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Although each pentenenitrile isomer can be converted to another

isomer, a simple process that produces the desired isomer as the major
20  product would have many advantages.

Lactones are a common and inexpensive feedstock for many
processes, and many are commercially available. The reaction of
ammonia with lactones typically produces a lactam or hydroxynitrile (U.S.
Patent No. 3,775,431, U.S. Patent No. 3,560,550). It has been shown

25 (U.S. Patent No. 3,043,860) that the reaction of unsubstituted
caprolactone with anhydrous ammonia in the presence of acid-activated
alumina catalysts produced the unsaturated nitrile with a terminal olefin. It
has also been shown (U.S. Patent No. 4,904,812) that acidic zeolites can
catalyze the reaction of unsubstituted caprolactone and valerolactone to

30 produce a broad distribution of the corresponding unsaturated nitriles.

Magnesium silicate has been used as a catalyst in the reaction of
lactams with ammonia to produce the aminonitrile (U.S. Patent No. 3,578,
558) and in the reaction of butyrolactone with ammonia to produce 2-
pyrrolidone (U.S. Patent No. 4,824,967).



RLO RZ(On R3 R4 RS R65 Fornula | with ammonia in the presence of a
het er ogeneous base catalyst to forma reaction mxture containing the
correspon@orng/oussgat urated nitrites wherein: n=0-11; 10 RPCTRZ02/R3I39 R4, R5
and R6 taken independently are hydrogen, hydrocarbyl or substituted
hydrocarbyl, Cl to C18 unsubstituted or substituted al kyl, unsubstituted

or substituted al kenyl, unsuSNMARN Oy THEUDMENTION cycl oal kyl,
unsubstituted or SE)l?s%id tied, gé tdF¥he Lib8f Ge of BRsE one
het er oat om unsubstrtutgeg1 Ior @u s%rat ut edﬁaﬁrﬁ and un%at)strtut ed 15 or

substituted hensatyrated nitties eeRYAISNG al yst i s sel ected fromthe group
consisting of a netal silicate, a netal carbonate, a netal oxide, a netal
hydroxi de, a nmetal phosphate, a neal alumnate and a mixture thereof. In
a preferred enbodi nent, the base cat (g oretal silicate; netal 20
oxide or a nmetal carbonate, or a mxttke thereof; nore preferred is where
the base catalyst is a Goup 1, G Bup Ofcy. ar e earth silicate, oxide or
carbonate, or a m xture thereof. Prefeyhed rqetals are Ba, Cs, Rb and M.
The catalyst is optionally supported eh @ &uRtable support. A preferred
enbodi nent is where n=1-7 and R1, R2, R3, R4, R5 and 25 R6 taken

i ndependens |y are hydrogen or alkyl. Mft@mifaferred is where n=1, Rl is
met hyl and R2, R3, R4, R5 and R6 are hydrogen Preferably the unsat ur at ed
nitriles are ¢y Epr i sed. of tﬁt | east h%ﬁfe nt eneni trrle di$9 s disclosed is
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RL OO Rz /jamI) R3.R4 RS R6 Forrrula | with ammonia in the presence of
a het erogeneous base c t’al ys% to fo reaction m xture containing the
correspont? ng unsaflr B eE mRt.rRY ard eta@erhrndependently are hydrogen,

hydrocarbyl or substituted hydrocarbyl, C1 to C18 unsubstituted or
substituted alkyl, unsubstituted or substituted alkenyl, unsubstituted or
substituted cycloalkyl, unsubstituted or substituted cycloalkyl containing at
least one heteroatom, unsubstituted or substituted aryl, and unsubstituted
15  or substituted heteroaryl.
The base catalyst is selected from the group consisting of a
metal silicate, a metal carbonate, a metal oxide, a metal hydroxide, a
metal phosphate, a metal aluminate and a mixture thereof.
In a preferred embodiment, the base catalyst is a metal silicate; metal
20 oxide or a metal carbonate, or a mixture thereof; more preferred is where
the base catalyst is a Group 1, Group 2 or rare earth silicate, oxide or
carbonate, or a mixture thereof. Preferred metals are Ba, Cs, Rb and Mg.
The catalyst is optionally supported on a suitable support.
A preferred embodiment is where n=1-7 and R1, R2, R3, R4, RS and
25 RS taken independently are hydrogen or alkyl. More preferred is where
n=1, R'is methyl and R2, R3, R4, R5 and R® are hydrogen.
Preferably the unsaturated nitriles are comprised of at least 20%
4-pentenenitrile.
Also disclosed is a process for the preparation of one or more
30 unsaturated nitriles comprising: contacting lactones of Formula |



n=1-2; 5 Rl is a methyl; R2, R3, R4, R4 and R6 taken independently are
hydr ogen, or Cl1-Cl8 unsubstituted or substituted al kyl. DETAI LED

DESCRI PTIvON 0G01SBHE | NVENTI ON The present invention provi destaspr/ocress for
the preparation of one 10 or nore unsaturated nitriles conprising
contacting lactones of Formula | RLO\'O RZ/jam) | \ R3 R4 RS R6
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propyl, isopropyl, butyl, $-butyl, isobutyl, pentyl, neopentyl, hexyl,
heptyl, iX%oheptyl, 2-e§ﬂ3}$ﬁé§9tlh§';cycl ohexyl and octyl. "Aryl" neans a
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inthering is 4 or less, or bicyclic rings wherein the five or six
menbered ring containing 0, S, and N1atogs as
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Formula |

with ammonia in the presence of a heterogeneous base catalyst to form a

15 reaction mixture containing the corresponding unsaturated nitriles wherein
n=0-11; R1, R2, R3, R4, R4 and RS taken independently are hydrogen,
hydrocarbyl or substituted hydrocarbyl, C4-C4g unsubstituted or
substituted alkyl, unsubstituted or substituted alkenyl, unsubstituted or
substituted cycloalkyl, unsubstituted or substituted cycloalkyl containing at

20 least one heteroatom, unsubstituted or substituted aryl, and unsubstituted
or substituted heteroaryl.

By "unsaturated nitriles" it is meant a compound containing at least
one double bond and at least one nitrile (-CN) group.
“Alkyl” means an alkyl group up to and including 12 carbons.

25 Common examples of such alkyl groups include methyl, ethyl, propyl,
isopropyl, butyl, s-butyl, isobutyl, pentyl, neopentyl, hexyl, heptyl,
isoheptyl, 2-ethylhexyl, cyclohexyl and octyl.

“Aryl” means a group defined as a monovalent radical formed
conceptually by removal of a hydrogen atom from a hydrocarbon that is
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defined above is fused to a benzene or pyridyl ring. Common exanples are
furan and t hi ophene. 10 "Hydrocarbyl" neans a nonoval ent group contai ni ng
only car bwo o3amst4hydr ogen, and may be chiral or achiral. Barase2/ed7serw se
stated, it is preferred that hydrocarbyl (and substituted hydrocarbyl)
groups contain 1 to 30 carbon atoms. "Substituted” means a group that is
substi tut ed astiucturallyicesnposedsntiraly ofhone aruhene hermenegin@spLametondo not
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or as a subst
20  acid alkali metal salt, boranyl or substituted boranyl, and thioether.

The ammonia used in the process can be in any form and includes
NH3 and NH4OH.
Preferably, n=1-7; R1, R2, R3, R4, R4 and R® taken independently
are hydrogen and alkyl groups. More preferably, n=1, R is methyl, and
25 R2,R3, R4, R4and RS are hydrogen.

" The unsaturated nitriles that are produced by the instant process
can be one particular compound of a mixture of isomers. For example,
when n=1, R1 is methyl, and R2, R3, R4, R4 and R® are hydrogen, the
lactone is gamma-valerolactone (also known as gamma-

30 methylbutyrolactone, gamma-pentalactone, and 4-methylbutyrolactone)
then one or more of the following unsaturated nitriles could be produced:

cis-2-pentenenitrile trans-2-pentenenitrile
cis-3-pentenenitrile trans-3-pentenenitrile
35 4-pentenenitrile

A preferred process is where the lactone is gamma-valerolactone
and more than 20% of the unsaturated nitriles produced are 4-
pentenenitrile.



whi ch has an unshared el ectron pair with which it can forma coval ent bond
with an atom nolecule or ion as defined by Lewis. A further 10 definition
of base cwDaByst580 and how to determine if a particul ar sulpstrarsop2675% base

i s explained in Tanabe, K, Catalysis : Science and Technol ogy, Vol. 2, pg
232-273, ed. Anderson, J. and Boudart, M, Springer-Verlag, NY., 1981.
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car bon, ﬁ)g gﬁ?'? Bree C?%&Sé%?ngﬁﬁy’ tr?eqsﬂﬁﬁmnﬁd ﬁﬁ'”fq{esugﬁ{anpﬁ prepar e
Lhe_ supporltedmbasé gdxptzined i Tseabe, W)gCa&erScmnemdnﬁa&Imqugyaci dic or

: n ionis
bash & 58 ) ok, (Roxea e aldebio, AR IPPSEIng SRR o

t echni ques foN.Yr,d8ent of supports W|th metal catal ysts can be found in

B. C. Gates, Hetergg Hﬂ?é’sso@ht%b)@bése céf%!%/stszmcl?:ﬁe Butzgre rﬁﬂh edlto, Shapi ro,
Texas A & M Uni ver si té/%Pr ess, t1on The catal ysts

of the prégenMstalrd rﬁWHﬁQX'qftﬁ Pﬁé@of‘@é%rﬁ"@@t%mp%hat%ﬂpm'wgs and
pronoters, whiaal mixturestHeracke Prafereéd bfd Beedl d&fddsheaﬂﬂnaie'sﬁtand Use of

th t I 5 WO
081 555540 prRURRBRNHRE PR lE ot R elile “EAod sl B Ear ca
Technol ogy, HoamboBates, anddilicatad. . Thhe cplalydsoiihe, m?é:ﬁ@ih)can]bémbt&irhery & Sons,

g\rlvh;{(r)'[i; 2? daﬁlréga)égre%a@&Y£ég@%§Hgac‘ﬂirf éé ﬁ@cﬁ% rbggmierrréé ro\I\ﬁw Yor k) The

rel ative gopelsélé@h@@é%ﬁ'ﬁg "ﬂﬂﬁ@”%’é@!%ﬂs'ﬁ‘e . Useful ampunts of
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support as is common in the art of catalysis. Selection of an optimal
average particle size for the catalyst will depend upon such process

25 parameters as reactor residence time and desired reactor flow rates

Suitable supports include but are not limited to alumina, titania,

silica, zirconia, zeolites, carbon, clays, or mixtures thereof. Any method
known in the art to prepare the supported catalyst can be used. The
support can be neutral, acidic or basic, as long as the surface of the

30 catalyst/support combination is basic. Preferred supports are those which
are neutral. Commonly used techniques for treatment of supports with
metal catalysts can be found in B. C. Gates, Heterogeneous Catalysis,
Vol. 2, pp. 1-29, Ed. B. L. Shapiro, Texas A & M University Press, College
Station, TX, 1984.

35 The catalysts of the present invention may further comprise catalyst
additives and promoters, which will enhance the efficiency of the catalyst.
Use of theses materials are common and well known in the art (see for
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ani on consisting of Si, O, and optionally H These include but are not
limted to Si -2, Si207-6, and Si O4-4, and their various hydrated fornmns.
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magnesi um silicate. One particularly preferred catalyst is Magnesol (r), a
hydrated, synthetic, armrphous form of mag ne5| um silicate produced by The
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optionally suppo a swta su po e‘gtare these S
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process is prpfamafergan betframabpat 0§16 to abibet POOUekys weight loé catabyst.or med i n
any sui tabl e react arpspehAS thP‘/Et iR diftafe 1) Scaldls fhefl anDed: L xed

bed, steady state ri ser reac eclrcu sol | react or
system The r aaineansissing&f i, ean%OBP@Mi‘ryaftbl Jha%mclmwwemsut 5ooc,

nor e preferablm.teaqytsué Cs1L,0, 883%6§ <G aﬁ‘a&hemsﬁ@usahwratéb%ﬁnsThe
process |s erab%fy Ip for put 1000 psi
(6.9 MPa) 10 'EIPrelers

Areciica gedsalﬁ%? FSte Matdoroal pleder UL 100

pr oduct may aaa stmmaiicatd. by additi onal contact with the catal yst. For

exanpl e, yields S re deactor
ef fl uent containi ngﬁg ‘%rjr'\ﬁgé hﬁgbhﬁarrgg%@ ¥§t @/F%?’%SW h%&%e dgassed one or
nmore tinmes oveynthhatic, araorphpus formel of mageesiat silicatequaducadby The Qallagnce t he

conver si on of Gr&gﬁg?gmﬁgkg pfoduct . 35 The process may be perforned in one
step, or in two ereln an internediate such as the, hydroxyam de,

pyrrol i doh®, or | aé\nathqr@refﬁrr@éhf@é@ysvﬁ|a@rp>il<ie taqehenale: prenixtredhe®of o t he
unsat urat ed nigf aiGoupd, %Q%@%B@/Mﬂﬁ%@poﬂ&ﬁo@mbl@f t he

i nstant invention m a se th cover IS on of
one or nore ofUPRYL ﬁggtrupé}ogglorﬂrﬁ?re @rfﬁ@‘ﬁ%ﬁPEfV%s ra%tﬁgaggjaggn@al t hod
known i n the arwatesulsuppodissichldsagilicanis Vtﬁimﬂtthlelsmlutlorr dherysalainkedzat i on, or

extracti O“t heTH%e ﬁ&u%@ﬁ?e QEetE{betd ﬁ&i‘i% ééﬁ‘)Sﬂét' ?r ?anﬁ]ré‘?hé’r%t tionally

conpri se er co turated nitriles
to ot her 2@seMﬂredﬁﬂf§U@ﬁd§Wf‘@§%&ﬁ getsyl is ﬁ@%@fﬂ»&émﬂ plosperaferedisrile to

where the metal is Ba, Cs, or Rb.

The process is preferably in the vapor phase. The process can be
performed in any suitable reactor such as but limited to a pulse, fluidized
bed, fixed bed, steady state riser reactor, and a recirculating solids reactor

25 system. The reaction temperature is preferably about 250°C to about
500°C, more preferably about 350°C to about 500°C, most preferably
400°C. The process is preferably performed at pressures of ambient to
about 1000 psi (6.9 MPa).

It will be appreciated that the selectivities and yields of product may

30 be enhanced by additional contact with the catalyst. For example, yields
and selectivities may be increase where the reactor effluent containing a
mixture of reactant and product may be passed one or more times over the
catalyst under the reaction conditions to enhance the conversion of
reactant to product.

35 The process may be performed in one step, or in two steps wherein
an intermediate such as the hydroxyamide, pyrrolidone, or lactam is
produced, which is then further reacted to the unsaturated nitrile.
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caprol actam or adiponitrile. This conversion can be done by any nethod
known in the art (see for exanple, Kirk-QOQ hnmer Encycl opedia of Chem cal 10
Technol ogyp oBlowss4@ ant Ed., Vol . 19, pp 489-491, (1993), Jrahruswteys &
Sons, New York and U | mann's Encycl opedi a of Industrial Chemstry, Vol.

A5, Cerhartz et al., Eds., pp. 44-46, (1986), VCH Publishers, New York).
15 Materials and MIheqtecesshef the||m&tamtr19vemim1emaataddﬁ@namecgwdsamel n:
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stand at ?l%om & él%)é{/ﬁ-igwe(ggragmg%aﬁ/dalt&%/ lt(} S/vajg?‘f‘/\&ﬁ% rred

into an al um Sangpliew Yidvk dmeillimasn’slEregdidpedia dfdndastribChemisttyz t ube with
purged Wi th ayj, Jhe; sHBROTL G €35 2l Sha YRS (19R) SR Pl e 2Nnd
York).

15 Materials and Methods

The following abbreviations are used herein:
3APN 3-aminopentanitrile
4HPAmM 4-hydroxypentamide
4-PN 4-pentenenitrile

20 c-2PN  cis-2-pentenenitrile
c-3PN  cis-3-pentenenitrile
cc cubic centimeters
FID flame ionization detector
GC gas chromatograph

25 ID inner diameter
MePYR methyl pyrrolidone
oD outer diameter
PN pentenenitriles
Rctr reaction

30 t-2PN trans-2-pentenenitrile

t-3PN trans-3-pentenenitrile
Temp temperature

TOS time on stream

VL gamma-valerolactone

35
The following procedure is illustrative of the procedure used to
prepare base catalysts on silica supports. All metals were used as the
acetate salts.
Procedure for preparation of 20%Cs on Silica

40 Cesium acetate (2.91 g, Aldrich, Milwaukee, WI) was dissolved in
H>O (14 ml) and the solution was added dropwise into silica (8.07 g, W.R.
Grace, Columbia, MD, Grade 55, 12 x 20 mesh). The mixture was allowed
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then at 450C for 16 hours in a streamof air. The sanple was then cooled 5
to yield 9.87g of 20%s on silica. EXAMPLES 8 cc of a 50% by wei ght (nolar
rati o = 2003MkB340/L) of an aqueous sol ution of gamma-val @calsor/ed1e9 and
ammoni a (nmetered through a mass flow controller at 74.8 cc/mnute) was
passed into a 1/2" OD Inconel tubular 10 reactor heated by a tube furnace
at a rate of o st@hdairoomitempesaiuce for@bnand deen themixdtrevigs fraosferned

magnesi um si | gt 4 ﬂa?’@éatt MeHe lfl?éiv@fseﬂgcé’cﬁ ﬁ?é%‘én?&ﬁ ﬁ@a@?tdﬂ’eﬁpn 51 ze

pel l ets. The reactor uent wa uenche yuti on of nethanol

(-10C). The sRHfgesd \wé& afrhdmesstpprprted catalyst wis B@@f@d@t@@. Gdordtmand with a
RTX-1701 col umen3gt 480°Cop 3 6mburdinld streaim dfefit. eRhe sdAm®liwbe thel cawsd hel d at

50C for 3 mnytes heated-to 165C at a rate of 30C/mn and held for 8
ni nut es. Tﬂ]e %Y'&’f{g@?gﬁgﬁﬁs%%\?ﬁp@i on were then cal cul ated based on
normal i zed area percents. The resul EXAMRLESown in Table 1 bel ow. The

tabl e incl udes the cﬁfecp%O"yLby\gQ@ {{%8% 5%tn)e s‘gN?_ptic;fya[ %Je%tugl

pentenenltrlles an t Strl he “vari ous pente ntrile
i somers in t heolugiealof partearvalerelaciose arg ammoriarasteredtTougna/mess9 2z O O

() Nvr r’ @b@&htr@l’éré‘tﬂf’/‘cﬂ’n@nhfé)@ C?éssg@lﬁﬁi MATOGebddPtubuls? (L) N
L() 00 Ln Q0 OMOC00) QO

(-0 N cpld) %%Cé?fda?@@d by aI\LUbG)fU"LaC@)%CBJ@ SR P2 SOpOUE BIRIRICHS Ln €O Ln CO
© CO CD ti NcOftained8cCof MdgriesQEmMaghesiuch SHitate datallst thabhad bééh LO LO 00
om 1) M @l e BRI MO, S B E Nl g, O
N o MCJ) Co/em a cdldisalétjorcofonettemohe0°C).  The sample \@aothen analyzed on
a HP 5890 GC using a FID (with a RTX-1701 column 30 m x 0.53 mm ID
15 from Restek). The detector was held at 50°C for 3 minutes then heated to
165°C at a rate of 30°C/min and held for 8 minutes. The selectivity and
conversion were then calculated based on normalized area percents. The
results are shown in Table 1 below. The table includes the percent VL
converted, the % selectivity to total pentenenitriles, and the distribution of
20  the various pentenenitrile isomers in the total pentenenitriles.
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XCOdIC co NI, jJrrrr r 10 WO 03/018540 PCT/ US02/ 26759 CLAI M5
What is clainmed is: 1. A process for the preparation of one or nore

unsat ur atweo o3nigsae | es conprising: contacting |actones of PoTms0224d75% R O O
R (On R3 R4 RS R6 Fornula | with ammonia in the presence of a

het er ogeneous base catalyst to forma reaction mxture containing the
correspondi ng unsaturated nitriles whé&lAIMS 10 n=0-11; Rl, R2, R3, R4, R4

and R6 taken 2,39#@ ERbyYs-are hydrogen, hydrocarbyl or substituted
hydr ocar byl , Cl- ?%e%nsu sst'itut ed or substituted al kyl, unsubstituted or

substituted al kenyll; OrPfoeass fonthaPwparalipnefang edmefe Hasatuiated
unsubsti t ut ednffiles WoRiprisiHge eantattngy lisilonedf #ommie ot 15 | east one
heteroator’% unsubstituted or substituted aryl, and unsubstituted or
substituted heteroaryl. 2. The process as in Caim1l wherein the base

catalyst is selected fromthe groufco hsting of a netal silicate, a
netal carbonate, a netal oxide, a ne Wm de, a netal phosphate, a
. The process as in Caim?2

metal alum nate and a 20 m xture tRe&Teaf.
é the group consisting of a G oup
5

wherein the base catal yst is sel ected
1, Goup 2 or rare earth silicate, a qu G oup 2 or rare earth oxide,
a Goup 1, Goup 2 or rare earth carBorit & and a mi xture thereof. 25 4.
The process as in Claim3 wherein the asggatal yst is a Goup 1, Goup 2
or rare earth silicate. 5. The process as in Caim3 wherein the base
catalyst is a Goup 1 or Goup 2 or rare earth oxide. 6. The process as in
Cl ai m 3 wher ewithtdmembageindheé prgsdncesfa h&bragemaepud base Gatalyst2o dormaar ar e

gﬁ;ltogr fg&bgga“é"acﬁgn mfur BRERTingthe Bofrb8hdRdindIRESLPEE RithRs A NSkin: S
10 n=0-11;

R1, R2, R3, R4, R4 and R® taken independently are hydrogen,
hydrocarbyl or substituted hydrocarbyl, C1-C18 unsubstituted or
substituted alkyl, unsubstituted or substituted alkenyl, unsubstituted or
substituted cycloalkyl, unsubstituted or substituted cycloalkyl containing at

15 least one heteroatom, unsubstituted or substituted aryl, and unsubstituted
or substituted heteroaryl.

2. The process as in Claim 1 wherein the base catalyst is selected
from the group consisting of a metal silicate, a metal carbonate, a metal
oxide, a metal hydroxide, a metal phosphate, a metal aluminate and a

20  mixture thereof.

3. The process as in Claim 2 wherein the base catalyst is selected
from the group consisting of a Group 1, Group 2 or rare earth silicate, a
Group 1, Group 2 or rare earth oxide, a Group 1, Group 2 or rare earth
carbonate and a mixture thereof.

25 4. The process as in Claim 3 wherein the base catalyst is a
Group 1, Group 2 or rare earth silicate.

5. The process as in Claim 3 wherein the base catalyst is a
Group 1 or Group 2 or rare earth oxide.

6. The process as in Claim 3 wherein the base catalyst is a

30 Group 1 or Group 2 or a rare earth carbonate.

7. The process as in Claim 1 wherein the catalyst is supported on

a suitable support.

11



a suitable support. 11 WO 03/018540 PCT/ US02/26759 8. The process as in
Caiml wherein n=1-7 and Rl, R2, R3, R4, R4 and R6 taken independently are
hydr ogen wo oalokssho 9. The process as in Caim7 wherein neCI/IRb22@59et hyl
and R2, R3, R4, R4 and R6 are hydrogen. 5 10. The process as in Caim7
wherein the unsaturated nitriles is conprised of at |east 20%
4-pentenenitrile. 81. Tha@rpcesseasingSlaim 1ovherein nwher anch R hR2t BipRt.at ure is

at | east abow %ﬁ?ﬁe tdiden @B@BQ @&ggsac,@snf)dpo%@b%m wherein the

tenperature is at |east fFSS as in Caiml
wherein the proces$-i $hewpiosess aein Glayp Whakin ”111 emgtytesd REs in daim
1 further comra K4ng4tdiel ReagyBydrogen. one or nore of the unsaturated

nitrites. 15 15. The ocess as i S
conversionof on Qhﬁrpéo‘éqssﬁlﬁe'nuﬁ?é{?[?r‘%ﬁ’%@'m ergqsggpﬁaéectagq%?gtt am or
adi ponitrile. cfbmpne\eprorﬁaemst 20% #eeptenemitdle. on of one or nore unsat ur ated

nitrites conprisi ks ?ﬂ@t;ﬁ%éé},gaé ﬁ\cé%ﬂﬁsl wﬁer%%ma%pé?;ﬁﬁza lehs R3

R4 R5 R6 Formul a anmoni a 1n the presence erogeneous base
catal yst to f@lbﬁuh259°éhct| on m xture containing the corresponding

unsaturated nitrilies THEYEEdSs A5th Glaim D WRerRinBicélipetatuRZ is d3eadtd, RS
and R6 taken mdepggg%nly are hydrogen, or Cl-C18 unsubstltut ed or

substit ut &8 aIa H The process as in Caim16 wherein the base catal yst
is selected fr om1BheTgeq1nocm @t Clagm df whersin thle Sriokcessiiserunan tigd al

car bonat e, a netal hydroxide, a netal phosphate, a netal
al um nate 30V§§é'a8h%%<ture thereof. 18. The process as in Caim1l6 wherein

the base catal yst 14s Thelprocess dg inflaire 1gluahpr comptisingrige oécave® olip 1,
Group 2 or rarRe&ihére of the unsaturated nitriles.
15 15. The process as in Claim 1 further comprising the conversion of
one or more of the unsaturated nitriles to caprolactam or adiponitrile.
16. A process for the preparation of one or more unsaturated

nitriles comprising: contacting lactones of Formula |
R! (o)

N\

R® R RO RS
Formula |
20  with ammonia in the presence of a heterogeneous base catalyst to form a
reaction mixture containing the corresponding unsaturated nitriles
wherein:
n=1-2;
R1is a methyl;
25 R2, R3, R4, RS and R® taken independently are hydrogen, or
C1-C18 unsubstituted or substituted alkyl.
17. The process as in Claim 16 wherein the base catalyst is
selected from the group consisting of a metal silicate, a metal carbonate,
a metal oxide, a metal hydroxide, a metal phosphate, a metal aluminate
30 and a mixture thereof.
18. The process as in Claim 16 wherein the base catalyst is
selected from the group consisting of a Group 1, Group 2 or rare earth

12



12 WD 03/018540 PCT/ US02/ 26759 silicate, Goup 1, Goup 2 or rare earth
oxide and a Goup 1, Goup 2 or rare earth carbonate. 19. The process as
in Cai mw6 oaoessed n t he base catalyst is a Goup 1, G oupCcZ/usn2/za@s®e earth
silicate. 5 20. The process as in Caim18 wherein the base catalyst is a
Goup 1 or Goup 2 or rare earth oxide. 21. The process as in Claim 18
wher ei n t he balicateatGroyptl, youp 2@rdare eah ogdegnda &rouprle Geaup R arar bonat e.
22. The procesgredsSanticsibdhflel® Wherein the catalyst is supported on 10 a
n

sui tabl e support. 23. _The process, as, | im22 erein n=1 Rl is nethyl
and R2, R3, R4, Ifé- a BeF%g%ﬁSé ?ﬁ/'&r@@%ﬁgﬂ.er?%th\ér%ﬁ?@s‘sat%'é’sﬁ I8 3 ai m 23
wher ei n the uGratiprai@dupi2tdrirbrseartie silicatepri sed of at | east 20%

4-pentenenitrile. 515 T r oc. i L erein the tenperature
is at | eas# abou12625 S pig_ges%haes 'ﬁ?@@@gsggr%%h@@%@é%@ te'r(‘r"f] t he

tenper at ure i SrauplleersGrouphdot r88@arthakidahe process as in Caim 16 wherein
the process is runqi NThEGoEAADACRIAYES widiein e BIR-EASSFsi O &l m 16
further conprising the_ recovery o one or nore o e unsaturated
nitriles. 29. GrREP Jr@c@EIPad Of fareieartm cesbenateher conprisi ng the conversion

of one or nore oR2t hehdpyataysadsinl (letrﬁi1B&ﬁhér@irFﬁiérédtéi%tﬁmszPéﬂé@@;Hi”i le.
25 30. Thﬁgprocessggaf Caim2 or Caim17 wherein the netal of the
[

cat al yst s & LUAR $YRARt he group consisting of Ba, Cs, Rb and My. 13
23. The process as in Claim 22 wherein n=1, R1is methyl and R2,

R3, R4, R4 and R® are hydrogen.
24. The process as in Claim 23 wherein the unsaturated nitriles are
comprised of at least 20% 4-pentenenitrile.
15 25. The process as in Claim 16 wherein the temperature is at least
about 250°C.
26. The process as in Claim 25 wherein the temperature is at least
about 350°C.
27. The process as in Claim 16 wherein the process is run in the
20  vapor phase.
28. The process as in Claim 16 further comprising the recovery of
one or more of the unsaturated nitriles.
29. The process as in Claim 16 further comprising the conversion of
one or more of the unsaturated nitriles to caprolactam or adiponitrile.
25 30. The proceés of Claim 2 or Claim 17 wherein the metal of the
catalyst is selected from the group consisting of Ba, Cs, Rb and Mg.
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