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ADI PI C ACI D OR DI METHYL ADI PATE FIELD OF THE | NVENTI ON The present
inventi owoed/aoes to a process for the conversion of (1)PGrHpsetsmenitrile

to 5-cyanovaleric 10 acid or its corresponding esters,
to adipic acid and (3) nethyl 3-pentenoate to dinethyl

(2) 3-pentenoic acid
adi pat e. BACKGROUND
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i nvol ves fewer adbei¢oncidepsd M3 hreeysl thapentenocate to dimethyl

adipate.

BACKGROUND OF THE INVENTION

15 Two processes are known in the art for the

preparation of caprolactam from butadiene.

The first

process involves the following steps: (1) stepwise

addition of two equivalents of hydrogen cyanide to

butadiene to produce adiponitrile, (2) partial

20 hydrogenation of adiponitrile to form 6-
aminocapronitrile, (3) separation of 6-

aminocapronitrile from fully hydrogenated

hexamethylenediamine and unreacted adiponitrile, and

(4) hydrolysis of 6-aminocapronitrile and cyclization

25 of the hydrolysis product to produce caprolactam.

The second procegs involves the following steps:

(1) carbonylation of butadiene to methyl 3-pentenoate,

(2) hydroformylation of methyl 3-pentencate to methyl

5-formylvalerate, (3) reductive amination of methyl 5-

30 formylvalerate to methyl 6-aminocaproate, and (4)

cyclization of methyl 6-aminocaproate to caprolactam.

It would be desirable to develop a process that

produces fewer by-products than the above processes and

involves fewer reaction steps. A process that



- 1 WD 02/48094 PCT/USOL/ 46482 satisfies these needs could be based on
the carbonylation of 3-pentenenitrile to 5-cyanovaleric acid or its
correspomvdd nz48834 ers. The process to 5 produce caprol act arCwosdidsitsevol ve
the steps of: (1) hydrocyanation of butadiene to 3-pentenenitrile, (2)

car bonyl at i og,0f s Srpentienenitribe Lo, psoyangyal erdc c@cid or ester, and (3)

hydr ogenati on and cycli1zation of 5-cyanovaleric acid or ester to
capr ol act am cabdnmy loridhern tof devedoperesiccebsfud Procassyabariacti ve,

sel ective cat alc%/st t.hat ocgr%r at es élnder ml.d cga_céii tions for_the
carbonyl ati o~ ot ZF perit erenfTTYTROHES Ty RiRURCE T ehPts to produce
met hyl 55 cyarehadEredSrolade £ ARON B ef o Bed dHd 0t Spod Sopentenenitrile

were based on the use of a cobalt _catalyst. US patent 5,434,290 discl oses
the use of awvdsRNanaEten yaf Puppdtens e i _rvRENEBRHEFsi Y carbonic

di esters, ¢ :PJ%’@H I Ur é 't 270 bar to
convert 3- pgef:]t ener%% t rﬁ%&t?%%ﬁ% g cyanéc;\s/ta l(3?|;'aatge. E\;JS &%%%Jg%t 4, 508, 660
di scl oses a asidridmaregreaxcessnd b(d) usydgosendmims asd tdecht edteroredf sol vent

and CO pressures between, 14 tod35 I\/PaF T\k/&g rates of carbonyl ation reported
in this patent“@®VHTE 1T tPe FUrTover 9% [¢5P®al cul ated for 25

exanpl €13 of U. S.yPadidr 450880081 ¥ esudcds il /RbcedOUran A sinil ar

situation is described in U S patent 4,6933,483. Palladiumbased catal ysts
for the carbwyleri creldctblef¢asabet dilvttefoprratres Kied®r imitde art. U. S.

30 Patent 5’9(%§di7t3i40r§g sf%rosceﬁe achl?&r%?faﬂclo ntgﬂ‘? f—%e%%éf(gnitrile is

needed. Previous attempts to produce methyl 5-
cyanovalerate or 5-cyanovaleric acid from 3-

15 pentenenitrile were based on the use of a cobalt
catalyst. US patent 5,434,290 discloses the use of a
cobalt catalyst, an activating solvent comprising
carbonic diesters, carbamates or ureas and CO pressures
between 210 to 270 bar to convert 3-pentenenitrile to

20 methyl 5-cyanovalerate. US patent 4,508,660 discloses a
gimilar process, but using sulfones as the preferred
solvent and CO pressures between 14 to 35 MPa. The
rates of carbonylation reported in this patent are
guite low, the turnover frequency calculated for

25 example 2 of U.S. Patent 4,508,660 gives 1.52 mol/mol-
hour. A similar situation is described in U.S. patent
4,933,483.

Palladium-based catalysts for the carbonylation of
olefins and diolefins are known in the art. U.S. \

30 Patent 5,028,734 discloses a process for the selective
carbonylation of conjugated dienes in the presence of
an alcohol and a catalyst system comprising a halide-
free palladium salt, a bidentate phosphine ligand and

a protonic acid with a pKa value greater than 3. PCT



carbonyl ati on of conjugated dienes in the presence of an alcohol and a
catal yst systemconprising a halide- free palladiumsalt, a bidentate
phosphi navoby#segt and a protonic acid with a pKa val ue greatr/@sot4sase 3. PCT
- 2 WD 02/48094 PCT/USOL/ 46482 patent application WO 00/56695 di scl oses a

process for ?%Qﬁgaépé)%%%%%iﬁ Vg(g &OM:&984 egh di s by feacLionsy-th CO

and al cohol catalyst systemb5 1 ncluding a source of

pal | adi um cath®nsarophiesphor ust confegaied digees lnf stacctiom evMih R- X2 and
a source of nions.. The preferred |igands are baseaceiloq?a 9-t

phosphabi cyct n%rr@la]g? 0l 58° ERSRECR JiTHIE Y Br i WE¥Br R PCT

patent appliratl @i/ R8%6de 10F ASSTT AdEgm t Ber LUses Ofa thieo Sgidreat al yst
system for the carbonylation of ethylenically upsaturated conpounds. PCT
pat ent appl i ety OBIgRT Piledtripesre % afaly sangf at feureentfa

R1>P- R2- PR3 th k O rm interpal olefins. The
15 R1>P noi eﬁ/{?ésa gﬁ%ﬁﬁfﬁ%ﬁaﬁ%g%%%gt%%%ﬁﬁlg%plgl 3, 7}] delcyl group
where one orplmsshalhicidisomanibryabopst ar X’ epldac@dahy desbmobt ons, in

articul ar ox n. Commpari sons are nade betwee hosphi nes such as (M3C
g (CH2) 3P (Ie%;gc%e(%ﬂaggb) al?.FaTll?%t%t appl%cat{]on pWO9’P}]38964 ( )

P, P' - di {2- phaspbaidesd the -1 &L Bt iy | s6nd, ddralfd XA &y CEOr [Bhad. 11 { 3 . 7
} ] decyl propane (DPA3). Carbonet hoxyl ation of an’internal-Cl4 olefin
feed with acpabdrlammdrasedl edbnl §ricablngubRAldzared |¢gapeunds ves | i near

met hyl ester Wthp@qa"é‘;&e'l%t%@%f%’c%%%ﬂﬁé ?é/ﬁi’ rdésecrojf%élgoa
nmol / mol - hour. | n tont¥ast,  usitig as Ti‘gand undér i’ ndéenti cal
condi tions giyesl@dt Yof the formula R*>P-R*-PR’R* for the
carbonylation of terminal and internal olefins. The
15 R'>P moiety is a substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]deéy1 group where one or more of
the carbon atoms are replaced by heteroatoms, in
particular oxygen. Comparisons are made between
phosphines such as (MesC)P(CH,)3;P(CMe;) (DTBPP) and 1,3-
20 P,P’-di (2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.11{3.7}]decyl propane (DPA3).
Carbomethoxylation of an internal-Cl4 olefin feed with
a palladium-based catalyst using DPA3 as a ligand
gives linear methyl ester with 78% selectivity at an
25 average rate of 120 mol/mol-hour. In contrast, using
DTBPP as ligand under indentical conditions gives only
an average rate of 5 mol/mol-hour.
PCT patent application W096/19434 and Chem Comm.,
1999, 20, 1877-1878 describe the use of bidentate
30 phosphines such as (di-t-butyl phosphino)-o-xylene for
the carbonylation of ethylene to methylpropanoate. The
patent application describes catalysts using these
bidentate phosphines as being unable to carbonylate

propene. One skilled in the art might reason that if



an average rate of 5 nol/nol-hour. PCT patent application W96/19434 and
Chem Conm, 1999, 20, 1877-1878 descri be the use of bidentate 30

phosphi nag0 su¢t9as (di-t-butyl phosphino)-o-xylene for theTwasbomz ation
of ethylene to nethyl propanoate. The patent application describes

catal ysts usjng these i dent at h hj in t.0 carbonyl at e
pr opene. Oneé%%ll (faé%a}}ﬁ&f%ea%er taebnf%ﬁfgr(léaang%%gf%%?e i %g@&%@ lE)“i‘7p48094

PCT/ USQOL/ 4648211 stis hcasb@hyBidtse areopdhe 410 @y bopytead aletdytene, but fail

to carbonyl ate propene at any appreciable rate,, then these sane catal ysts
woul d be | nacheVetheRS RIS %%ﬁ%ﬁﬁ%t‘?’%‘#%?b? MRA T VoI &Y e

Sur pri si Bl Yoathes a‘@f&r@ld@tﬁ’l@éﬁlé@l@léﬁﬁ@ﬂv%ﬁrﬁ@iéﬂ%{ﬁaltﬂ’é@é! n,
nanely 3-pentenenitrile, to the corresponding |inear carboxylic acid,
nanmel y 5-cyarvaleste act by te sconvdyt astmgdrnalddiiedial |y these

o e s el E A SR TR T0h O G B | o

The present dawiedityDic | ScBd Progessy forcpioskiel et c 18ci{d) (@ cidgpound of the

formul a NG CH2- CH2- CH2-CHZ-CO2R , wherein R is Hor Cl1 to Cl12 al kyl, or

(2) adipic &ML orsteny) di MAFELRAbEY Ehetppia s e tcdMER 13 a

substra S C 1 : [ES ( d (C© wherein
k) 2%8,&&%&?19@ t%ﬁ% %&%&% é&i{ﬁ% i 3@ )

substrate ( is 3-pentenenit ) erein s rate I's 3-pentenoic
acid, and wheren substylat®e -fad)tersoatet hyd Bimparitehoatigpate.

SUMMARY OF THE INVENTION

The present invention is a process for producing

15 (1) a compound of the formula NC-CH,-CH;-CH,-CH,;-COR’,

wherein R’ is H or C; to C;; alkyl, or

(2) adipic acid, or

(3) dimethyl adipate,

comprising:contacting a substrate selected from the
20 group consisting of (A) (B) and (C)

wherein substrate (A) is 3-pentenenitrile,

wherein substrate (B) is 3-penteﬁoic acid, and

wherein substrate (C) is methyl 3-pentenocate,

with a nucleophile (a), (b), or (c), respectively,
25 wherein nucleophile (a)is alcohol or water,

wherein nucleophile (b) is water and

wherein nucleophile (¢) is methanol,

and carbon monoxide, in the presence of

a Group VIII metal;
30 a ligand of the formula



wi th a nucleophile (a), (b), or (c), respectively, 25 wherein nucl eophile
(a)is al cohol or water, wherein nucleophile (b) is water and wherein
nucl eophiwe@ 0£/¢3094 s et hanol, and carbon nonoxi de, in the perpvsncwse a
Goup VIl netal; 30 a ligand of the forrrula - 4 WD 02/ 48094

PCT/ US01/ 46482 4 R7 R8 A4 C C \P XP R6 /C/ \CD12 R5 R4 Rl o
\R11 wherein R a substi tedR)q' unsubstituted bridgi ng group

sel ected fro th\e\ roup consi st ga di valent aryl, a divalent alkylene
group, and a ivakent conbi nati aI kyl ene and ar omati c groups; and
wherein R1, R4, R7, p dependently are H 10 or C1 to Cl12 al kyl;
provi ded that R2 , R8, , R, and R12 , independently are
Cl to C12 al I—eC cycl oal kyI @\hefR R2 and R3; R5 and R6 ; R8 and R9 ;
and R' and R12 @y\be t aken t ogét 1£0 forma cycloal kyl group; 15 and a

promoter, sai dFpronpfer conpriithg ™ strong acid having a pKa in water of
| ess than 1 and, when the nucl eoph| le is water, at |east one carboxylic
acid. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Di scl osed herein is a

process for preparing

5 X is a substituted or unsubstituted bridging group
selected from the group consisting of a divalent aryl,
a divalent alkylene group, and a divalent combination
of alkylene and aromatic groups; and
wherein R', R*, R7, and R'®, independently are H,
10 or C; to Ciz alkyl;
provided that R?, R?*, R®, R®, R®, R®, R', and R'?,
independently are C; to C;» alkyl or cycloalkyl,
wherein R? and R®; R® and R%; R® and R®; and R' and
R'? may be taken together to form a cycloalkyl group;
15 and
a promoter, said promoter comprising a strong acid
having a pKa in water of less thanll and, when the

nucleophile is water, at least one carboxylic acid.

20 DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein is a procesgs for preparing
important, commercially useful compounds, each having
various functionality. The catalyst, which is the metal
plus the ligand, involved in the process of the present

25 invention are very active and selective for the
carbonylation of 3-pentenenitrile when compared with
other prior art catalysts based on ligands such as 1,3-
P,P’-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.11{3.7}]decyl propane and 1,2-

30 P,P'bis(1,5-dimethyl, 9-phosphabicyclononyl)ethane.
- 5 -



i nportant, commercially useful conpounds, each having various
functionality. The catalyst, which is the netal plus the lIigand, involved
in the pmooeys30ef the present 25 invention are very acti vERCEOS0Is®USECt | ve
for the carbonylation of 3-pentenenitrile when conpared with other prior
art catal yst | L.gands

PP - di (22 ph'%ﬁé%ﬁffqarg&% <57Et 3 raﬁ%@%@ 1]r1\;3entlon are bidentate
trioxatricyglopRi3indd Boﬂ}t}moyén@wmbaﬁmrrmm Isl2o@0 B Rwi s( 1, 5- di net hyl

9- phosphabi cycl ononyl )ethane. - 5 WD 02/48094 PCT/ USOLl/ 46482 The |igands
of the present invention are bident ate phosphi nes of the general fornula
shown bel ow. R2 R8 R3 C~ \P XP RE/C \CRL2 5 R5 R4 R10
\R11 wherein R substitu /Runsubstl tuted bridging group selected
fromthe grgﬁ |sting of a t aryl, 10 a divalent alkyl ene
group, and di vaMept conbi nat i IkyI ene and aromatic groups; and
wherein Rl1, R4, R7, pndependently are H or Cl to Cl12 al kyl ;

provi ded t hat , RS\ R8 y R9, R', and R12 15 independently
are CL to CiRS—atrkyl or cycl oal I(;‘/-I——R\A%er ein R2 and R3 : R5 and R6 ; R8 and
R9; and R' and 2 be taken/t\bﬁﬂher to forma cycl oal kyl group.

Exanpl essof sultabl X groups R1noc e, but are not Ilinmted to, the

foll ow ng: _
9 wherein

X is a substituted or unsubstituted bridging group
gselected from the group consisting of a divalent aryl,
10 a divalent alkylene group, and a divalent combination
of alkylene and aromatic groups; and
wherein R', R*, R’, and R'®, independently are H,
or C; to Ci; alkyl;
provided that R?, R?®, R®, R®, R%®, R®, R', and R'?,
15 independently are C; to Ci; alkyl or cycloalkyl,
wherein R? and R3®; R® and R®; R® and R?; and R™ and
R'? may be taken together to form a cycloalkyl group.
Examples of suitable X groups include, but are not

limited to, the following:

20
- (CH,) n-
1,2-cyclohexyl
25 0-CgHy
-CHCH;-CHCH, -
ortho- CH,-CgHy -
30

Examples of suitable specific ligands include

Ligands 1-5, shown below, wherein (tBu=tert-butyl).



20 - (CH2) n- 1, 2-cyclohexyl 25 o0-C6H4 - CHCH3 - CHCH3 - ortho-CH2- C6H4-
30 Exanpl es of suitable specific ligands include Ligands 1-5, shown bel ow,
wherein W@®oz4sep4 - butyl). - 6 WO 02/48094 PCT/ US01/ 4648PCT/BSt1Bsy2 (t Bu) 2
P(tBu)2 P(tBu)2 Ligand 1 Ligand 2 (t-Bu)2P P(t-Bu )2 (t-Bu)2P P(t-Bu)?2
(t-Bu)2P ,,,~ P(t-Bu) IQﬂhbggand 3 Ligand 4 Ligand 5 Suitable Goup VII

, nickel’7 10 pal | a¢h tBuppdi um and pl ati num
he pal | adi um catal yst used in the
¢ntion may be provided in the formof a palladium
conpl ex of t O fied bidentate phgsphine. It may al so be generated in
situ by addi ng ™ SQU t@ pal | adi um an8(@BWpurce” of the bidentate
phosphine to the reaction. g?table sources of palladiuminclude palladi um
car boxyl ates, such asgapdl hadi um acet ate, pPigpidate, butyrate or benzoate
and palladiumsalts of mneral acids. Further sources 20 include pall adium
conpl exes such as palladium acetyl acetonate, tris(di benzyli deneacetonate)

(t-Bu),P P(t-Bu), (t-Bu),P. P(t-Bu),
(t~BU)2P\/\P(t-BU)2

Particul arly
process of t

Ligand 3 Ligand 4 Ligand 5

Suitable Group VIII metals include cobalt, nickel,
10 palladium, rhodium and platinum. Particularly |
preferred is palladium. The palladium catalyst used in
the process of the invention may be provided in the
form of a palladium complex of the specified bidentate
phosphine. It may also be generated in situ by adding
15 a source of palladium and a source of the bidentate
phoéphine to the reaction. Suitable sources of
palladium include palladium carboxylates, such as
palladium acetate, propionate, butyrate or benzoate and
palladium salts of mineral acids. Further sources
20 include palladium complexes such as palladium
acetylacetonate, tris(dibenzylideneacetonate)
dipalladium.
Some examples of suitable nucleophiles are water
and primary and secondary alcohols, such as straight
25 chain and branched lower alkanols.
Some examples of suitable gpecific promoters
include strong acids (pKa in water of less than 1),
gsuch as methanesulphonic acid, chlorosulphonic acid,

benzene sulphonic acid, trifluoromethane sulphonic
- 7 -



di pal  adium Sone exanpl es of suitable nucl eophiles are water and primary
and secondary al cohols, such as straight 25 chain and branched | ower

al kanol s w@ormsoexkanpl es of suitable specific pronoters iPCTUd&/®8820ng
acids (pKa in water of less than 1), such as nethanesul phonic acid,

chl or osul phopi 4 aciyhen hoNZ R RURON G AGHthedt 'a(ﬂ&'oék%*‘?élf}%lﬁra%é phon' c -
7 WD 02/ 48094 PCT/ USO01/ 46482 aci d.” 'When the nucleophile is water, and the

substrate ils 3pentememitills, tHe atrmrg; ast,frndi nmmtti@em‘r@nmﬂ with at
| east one car g{(yl |§LaC| d, such as acetic lgrag |on| C. CI d, . benzoic
C

acid, o-tol Ubi SR oI TR LD aCl oI Ut i< t'IJh aHdi i on of

at | east SOHQ)rdiﬂch@tyM@lcﬁ,Cl]ﬁbrCz'iﬂ.cb%dﬁfd dwﬂdnm&lydcfd,peﬂmmwle; but it
is not necessary for the process to acheive_the conversion. 10 The process

may be carridsd uto%tp“d:‘?]é%ﬁfé% AGE i The RIGHNRN AL Ao ke ®Rfrees C to
about 150 d he range of
A é%ﬁl tabl e sgﬁv }p%éﬂ@l-pj ?e;r?{&d&é ?

about 200 to about 2000 psi ents are on nmore aprotic
sol vents 1%wuch: ass etdiernsscassprifEithyhetdercesh dtdddmsivy b

di nret hyl ether, anisole; aromatic conpounds, e.g. benzene, toluene,
o-xyl ene, mSGTETE P xyl ene; al kanes, e.g. hexane, heptane; nitriles,

e.g. agetonitrilme herzaHd mdse, bAWHRNIA] i ANtk esdnicSratdfre.ih Met hyl
benzoate, ethyl acetate. The reaction also can be carried out using the

substrates &f alagsifolof akiwr 8tatdagnees He tolakgitt 150 degrees C

and a carbon monoxide partial pressure in the range of
about 200 to about 2000 psi.
Suitable solvents are one or more aprotic solvents
15 such as ethers, e.g. diethyl ether, diethylene glycol
dimethyl ether, anisole; aromatic compounds, e.dg.
benzene, toluene, o-xylene, m-xXylene, p-xylene;
alkanes, e.g. hexane, heptane; nitriles, e.g.
acetonitrile, benzonitrile, adiponitrile; and esters,
20 e.g. methyl benzoate, ethyl acetate. The reaction also
can be carried out using the substrates and alcohol
and/or water as the solvent.
The molar ratio of the substrate and the alcohol
or water can vary widely in the range of 1:1 to about
25 1:50, preferably between 1:1 to about 1:10. The molar
ratio of the substrate to the Group VIII metal can vary
widely in the range about 10:1 to about 10000:1,
preferably in the range of about 100:1 to about 2000:1.
The molar ratio of the ligand to the Group VIII metal
30 can vary widely in the of range 1:1 to about 50:1,
preferably in the range of 1:1 to about 5:1. The molar
ratio of the strong acid to the Group VIII metal can
vary widely in the range 1:1 to about 50:1, preferably
in the range 1:1 to about 5:1. The molar ratio of the



The nolar ratio of the substrate and the al cohol or water can vary w dely
in the range of 1:1 to about 25 1:50, preferably between 1:1 to about

1:10. Thavomoi/#8094 ati o of the substrate to the Goup VIII PetT/@bocammsvary
widely in the range about 10:1 to about 10000:1, preferably in the range
of about 100 t 0 h t Lgand to the G oup
Uit et s ebd P% afed) tgﬂ Eh%hgr%?gﬁfg §94 8 AR ne o207,

preferably |hetheenamgéemy 1n1the Aoy 5bdutThe1nbbaabouat1@O©®.1he strong
acid to the Go g metal can var¥ dely in the range_1:1 to about

50: 1, prefer%B?€ r?h Yhénrﬁhﬁerﬁniet% Pt il FRe? g 2P8Yi 0 of the 8
WO 02/48@p4 PCT/ L@Q&&ﬁ@é&ofcgﬁp@émé%f&éﬁtagetmgggaaagpai/é%lmgl can
vary between wi dely the range about 0:1 to about 10000:1, preferably
in the rangetd¢u%hbuPhQSRhEbOhb©u3Y2®@© andSbE&aﬁéleé bﬂtxhltable bi dent at e

| i gands are hos | ene

phosphi no) h? éﬁh sﬁalp?gﬁutyfsgﬁ%spﬁg%% f ggﬁiﬁog %%Pgﬁ%escribed
in J.Chem S@@s b&ﬁmdeébﬂmae&%ﬁ J.386&m. a.BdclI Cﬁemadeojam treasj ng

0- Br CH2C6H4ACH2Br wi th 10 HP(t - BU%Z and subsequent reaction with a base. Bis
(di -t-butyl %ﬁ%spﬁ?ﬁo}tp%ﬁp@ﬁ@eh beent Hed cp r BedH rsHe GHB e M e, |, Dal t on
Trans., 11995 863p, ANGAd disdBlRndYd£AGNG, k13- Sliduompropane wi th

Li P(t- BU 2 |n tetra y rof uran as solvent. 15 The carbonyl ati on process of

t he present (dnvbﬂbubylcphOBphpeofQpn@mbmalh@ajbe¢ns@ﬁﬁecbhednU@usly or

conti nuously efer ny nti uous 0 oper tion, |s used because
o Taoust Y. EhEher BOLY BaT00L! BHHS. 08T, %hes PPERE" 10" L ondizS

by reacting 1,3-dibromopropane with LiP(t-Bu): in

tetrahydrofuran as solvent.

15 The carbonylation process of the present
invention can be performed batchwise, semi-continuously
or continuously. Preferably a continuous manner of
operation is used because it allows for higher molar
ratios of substrate to the Group VIII metal and lower

20 residence times. The products of the carbonylation of
3-pentenenitrile with methanol are methyl 5-
cyanovalerate, methyl 4-cyano-2-methyl butyrate, and
methyl 3-cyano-2-ethyl propionate. The products of the
carbonylation of 3-pentenoic acid with water include

25 adipic acid, 2-methylglutaric acid, and 2-ethylsuccinic
acid. The products of the carbonylation of methyl 3-
pentenoate with methanol include dimethyl adipate,
methyl 2-methylglutarate, and methyl 2-ethylsuccinate.

The invention is illustrated by the following non-

30 limiting examples, in which the following terms are

defined as indicated:

linearity: 100%* [Moles of linear isomer]/[Sum of all

isomers]



rati os of substrate to the Goup VIII netal and | ower 20 residence tines.
The products of the carbonylation of 3-pentenenitrile wth nethanol are
met hyl 5wayzamsoval erate, nethyl 4-cyano-2-net hyl butyrat epCEUS01/45882hy |
3-cyano-2-ethyl propionate. The products of the carbonyl ation of

3- pent enoi ¢ i wat e§ & Rgl gl L1 2-gBLhyl gl utaric acid,
and 2- et hyl s%%il:‘?en]}'t\%i(g&ébi d?é%hgg%}!r}%@u%fs%]aﬂ%]ﬁ%@%ar%]oony‘f}gt?on of nethyl 3-
pent enoat e W Slbsetdaabd i dhed el mditnietlhyoradingates; iomethygdubstrate

2-methyl glutarate, . and neth - et hyl succj nate. The i i i
i ust Lared SHLErGiTORY bu mi0ROHSLEY oF i iTeRT cndnrel! PRt fathe
fol l owi ng t eprBg@ees getiénediasyi adi gadpgsis] nearity: 100*[ Mol es of |inear

isomer]/[Sumof all isoners] 9 WD 02/48094 PCT/US01/ 46482 conver sion:
100* [ Subst rE@®] (yurspipstr arepuendrier e (NSlesteht £}192Fs the initial

or oduct ]/ | s a8 7 B934 €a 3 SELIAN B! Salyei's) TOR (1 ur nover

frequency): [Mdles of linear product]/[Mles of palladium [hour]
EXAMPLES 10 Exanple 1: Synthesis of Ligand 1 Di-t-butyl phosphine (5.0 g,
0.0342 nmol) was added dropw se to & tn of a, a' - di br ono- 0- xyl ene

(4.51 Q.0 0. Bdfdpi®! 1. | ByrEnakigcstonegamg 1eft to stir for 36 hours at
anbi ent tenperature in a nitrogen drybox. 15 After renoving the acetone

under vacuum theDiestbutng phbspeinel (T des. ro ne2d2 wieh) evareraddedier

nitrogen. a dropwise to a solution of a,a’-dibromo-o-xylene (4.51

g, 0.0171 mol) in 50 ml acetone and left to stir for 36

hours at ambient temperature in a nitrogen drybox.

15 After removing the acetone under vacuum, the resulting
white solid was rinsed with ether. Under nitrogen, a
solution of sodium acetate (12 g) in water (30 ml) was
added to a suspension of the dry white solid in ether
(150 ml). The product was extracted under nitrogen

20 with ether (2 x 150 ml) and dried over NaSQ,. The
combined ether layers were vacuum-stripped to yield 1.5

g of yellow solid (22% yield). 3P NMR (Ce¢Dg): 25.1

ppm.

25 Example 2: Synthesis of Ligand 2
Lithium di-t-butylphosphine was prepared by
reacting di-t-butylphosphine (5.0g, 0.034 mol) with n-
butyl lithium (21.0 ml, 0.034 mol) at ambient
temperature under nitrogen with stirring overnight.

30 Four grams of the white solid were recovered by
filtration (78% yield). 1,3 Dibromopropane (1.27 g,
0.00629 mol) was added dropwise to a solution of
lithium di-t-butylphosphine (2.0 g, .0132 mol) in 50 ml

THF and left to stir at ambient temperature overnight.

- 10 -



solution of sodiumacetate (12 g) in water (30 mM) was added to a
suspension of the dry white solid in ether (150 ml). The product was
extract eavanziegooni t rogen 20 with ether (2 x 150 m) and dpCrES@v4Is2NaSO4.
The conbined ether layers were vacuumstripped to yield 1.5 g of yellow
solid (22% yi ; (@Qﬁ% : M 2. t hesi s of

Li gand 2 Li tjﬁﬁj%d?? -E%tyr\f)hosp |ﬁ%g%ép$%§hr%%e%m£§8t?%§y§ ,

di -t -but yl pheosphimee¢ o Dgat &d 084omothe wredidue bat yh hinhinaim (21.0 ml, 0.034
nol) at anbient tenperature under nitrpgen with stirrin vernight. 30
Four grams OfoTHE At { L8 oPFHE REPEFT ebbher ok B £ P EPEE Loy (T4 yi ef )

1, 3 Di br gnoprigpapentdne wds rOd062 % H0f)e V@S] asldedoflr 69V EEE® @i B0l ution
of lithiumdi-t-butylphosphine (2.0 g, .0132 nol) in 50 M THE and |eft
to stir at ah®?enty: r at Gr 8MBydFrPghit 27.- 31.PP™WD 02/ 48094 PCT/ US01/ 46482
After conpletely renoving the THF, the lithiumsalts were precipitated
fromthe residue with mninmal pentane. The salts were filtered out

conpl etel y aixhriiplde3 peCharibenatloxylhichoh taf yv3 gpentiedbigrbiecwldnl ess oil
(69 o yield)_ , 31 MR (C6D6) : 27.3 ppm Exanple 3: Carbonet hoxyl ati on of
3- pent eni t ri PEI3R Ligand 1 10 A 100 ml Hastelloy B air motor stirred
Parr (brand namg 1E@RGhDIHGSe1pades M+t SOl 4itisrRe@fpihe (hlAowW ng
conposition: 25 g MeOH, 52 ngy fal |'adi um acetate, 32 g 3-pentenenitrile, 29
| et hanesul @Ml rer¢ir (wad 11 gadedi wiitlorabeprenkormndf 0thg5g Li gand 1.

following composition: 25 g MeOH, 52 mg palladium
acetate, 32 g 3-pentenenitrile, 29 pl methanesulfonic
acid, 0.511 g o-dichlorobenzene and 0.135g Ligand 1.

15 After pressurizing the reactor to 500 psi of CO at the
final temperature of 100 °C, the reaction was monitored
by GC during the five hour run. Results for linearity,
conversion, selectivity and turnover frequency (mol/mol

h) are listed in Table 1.

20
Table 1
Time
[min] Linearity | Conversion | Selectivity TOF
0.00 98.50 38.05 59.88
15.00 98.38 54 .97 65.25 2336.15
30.00 98.31 63.88 67.88 14159.55
45.00 98.26 68.56 70.60 1064.50
60.00 98.22 71.95 73.25 877.53
90.00 98.15 77.39 78.61 672.62
120.00 98.10 81.85 83.28 567.61
180.00 98.03 89.63 90.18 447.07
240.00 97.99 94 .74 94.10 371.72
300.00 97.98 97.60 96.25 313.75

- 11 -



15 After pressurizing the reactor to 500 psi of CO at the final
tenperature of 100 C, the reaction was nonitored by GC during the five
hour runw®exudops for |inearity, conversion, selectivityrPaendSeuucaszyer
frequency' (mol/nmol  h) are listed in Table 1. 20 Table 1 Tinme [m n]

Li neari t { Oy S LVl 0) 15,00 98. 38
R i i S R AN R 1o o S A5 PR
70. 60 1064. SRig®HPI 0B 98.22 71.95 73.25 877.53 90.00 98.15 77.39 78.61

672.62 120.00 98. 10 81.85 83 567.61 180.00 98.03 89 63 90..18, 447. 07
540,00 9799 94, EHA A I 15 DD TEU e TRt B IR 11 11" o
02/ 48094 sPCT{ hiS0d+ 4648 2re ExaDl Bed: i Lt onBl Hoxy| Ré @D 8f FSrpentenitrile
with Ligand 2 Ligand 2 (0.122 g) was substituted for Ligand 1 in 5 the

procedure outineRiEl Y EXQRDEESBON R @G FGFEY |3R@aFRFROVRBNVer si on
selectivity fgg%%géf&tfﬁ%%£#§gq@gcgrénpiég%? ) RALglisted in Table 2.

Table 2 Tine nverston Selectivity TOF 0.00 94.55 19.24
42. 53
Table 2
Time
[min] Linearity | Conversion | Selectivity TOF
0.00 94 .55 19.24 42 .53
15.00 93.87 30.58 52.42 323.20
30.00 93.69 47.50 57.70 282.29
45.00 83.61 59.31 61.13 251.21
60.00 23.60 63.96 63.03 210.66
20.00 93.54 69.91 66.51‘ 162.56
120.00 93.58 72.70 68.92 132.14
180.00 83.52 78.28 73.58 101.10
240.00 23.54 81.92 72 .22 83.80

10

Comparative Example A
1,3-P,P’-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-

trioxatricyclo[3.3.1.1{3.7}]propane (0.149 g),
prepared as desgcribed in Example 1 of PCT patent

15 application WO 98/42717, was substituted for Ligand 1
in the procedure outlined in Example 3. Results for
linearity, conversion selectivity and turnover

frequency (mol/mol h) are listed in Table 3.

- 12 -



15.00 93.87 30.58 52.42 323.20 30.00 93.69 47.50 57.70 282.29 45.00 93.61
59.31 61.13 251.21 60.00 93.60 63.96 63.03 210.66 90.00 93.54 69.91 66.51
162.56 MWO00DE@0IB. 58 72. 70 68.92 132.14 180.00 93.52 78. PET/TS015648201. 10
240.00 93.54 81.92 72.22 83.80 10 Conparative Exanple A

1, 3-P, P -di (ggphospha-1, 3,5, 7-tetranet hyl -6, 9, 10-

trloxatrlcyclo[3 3.1, 1f3 7}l propane (0.149 g), prepared as described in
Exanpl e 1 off PCImpat ent 15 applilcati on WO 98f 42717, was substitutegd for
Ligand 1 in theigr o¢cmineanity i nednirarkkxanp| Seleckéstiltys| f oTOF| i nearity,
conversi on del ecbpvily agd gurnqver o4 reqguency (wml ggol h) aredigted in
Table 3. - 12 WD 02/48094 PCT/JS01/46482 Table 3 Time [nmin] linearity
Conversi on $elkxtq¥iqy TG 8@ OC 89.%7. 1J6. 79| 84. 86-0100 [154J0489.|85 37. 11

85- 71 641- 4: [a¥al Fa¥al nn 7") A0 nr* 7’\ NOC f\f\ AL 9- Io /Iﬁ- N A hf'- 95
292.66 60.00 BO &3 £ 7§98§8 242 %5 %0, 0D 898§37§9 o1 8¥38%4d2. 93
120. 00 89. 71 6& % 8T, 5% 4% 51 TS0 89 70 68522987, 78 T &% 1240. 00
89. 70 71.39 |87 89 8188

60.00 89.53 52.72 86.99 242 .50
90.00 89.63 59.94 87.38 182.93
120.00 89.71 63.98 87.53 145.51
180.00 89.72 68.22 87.78 104 .46
240.00 89.70 71.39 87.89 81.88
300.00 89.70 72.93 . 87.87 67.25

Example 5: Hydrocarboxylation of 3-pentenitrile with

5 Ligand 1

A 100 ml Hastelloy B air motor stirred Parr (brand

name) reactor was loaded with a solution of the
following composition: 34 g diglyme, 54 mg palladium
acetate, 10 g 3-pentenenitrile, 46 mg methanesulfonic

10 acid, 0.5 g o-dichlorobenzene, 0.143 g Ligand 1, 5 ml
degassed water and 10g degassed acetic acid. After
pressurizing the reactor to 500 psi of CO at the final
temperature of 100 °C, the reaction was monitored by GC
during the five hour run. Results for linearity,

15 conversion, selectivity and turnover frequency

(mol/mol h) are listed in Table 4.

- 13 -



300. 00 89.70 72.93 87.87 67.25 Exanpl e 5: Hydrocarboxyl ati on of
3-pentenitrile with 5 Ligand 1 A 100 mMl Hastelloy B air
(brand maoe)/i4s0eect or was | oaded with a solution of the POT/USH/46¢82

conposi tion:

34 g diglyne, 54 ng palladium acetate,

46 ng net hanggyifopic 10 acid, 0.5 g o-dichl orobenzene,

m

degassed_wat er and | og degassed acetic acid. After

not or sti

0.143 g Li
Dr essur i zi

rred Parr

10 g 3-pentenenitrile,
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ng the
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was nonitore

00 Tigie of
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IgGheari e
during the

fQaratersiamp
five hour r

b iISathercd igfi t30
in. Results f
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131.10
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| 098: 80 1.
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gl: 96r-dpar ed
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bed in
Ligand 1

Comparative Example B

1,3-P,P’-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-

trioxatricyclo[3.3.1.1{3.7}]propane (0.149 g),

prepared as described in Example 1 of PCT patent

10

application 98/42717, was substituted for Ligand 1 in

the procedure outlined in Example 5.

linearity,

conversion,

frequency (mol/mol h) are listed in Table 5.

Results for

selectivity and turnover

Table 5
Time Linearity | Conversion | Selectivity TOF
[min]
15.00 86.08 1.45 71.%96 89.04
30.00 86.34 4.75 77.06 68.09
45.00 86.64 5.48 78.72 57.18
60.00 86.91 8.29 80.37 55.32
90.00 87.00 11.25 8l.66 50.96
120.00 87.06 16.72 82.72 48.69
180.00 87.23 22 .54 84.08 43.81
240.00 87.16 28.02 84.51 37.77
300.00 87.14 29.18 84.79 31.52
360.00 87.10 27.87 85.00 26.51
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the procedure outlined in Exanple 5. Results for 10 linearity, conversion,
selectivity and turnover frequency (nol/nol h) are listed in Table S

Tabl e 5 Woe/Asopearity Conversion Selectivity TOF [mn] RETOB01864928 1. 45
71.96 89.04 30.00 86.34 4.75 77.06 68.09 45.00 86.64 5.48 78.72 57.18

60. 00 86.91 8.29 80.37 55.32 90.00 &faQ%sll. 25 81.66 50.96 120.00 87.06
16.72 82.72 48.69 180.00 87.23 22.54~8408 43.81 240.00 87.16 28.02 84.51
37.77 300. ({HBY 1S CATMERATSY 31.52 360.00 87.10 27.87 85.00 26.51 14
WD 02/ 48094 PCT/ US01/ 46482 CLAIMS WHAT |S CLAIMED IS: 5 1. The present
invention is a process for producing (1) a conpound of the fornula

NC- CH2- CH2- CH2- @12 CER pradeiei hitntfoll 5 Lhtecdd? sbkyl, or (2)
adi pic acid, or_ (3) dinet hyI adi pate, 10 conprising:contacti ngga substrate

sel ected froWAFHEITT ol RrPWRIVRA RE (H)e (rminkp (¥§ - GifasnClebst rat e
(T pereneny erther gt Giciegpomm gl il o
(b), or (c), respectivi&l,adipic acid, or
(3) dimethyl adipate,
10 comprising:contacting a substrate selected from the
group consisting of (A) (B) and (C)
wherein substrate (A) is 3-pentenenitrile,
wherein substrate (B) is 3-pentenoic acid, and
wherein substrate (C) is methyl 3-pentenocate,
15 with a nucleophile (a), (b), or (¢), respectively,
wherein nucleophile (a)is alcohol or water,
wherein nucleophile (b) is water and
wherein nucleophile (c) is methanol,
and carbon monoxide, in the presence of

20 a Group VIII metal;

a ligand having the formula

R2 ) 1 R< RS
R3—\C / —R°
\P—X——P/

6 N 12
R —C C—R
5 \ / N1
R® R4 r10 R

25 wherein
X is a substituted or unsubstituted bridging group
selected from the group consisting of a divalent axryl,
a divalent alkylene group, and a divalent combination

of alkylene and aromatic groups; and

- 15 -



wherei n nucl eophile (a)is al cohol or water, wherein nucleophile (b) is

wat er and wherein nucl eophile (c) is nmethanol, and carbon nonoxide, in the
presence vod 02/2096 G oup VIII netal; a ligand having the fpenuba/46282R1 R7 R8
RR\CC~R9 \PXP RE/C R\CRI2 RR 4R o\Rll 25 wherein Xis a
substituted or ungubstihuked pridgi ng greup $RlLehRA frgmd.he group
consisting of a divalent aryl, ~ a dival ent ‘al kyl ene group, and a dival ent
conbi nati on ouof Cal kgl @reaakslaromati c groups; and - 15 WD 02/48094

PCT/ US01/ 46482 wher ei. R4, R7, _andsR1Qs independenily are.H, or Cl to
C7.2 alkyl : pr ovpaaalﬁﬁ§ ERot Rpg' Ropst gze ,}E@RB%, '8 X F?rf{ Rnt RL2 .5
i ndependent | yndepeblehe1G13ral kyl torcpyah gl kyk, cyeheneky1R2 and R3; R5 and
R6; R8 and R9; and R11 and,R12 may be taken to tger t.o forma cycl oal kyl
group; and a proWBEERINSR PR oRDt & E8fpRI 5ithg SR 6ngldcRd & having a
pKa in water pof SEt nith ugl ' ' ,. at | east
one car boxyl |Rc g%?d.gezeggﬁé greggg\gs%?ofbc?%r%% %g?g%%kﬁe%%gghd i's

sel ected fromtdt he group consisting of the P(tBu)2

a promoter, saild promoter comprising a strong aéid
10 having a pKa in water of less than 1 and, when the
nucleophile is water, at least one carboxylic acid.

2. The process of claim 1 wherein the ligand is

selected fromt the group consisting of the

P(tB
(tBu), P(tBu),
P(iB
15 P(tBu)2 ( u)z
Ligand 1 Ligand 2

(t-Bu),P  P@Bu), (t-Bu)P P(t-Bu),

(t-Bu)zP\/\P(t_Bu)z | zj

20
Ligand 3 Ligand 4 Ligand 5.
3. The process of claim 1 wherein said Group
VIII metal is palladium.
25 4. The process of claim 1 wherein said promoter

ig methanesulphonic acid.
5. The process of claim 1 wherein at least one
of R*, R*, R7, and R*® is H, Ci, C,, or Cs to Ci, alkyl.
6. The process of claim 1 wherein the substrate
30 is (a) or (c).
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P(tBu)2 15 P(tBu)2 Cp(tBU)2 Ligand 1 Ligand 2 (t-Bu)2P P(t-Bu)2 (t-Bu)2P
P(t-Bu)2 (t-Bu)2Pl,-,"-'"~1 P(t-Bu)z b L5 20 Ligand 3 Ligand 4 Ligand 5.
3. The pvooexssoaf claim 1l wherein said Goup VIII netal pPerT/padlamds2um 25
4. The process of claim1l wherein said pronoter is nethanesul phonic acid.
5. The process of .cl ai I n . 4, R7, and R10 is
H Cl, C2, or C6 t7(') Clghél %?Egg% gaih%g%riéﬂcgsghgggéﬁzlﬁ%gl wherein the
substrate 3Qurciebphide (6)watetbanWOch2/ 48D94rBCE/ WS02£46482 7. The
process of claim6 wherein the,aucleo hilg is . water and the s Bstrate is 3-
pent eneni t r | PERCERPHLpFoLEssSRUFt REPCESAPFPEFRGTadalmRG S5 1g e§ B8Ryl ic
acid. 8. sThegpraeBssy0icchaid 7 wherein the carboxylic acid is acetic

acid.. 17
8. The process of claim 7 wherein the carboxylic

acid is acetic acid..
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