TI TLE COPPER- CATALYZED VAPOR PHASE HYDROCYANATI ON OF -
DI OLEFI NI C COVWPOUNDS Thi s appplication clainms the
benefit of U S. Provisional Application 5 No.

60/ 290, 294, filed May 11, 2001, which is incorporated
inits entirety as a part hereof. FIELD OF I NVENTI ON
This invention generally reklgtgs to a gas phase

proces n.of diolefinic
P onou e e BTSN PhE BYRoVARsTION OF
nitrites. In parti cuDLERKIE COMPrOUNDI el ates to a
gas phasenipt Mg d; td of . di p} efinic
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gti C; &(39 -%tggb &@Hﬁ%’b@‘)@howléicbmpﬁbmqn@teddtptbeentirety as
sal apartdiesgft sed on supports, including carbon,
silica, alumna and a r oxi des. 15
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pendxdeni triles so fornmed are further subjected to
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1 orm adi ponitrile (ADN) ,—Q&éﬁéﬁgal Iy inportant
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OV EffydiAct! prce rot
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hy APOEY a0 INeHZaicRs iodprn adippaitriie AR .ca cemmargially
st dmpedairbateriakindbé afanifaeturgof nglbg! ef i ni c, conpounds

- onien conp o ERvRdIheBlY arfubber Beatsies fafthes '
exdWgiosyanation gfhutadiene resmmdoded irethehiessid bhase, with all
Pr @iteRddritwdste HBpBEARRGKIEMEY 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 diolefinic, 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, H3PO4
and Al;O3; and U.S. Pat. No. 3,547,972 discloses the reaction of HCN
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reaction of HCN with ethyl ene over catal ysts
containing N salts, H3PO4 and A1203; and U. S. Pat.
No. 3,547,972 discloses the reaction of HCN 1 and

but adi ene in the gas phase over a m xed netal catalyst
contai ning copper chromte and activated copper
chromte, which does yield a mxture of

pentfithRriadianeds the,gasphaseges 3snised matal icatalys containing
3 pecrmcmn ehidniitd andactivatedpbeneitoiite! ﬁh;chl@wy 9re|d 4he

f 7
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eyt B OUerlls SR hiGh o ap bbb dp

th &V@ﬂ@tﬁ%@ efiic grodugls: pL&qw&vem in therolefinig @mm@ts sreproduced
10J. She%léi’ﬁfﬁc 8&33!9 Beadis, usﬁ@h’f G@W dd wih (e t‘np1e poid\308e

HGeDb smtn. gt ey S%@@E*@"vgﬁaﬁam b prociggonyar
197$ilpomillﬂl€€)2Ftﬁﬂ‘¢xaUIp& s8e869, 500, Asahi, March 4, 1975
+HCN+02 + CN The present invention provides a
cat@%zed%s phase process for 15 the hydrocyanation
&3, Asaplo LRIsa@hl bHS78 rapi d, sel ective, and

efficient. Wiile certain solvents or d| | uents can be

used in this-PEOGesST, o 2they eanbesel im
al together. Furthérnore, the catal yst ®onpositlon is

utilized as a stationary solid phase, which c

reduce the cost of catalyst synthesis, recovery, and
r edy-8l. 8,574s70e AsabiXK Kite, Apdipkds 4B7tost of by- product
waste. A corollary benefit is the reduction of the
cost of capital=equi pﬂ&crg}+0r;eeded for tl;g,@r ocess.
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CT\/
U.S. 3,578,695, Standard Oil, May 11, 1975
THON+0y ——> v
= | ~

- U.8S. 3,869,500, Asahi, March 4, 1975

==~ +HON+0Qy ——> + /’=<
g\/ 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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5 SUMVARY OF THE | NVENTI ON One enbodi nent provides a
process for the gas-phase hydrocyanati on of

di ol ef i ni ¢ conmpounds conprising reacting an acyclic,

al i phatic, conjugated diolefinic conpound with HCN in

the gas phase in the presence of a catal yst
ctl‘rqyntbemﬂn’(uhlﬁéd Bllogkfher. Fuphahicee tae ﬁﬂ@rys( do)n;ﬁi’smbh k9 utilized as
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t he gaé«npﬂnasembndltrleet poddena prafesa farah@gysphase hydrocyanation of

CHRTFc oy BRASI8 B et OIS b5 S
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ou#%é’eﬁ') B PpliA R Bporiack o BUS Sl lng The”

diairesulionatedsupparhthagby dxonipadite bt pbroue ilies estweek Within and

;ﬁ%@gﬂyﬁﬁg&sﬁgﬁ%?ﬂ%@r a log®@ert]q@?i%te§{;)§&yger %@uorosulfomc
sh@dti ng diol efi n| c compound may be 1-3-butadi ene. 30

A further errbod i nvol ves the introducti on of HCN
and 1, O el f%tSdJm‘f'fF%i?em?@ﬁ%Wer grsuphasedyrkpsyanation of

OdloﬁflhlueszpoNﬁds @ofnpfi éfﬁ@fea%%h H@ﬁ:‘hc i é?‘kﬁﬁéﬁte%onjugated diolefinic
butadi ene in_a

d| ssol vin | egst ,
RAQHNd i Hbﬁ{:Nt"& hape inige wa@sanpapga 5ai@lyst epmappsition

C@inﬁ!bri@’ig @.qua) & b@;ﬁbdﬂt@d Rbppdigl)of ﬁgtﬁu@ﬂné’c@@ Qlkwsﬁlﬂﬁ'rate complex
troduced Into the reaction, wt

g‘%ﬂ ?8ﬂpfb%'|(ﬁ3> r{hsSMplex $uppoigRd ?rbaufltigméwfwtqcmt@ppﬁe
react i URe pﬁm@&%ﬁd—@:@ﬁ&?&:ﬁ[b%%réwgok %ﬁ"ﬂi‘@\' The starting

st co |t|on useful in th ractice
p‘? @E%'P compe U Mg bﬁﬁcd'@la@%re&r@@a by the f@rmuda R;CH—CH-
fd:HECHmtvmérélh xbiSahd W&Wmo%benéém%w& P8, 8 C, alkyl. The
carrjer _that is neutral and has 'ow surface area.

starting diolefinic compound may be 1-3- butadlene

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.



5 conplex is one or nore netal cations together with
its associated anions. A preferred support is silica,
al um na, carbon and the like. Commonly used

techni ques for treatnent of supports with netal
catalysts can be found in B. C. Gates, Heterogeneous
Catal ysis, \a , ._.B. L. Shapiro, Texas
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G o IRl IR AL PR L™
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 preferably from about 155°C to
about 175°C. The temperature must be high enough to maintain all of the
reactants and products in the gas phase but low enough to prevent

deterioration of the catalyst composition. The particular preferred
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used, the diolefinic conpound being used, and the
desired reaction rate. The operating pressure is not
particularly critical and can conveniently be from
about 1-10 atnospheres (about 101.3 to about 1013
kPa). No 5 practical benefit is obtained when
operating above the upper linmt of this pressure

r ant@PergiNredepands de P axtentomrihe gallyst eprmpesition being
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R
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t tart di,ol ef
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ar eageteniirile o tojusom Uskige atinespherio grassures using multmmnyor
b t t
2 TR R BS5h Nircen K ptorad basse ar e low @és?iﬁr
TheGdsariuefdxyen, veatpowapodr,reramyother gasedxs Suﬂsl’ar&:e which

conioid Ract P MO, [ Fkdokr REAH TIPSl
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lsButprdd@cbw aréllcﬁﬁcpét?ﬂoéhi ﬁérrﬂft—:f?étﬁfé 860 B é&ﬁéﬁ?nfﬁ récb¥ered

ac B Gl BPAIRhA 2 Bt iinbiterolide can be sompisterom

i ndineae3-pentenehitiiie @nd drpentenisnitileolsy distiltationwi t h gr oups

WL Ch | arHeCiol@RAE bbitPhend ol ghaPh RTARHELN Hhiude”
folft H!gcwawﬁ}%gmﬁnsmtawng frons4 toal @ carbon atores; for

20r epnantpld 4/3-badish@bhd 6F dHdobrRid-PUhexaaRALE IBUtaARGe is

25

F h d
bt eERY prsirediiatsan oFBF B3 Meesel TmbtoReT ey
( 1,Bodugatianiof adu)omtnle Ritick-sDita Dle=distnic anpmmmnnluelach

g PQ:IuSléf e céﬁﬁon.'ﬁ?ds él@@ﬁﬁ%@@ﬂﬁ YoupsSwHitPlio AofdeddBvits the
c?étals'f\ﬁ: composmor%r example, cis and trans-1,3-pentadienes.

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.

CHp=CH-CH=CH»
(1,3-butadiene)
i

R1CH=CH-CH=CHR2
v
wherein each one of R? and R2, independently, is H or a C{ to C3 alkyl

NC-CHp-CH=CH-CH3
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(3PN CH2=CH CH2-CH2-CN VI (4PN) CH2=CH C(-CN)H CH3
VIl (2M3BN) In the practice of the hydrocyanation
process of the present invention, a reactor, such as a
tubul ar reactor, is charged in an inert atnosphere
with the desired catal yst conposition. The reactor
feed and exit lines are preferably purged wth an

i nert gas, such as nitrogen_,Vargon 5 or helium The
reactor is then heated to {3rNyesired tenperature,

ei ther under a continuous flow of inert gas or seal ed
fromthe anbient atnosphere. The reactor is.fed wth
t he desired diol ef i frldoeehgedpdHmEN HCN. These may be
fed together or separately, \gither neat or as
solutions in suitable sol Véﬁ%@ such as acetonitrile
or toluene. The 10 hydrocy ion reaction is,

however, preferably carried out without a solvent. If

any solvent is used,cmsmlch;(\z@mH_@ngul d be gaseous at
the reaction tenperature 2)2 pressure and inert

towards the diolefinic co und, HCN, and the

catal yst. Such solvents i@M3BM} hydrocarbons such as
hexane, benzene, or toluene, or nitriles such as
acetonitrile. 15 Wen the reactants are fed

cont i nUB ke praciise ofibe hydmsyanationdqiroerssadthe/present

eniplantief, 8 seavedr S%CW% S @E@toﬁq%rawgaé’d irrm{@. any
SRRSO A S Eh st e S
c ol lisee avenpreférably ipurgediivith gasmertigas) soctuas nitiogen) @rgon
C T et "Whe B8G0Ee thch R0 365hed o R~ wither
c Hl"&?g?&&lnﬁqu&owdéfrm%@ gasPr gealedh frosy tha@mbientpr ogr ess
of attiospherac tTheteactdt i fed Vit \teé YesitdtrdisiRAfie vonpblihd anl
S HHCHE 158 Bk % B RS il el pontiy <>
di ssildionaiire suiteblepgalvants rasich estdoptdnitriewarolubae. The nol e
Lsemr o ool BB
mﬁ?ﬁ&ﬁ' o BY seiNeRids Haedthe sobyent shosdd haygageous Bt the The
adeactiongemperatireeridpro$surbiandiimete fiw=eds theliolefinic
dBRInE! BENPYnd the catalyst. Such solvents include hydrocarbons
such as hexane, benzene, or toluene, or nitriles such as acetonitrile.
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
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 to condense all products to liquids. The flow rate of the diolefinic
compound preferably is such that its mole ratio to catalyst, per hour of
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.



series of exanples, as described bel ow. The

enbodi nents of the invention on which the exanples
are based are illustrative only, and do not limt the
scope of the invention. The significance of the
exanples is 5 better understood by conparing these

mbodi
for ml gff "8"?138"3 fiolfed SRS i illonfiGh ot doimtifled G
f cabeiesofgxamples, pgvieaeitime bofow. fTbEIembqulgnamtls obttieat ed
r ef mventi@soRvBichIRg exﬁﬁlb%'srbre EQS&%I%‘*II%%U@Q oﬁﬁ(’gﬁﬁl ?’?\I

2- butene trile tenenltrl
7 ot et RESR i uhrigh; (e o
$3e nb@ﬁm’mrlderstwi by epmpatingthesé eﬁa:todim@its Gﬁﬂ‘mavént@ﬁ Swth

Co S

S b come BRI, i R RSB i fotie
box ea@y g%ogﬁ'@mmorb obscioliewing abbrevnated references are used
(achereim.t (1 e)4--trifl uor omat hanesul f onat e (prepared

acc d| ng tog @%‘ﬁ%ﬁ Inorg. Synth. 1990, 28,
- was di' s %lntOSm_dry acetonitrile. 1.0
IQJ o?M BN2o n@slheﬁlybé-bslﬁmmtﬂlecar bon 7 (Boreskov Inst.

of 36 al ysi g,_ é}@gﬁgﬂ d sk, Russia), dried previously
%?, for In d@y 25 helium was added to the

soI n and f RN yrry was stirred for 15 mins.
TheANol vent \aaetoaimtporat ed under vacuum and the
resgyting s g s re-wetted with m ni nal
acetonitrile ar?’ -evaporated to help insure
LxonpNet e i ncHeptengnitdasof the copper material into the
carbon. The recovered catal yst conposition was stored
under nitrogen u]gtil |t 0 | gaded into the

hydr ocyanati on reg8 t& S iti
Copper (1'l') trifl uoromst h@dmg_uélf'malt e on Sl bunit carbon

ety RO Rkl 3 e
20c opper { Mgdes8 nitragen ftied @iﬁvﬁ s@ﬁﬁ@ﬁtmeﬂwﬁﬂpﬁdﬁ) for
t heacatppierlé)s)-trifigblometHarfediNORtE i(SRpared according to: Kubas,
G. J. Inorg. Synth. 1990, 28, 68-70) was dissolved into 5 mL dry
acetonitrile. 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(il} 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 coppet(l) salt.




Copper (') trifluoronethanesul fonate on EM carbon The
procedure to prepare Conposition 1 was repeated except
substituting 1 g of dry (850C in heliumfor 5 hrs)
20-40 mesh carbon 5 CX0648-1 from EM Sci ence (480 S.
Denocrat Rd, G bbstown, NJ 08027) for the Sibunit 7
carbon. Conposition 4 Copper(l)

trifl uoronet hanesul f ona&empasiEon 3ca The procedure of
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groups; 25 EeRper(hinfyosmaethanesuliraatefdnusiiass ul f oni c

3 il SGLER LCRRE Cobedio OB bbb hedhc,
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SRR 0 bk 3 9955 6 A o

rone cEg
&t‘?f‘ eriharhin Hiariar 6 2 ROSEGoMT, Page 803,51997).
Con'p03|t| on 8 Copper([)cqups@é,ﬂlmoantl nonat e on EM

r epS3PRy RSB B A bR B g phvatzed
(acetonitrile)4 hexafl uor oslhtta m)nat e
The procedure fo prepare Composition 1 was repeated except
substituting 1 g of silica derivatized with fluorosulfonic acid silane groups;
containing about 0.2 meq fiuorosulfonic 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
substituting 0.32 g copper(!) (acetonitrile)s tosylate (prepared according to:
Kroneck, P, et al., Z. Naturforsch., A 1982, 37A, 186-190) for the
trifiuvoromethane sulfonate salt.
' Composition 8
Copper(l) hexafluoroantimenate on EM carbon.
The procedure to prepare Composition 3 was repeated except
substituting 0.25 g copper(i) (acetonitrile), hexafluoroantimonate
(prepared according to: Kubas, op. ¢it.) for the trifluoromethane sulfonate
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(prepared according to: Kubas, op. cit.) for the
trifluoronethane sulfonate 8 salt. The final catalyst
was dried in flowng heliumat 150C for 1 hr then
stored under nitrogen. Conposition 9 Copper(l)

hexaf | uorophosphate on EM carbon. 5 The procedure to

ar osition 3 was repeat ed excep
pu‘ifgft ﬁlﬁ fl%)ceﬁah@t yag dppe in fowira belivsn at aﬁm °6) for 1 hr then

hestafdduardephidegbat e (prepared according to: Kubas,

op. cit.) for the trifluoronethape sulfonate salt. The
final catal yst conposi tﬁgﬂﬁ%ﬂ@%ﬁu ed in flow ng helium
at 150C f or Copper(l)xhexafleeropkesphatteon EM cavhem. 10
Conpos iTtieqsh é&j ERPpRIpak

p{ﬁ%@s%h ot ué(go B )%éggﬁf) IB%IH&E3%S%&%§ g edgcept
s ' g i |t')"ebmeaaﬂtugoremwhatﬂ{prap@red
t haecording tmoKubas Jamneit. )ﬁaﬂth@trﬁlh@rcﬁﬁéthand&ui@m@%lt TRE

1 I [ium
]fi]n geﬁ&j %@%ﬁ't@?’n as @éeog@rﬂowi@g%eg aiybﬁég%rﬁf ed

i rifen gt whdesitgggem. 25 g copper ([[) nitrate hydrate

di ssolved in net hanol ComitasBloHMoy was. -stirred then

evaporated to dr nat ed carbon was

then cal cined in 9\5(96 ﬁ@ ?BH:@{’ 8@9@ for 1 hr and

t hen cdoe @docedum)toxpreﬂiam Qerapoediliave was repédted egedp®

“ﬂbwﬁﬂ’@@&:%@% ) cARioe e Yor S oftafish e

- flu
BP #HeSAbgen until testing. Conposition 12 25

15
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25

30

35

Copper (1) exchanged zegbhigsition 19 of zeolite NaY
(LZY-52 from Al dri was.dried,at ,500C in flow ng
air for 4 hrs. Thi fmtai""ﬁécef‘l?f‘n ed into a

sol ut i drg @ffdry (8505C helipmeiot b hrg) &dé carhionrad dséribed above

: fheld Ao ki @'*'?’ﬂ""h‘?ﬂ?é%eé Boper{Th niffate AEGRRDNANGR in
TiHRStERely qﬁﬁé Iy s sifrestihen evapriatddn slyngssh The '
acmpmgnmadl omrisf waetrwnycamgnemmfﬂowmgﬁsermnﬁ EPYFCabr 20PC

f%"nd%hé“ go Cplgé‘g)efﬁﬁﬁe t'lﬁl’Le) sggﬁﬁrqﬂgtoﬁt{gat 2 mand;
he!d at 200°C for1 hr. The matenal was ﬂushed with nitrogen and cooled
and then stored undernitrogen until testing.
Composition 12
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)4 trifluoromethanesulfonate in 25 mL dry acetonitrile
in a nitrogen filled glove box and stirred for 16 hrs. The solid was filtered
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

An empty 0.25-inch (0.64 cm) diameter, 15-inch (37.5 cm) ong
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
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Percent conversion of HCN was calculated as {measured GC area
30 % for PNs/measured GC area % for cyciohexane) 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 fo mole percent of PNs.
Percent Linear was determined as 100 fimes 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).
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In Examples 1~8, the percent conversion of HCN is in general
much higher than in Controls A~F.
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LL O U 14 In Exanples 1-6, the percent conversion of
HCN is in general much higher than in Controls A-F. 5
15 CLAIMS 1. A process for the gas-phase

hydr ocyanati on of diol efinic conmpounds, conprising
reacting an acyclic, aliphatic, conjugated diolefinic
compound with HCN in 5 the(ggﬁMghase in the presence
of a catalyst conposition comprrsing either: (a) a
supported copper (1) or (I11) fluorinated

al kyl sul fon o) ) I . or (1]
compl of supsBeEsE i e ey Aok Eon ol Bl Splgpouncs,
Zonghigingressting anfacgtli, aliphatiherosjugated eliaefirdd gorhpound with HCN in

i ' AN . ort.ed
CRERaE bhasn HRTHE SRR, of R coRor @ e B EREG BT o
3. The prodess of s@pairted Zoppar(Bion(It)fleofinated alkgbetbnate complex;
al kyl sul fonate is 15 trifluoronethyl sul fonate. 4. The
process of Claim2 wherein the support is selected
fromthe gribup aconpes(l) ag(lptomplek sapparteddnafluaoslifonated
carbon. 20 5. Tf%%pgg)lqcess of Claiml wherein the
cat al yst conpositron conprises Conposition (b), a
copper (lI) or (11) conplex supported on a _
fluorosul f t . r A .
whor €17 t hel T SPSE e Fidim, Liihertiin? pARRREocpcsiBh Borhprises
Composition (a}, a supported copper (I} or (Il fluorinated alkylsulfonate complex.

3. The process of Claim 2 wherein the fluorinated alkylsulfonate is
trifluoromethylsulfonate.
4, The process of Claim 2 wherein the support is selected from the group

consisting of silica, alumina, and carbon.

5. The process of Claim 1 wherein the catalyst composition comprises
Composition (b), a copper (1) or (11) complex supported on a fluorosulfonated support.

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

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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conposite of a porous silica network within and

t hroughout which is dispersed either a 25
perfluorinated polymer or fluorosulfonic acid. 7. The
process of Claim1l wherein the diolefinic conpound is
substituted wth at | east one other group which does
not deactivate the catal yst conposition. 30 8. The

procesg est rth dl0|efInIC
conpound |sﬁz§’%'gb%§ gf%r@reprggrgm adiﬂ/ CHRA I
Poutaishie. CH=CHR2 wherei n each one of Rl and R2,

i ndependently, is Hor a Cl1 to C3 alkyl. 16 9. The

process of Claim1l wherein the diolefinic conpound is
1- 3-+ bl adi'Breeprotdss of iitaipr Debsreind CIGlamidm, B buladicat mrditioduced

mgﬁ%féa%@ﬁhﬁ a%%ﬁ, 6;&@3 ced 5 into the reaction

den 11. The process of Caim
9 wherein at | east one of HCN and 1, 3-butadiene is

di ssoled i the start

nat er i \gl s er rég‘%%égoqt%?@@‘gﬁe%grﬁ%% S? OB%O% Iﬂ%h‘earnd hybutadiene
riedissolved inanstilvantrisert forthe staringoeategals rahdcbﬁitlmem’htalyﬁt @omposition
t |yt i. ' i zed

et 825540 bAoA S ARt A2 BGuRl, Bl e
Glokdtion is Wmerlmdwpiidﬁéo ft$ eniry iatcethefreddtiendi ol ef i ni ¢

conpound is such that its nole ratio to the catal yst

conmposi tion, per hour of continuous feed, is between
about 12: 1 ding rrbeass of Orirh. 1 Wfterein 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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