi ng the general forrrul m I“Iﬂ m HH““I

interns of ratios of oxides: Merr]O Xerr](err]. gerr].pH érrt

(1) WD 96/ 19439 18 : PCT/FR95/01644 |n mhlch

M represents ¥Oc8fyafEas chosen from hydPdgen, NH4 and RGREFROG/OL64A . angd

tetravalent netals, M beln l.eas dr ogen at om

X represents &3tr FPAFERCeE éﬁghﬁnb %éént%ﬁbﬁﬂmethg}gyﬂgﬁﬁﬁ?ﬁ§QQ1represents

a mﬂmerfromj_t mre r r.greater 10

than 2, - S‘P?sgﬁpglguﬁ&ﬁ%‘é%&% léng-'g’el%q%%leé’l?rcs%gssgaag%ordl ng to

claim 3, char | ha h I f | e are nore
faL%ose %@d el ttﬁ% ¢ 2Rl &onth i fnl"i'ﬂgast: expre?

particularly avi ng the general tormu sed in terns

of ratios of @ifiges iM %‘h@ fodlen’ ]sga%rer ]o:|:d§'nqs‘€f1‘u}t1>9ﬂ 84 JOsgolvert |)
5 which is substantially inert under the reaction
conditions.

15. Process according to claim 14,
characterized in that the 2-methylglutarimide and/the
ethylsuccinimide and/or their precursors are introduced

10 in solution in a sblvent chosen from nitriles, such as
acetonitrile, propionitrile, valéronitrilé,
adiponitrile 6r methylglutaronitrile, ketones, such as
acetone or methyl isobutyl ketone, ethers, such as
dibutyl ether or dimethoxyethane,.and water when

15 precursors of 2-methylglutarimide or of
ethylsuccinimide are employed.

16.  Process according to one of claims 1 to
15, characterized in that the 2-methylglutarimide
and/or the ethylsuccinimide and/or their precursors

20 employed represent from 5% to 100% by weight with
respect to the total weight of the gases introduced

into the reaction and preferably from 10% to 100%.
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NERS

nent chosen f_r_om 20

and . nono-, ; Yaval ent netal s, ~M'bei ng-at- re%!lllmmimr"m“
.-hydrogen at pn Z represegnts a trival ent el ement chosen %rom A

and B, 25 15JAN199Ve|cr sents a nunber from1'to 4, d represents a

nunber equ to or greater WO 96/ 194397

PCT/ FRO5/ 01644 than 2, -

Process ac

|nn L0 one of

zeolites used are 5

represents a nunber fromb5 to 100. 6.
| ainms 3 gggﬁ;;@haracterized in that the

the oxi de used in conbilnati dragade siox cthe spréeparatiantefval ent metal ,

such as Al or

Ga. 7.

Process according to one of clains 1 and 2,

char act er i zedeantenenitcl &3 aycharret ertzeddey i the uae, isytheas

nontnorill onites,

saponrtes

bei del lites,

8 vapaqurp Rhasec il  rkeIREEReIE? oF 2208°¢

nontronites,

hectorites,

st evensi tes and
%9d69° ghancterrzed

I n that the brld%'d cl.ays used_are

10

15

20

25

hylglutarlmlde and/or of ethylsuccinimide and/or-

of their precursors chosen from 4-cyanovaleramide,

'~ 2-methyl-4-cyanobutyramide, 4-cyanovaleric acid,

2-methyl-4-cyanobutyric acid, 3-cyanovaleramide,
2-ethyl-3—cyanqpropionamide, 3-cyanovaleric acid or N
2-ethyl-3-cyanopropionic acid, in the presenee.of an

acidic solid catalyst chosen from acidic molecular - -

sieves, acidic clays, bridged.clays (or pillared

' clays), bulk oxides and acidic phosphates.

2. Procees according to claim 1,
characterized in that the.2~methy1glutarimide is
employed directly.or in the-form of one of its
precursors, chosen from 4-cYanovaleramide,'2—methy1—4r

cyanobutyramide, 4—cyanovalerie acid or 2-methyl-4-

cyanobutyric acid.

3. Process according to one of claims 1 and

2, characterized in that the acidic molecular sieves

employed are zeolites of pentasil structure, such as

ZSM-5, ZSM-11, ZSM-12,.ZSM-22, ZSM-23, ZSM-48,

mordeénite or ferrierite, and zeolites of faujasite
structure, such as zeolite X or zeolite Y.

4, Process .according to claim 3,

' characterized in that the zeolites of pentasil

structure are zeplites of ZSM-5, %ZSM-11, ZSM-12, ZSM~

-

preferably those in the formula (I) or (I11) of mhlch



clays bet ween the sheets of which have been introduced 15

pill'ars which maintain a basal-: spaci ng, - by bridging using allml"ﬁml"" "Ill " IIII
.vanadi um nol ybdenum zirconium iron, nobium tantalum chrom

| ant hanum cerium titanium and galli um hydr oxi des or m xed hydr OXI des of a

nunber of these netal s and are 20 gﬂ‘gerably bei del lites, bridged using
al um ni um hydroxide. 9. @ Process according to claim8, characterized in

that the bri %@ed ‘T:é”f'. deumﬂ@ m&éﬁﬂt@yaﬁ@ef@fﬁ@ﬁ@é gygihal ogen, of

an anmoni um or of an acid, such as sulphuric acid or hydrohalic

acids, the haRgeRy: Hné;g&ﬁéﬁﬁmﬂfdtmﬁméOdppaﬁqﬁéégé@biﬁ beifg ofil ori ne or
fluorine. 10. Process according to one of clains 1 and WO 96/ 19439

20 ratAGH FOM0ildid: 2, characterized in that the bul k oxides used
are metal oxides, mxtures of metal oxides or metal oxides nodified by the
action of a. dihal ogen, of an ammoni um halide or of an acid, such as
sul phuric acid or 5 hydrohal i ¢ acids, the hal ogen thus optlonally _ o
i ntroduced preferabl y being chl szn@exe@ffmﬂkﬂzl PE:011. Procé3s according to
cIa|n110
5 in which:
| - M represents a cémponeht chosen from
hydrogen, NH4 and mono-, di-, tri- and
 tetravalent metals, M being at least in part
'a hydrogen atom,
10 - : X represents a trivalent element chosen from
Al, Ga, Fe and B,
- n represents a number from 1 to 4,
- m represents a number equal to or greater

than 2,

15 ' - p represents a number from 0 to 40.
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(54) Title: PROCESS FOR PRODUCING PENTENE-NITRILES

(54) Titre: PROCEDE DE PREPARATION DE PENTENE-NITRILES

{57) Abstract -

2-ethyl 3-cyanopropionic acid.
(57) Abrégé

The present invention relates to a process for producing pentene-nitriles. The pentene-nitriles, more particularly 3-pentene-nitrile
and 4-pentene-nitrile. may give adiponitrile by reaction with hydrogen cyanide. More particularly. the invention relawes to a process for
preparing pentene-nitriles by implementing in vapor phase 2-methylglutarimide or ethylsuccinimide in the presence of 2 solid acid catalyst.
2-methylglutarimide may be implemented directly or in the form of one of the precursors thereof, such as particularly 4-cyanovaleramide,
2-methy} 4-cyancbutymmide, 4-cyanovaleric acid, 2-methyl 4-cyanobutyric acid. Likewise, ethylsnccinimde_ may be implemented qlmgly
or in the form of one of the precursors thereof, such as particularly 3-cyanovaleramide, 2-éthy} 3-cyanopropionamide, 3-cyanovaleric acid,

La présente invention conceme un procédé de préparation de pentine-nitriles. Les pent2ne-nitriles, plus meuhuunuu le 3:pemé9e-
nitrile et le 4-pentene-nitrile, peuvent conduire A I'adiponitrile par réaction avec le cyanure d’hydrogéne. lflus précisément, I'l:!vgtlt_lon
consiste en un procédé de préparation de pentine-nitriles par mise en ceuvre en phase vapeur de 2-méthylglutasimide ou d*éthylsuccinimide,
en présence d"un catalyseur solide acide. Le 2-méthylglutarimide peut étre mis en euvre directement ou sousla forme d’un de ses précurseurs,
tels que notamment le 4-cyanovaléramide, le 2-méthyl 4-cyancbutyramide, 1'acide 4-cyanovalérique, I’'acide 2-méthy] 4-cyanobutyrique.
De méme, l'ethylmccinimidepemeuemisenmdhecunemmmhfmd'nndempﬁctpse_urs.tekquenmnment le 3-
cyanovaléramide, lc 2-éthyl 3-cyanopropionamide, 1'acide 3-cyanovalérique, I'acide 2-¢thyl 3-cyanopropionique.




and/ the et hyl succinim de and/or their precursors are’introduced into the
Freactor containing the catalyst either in the nolten state or in solution

1n a solvent 5 which is substantially inert under the reaction conditions.

15. Process according to claim 14, characterized in that the
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