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FIELD OF THE INVENTION 5 This invention generally relates to a gas
phase process for the isomerization of 2-alkyl - 3-
nonoal kenenitriles to produce 3- and/or 4-nonoal kene linear nitrites.
In particular, the invention relates -gas phase process for the
i sonmerization of 2- 10 al kyl -3-nonoal kenefniftriles to produce 3 and/or 4-
monoal kene linear nitril es GATAISIZED AHD-REASIt ISOMERIZATIONAE a bi dentate
phosphite |igand. NONCONJUGATED %%m»%&tﬁéﬁﬁﬁﬂk%bs ,

PN) Is known in the

Hydr ocyanati on of butadiene to form_15 entenenitrile |

art, e.g., US. 3,766, 237. Tﬁgﬂﬁnadiﬁxﬂﬁﬁ1§¥ﬁﬂxﬁgﬁitriIes so forned,

g.g., 3-pent6FenitriIfmnﬂsDEﬂvégeﬂbﬁrgéﬁeaadlg-Eegaxbs to a gas phase
-butenenitrile, are furtber subjected to_. . ocyanat i,on and/ or

i someri zation to HOTTF2D P%ﬁi%% i%??T%r%i@ﬁﬂ?na°¥o?ﬁéﬁgygr9y i nport ant

mat eri al i N ndreoaslkemesisrbiesytonproduce 3~ ahd/bire 4-mepmiod Lklemse,

2- met hyl - 3- but eneni £ 1.1 JorzTaf berefflgi S ris - r, 4-
pentenenitrile, ﬁnq*%%%ﬁésenc]ée%f zIe!‘r?oé%/g"gﬁ%i%F{:kgﬁgzgﬁggg%gloéstrglg\ﬁ%sch .
products are easiid § Wahdphase PrRRetsafarctheolpemarianpdent ofl - No such
techni ques fpp calIryNB-MEnddiken&PIEFiZasi €0 pPolilite 3 agayoRhase are
known. A related _stud q¥ Kq{pkama . ei al .. &Journal of C@talysLs
94- 101 (1993)) monodalkene linear nitriles by using zero-valent’ nicke

41,

and a bidentate phosphite ligand.
BACKGROUND OF THE INVENTION
Hydrocyanation of butadiene to form

15 pentenenitrile (PN) is known in the art, e.g., U.S.
3,766,237. The predominant pentenenitriles so formed,
e.g., 3-pentenenitrile, 4-pentenenitrile and 2-methyl-
3-butenenitrile, are further subjected to
hydrocyanation and/or isomerization to form

20 adiponitrile (ADN), a commercially important material
in the synthesis of nylon.

In the liquid phase, 2-methyl-3-butenenitrile can
be efficiently isomerized to 3- and/or 4-
pentenenitrile, in the presence of zero-valent nickel

25 catalets, which producté are easily further
hydrocyanated to form adiponitrile. No such
techniques for carrying out this isomerization in the
gas phase are known. A related study by Kurokawa
et al., (Journal of Catalysis, 141, 94-101 (1993))

30 describes the gas phase isomerization of 3-
pentenenitrile to a mixture of branched and linear
pentenenitriles. Catalysts-used include Si0O2, MgO or
Ca0, at temperatures of 350°C and 370°C. Ratios of -
branched to linear products in the range of 19/35,

35 24/18 and 10/49 were reported. In all cases, only



30 describes the gas phase isonerization of 3- pentenenitrile to a

m xture of branched and |inear penteneni-triles. Catal ysts used include
Si 2, MyOvVOr96/16025Ca0O, at tenperatures of 350[err]C and 370[roris9snigwpi os of
branched to linear products in the range of 19/35, 35 24/18 and 10/49 were
reported. In all cases, only WO 96/26025 o
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branched conpounds. wer.e taln that _is met b tenenltrlle
was formed.  conrjugated branc é%iﬁﬂﬂ@@ufﬁs ﬁErFNQéﬁ? @éﬁ tnat 9 S The

pr esent |nventnonAmmehhyir3rQHtsmsnltnxlehwas5fogaedphase i sonerization of
an acylic, aliphatic, nNoNggigat ¢ M kg maoal kenenitril e,
preferably 2- met hyl - 3- but ' eéne P conpri si ng
contacting the starﬂﬁﬁgFﬁMﬁﬁﬂQalQKeQF¥QMpE¥@YH¢€3 a preaicelsisn fiolxe thenge of

about 135 & 1] a0 pRaQ J.J.sm{é%:":!z]acﬁum the aaﬂoacﬂpeor aﬂpﬁaft%vst

conmposi ti on conprising zero-val ent [ east one bidentate
phosphi te I|gaﬁﬂnc°“JUQEFSQJQTq%&ﬂﬁT#ﬁ?@ﬂ?ﬁ&#ﬁ%ﬁ%%EFF%@ oPTESeFAPAY and

1 2-methyl~3-butenenitrile, said pré&fess]comprising
contacting the starting nitrile, at a temperature
- within the range of about 135°C to about 170°C, with a
10 supported gatalyst composition comprising zero-valent
nickel and at least one bidentate phosphite3ligand
selected from the group conszstzng of Formula I and
II: '

wherein
15 each R!, independentiy, is a secOndary or'tertiary
hydrocarbyl of 3 to 12 carbon atoms.
each R2, 1ndependent1y, is H, a C1 to Ci2 alkyl, or
OR3, wherein R3 is C; to Ciz alkyl; and



wherein 15 each R err], independently, is a secondary or tertiary

hydrocarbyl of 3 to 12 carbon atons; each R2, independently, is H .a
ClL to Cl12 aMOA6/16635 OR[err], wherein Rerr] is Cl t@®CTNISMITI0 ;
and WD 96/ 16025 PCT/ US95/ 14790

3 [err] 3 Formnul a |11 wher ei n

each R4, independently, is a fertiary hydr ocar bon of
5 0

\
0-P, PO
0 o)
RS RO
- R4
Formula O

wherein .
each R4, independently, is a tertiary hydrocarbon of

up.to 12 carbon atoms, or OR5S, wherein RS is a C;
to Ci2 alkyl; and '
5 each RS, independently, is a tertiafy hydrocarbon of
up to 12.carbon atoms,
to produce nonconjugated, linear, acyclic 3- and 4-
monoalkene nitriles, preferably 3- and 4-pentene-
nitriles. ' |
10 In the above definitions for both Formula I and
Formula II, "secondary" and "tertiary" refer to the
carbon atom attached to the aromatic ring. 1In
addition, for purposes of the present disclosure and
claims, the terms "alkenenitrile", "pentenenitrile”,
15 and "butenenitrile" are intended to mean,
respectively, a cyanoalkéne in which the carbon atom
of the cyano group is the first carbon; a cyanobutene;
and a cyanopropene.
~ The present invention provides a catalyzed gas
20 phase process which is rapid, selective, efficient and
stable in the isomerization of noncqnjugated 2-alkyl-
3-monoalkenenitriles. Advantages of this gas phase
process include the elimination of certain solvents
used in most liquid phase processes, such as reaction
25 diluents or product extractants. Furthermore, in the
gas phase process, the catalyst is utilized as a



upto 12 carbon atons, or OR5, wherein RS is a Cl to Cl12 al kyl; and

5 each R6, independently, is a tertiary hydrocarbon of up to 12
carbon at¥®26/16025 " 5 yroduce nonconj ugated, |inear, acycl PETEISOSII90-
nonoal kene nitrites, preferably 3- and 4-pentene- ‘nitriles. 10
- In the above definitions for both Fornul a4l and Formula 11, "secondary"
and "tertiary" refer to the carbon atom attached to the aromatic ring.
In addi t | QbadQindy POSESd FbnhbE PRATER! oS e Aith1ysy, Cl &I M8, the
terms "al kenenitrile", entenenltrl "butenenltr|¥ are

i nt ended to m&ﬁ?th951ﬁﬁﬁﬁﬁﬁﬁY%§Yy,rﬁ?Z?&ﬁoéPﬁeﬁ&‘R?Qﬂ“Qﬁ1W%ﬁ;%arbon at om

of the cyano @i@godal tdtesésrsts@@ﬁb@ﬂvaﬁtagasoauhe%q,mma@@t

t t d I d 20
phase pr ocoss AL A% SHTReRE serovEacef vEFB 1GR3 BRaRdire Tn i ho

|soner|zaLSonpmbcmmssxnaqﬁﬂpxbﬁ&@ékﬂmrther aesbnsabﬁagenltrlles
Advant ages of thiyg S L i nat-i on

sol vents used N Nos P p
di l uents or producﬁhéﬂnﬁkﬁeﬂﬁﬁftlﬂqn4¥kﬁh%$elslﬁ‘mﬁéhyl 3gas phase

process, the patahkslithS1d i (dM3BN)3S tthe gas ﬂﬁ?é/ 18Bmerization

PCT/ US95/ 14790 stationary solid
phase, whi ch RPEACPE§uOE &Qﬁﬂ)ﬁﬂventl°nsgﬁﬁ¢ﬁg?§ ar@éﬁVEF? ofecycl e and

by- produdi0 wapéstenenitriles consisting essentially of 3-
pentenenitrile (3PN) and 4-pentenenitrile (4PN).
Zero-valent nickel is known in the art and can be
made in a number of ways. Most_commonizero-valent
nickel species, which can be used to form catalytic

15 compositions useful in the present invention, are
.derived from Ni(O) complexes containing o-
tritolylphosphite, p-tritolylphosphite,
cyclooctadiene, and ethylene. Ni(0O) can also be
prepared by reduction of Ni(II) compounds with

20 molecular hydrogen, or other reducing agents, in the
presence of appropriate ligands (e.g., see Example 2
hereinafter where Ni(NO3), is reduced by H, to provide
Ni(O) on silica gel. Moreover, Ni(d) complexes
containing bidentate 1;g§nds-can be prepared from

25 reduction of Ni(II) compounds (e.g., sée_Example 1
hereinafter where Ni(ligand A) (ethylene) is prepared)
and Ni metal and a bidentate ligand. Cther.zeroe
valent nickel species known to those skilled in the
art can be successfully used as well.

30 The actual catalySt is a complex of zero-valent
nickel with the bidentate phosphité 1igand, which is
formed when those two materials are combined. An
effective catalyst requires at least one mole of
‘bidentate phosphite ligand for one gram-atom of zero-

35 +walent nickel.

certain
25

e



dﬁsposal costs. Such advantages can elimnate the need for equi pnent
associated with |iquid phase 5 processes and provide further cost
savi ngs. wo Al LED DESCRI PTI ON OF THE PREFERRED ENMBODIR¢EINSS85/14790

When the starting nitrile is 2-nethyl-3- butenenitrile (2M3BN), the
gas phase isonerization process of this I nventi on produces a m xture
of 10 pentenenitriles consisting essentially of 3- pentenenitrile-
(3PN) and 4-penteneni t Thiee abéRM) catalyst codﬁﬁskﬁﬁﬁnﬁﬂndﬁmifiyiSrknowﬂ in

h ‘and b i I
i kel speci o WAPBROEEHO 8, 8 Ho8 13 o ot o = AHr A BaT PP oneos
useful in the prestheri suékabde, support. (ﬂnaupﬁpﬁteﬁn¢aﬂagysbmpmayes
contai ning o- I:fc' i gl %ﬁ@%ﬁ?%&ebu@_ Hetﬂl WAROSAN &£ficienc
8 dc Jb Peduct i on

cycl ooct adi ene, | ene can prepare

of Ni(Il) conpo un'asgw-t éezéowﬁopewpﬁlthme@gé@clmmsﬁferfcr%crma@nmnts

in the preseafes%a%éommt ﬁehaqa&a&aaqrs&s, cRRE X HBU Z4n B. C.
her ei nafter where_Ni i s reduced ta prgylde on. silica

(O
gel . Moreover, N Ht-atle Iﬂ%éncﬁg'cd’?#‘be
prepared from 25 BIEUUCShaplﬂb Nrékay AospMUUtdiversdty Paedscarquldege

her ei naf t er mheresggﬁéggangeﬁggetthﬁne)AééeBBEE%ﬁggeCIglv%&PAN thosgnd

a bidentate |igand Known
skilled in tA8 camrbecpreparedceithfal hpiformlys disperssd coatmgh@f

actual catalyst 'éefo-C@éTPéz% Riczsi%aeagnt and tRiefk @Ml tirda tiidiSnig] e
phosphite |igand, which se two nmaterials are

conbi ned. An Qﬂ?eﬁﬁ?%%@@a?%??%¥a$%qBPPéEhEFeIé&gﬁngne nol e of |
bi dent at e phosphite |iT@pikcd DIy onin gicsoodantcel withothds invlentiion,Cledle

zero~valent nickel catalysts are dispersed on silica,

15 alumina or carbon supports at concentrations '
sufficient to produce a supported catalyst composition
. containing 0.3 wt. % to 1.0 wt. % Ni. The catalyst
compositions are then loaded into tubular reactors,
and gaseous 2-alkyl-3-monoalkenenitrile, e.g., 2~

20 methyl-3~butenenitrile, is passed continuously over
the solid catalysts at temperatures sufficiently high
to maintain both the starting nitrile and the
isomerization products in the gas phase.

The preferred temperature range is from about

25 140°C to about 160°C, most preferably from about 145°C
to about 150°C. The temperature must be high enocugh
to keep all the organic materials volatilized, but low
enough to prevent deterioration of the catalyst. The
preferred temperature is dependent to a certain extent

30 on the particular catalyst employed, the particular 2-
alkyl-3-monoalkeﬂenitrile being used, and the desired
reaction rate. Operating pressure is not particularly
critical and can conveniently be from about 1 to about
10 atmospheres (101.3 to 1013 kPa). No economic

35 Dbenefit can be expected above that range.
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5 The above catal yst conpositions nornally are supported
on a car Wep6/ta028i | i ca, al umina, carbon, or ot her suPCETNISes/s47pPOTrt .
Unsupported cat'al ysts may work in some cases but their catalytic
efficiency 5 mght be low. Commonly uséd techni ques for treatnent

of supports with netal catalysts can be~found in B. ‘C Gat es,

Het er ogeneous Cat al-psd - é@&yﬂs-mn&aiﬂengﬁnnle Brart $§;a rifxas A &
M Uni versity Press, Colle Station, Texas, ternate y, a gi ven

support 10 &R e ;ﬁ-’r@p’a‘f%ﬁﬁ%?hu&eﬁn??o?n{'?aﬂl §ﬁEP§eG’rc@@t iang of

zer o-val ent nwaﬁarﬂﬁadﬂsokuﬂhdﬂuihcansbnvéﬁeatedcw1hB acetdni® day red
n accordance with this

bi dent at h hi t

Pnvent o, (ngE toluam andar atmassiEriR, pYesiRedy S5dngegmon ol i co,
15 alum rﬁa oadda.ltb.@maslu;f[ﬁd _s:ﬂtnmrm@enwrl anether imefti gasntast @ produce
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The cat al yst ﬁpos l'ons are oaded I n
and gaseous ZN&MK?EBQ—#@n@ﬁﬁmﬁﬁﬁﬁQerQ?u%egOf Qtszbow cost..

met hyl - 3- but eggiieblils! axyg%npam@zcam J}HOL@:}%&Y&E gaseohle solid

catal ysts at tammaUMe% gflme %ﬁ %? to maintain both the
starting nitrBPESkARCE¥hic §Hﬁ£ % ith tteeri khengagadyshase.

The pref a&r edokegper atate ingngeailkyI~Brminmg 1 Kéned#Of£1¢] Shobalabpet 160C,
nost preferably fr ab rL:] e C. ,Th
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The prefeéégglhsqperature i s dependent to a certain extent

The olefinic double bond in the 2-alkyl-3-mono-

15 alkenenitriles used as the starting materials in the
process of this invention cannot be conjugated to the
triple bond of the cyano group. Suitable starting 2--
alkyl-3-monoalkenenitriles can also carry groups which
do not attack the catalyst, for example another cyano

20 group. Preferably, the starting 2-alkyl-=3-
monoalkenenitriles contain from 5 to 8 carbon atoms,
excluding any additional substitution. 2-methyl-3-
butenenitrile is especially important in the
production of adiponitrile. Other representative

25 nitriles include 2-ethy1—3-butenen1tr11e and 2-propyl-

. 3-butenenitrile. . '

The following Formulas III and IV illustrate
suitable representative stérting‘Z-alkyl-S-
monoalkenenitriles. When the stérting nitrile is 2-

30 methyl-3-butenenitrile, the isomerization products are
those shown in Formulas V and VI. -



30 on the particul ar catal yst enployed, the particular 2-

al kyl - 3-nonoal kenenitril e being used, and the desired reaction rate.
Operating pMeB2¢H025 s not particularly critical and can CREWESMSEATNY be
fromabout 1 to about: 10 atnospheres (101.3 to 1013 kPa). No econonic
35 benefit can be expected above that range? WD 96/ 16025
PCT/ US95/ 14790 . 6 - The
2- al kyl - 3-nmonoal kenenitrile starting materi al can be delivered either
as a neat vapor or as a vaporizedcggéggicﬁxdng a solvent, such as
acetonitrile or toluene. Under atnnspheq&p pressure, using an 5
additional feed of nitrogen or another inert gas as a carrier;
tenperatures of 140-150[err] C are typi cal Eypmisgd. Nitrogen is
preferred because of its | ow cost. Gaseous oxygen, water vapor, or
ot her gaseous subst ance which could react with either the catalyst 10
or the starting 2-alkyl - 3- nonoal kenenCHeTHE @G HeR  be avoi ded. The
i somerization products are liquid at ré@m t enperature and can be
conveniently recovered by cooling. . The ol efinic doubl e bond
in the 2-al kyl-3-nmono- 15 alkenenitriles Hgmfa® the starting materials in
t he process gf this invention cannot be conjugated to the triple
bond of the cyanB?§F8aB. Suitable starting 2- i :
al kyl - 3-nonoal keneRftis| Bsoraa @i sboc@sraliybups which do not attack
the catal yst, for exanple another cyano 20 group. Preferably, the
starting 2-al kyl - 3- , CH2=CH-CH2-CH2CN
Formula V
.and
CH3-CH2=CH-CHCN
Formula VI

It will be recognized that Formula III is a special
case of Formula IV, where R7 is hydrogen.
The present isomerization process can be carried
5 out, for.example, by first charging a tubular reactor
with a particular supported catalyst composition,
preferably in an inert atmosphere, and then connecting
it to a continuous feeding and recoVe:y system while
minimizing air contact b§ suitably purging all feed
10 lines with a flow of an inert gas, such as nitrogen,
argon, or helium. The reactor, equipped with a
thermocouple, is then heated to the desired reaction
temperature, either under a continuous flow of inert
gas, or with both the inlet and the outlet closed,
15 while the inert gas is flowing through a bypass. The
starting 2-alkyl-3-monoalkenenitrile can be fed either
neat or dissolved in a suitable solvent, such as, for
example, acetonitrile or toluene. The starting
nitrile and any solvent are passed through a pdrtion



nonoal kenenitriles contain from5 to 8 carbon atons, excl udi ng any

addi tional substitution. 2-nethyl-3- butenenitrile is especially

i mpor t ant WiOr96{165e25 production of adiponitrile. Qher reprrCEHUSSNYI0 25 .
nitriles include 2-ethyl-3-butenenitrile and 2-propyl - 3-butenenitrile.
The followng Fornulas IIl and IVillustrage 'suitabl e representative
starting 2-al kyl - 3- nonoal kenenitriles. When the starting nitrile is. 2-

>V e oBRRT ERbl®1: e feR Rl AR, PLOUELS ELfperarhila®Eo™ oM
PCT/ US95/ 14790ensure complete vaporization. Th§ gaseous product
gﬂgzgitgitgifé§$%ture exiting ;yrough the reacéggg%ﬁkiéé can be
Formula |V  Pagpede 4f desiredy thrqugh 2 deateduas kgampling loop
CH2=CH CH25CHA4$ a gas chromatograph for monitoring the progress of

the reaction. Alterhatiéely, the gaseous effluent can

be cooled to 0°C-25°C in order to recover the products

as liquids. The mole ratio of unsaturated compound to

catalyst, per hour of continuous feed, normally can be

10 varied from about 5:1/hour to 100:1/hour.

The isomerization reaction is preferably carried
out without a solvent. If any solvent is used, it
should be gaseous at the reaction temperature and

. pressure and inert towards the starting nitrile, the
15 reaction products, and the catalyst. Typical solvents
include hydrocarbons. such as hexane, benzene, toluene,
and xylene, or nitriles such as acetonitrile.
EXAMPLES ' -
The following non-limiting, representative
20 examples illustrate the present invention. -All
proportions and percentages are by weight unless
otherwise indicated. In the examples, Ligand "A" is
‘the ligand of Formula II, where each R4 is OCH3, and
each RS is t-butyl. :
25 | - EXBMPLE 1
Synthesis of a carbon supported
Ni (0) (Ligand "A")CH2=CHj3,
where the Ligand "A" is of Formula II,
where each R? is OCH; and each R® is t-butyl

30 A11'Operations'were“carriéd out in a nitrogen-
filled glove box. Into a glass vial were placed
0.385 g (1.5'mmole5) Ni(acetylaéetonate)z,'1.18 g
(1.5 mmoles) Ligand "A", and 20 ml toluene. Next,

- “ethylene was bubbled through the solution.
35 Thereafter, 2.3 ml of a 1.9 M toluene solution of



Formula Vv and " OHB- OHR2=CH CH2CN
Formul a Vi ] be recognlzed that Formula Il is a speci

al
case of FomﬁMQQqNW”Mhere R7 is hydrogen. The presen?cnugﬁﬂ‘no
i someri zation process can be carried 5 outg for exanple, by first
| ar

charging a tubular reactor = with a partic supported catal yst
composi tion, preferably in an inert atnosphere, and then connecting

it to a continuousCiReidiAly hd memrhes)y wastaddedi dEopwisei whileing air
contact by SU”‘“%&%f&%Hé”%oﬁLknﬁ&ﬁdtéob%hgﬂﬁﬁlwht@h%dﬁ?ﬂ”éﬁ f§bﬁ§€¥&ngas

such as nitrogen, react or
t her mocoupl e, IS'AfE%Fh%%Y%Ea%Om@ﬁ% ménpEes, réé@t?@hylenetéﬁﬁ%%aﬁvie

ei ther under a coffddeRESnhé@W Qﬁdleﬁétnal 9as, seh1ekt hnl@atla ts thupl €t and
the outl et closed 15 while the inert is flow.n g t hr qugh f%?ass
The start Png 20| KSACBIORnONkeRERi ?FFesEéﬁrﬁg S§rote ®heat or

di ssolved in a suid:abl dagpl aptiit Barh a8, thersolveaxawpberemoah@hhtrble or
toluene. The startligey oPliLktE. a7 BO¥e 26hVER! cRECsBRTAULEIYN 2

portion
PCT/ US95/ 14790 product was recovered by filtratgon. Methanol was

added to the filtrate to precipitate additional solid

10 reaction product. Recovered product was dried under
vacuum to yield ‘0.78 g of a gold-colored powder. A
31p NMR spectrum of the final product exhibited a major
singlet at 169.9 ppm {Ni(Ligand "A")CH2=CHz) and a
minor singlet at 162.8 ppm { (Ni(Ligand "a")3}.

15 A 5 g sample of acid-washed carbon was placed in
a quartz tube and heated in a tube furnace under a
stream of nitrogen to 100°C for 1 hour. The tube was
cooled to room temperature, sealed, and transferred to
a nitrogen-filled glove box. The dried carbon was

20 then stirred for 30 minutes with a solution of 0.5 g
(0.57 mmole) of {Ni{Ligand "A")CH2=CH2} in 10 ml of dry
toluehe. Toluene solvent was evaporated under vacuum
to afford a dry {Ni{Ligand "A")CHz=CH2}/C catalyst.

_ EXAMPLE 2
25 Synthesis of a SiOy sﬁpported Ni(0) (Ligand "A")2
where the Ligand "A" is of Formula II
where each R? is OCH,;, and each RS is t-butyl

In a glass reactor there were placed 0.25 g

{0.86 mmole) of Ni(NO3)2.6 H20 and 25 ml of water. To
30 the resulting solution there was added 10 g of silica

granules. The mixture was stirred, then dried under

vacuum. The resulting Ni (NO3)2-coated silica was

further dried by heating under a stream of nitrogen in

a quartz tube. The temperature was gradually raised
35 from room temperature to 300°C at a rate of



of the feed line heated to the reaction tenperature to ensure

conpl et e_vapori zat I on. The gaseous product m xture exiting through
the reacPR2%4§03%t can be passed, if desired, throughCHUBSM2W gas
sanpling | oop 5 of a gas chromat ograph for nonitoring the progress of
the reaction. Alternatively, the gaseousl8ffl uent can be cooled to
O[err]CG25[err]Cin order to recover the products as liquids. The nole

rati o of unsaigreirinte8PAHAINEAd at 30Wd Vdr PEHoWPUr BheCPNbiyNBEUS
feed, normall fro abou 5:. hour to 100 1/ hour.

The isomeriz +EEP9%%cY?6nd+§°BPg% A of RydrpgeRuYasg _
solvent. |If astyastoédentThs uemﬁerature washmdmkdﬁaﬁﬁﬁﬁnmﬁcaintbﬁereaction
t enperature qng u apd A r the sta n nltrlle t he
15 reaction produc?dpﬂgiﬁ ?ﬁ@ ga S 3ét p?@% $o é%yé ek €i ncl ude
hydr ocar b®ns eretedsthcreom, tevperatureg| @-&lﬁ@ transfenred/|i®med or nitriles
such as acet GiifFddén— fJ.lled loveTBSxf()' TaWaN@oNeit; Il dd Reial,
representative 20 ~exanples i fstrate t he ﬁresent I nvention. Al
proportions anfbéd KhiRRsresulbindefife-ghppeEted zegOrdadient i ndi cat ed.

I n the exanplisckdl gedsl tAeated w:.tht belli gand .22 maiond)a df ,Li/\fai& each R4
s OCH3, and eac R6,1s. tzbuiyl MPLE 1
Synthesi s of & c&t h"'s X5Hot? 2 whYor d2y toluene. ﬁb(eO)m(’?_tl‘b%ﬁ‘lc?'as

"A") CH2-1IH2, stirred for 1@Wmnmuthe,LtgandtbAuens whasFoemdwed lynder

where each R[4 oS agd obukyler nan rations
were carried- oﬁ{l{dm fi%cgn- 8 ¥ T'T(eg gl évéaggg )?/ S?Zss vi al
were pl aced Catﬂi!ﬁﬁ& g (1.5 mmol es) Nl(acetylacetonate)z 1.18 g (1.5
mmol es) Ligand "A", and 20 nl tol yexeMpliext3-11 ethyl ene was bubbl ed

t hrough. t he sol utiqQn. - o _ » s

15 - In a nitrogen-filled glove box, a plug of glass
wool was placed in the bottom of an empty 0.25-inch
(0.64 cm)diameter x 15-inch (38.1-cm)'long stainless
steel tubular reactor. Then, the amount and type of
Ni(0) catalyst: shown in Table 1 was introduced into-

20 the reactor. 1In all the examples using a catalyst
composition comprising a bidentate phosphite ligand,
the ligand was Ligand "A". The reactor was then
connected to a feed and product recovery system purged
with nitrogen. The starting nitrile was fed either as

25 a 8.2-10.6% solution of 2M3BN in acetonitrile or as

" neat 2M3BN. Attached to the exit side of the reactor
was a jacketed receiver with circulating ethylene
glycol cooled to 0°C. The liquid products were
periodically removed and analyzed by gas

30 chromatography (GC). GC analyses were done on a 30 m
DB-23 capillary column of a 0.32 mm internal diameter,
supplied by J&W Scientific, Folsom, California. A
0.5% solution of l-cyanooctane in toluene, which
served as an internal GC standard, also was fed to the

35 receiver. The nitrogen, 2M3BN, and acetonitrile feed



35 Thereafter, 2.3 m of a 1.9 Mtol uene solution of WO 96/ 16025

PCT/ US95/ 14790 . -9 (C2H5) 3Al (4.4
mol es) was WRAHHWP opwi se whil e et hyl ene continued to BEDEEWH4ZY

t hrough the sol ution. After several nore mnutes, the ethylene flow
was di scontinued, and the vial was sedled with a septum 5 The
reaction contents were stirred overnight. The next day, about half of
the sol vent was LerRuRd werd ‘i reherae%p% eI e‘hwféleameieéae solid
reaction product was recovered by f||trat|on Met hanol was_ | added

to the filtrate VBPRFéZARictAre G MERFHOSHAT hepfedain i b P bifickube

Recover ed productumacer Sdth@dQl’emperatVJa:“eUl#Hdvﬁl Virel¥a¥le/' 81 § b réduct

gol d-col ored powder ect rum of, e final duct exhi bi ted
o O " BPASREPLER Y850 hiterkere QR ORAnAb e dat - P or
singlet at 1®2.8 ppm Tébilé¢Llgansmatipds. the ex perﬂhéhq;knnqﬂdntions as

aci d- washed ca;bgglfag?pkﬁgedfhglts‘ yquqlg%rbrr]é fofﬂﬁﬂ%ed in a tube

furnace under ream of nitrogen-to our. The tube
was cooled to roonrtenper.
nitrogen-filled gIom@Obmx(

m nutes with a solution of g )
"A'")CH2=CH2) in 10 m of dry t ol uene. Tol uene sol vent was evapor at ed

under vacuum  The ostdfbinga2MBBN{ Nzgedgandfead) Capntained satadllyst .
amounts of 3PN and 4PN, corresponding to about a 1.5%
conversion, which is included in the data reported

10 Dbelow. Examples 5, 6, and 7, using the same catalyst,
show that silica is a more preferable support than
either carbon or alumina. Experiments in Examples 8

" and 11, which both used a zero-valent nickel species
- as a catalyst, in the absence of a bidentate phosphite

15 1ligand, gave only very low conversions. In the Table,
"A" stands for Ligand "A"; "PTTP" stands for p-
tritolyl phosphite; "OTPP" stands for o-tritolyl
phosphite. '




25 Synt hesis of a Si supported N (O (Ligand "A")2 :
where the ngand "A" is of Formula II where each R4 is OCH3, and
each R6 WO¥P In a glass reactor there wer BCHUSSHEWP 25 g |

(0.86 muol e) of N|(N03)2.6 H20 and 25 ml of water. To 30 the resulting

solution there was added 10 g of sl2ica granul es. The m xture was
stirred, then dried und vacuum The resulting N (NOB)2-coated silica
was further dried b heatlg.ug unges: |eseream afomxt Pgemqn a quartz
tube. The tenperature IR yRrQizdeda3d ~from RoonntEeMBrature to
300[err]C at a rate of WD 96/ 16025 = _

PCT/ US95/ 14790 10 . 30[err]C mnute
and held at 3001C for Lc&n‘“ &é%fﬁdﬂ/:bf-’- 28 o aidr 8RB EE Qi scont i nued,

and a flow of hydrogel @h& ©°  sStAUTHS IR t enper Tt T NESr ai sed to

500[err]C in one .Esbur and held for: 2 hours.. The tube contents were

5 cooled to roomtenp&r ¢ siden ebrglgsﬁ%@dwtgg T s EErgoen-filled

gl ove box. In a 20 n<gl h Lg Ea-l-o N o [ 28 o) efctdhe:rcﬁwlwthng

Si 2- supported zero-val ent ni ckel was treated with 0.17 g (0.22 mml e)
of Ligand "A" di SO ved in 5 nL of dry toluene. The mixture was ‘10
stirred for 10 m nut g [ hen t ol uene was renoved under vacuum to

yield solid {N (0) + ‘Elfga-nda'%ﬁf)vﬂl—s‘)i@}vnw eab a yatar o+ 2
EXAMPLES 3-11 Phase |sonerization of 2-methyl-3-butenenitrile
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15 In a nitrogen-filled glove box, a plug of glass wool was

pl aced in the bottomof an enpty 0.25-inch (0.64 cmdianeter x 15-inch
(38.1 cm | owg96nen2s! ess steel tubular reactor. Then, thPCHUSSSM479Nd
type of Ni (0) catalyst shown in Table 1 was introduced into 20 the
reactor. In all the exanples using a caf | yst ~conposi tion conpri sing
a bidentate phosphite kigand, t he Izgénd was Ligand "A". The reactor
was then connect § I o @ & fegd-and, RL QUL L eCOMEE Y, SUST 8NhA DR

with nitrogen. The stdft@ mgennt g tef wae fd dit herQa$ 8 2 a~872= +076%
solution of 2MBBN in ®etonitrile or as neat 2M3BN. Attached to the
exit side of the re ctgr mas a j acketed receiver with circul ating

et hyl ene gl ycol led Lo r T d p C r

periodically rem)vea‘: i3 gngl l%/bga{:l%% Q‘Hm orr%g%r% ;\g(%@ °°x

anal yses were done onga 30 m . DB-23 capillary colum of a 0.32 nm
internal dianeter, £%fsy i2d, SWeod enbiicd | C,QF& Qa,l,lg rgia. A
0. 5% sol uti on of 1-@%n@§é@ SEDESHE BiEh S5 ?Z@dcagga Enternal
GC standard, also was fed to the 35 receiver. The nitrogen, 2M3BN, and
acetonitrile feed WD 96/ 16025

PCT/ US95/ 14790 8 11 streanms were
preheated to 165[ er ]§ LOSAHIE CHR &1 & on v v VAROK &t PN J Beelgact or
was heated in a spl  ube furnace to the tenperature shown in Table
1. Product sangl es were collected, approximately every hour. 5
Table 1 summari zes the experinental conditions as
S 4
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well as the results. By "%conv." is neant (measur ed
GC area % for 3PN +4PN) 100X (measured GC area % for 3PN + 4PN +
2MBBN)  WOIPHE02S: arti ng 2MBBN, used as feed, contained sneR¢T/USIS/I4@unt s
of 3PN and 4PN,. corresponding to about a 1.5% conversion, which is
included in the data reported 10 bel ow. 1%kanples 5, 6, and 7, using the
sane catal yst, show that silica is a nore preferable support than

ei ther carbon or alum na. Experi nepxaMplExaptes 8 and 11, which both
used a zero-val ent nickel specie a catalyst, ip the absence of a
bi dent ate phosphite 15 Iigaﬁ S g&ﬁ?%ﬁﬁ%?ﬂﬁﬁ%ﬁ?%%?%d%€ersions. In the

Tabl e, "A" stands for LigaraethAyl-3Pbiiersrmmrtdsi for p- ~tritoly
phosphite; "OTPP" stands 0-tristalyla., 1.3 e . WO 96/ 16025
PCT/ US95/ 14790 - WD 96/ 16025
PCT/ US95/ 131790 The same reactor and procedures as described for :

Examples 3-11 were used but were adapted to the needs
of the continuous, Gc—monitored process. 'The feed and
outlet lines were purged with reaction gases. The
outlet line was connected to a gas chromatograph, both

10 the line and the sampling valve being heated to 165°C.
The reaction temperature was 145°C; the catalyst in
Example .12 was Ni(Ligand “A")Z/Sioz and in Example 13
{Ni (OTTP},CH,=CH, + Ligand "A"}/SiO,. The starting
2M3BN feed contained both 3PN and 4PN, together

15 corresponding to about a 10.9% conversion, which is
included in the results reported below. Total
percentage amount of PN was determined as

(GC areat of all penténanitrile peaks)
100 X YGC area® of all GC peaks - trace BD and HCN peaks)

Percent amount of useful PN was determined as

0 (GC area% of 3PN + 4PN + 2M3BN)
100 x (GC area% of total PN)

The experimental conditions as well as the
20 results are given for Example 12 in Table 2 and for
Example 13 in Table 3, below.



13 VO 96/ 16025 | PCT/ US95/ 14790

14 EXAMPLES 12-13 Gas Phase
| soneri zat i B 216025 2- et hyl - 3- but eneni t ri | #CT/USIS/14790 _
Nbni t or ed By On-Line GC Analyi S 19he sane reactor and procedures
as described for Exanpl®@p 3- 11 were used but were adapted to the needs
of the continuous, GC-nonitogpd Py QGessn drenf@ed~ad ~ o m oLkl Ry Nines
were purged with reaction gas S. THERRRARDRAUNE 8 TERRX LR o a
-gas chronmat ograph, both 10 e line and the sanpling valve being heated to
165[err] C The reacti on enperature was 145[err]C the catalyst in
Exanpl e 12 was N (Ligand "&")P/ S Q2 apd.in Y
{Ni (OTTP}2CH2=CH2 + Li gand¥'$ )/§| ﬁg%g%ﬁ:zﬁg_ﬁl\f@m@ z
cont ai ned both 3PN and 4PN get her corresponding to about a 710. 9%
conversion, which is uded |n the Legg_l‘ Ls,.re o;tac‘ad bel ow. Tot al
per cent age anount of PN eteP .naggQ‘thﬂ;’?gﬂ(@@ea%Of
all pentenenitrile peaks) < ){3@% SR H ERS@TRKE D Arace
BD and HCN peaks) Per cent arm nt of useful P s determ ned as
(GC area% of 3PN + 4PN + 2MEIN) nnmooneoacawo oo tammmmmn
S| 2585 xEKRS R AR
s
§ MRVNYET=IANRNNRDRAA~D QDR
sl & ssasagazaasasisizas
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5 nodifi cati ons, substitutions and rearrangenents wi t hout departing
fromthe spirit or essenti al attributes of the invention. Reference
shoul d be /16025 t o t he appended cl ai ns, rather than to th@f@?@@d’f%g
speC|f|cat|on as indicating the scope of the 10 invention.

96/ 16025 PCT/ 895/ 14790

18 WHAT IS CLAIMED I S: 1. A process for the gas phase

isorrelrikzati _0{1 _O}‘ aAléRoaghl pﬁrt&t:ulltb&t embdmmmmt ugef agué ﬁésfdlans-

monoal kenenitrile co cont gctin nitrile, at a

t enper at ur e vvifﬂ?’ﬁn{:gg r§ g B?eTS FEFF ?Be{é‘el %hf?%’er 1 hith a
supported cat adiystra‘.pﬂmom,pn.bnwd:dafkp_besunglerstopeir dy dhase rsickiledintn at

| east one bi deg}at g pNRRRDI the invbh38d 18/ BpRMI YR ifndiap consisting

of Formul a |
5 modifications, substitutions and rearrangements

without departing from the spirit or essential
attributes of the invention. Reference should-be made
to the appended claims, rather than to the foregoing
specification, as indicating the scope of the

10 invention.



[err] 10 wherein each R1l, independently, is a secondary or tertiary -

hydrocar byl _of 3 to 12 car bon atons each R2, independently, is H a
Cl to C12 ¥%Qdsf1eo OR[err], wherein R3 is Cl to Cl2 BEHYSIS/14790
[err] Formul a 11 mo 96/ 16025

_ 18
ggﬁug?ll,s/ ?’Lﬁgggendently Is a tertiary hydrocar bon of ”II,"IWIH'"H;HIIIH,"IZ

carbon at ons, ®HAIRIS (QIAIMED eI$: Rlerr] is a Cl

1. A process for the gas phase,lsomerlzatlon of
an acylic, aliphatic, nonconjugated 2-alkyl-3-
monoalkenenitrile comprising, .contacting the starting

5 nitrile,_at a temperature within the range of 135°C to
170°C, with a supported catalyst composition comprising
zero-valent nickel and at least one bidentate phosphite
ligand selected from the group consisting df'Fbrmula I
and II:

10 wherein .
each R!, independently, is a secondary or tertiary
hydrocarbyl of 3 to 12 carbon atoms;
each R?, independently, is H, a C; to Ciz alkyl, or
OR3, wherein R3 is C; to Ci2 alkyl; and




to C12 al kyl; and 5 each R6, independently, is a tertiary hydrocarbon
of to 12 carbon atons, to produce noncon u at ed,
Linear, acﬁﬁ??@l ~and/or 4-nonoal keneni tril es. yhﬁﬁ?
process of Claim1 wherein the reaction 1gg%tenperature i's 140- 160[err]C

3. The process of daim2 wherein the re I on
145-150[err] C. 4. The process of daiml V\:heﬂ'ﬂmﬂmmlll munm
2-al kyl - 3-nonoadHesrestri tril e -i's a conpound represented 15* by the ™ olfl o ng

For mul a each R4 lndﬁgendeé§§?(}i§}$c¢%f$f££§ hydrocgrbo?hof

CN mhereln
process of Claim4 VMRHQQriarR?EhQﬂtaﬁeﬂs: ORi@RT4 ewherein RS is a C;

2- met hyl - 3- but eneni tdd lc§ 5 qu ; an@ The process of Claim 1l wherein the
starting 2- al kyl - 3- nDno enenltrlle Is further substltuted W th at

| east one ot her §&p IRRE Ly s ét (Ferti3FY RYdrpeaERen) 98 .
7. The process of Gbmﬂa leuarbdntdﬁbﬁEi i sonerization is carried out at

a pressure of 101. 3t%P rodu |on |s%§§§at%ﬁcn&lne§r' ;@§IEE8C§SS of Claim

1, wherein the I 'somerl za contrnuous manner, at
a feed rate suend/ioat 4-monedlkengnisakletarting 2- 30

al kyl - 3-al keneni tribe 10143 Ynbdedss JCIRLIN > LilOHEin thEOrédRBEiLROUT.
10 temperature is 140-160°C.
. 3. The process of Claim 2 wherein the reaction
temperature is 145-150°C.
4, The process of Claim 1 wherein the starting
2-alkyl-3-monoalkenenitrile is a compound represented
15 by the following Formula

cnz=ca—?n—cnzn7
CN

wherein
R7 is H or a C; to C3 alkyl.
5. The process of Claim 4 wherein the starting
nitrile is 2-methyl-3-butenenitrile. |
20 6. The process of Claim 1 wherein the starting
2-alkyl-3-monoalkenenitrile is further substituted with
at least one other group which does not adversely
affect the caialyst.
' 7. The process of Claim 1 wherein the
25 isomerization is carried out at a pressure of 101.3 kPa
to 1013 kPa.
8. The process of Claim 1, wherein the
isomerization is carried out in a continuous manner, at
a feed rate such that the mole ratio of starting 2-
30 alkyl-3-alkenenitrile to catalyst is between 5:1/hour

to 100:1/hour.
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20 : ‘m“ r\ﬁl wherein the catalyst is
support ed Véﬂ%[l@ai ri QWMt he group consi st i RgTAISISN4T0€a,
al um na, and carbon. "'» The process of Caim1l wherein the.
starting 5 2-alkyl-3- alkenenltrlle is 2Rt roduced into the

| somerization reaction as neat vapor. 11, The process of daiml
wherein the startigg Th%—@ﬂ@de§3d¥Icmuxutrlwﬁerélnnﬁhedeaeélw@&p:kbe

i somerization_reaction as a vaporized sol uti i n 0 volatil e sol vent. :
12.  The pro%%ggoﬁ# % 1f§ﬁﬁé%§rf%iﬁ§g;#x%ﬁﬁm the; gredPect ed from the

group consistéogsbétiaQunftedlam@ alurioreat iandyckicisan bons and al i phatic
nitrites which argy — gRICRYDARSS 1E ISUT 23l OPe{§EAL D LETREAL Ure.
5 2-alkyl-3-alkenenitrile is introduced into the
isomerization reaction as neat vapor.

11. The process of Claim 1 wherein the starting
2-alkyl-3-alkenenitrile is introdiuced into the’
isomerization reaction as a wvaporized solution in a

10 volatile solvent. '

12. The process of Claim 11 wherein the solvent
is.seleqped from the group consisting of saturated and
aromatic hydrocarbons and aliphatic'nitriles which are
gaseous at the isomerization reaction temperature.

Al



