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pertaini ng t o gxlgles. hydr ocyanati on of olefins, are known in the art. For

exarrpl e, 1uni d phase systens useé%Ké&bL}m hydr ocyanati on of butadi ene
e —

to formpentenenitriles,
Catalytic hydrocyanation systems, particulatly pertaining to the

hydrocyanation of olefins, are known in the art. For example, liquid phase
systems useful for the hydrocyanation of butadiene to form pentenenitriles
{PNs) are known in the art, e.g., U.S. Pat. No. 3,766,237. As used in that

20 patent and as will be used herein, the term “pentenenitrile” is intended to
mean a cyancbutene. Likewise, “butenenitrile” means cyanopropene. The
pentenenitriles so formed are further subjected to hydrocyanation and, in
some cases isomerization, to form adiponitrile (ADN), a commercially
important material in the manufacture of nylon.

25 The overwhelming majority of prior art processes for the
hydrocyanation of butadiene are conducted in the liquid phase, with all
attendant waste disposal problems. For example, U.S. Patent
No. 4,240,976 utilized copper halide as a catalyst; U.S. Patent
No. 4,230,634 utilized copper inorganic salts in the presence of organic

30 nitriles; and U.K. Patent No. 2,077,260 used copper bonded to a peroxo
group. Previous approaches toward carrying out gas phase
hydrocyanation of olefinic compounds have usually started with
monoolefinic, not diotefinic, compounds and have given rise primarily to
saturated products, which could not be further hydrocyanated. For

35 example, U.S. Pat. No. 3,584,029 teaches that propionitrile is prepared by
reaction of HCN with ethylene over catalysts containing Ni salts, H3POy4
and Al,Og; and U.S. Pat. No. 3,547,972 discloses the reaction of HCN
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t he reaction P 972 also 5 requires a co-feed of HOl .
Sever al patengsd'éﬁgitg ta':t%tewmgfg}t ?%gn of HCN with butadi ene, ethylene,

propyl ene or butenes, and additionally with air or oxygen in the gas

~ phase, over vqysogsgsglg@BoAgﬁq Fetir@dryqenigysni ng catal ysts give rise to

cyanat ed ol efini ¢ products. wever, in the olefinic products so produced
10 the ol efinic double bond is usuaII co ed with_the triple bond of
the cyano group, and tiertHN€} Subs aﬁtlaiiytysé1é§§‘1%ﬁ t he production
of adiponitrile. For exanple, see: U S. 3,865,863, AsahilN February 11,
1975 +WKN+QZ(N + - (N U. S. 3,574,701, Asahi KK K, April 13, 1971 +HcN+o02

- N U.S. 3,574,701, Asahi KKK, April 13, 1971

= $HON+0y ——> = en
=
U.S. 3,578,695, Standard Oil, May 11, 1975

THON+0y — > N

= —

U.S. 3,869,500, Asahi, March 4, 1975

=’ FHON+0y ——> + /='(
Cg\/ N

The present invention provides a catalyzed gas phase process for
15 the hydrocyanation of diolefinic compounds which is rapid, selective, and
efficient. While certain solvents or diluents can be used in this process,
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elimnated altogether. Furthernore, the catalyst conposition is utilized as
a st at i onar yheyodantbepdiiatieatedblicgietteanFutithimerd, re myst@f)?paiiﬁdrwstgtiﬁaeﬁtdaem s,
recovery, and recycl s well as the disposal cgQst .0 -product waste. A
corol lary b@nsg"fltlof’a ssoﬁﬂgﬁasreeWth'iCS‘ﬂr (fucﬁﬁrég%‘z?ilf’f ‘é??g'%SriﬁV'?tggs'gcfﬁ?‘ﬁ’ﬁ%t needed
for the procadsecySld\Vad il &8-thetdispobbdyEt éiYyined eirivaste M@ndorgla@ybetesit i tiy ocess
for the gas-pha roc at i di.ol ef onpounds conpri si ng

e h a . of. i nic.C
reacting an rgéc]"{?ﬁ?ri' S%Itﬁgf?%ﬁgf?%tgp%%lﬂ?rﬂﬁ'&tt”@&d%‘?tﬁ’fgﬁé‘?‘&esscorrpound with HCN in
the gas phase in the presence of a catal yst conposition that is 10 a
supported copper (1) or (Il1) BUMMARXIGRITHEKMVENTIGNAat e conpl ex. The
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enbodi nen rovi de cess for e.gas- phase rqcyanati on..o
diotetinic SompaiRhy BGRGR IR ordinniets TR AieRhoe pta st RmpRaion e Bgat ed
di ;)I Ief [ {h@c acoppartac atpbefr(l)!-d(ﬂ\ﬂll)ifmotihaega&?(phmm: dlfonhm.p'lrmmnniﬁamﬂt ad
catal yst conposjtion ! is ac er r ompl ex supported on a
fl uorosul fo%E‘F%H'%éﬁbep'S?ﬁ? CoRkE" °?T@§§B%‘H%Féﬁ§’?&é°’%‘i?ﬁﬁ'8w be a conposite
of a por ous triflubroveetimdtulfondte wirhé isopgonticant ber selgdterl frormthiecdrouss cosigliagoed ei t her
a Nafion(r) @ggf I! Lar | nat e%é%ol ymer or fluorosulfonic 20 acid In one
aspect, t he? |’§%'?8?/’|ad1gd: |5'rocess for the gas-phase hydrocyanati on of
di ol ef i ni ¢ conpoéndiher embgpdimentygovidesca prgessifoaiteaasphast hpdratyanatioosf ugat ed
cat al yst® coffS BN Pk atrish oPeriEp 2nriay o lppbF eBISEBRRENTE or (1)
f | uori nat ed carkgursiuitroiH@Nén thengasehase i the ptdsenee eiapgalystlcbnmposi(ibn JhaCienpl ex
supported on fluyarosuyl fonated su rt. . The Qcess can carried out at
a terrperaturaeC%B?erll@Qfﬁl;geﬁp%ﬁésug?‘ﬂﬁ%f%aﬂ'ﬂﬁ”BTLE#)P%e SBB'?‘P&U may be a
di ol efi n r efluassuifoadied suppet may be laacoRipCkiCot-a fdtetd-Flcavetwelkwithircindone of R1

and R2, | ndﬁ#glpg %ﬂ% Jvl¥ibh Issdisl?Je?sredaeit%érgRlaggn(S lpléxllubrilgt]gd polymer or fluorosulfonic

20 acid.

In one aspect, there is provided a process for the gas-phase hydrocyanation of
diolefinic compounds, comprising reacting an acyclic, aliphatic, conjugated diolefinic
compound with HCN in the gas phase in the presence of a catalyst composition
comprising either: (a} a supported copper (l) or (li) flucrinated alkylsuifonate complex;

23 or (b)a copper (i) or (Il} complex supported on a fluorosulfonated support.

The process can be carried out at a temperature of 155-175°C. The starting
diolefinic compound may be a diolefin represented by the formula R'CH=CH-
CH=CHR? wherein each one of R' and R? independently, is H or a C, to C; alkyl. The
starting diolefinic compound may be 1-3-butadiene.

30 A further embodiment involves the introduction of HCN and 1,3-butadiene into
the reaction without a solvent or diluent. Yet a further embodiment involves dissolving
at least one of HCN and 1,3-butadiene in a solvent, inert to the starting materials and
to the catalyst composition under the reaction conditions, prior to being introduced into
the reaction, with the solution being vaporized prior to its entry into the reaction.
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conpl ex wi t h aligjisdienateromplex iadisparsedrona silive wiuraina oh eabon sUpPEfE R- S8 or R
bort | Uor oal k| “oncention saicht {HRIES obtalys! boiRbAMAK nciliiy

trifluoromet ﬁb‘? g“ﬂﬂﬁ%ﬁ@"@ﬁ‘"ﬁ%@ﬁ‘y‘ﬁé%{ iﬁ@sﬁﬁwef&ywigﬁ%t%hm@m so be used
iC(r; ple?ce oI ai'df@slti%dmﬂ'uﬁ@;it.im?s. Nitrile 20 Iigands imay al so be corrglnfxed to
nventi ort al o | hRPHAe dHESRs ubotul 1 SoRiAT Bl el wllFedlBE T
f 1 uor osul f ondfelire anippoet dianions alihe stiuelerRedS w@ﬁ&-t-(%gr) AThese R - - S03
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of the invent yst, [conposL on is_loaded 30 into a tubular
reactor, and a gaSatiist apmpesiiensusedishin thedpraeticg of the pragpetiavention
also include copper (1) or (11} complexes supported on a fluorosuifonated
support. A fluorosulfonated support contains R—SQ3  groups, where
R is as defined above or is -C,Fo,~. Preferably the fluorosulfonated
25  support is a composite of a porous silica network within and throughout
which is dispersed either a Nafion® petfluorinated polymer or
fluorosulfonic acid. Such a composite is more particularly described in US
Patents 5,824,622, 5,916,837 and 5,948,946.
In the process of the invention, the catalyst composition is loaded
30 into a tubular reactor, and a gaseous diolefinic compound, e.g., butadiene,
and HCN are passed continuously over the solid catalyst composition at a
temperature sufficiently high to maintain the starting materials as well as
the reaction products in the gas phase. The preferred temperature range
is from about 135°C to about 200°C, most preferabiy from about 155°C to
35 about 175°C. The temperature must be high enough to maintain all of the
reactants and products in the gas phase but low enough fo prevent
deterioration of the catalyst composition. The pariicular preferred

i nvol ves the introduction of HCN and 1, 3-butadi ene into he reacti
i n{%'ﬁ?/‘@é“a!%ﬁ' gg@f Vi ng
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*n the. pr dducreias adiaublateemdempibire aa s PN BrIETOY FL SR pounde.
i ncl ude di ol dyigviofing.oBramchelts 2 andthjli3-buteenitriidicayr e ipsparsfiedtirodo not
ceact T vaLe L ingfik BoHeheOIRI MR bR AURatdl S 270 1 e
sui t abl e repr esent dhpwiolefiniceampringireaetanisiused dnfiisuinventiordacluds nul as v, VI,
and VI I represpifariydonjijtctdbRAirY bahtAmthd ffatidlo Jotuaiash somsadd HCON.
Crz=Ch G2 exg%ip . ,g-b%ga'delgfe? and cis and frans-2,4-hexadienes. Butadiene is

especially preferred by reason of its commercial importance in the

production of adiponitrile. Other suitable diolefinic compounds include

diolefinic compounds substituted with groups which do not deactivate the

catalyst composition, for example, cis and trans-1,3-pentadienes.

25 The following Formulas Il and IV illustrate suitable representative
starting diolefinic compounds; and Formulas V, VI, and Vil represent the
products obtained from 1,3-butadiene and HCN.

CHo=CH-CH=CHp»

(1,3-butadiene)
Il

R1CH=CH-CH=CHR2
v
wherein each one of R1 and R2, independently, is H or a C4 to C3 alkyl

NC-CHg-CH=CH-CHg

5



[If RICH=CH CH=CHR2 1|V wherein each one of Rl and R2, independently, is H

or a Cl to C alkyl NG CH2-CH=CH CH3 5 10 Novenber 2005 02/09%@?%

PCT/ US02/ 14507 V ~(3PN) CH2=CH CH2- CH2-CN VI (4PN) mzzdﬁlv@‘feﬁ@% VI
(2M3BN) In the practice of the hydrocyanati on process of the present

I nventi on,w@of/@esi or, such as a tubular reactor, is chacgagoei/jas@n i nert

at nosphere with the desired catal yst conposition. The reactor feed and exit
lines are preferably purged with an inert gas, such as nitrogen,,argon 5
or helium The reactor is then heated Yo the desired tenperature, either'
under a continuous flow of inert gas gprealed fromthe anbi ent atnosphere.
The reactor is.fed wwth the desired élolefinic conpound and HCN. These may
be fed together or separately, either neat or as solutions in suitable

sol vents, such as acetonitril eQby=0H-CelpeCHJION 10 hydrocyanation reaction
I's, however, preferably carded out w tjgout a solvent. If any solvent is
used, the solvent should be gaseous at the reaction tenperature and
pressure and inert towards the diol ef4MNE conpound, HCN, and the catal yst.
Such sol vents include hydrocarbons such as hexane, benzene, or toluene, or

nitriles such as acetonitrile. d@=ﬂﬁ?-bﬁ§l—l-r(ﬁ40t ants are fed continuously,
an inert gas carrier normally iszerrp 53 ed as el | . The diolefinic

conmpound, HCN and any sol vent are pasé@é through a heated portion of feed
line heated to the reaction tenperaiapggfyp ensure conplete vaporization.
The gaseous product m xture exiting the reactor 20 can be passed, if
desired, through a heated gas sanpling |loop of a gas chromatograph for
peri odi cal | y noni trothengattive of thegimeisscyahatidrepmoeass ofdhe preSentr nati vel y, the

O !0 HhIGRh HEGhRoL i GRSl nSh e © condense
. atmosphere with the desired catalyst composition. The reactor feed and
exit lines are preferably purged with an inert gas, such as nitrogen,-argon
5 orhelium. The reactor is then heated to the desired temperature, either
under a continuous flow of inert gas or sealed from the ambient
atmosphere. The reagtor is.fed with the desired diolefinic compound and
HCN. These may be fed together or separately, either neat or as
solutions in suitable solvents, such as acetonitrile or toluene. The
10 hydrocyanation reaction is, however, preferably carried ouf without a
solvent. If any solvent is used, the solvent should be gaseous at the
reaction temperature and pressure and inert towards the diolefinic
compound, HCN, and the catalyst. Such solvents include hydrocarbons
such as hexane, benzene, or toluene, or nitriles such as acetonitrile.
15 When the reactants are fed continuously, an inert gas carrier normally is
employed as well.
The diolefinic compound, HCN and any solvent are passed through
a heated portion of feed line heated to the reaction temperature to ensure
complete vaporization. The gaseous product mixture exiting the reactor
20 can be passed, if desired, through a heated gas sampling loop of a gas
chromatograph for periodically monitoring the progress of the reaction.
Aliernatively, the gaseous effluent can be cooled fo about 0°C to 25°C in
order o condense all products to liquids. The flow rate of the diolefinic
compound preferably is such that its mole ratio to catalyst, per hour of
25  continuous feed, is about 2:1 to 10:1. The mole ratio of the diolefinic
- compound to HCN normally is at least about 1:1.




conmpound preferably is such that its nmole ratio to catal yst, per hour of 25
continuous feed, is about 2:1 to 10:1. The nole ratio of 1 %eg%c
conpound to HCN nornal ly is at |east about 1:1. 6 10 Novelth&? 5

02/ 092551 5 10 15 PCT/ US02/ 14607 The advant ageous effects of this invention
are denonsid @leesksP series of exanples, as describegcpgkeMacotne

enbodi nent's %? ﬁe |nvent|on on whi ch the exanpl es are based are
illustrative onIy, and do not |limt the scope of the invention. The

si gni ficance of thdhexmivphtegeous effeetd afithisricMentionare dymonsitated bigat hese
O e S ook of SO T doindi BN THARHIRIAEE B e at | ons, whi ch

do not possess t IS I nventio The

fol | owi ng abbrl@\fﬁrﬁ!pa@nrv@m%? &@@@m%s are bgsed akadilustetive only, and do

éF ?rrgggyl F)3 bUtlﬁﬂ!ﬁmlttthé ls@ahpe?ofﬂﬁélt:ﬁéﬁﬁbrl rrﬂeessgrﬁﬁmmtamem éxanples Bcats onitrile
eng eneni triles, herein

Pr epar at 1 orf ofocus] Hnsto] ¥ sBmpeiit HEE Srotene of s *ﬁ%"?ﬁﬁ with

trifl uoronet hayesain ¢ontratied fommglations, Mmc,lwmnotposaess 1iﬁl§| inguishingogen filled

gl ove box, 0. 3gafgr efsjofriﬁg)im}%%&?rfﬁé follﬁﬁrﬁ@té%'ré\i‘ 4tb@ téferences are used

trlfluororreth nesul fonat e repared according to: Kubas, G J. Inorg.
Synth. 1990, reigg- 70) was di ssolved into 5 nL dry acetonitrile. 1.0 g of

12-20 mesh si 283 Si buni t Baglloowe 7 (Boreskov Inst. of Catalysis,
Novosi birsf, Ryssiq) dﬁ-in?eqhﬁ-rsgﬂdhgh‘eﬂit\‘ileat 850C for 5 hrs in dry

3-PN 3-pentenenitrie
4-PN 4-pentenenitrile
AN acetonitrile
OTi CF3S803-

15 PNs Pentenenitriles

Preparation of Catalyst Compositions
Composition 1
Copper(}) triflucromethanesuifonate on Sibunit carbon 7
20 Inside a nitrogen filled glove box, 0.38 g {1 mea) copper(l)
(acetonitrile)s~trifluoromethanesulfonate (prepared according to: Kubas,
G. J. Inorg. Synth. 1990, 28, 68-70) was dissolved into 5 mL dry
acefonitrile. 1.0 g of 12-20 mesh size Sibunit carbon 7 (Boreskov Inst. of
Catalysis, Novosibirsk, Russia), dried previously at 850°C for 5 hrs in dry
25  helium, was added to the solution and then the slurry was stirred for
15 mins. The solvent was evaporated under vacuum and the resulting
solid was re-wetted with minimal acetonitrile and re-evaporated to help
insure complete incorporation of the copper material into the carbon. The
recovered catalyst composition was stored under nitrogen until it was
30 loaded into the hydrocyanation reactor for testing. |
Composition 2
Copper(ll) trifluoromethanesulfonate on Sibunit carbon 7
The procedure to prepare Composition 1 was repeated exactly
except substituting 0.37 g (1 meq) of the copper(ll)
35 trifluoromethanesulfonate (Aldrich) for the copper(l) sait.




25 helium was added to the solution and then the slurry was stirred for

15 mns. The sol vent was evaporated under vacuum and the {e ul ti ngz ﬁgl I d
was re-wetted with mnimal acetonitrile and re-evapor at ed 4 3¥8I%" 2PPRur e
conpl ete incorporation of the copper material into the carbon. The
recovered conposition was stored under nitrog idscdrt was 30

| oaded int‘g&%@gyﬁidrocyanation reactor for testing. Co%gg}gjgiaitdfgdg 2

Copper (1'l1') trifluoronethanesul fonate on Sibunit carbon 7 The procedure to
prepare Conposition 1 was repeat e@opssition 3 except substituting 0.37 g (1

f th 35 | £ th . f ich) f th
Conper (1) saltr 7 10 ReRRsrLyBREREnsauias SRR P88 1 3607 Compos ti on
3 Copper ([) tri fl ddegretdduretopreparatCoropositidanchwis repeatedexsepdure to prepare
Conposi tion %dﬁ%ﬁufiﬁ@??&%rﬂ%@% in RelRgd for BlHr. d-4@n‘%§h%§l:b0685oc in helium
for 5 hrs)_ 20-40 ne arbaon' 5 CX0648-1 from EM Sci.ence (48 Denocr at
Rd, G bbs%%mr@xﬂﬁdrsogﬁmmﬁﬁ'ertcﬁé &) BuHpmosrat balﬁbsg&%b iq%@m Copper ([ )

trifluoronet Fangedibonier eadonsi | i ca The procedure of exanple |I was repeated
except substituting 1 g 10 of drggiogﬁm’! pﬁ dry air for 1 hr) 10-20 nesh

| arge pore silica-gel granules # Al fa Aesar (30 Bond Street,
Ward Hill, MA 01835- 8098ppperfl) triflneromethanesutforgie posilic@onposi ti on 5
Copper (1) trifluopenibaimrdof Sanife PWasibpéated tRcaphaubdtising£g Nafiion(r)
per f | uor opat eq} o*% é,Tge%’r ocigﬁr@.zﬁo ghﬁare CDHPOSI t|| on was repeated
except sttbst9 g‘; dt Iy fey 6 10-20 Ees o Pgressifcergel g Silica
coated wi th #8384 fion AffaiAesardBY Bend Sireel Wiard- Hifl, VA DI B8S8088)dopr epar ed
accordi ng 10 és ﬂ%d%é?@;t?“ bed in Harmer eta!, Chem, Comm, page 1803,
Ion p

1997). 20 Conposi per(1) trifluoronethanesul fonate on
fluorosul fonic acid derivatized &oamposition$ procedure to prepare

Conposi tion 1 was repeatggpatliyslliodHieMdricduiférhté off sfitasi | i ca derivati zed

wi th fluorosul fonic acid | ahe groups; 5 cont ai ni ng about 0.2 neq
f1 uorosul¥onic acid gr éﬁgﬁwlﬁb&aﬁqﬁbgﬁﬁp@ga?efpoqymgr

The procedure. to prepare Composition 1 was repeated except
substituting for the Sibunit 7 carbon 1 g of dry SAC13 silica coated with
Nafion® fluoropolymer (obtained from DuPont and prepared according to
a method described in Harmer et af, Chem.-Comm., page 1803, 1997).

20 - Composition 6
Copper(l) trifluoromethanesulfonate on fluorosulfonic acid derivatized
silica

The procedure to prepare Composition 1 was repeated except
substituting 1 g of silica derivatized with fluorosulfonic acid silane groups;

25 containing about 0,2 meq fluorosulfonic acid groups per gram of silica
(DuPont) for the Sibunit 7 carbon.
Composition 7
Copper(l) tosylate on EM carbon
The procedure to prepare Composition 3 was repeated except
30 substituting 0.32 g copper(l) (acetonitrile)s tosylate (prepared according to:
Kroneck, P, et al., Z. Naturforsch., A 1982, 37A, 186-190) for the
triflucromethane sulfonate salt.
Composition 8
Copper(l) hexafluoroantimonate on EM carbon.
35 The procedure to prepare Composition 3 was repeated except
substituting 0.25 g copper(l) (acstonitrile)s hexafluoroantimonate
(prepared according to: Kubas, op. cit.) for the trifluoromethane sulfonate
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(DuPont) for the Sibunit 7 carbon. Corrposrtron 7 Copper(l) tosyl ate on EM

carbon The procedure to prepare Conposition 3 was repeat e@;
substituting 0.32 g copper(l) (acetonitrile)4 tosylate (prepare accordr ng
to: Kroneck, P, et al., Z Naturforsch., A 1982, 37A, 186-190) for the

trifl uorormjdmmssﬁul fonate salt. Conposi t i on 8 Copper ( |peT/usoz/14607

hexaf | uor oanti nonate on EM carbon. 35 The procedure to prepare Conposition
3 was repeated except substituting 0.25 g copper([) (acetonitrile)4

hexaf | uor oant $ae dedinal gatalysirwas drisddn dowinotheliumui 450°G for 1dinthen f or t he
trifluoronet hapedundbPrigbgerd 10 Novenber 2005 WO 02/092551 PCT/ US02/ 14607

salt. The final catalyst was dried,in flowing heliumat 150C for 1 hr then
stored under nitrogen. Conpositi ohﬂ&gﬁ&é | ) hexafl uorophosphate on EM
carbon. 5 The procedur €dppertl)bprafiiofiphosphdte on BV vambonepeat ed except

Subst Lt i 0,29 iABRRAHL b KBESLONNIAENY B Rltupgigapnat o (pr pared

accordi ng to: Kubas

final catal ystb é@mﬂﬁﬁmqnﬁer(ar(a%omwle)r bewaliyorpehpsphale (prepatedior 1 hr
then stored unerdimj fof Kgbas, obocr@ffﬁpﬂﬁﬁrﬂ@moﬂq@tha@@mﬁbrﬁété s§||ﬂ|'me de on EM

carbon The pr. ar e Lon [ xcept

substituting @%ﬁ%{éﬁﬁt %ﬂ&”@ﬁ'}’“&ﬂsﬁg h%‘"&p%@ﬁa %ﬁgﬁﬁ[é%frj | uor onet hane
sul f onat e salthen steratowesinitiogen.l1 Copper netal on EM carbon. 1 g of dry
(850C heljgum for 5 hrs) EM car boncaﬁ.,ggﬁg%i jped above was slurried into a

solution of 0.25 g copper(I]L) e dissolved in nethanol. The
slurry was:stirred then evaﬁ@?%ﬂr hehleride omEMcarhoe 20 i npregnat ed carbon

was then cal ci nedThe ptdceduredtolpeépare:Gomptiftion 3owasirdpe ateamicé n cooled to

mater i al  vae P *%&r%ﬁﬁﬁrr&@sﬂ%ﬂﬁ%?@arﬁﬁﬁortﬁ%h%r bfdbieg T

under - ni t r ogétlfenate salf.est i ng. Conposition 12
15 Composition 11

Copper metal on EM carbon.

1 g of dry (850°C helium for 5 hrs) EM carbon as described above
was slurried into a solution of 0.25 g copper(ll) nifrate hydrate dissolved in
methanol. The slurry was-stirred then evaporated to dryness. The

20 impregnated carbon was then calcined in flowing helium at 300°C for 1 hr
and then cooled to 200°C. The gas flow was switched to hydrogen and
held at 200°C for 1 hr. The material was flushed with nitrogen and cooled
and then stored under nitrogen until testing.

Composition 12

25 Copper(l} exchanged zeolite Y

2 g of zeolite NaY (LZY-52 from Aldrich) was dried at 500°C in
flowing air for 4 hrs. This material was slurried into a solution of 1.0 g
copper(l) (acetonitrile} trifluoromethanesulfonate in 25 mL dry acetonitrile
in a nitrogen filled glove box and stirred for 16 hrs. The solid was fittered

30 off and washed with acetonitrile before drying in flowing nitrogen at 200°C
for 2 hrs. The copper(l) exchnaged zeolite catalyst was stored under
nitrogen until testing.

Examples 1-6
Gas-Phase Hydrocyanation of Butadiene

35 An empty 0.25-inch (0.64 cm) diameter, 15-inch {37.5 cm) long
stainless stee! tubular reactor was placed in a nitrogen-filled glove box. A
plug of glass wool was placed in the bottom end of the reactor, followed



25 Copper(l) exchanged zeolite Y 2 g of zeolite NaY (LZY—52 from Al drich)
was dried at 500Cin flowng air for 4 hrs. This materia sb 665ed
into a solution of 1.0 g copper(l) (acetonitrile)4 0 Noveriber 2
trifluoromethanesulfonate in 25 nL dry acetonitrile in a nitrogen filled
gl ove box red for 16 hrs. The solid was filter and washed
wth acet c‘)ﬁls]%r(?% e{ before drying in flow ng nitrogen at qg:gg%oi?{%or? 2 hrs. The
copper (1) exchnaged zeolite catal yst was stored under nitrogen until
testing. Exanpthe almdunCand Bipasf chlatisbcompeditiomshoivrBnTatleeheA35 An enpty

0. 25-i nch (0. tﬁénﬁé@oug‘e%dlﬁgertéds' n’td"tﬁ@ téepggf tﬁe‘?ﬁgacé&o rﬁbth %b@é Bt ﬁés st eel

tubul ar react©o
gl ass wool wdeapiphwere $%|Qd1‘éiﬂbb’t6[tﬁhﬁﬁ@§&ajﬂthﬁée&<§%rdv@‘i remcmeﬂ&ﬁ@a 9 10

No;/elrrbe{ 2005th&@lcﬂ@ﬁﬁ9%ﬁﬁboﬁ@étét$.&?étéﬁﬁs@§ sksl Péh%t@lfé’édlﬁne’mﬁlr edDet OL t
catal ys ition s rted into
Che t op of> ¢ ReT ulroget AERRAIRTLE Gyt pie of B BRFBARRSE LRV { h et a
fittings, andaulkbe switthed torithersanwastd récaivar or bdreglagldublnglinador connected to
stainl ess st ,Z@ﬁ]te Attached to the
outl et side gﬁbt re%as%?ﬁs&g@h@ﬁ?g%ve@mﬁo?ﬁ%hglgﬁbQ‘Jgg@i@ tched to either a
wast e recei veirgpaieamphy 4800 Bhanalyses wese dopg 0B a3t Qﬁi\g lﬁ:E{Ys ef fl uent
to an inj ect agoldran of&@8l32shm :htegmisiaamétep@ap @ﬂdﬂhb&w(saentﬁé} anal yses were

done on 0 c§ dtegral dianeter,
suppl i eda}J@ J@W@E’Q@h‘t B?gaﬁgéa@é%ggﬁa%&y&#pﬁél %ﬂary phase was
cyanopr opy!| (rﬁeﬁb@lpoiy&ddxgah@ol:%d stigame corfaisied of niagen,@aseP¥s ed of nitrogen,

gaseous but I tai ni ng HCN
and also i n?ﬁ“ gl n EV% hex’gﬁééﬂ g%etgrﬁtr?é%lma‘%%id%ﬁgﬁgrﬂ%l?gﬂd%@g conbi ned

foed . streandngkd Phexana 36 gnigiemal Gl e8Pt zati on. The
15 reactor V\@rehmtvﬁfelprerma@i 1ol 1800040 bnsure cendpieté hapdrizatien.alhe es shown in

Shove thelspdeirorRaTHLEEq NP SO lite HE LIt shditihy | 10 2 1 ¢
A-F Gas- Phaselalieit oByedust samples waik gellesiad, generaliit evsiry haur- Eabla conpar at i ve

versions of tdhgwayik m&ba%rpéondhﬂhéﬂh@aemwﬁrﬂgs&@/@sgﬁs Cu(l) salts

di spersed on carbon which are eith mg\c ive or exhibit short-lived | ow
activity.: Controls A-F were run rocess conparable to that of

Exanpl es 1-6. Control E Sasvirhaserhhdedoyanation .of Butadiene

20 Controls A~F show comparative versions of the hydrocyanation of
butadiene using several Cu(l) salts dispersed on carbon which are either
inactive or exhibit short-lived low activity, : Controls A~F were run under a
process comparable to that of Examples 1~6. Control E shows complete
inactivity for Cu(0) dispersed on carbon, and Control F shows that

25  Cu(AN),OTf ion-exchanged into zeolite Y is nearly inactive, compared to
high activity when dispersed on Sibunit carbon (Table 1, Example 1).
Table 2 shows the specific reaction conditions and summarizes the
results.

Percent conversion of HCN was calculated as (measured GC area

30 % for PNs/measured GC area % for cyclohexane) X (GC response factor
for PNs} X (mmoles of cyclohexane fed per hour/mmoles of HCN fed per
hour) X 100. Response factor is the number, characteristic for each
compound, required for converting area percent to mole percent of PNs.
Percent Linear was determined as 100 times the ratio of GC area%

35 (3PN+4PN)/ GC area% (3PN+4PN+2M3BN). Percent selectivity to useful
PNs (3PN+4PN+2M3BN) was determined as 100 times the ratio of
GC area % (3PN+4PN+2M3BN)/GC area % (all PNs).

10



inactivity for Cu(0O) dispersed on carbon, and Control F shows that 25

Cu( AN) 40Tf ion-exchanged into zeolite Y is nearly inactiv,

hi gh activity when di spersed on Sibunit carbon (Table 1, @N&%%%i?&)éT bl e
2 shows the specific reaction conditions and sunmmari zes the results.
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In Examples 1~6, the percent conversion of HCN is in general
much higher than in Controls A~F.
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14 10 Novenber 2005 WO 02/ 092551 PCr1LI S02114607 In Exanplqﬁ 1-ﬁ, éE@
percent conversion of HCN is in general rnuch higher t han'4 e FHL A -F
5 15 10 Novenber 2005 CLAIMS 1. A process for the gas-phase hydrocyanation
of diolefinic conpounds, conprising reacting an acyclic, aliphatic,
conj ugat ed diolefinic conpound with HCN in 5 the gas phase in the presence
of a catal yst conposition conprising either: (a) a supported copper (1) or
(I'1) fluorinated al kyl sul fonate conpl e apgg (b) a copper (1) or (1)
conpl ex supported on a fluorosul fonated ort. 10 2. The process of Caim
| wherein the catal yst conposition conprises Conposition (a), a supported

copper (1) or (I3 fluopijateg 3 R3drBoy=PERoES dictefinl@SoRpRfRSS Of
Clai m 2 wherein t?ie fl ugrc{a%%t eamaelli‘iéflsdyg%go%t %ﬁﬁs 1? oietin b
trifl uor orret éRMEIFiNYIAAGLEg an acyclic, aliphatic, conjugated diolefinic compound with HCN in
5 the gas phase in the presence of a catalyst composition comprising either:
(a) a supported copper (1) or (ll) flucrinated alkylsulfonate complex;

or
(b) a copper (i) or (Il) complex supported on a fluocrosulfonated

support.

10
2. The process of Claim 1 wherein the catalyst composition comprises

Composition (a), a supported copper (1) or (Il) fluorinated alkylsulfonate complex.

3. The process of Claim 2 wherein the fluorinated alkylsulfonate is

16 ftrifluoromethylsulfonate.

4, The process of Claim 2 wherein the support is selected from the group

consisting of silica, alumina, and carbon.

20 5. The process of Claim 1 wherein the catalyst composition comprises
Composition (b), a copper (1) or (Il) complex supported on a fluorosuifonated support.

6. The process of Claim 5 wherein the fluorosulfonated supportis a
composite of a porous silica network within and throughout which is dispersed either a
25  perfluorinated polymer or fiuorosulfonic acid.

7. The process of Claim 1 wherein the diolefinic compound is substituted
with at least one other group which does not deactivate the catalyst composition.

30 8. The process of Claim 1 wherein the starting diolefinic compound is a
diolefin represented by the formula
R'CH=CH-CH=CHR?
wherein each one of R' and R?, independently, is H or a C; to C; alkyl.
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4. The process of aim2 wherein the support is selected fromthe group

consisting of silica, alum na, and carbon. 20 5. The proc 8 of d g{)%l
wherein the catal yst conposition conprises Conposition ( Yo "&%}5% ()
or (I1) conplex supported on a fluorosul fonated support. 6. The process of
Claimb5 wherein the fluorosul fonated support is a conposite of a porous
silica network within and throughout which is dispersed either a 25
perfluorinated polynmer or fluorosulfonic acid. 7. The process of Caiml
wherein the diole§inic 1S i it - WM e ot her
group which doeseén'ot dggéégﬂia\gg%goftcaaé (L:Jg\? éﬁ%@ttﬁgg%ggékt(%@HOEg%EBf@The process
of daim1l whdadigne.t he starting diolefinic conmpound is a diolefin
represented by the fornula R CH=CH CH=CHR2 wherein each one of Rl and R2,

i ndependently, is Hor a C, to C3 alkyl. 16 10 Novenber 2005 9. The process
of daiml whereit-t helks progessmf Claimrpwierdini HCN apd 1shbidadiene aretiotrodpged
process qf n@t%?eé%ﬁﬁ%tﬁod’t‘g\é ft dr Audt adi ene are introduced 5 into the
reaction w thout a solvent or diluent. . The process of Claim9 wherein
at |l east one of HCN and 1, 3-butadiene is dissolved in a solvent, inert to
the starting matey4 al t :at ; L fy 4 : tion
condi tions, pri o?”t'o Egﬁg‘ok%tsrdggzd%@ﬂ %%omﬁgé%% Zg't(':ét %CN%ﬂte 1&1%%%%'@&&

sol ution is Bajseeivedn peoleantiioent tosthe startingi materiala @nd &aihei catalyst commesiionr ocess
of daiml wigkei rﬁgﬁioﬁlc‘&}"\’dﬁi?ﬁs‘e ﬂ&rtﬁ?ﬂ@ing'irﬂ}o%ft.rb Mt ARREAAEN, BuR RMCh that
its nole rat1o to the catalys é8rrpOS|t| n, per hour of continuous feed, is
bet ween Hhouolsion isyaposiped priardo itg enttyinto the reaction.

12.  The process of Claim 1 wherein the flow rate of the diolefinic compound

is such that its mole ratio to the catalyst composition, per hour of continuous feed, is
between about 5:1 and about 100:1.
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