WD 97/ 33854 PCT/ NL97/ 00114

PROCESS TO PREPARE A TERM NAL ALDEHYDE 5 The invention
relates to a process for the preparation of a term nal al dehyde by

hydr of or myl ati on by reacting an ethylenically unsaturated organic
conpound w t hwiee?3ses4 nonoxi de and hydrogen in the 10 preseneermismonat al yst
system conprising iridiumor rhodi um and a bi dentate organi c phosphite
| i gand. Backaround of the Invention: 15 Bi dent at e
organi ¢ phosphite |ligands are characterized in that two phosphorus

atons are present i n EROCESSeTO| PREPARF A TERMINAER ALDEBHYDE group (the

bridging group) is bonded with both phosphorus atons. The bi dentate
phosphite ligand is furthernore 20 characterized in that each trival ent
phosphor us at S further bonded with two ot her nonoval ent organic
groups or with one di vbentingegthon elamties to a process £ddStheb, 235,113

describes a hydr oppepatAlidi of a REPRESS iaaa@ﬂyga gybm]@iw&ﬁnﬁm hC
phosphat e |i gand gS |S|§§i§ln a Hpgn ene usdGéiro or at1 on catal yst
system al so conpr PEi Wi FHotH G SFRY eﬁéﬁ Y prsgtupateq orgagicheess for
preparing al dehy deempgund, dridtho cagbani monefide andl hgdrogén yinurtdwt ur at ed
Or gani ¢ CoNPoLdSpréSén@X B |a catal $20Ch P o otipFE 1 A5 01 DI RRE 0 USI NG the
above catal yst 30r€g$16%p A% dlﬁgg¥agt€ge of the g&ocESS gfpordlng to US-
A-5,235, 113 i s thatcTHE A% & PG Rb% WIS POP§RRAIEe 119afidiehyde
conpounds when starting frominternally et hyl eni cal | y unsat urat ed
functional organi gaglgiRiiElsr thel 3ngeReigdly too low for a commercially
attractive 35 process. However wth sone of the disclosed nmul ti dentate
phosphites of US-A-5, 235,113, such as .
tetrakis(di- (¥ 4-di-tert-bRifepkatel pporsishinthPsphite ligands are
characterized in that two phosphorus atoms are present
in the molecule and in that one organic group (the
bridging group) is bonded with both phosphorus atoms.
The bidentate phosphite ligand is furthermore
20 characterized in that each trivalent phosphorus atom is
further bonded with two other monovalent organic groups
or with one divalent organic group.
US~-A-5,235,113 describes a hydroformylation
process in which a bidentate organic phosphite ligand
25 is used in a homogeneous hydroformylation catalyst
system also comprising rhodium. This patent describes a
process for preparing aldehydes by hydroformylation of
alkenically unsaturated organic compounds, for example
l-octene or dimerized butene, using the above catalyst
30 system. A disadvantage of the process according to US-
2-5,235,113 is that the selectivity to terminal organic
aldehyde compounds when starting from internally
ethylenically unsaturated functional organic compounds
is generally too low for a commercially attractive
35 process. However with some of the disclosed
multidentate phosphites of US~A-5,235,113, such as
tetrakis(di-(2,4-di-tert-butylphenyl)phosphito}-
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- 2 - pentaerythritol, reasonable select ivities to term nal

al dehydes are achi eved. A drawback of the use of these "hi gh
selectivity” ligands is that the hydrofornyl ation activity of the
catal yst swe6emIss too low for a 5 commercially attractipeamNiogsess. -
I ncreasing the catal yst activity of these catal yst systens by

i ncreasing the tenperature is not possi‘blze'because the . | i gands are
thermal |y unstabl e at hi gher t enper at ures. In addition, selectivity

decreases at hi %5‘? h ﬁr’g)erature because the rate of conpeting olefin
hydr ogenati on ® PFEKE FhErbadRaspnaRl e Rk el iiid 198r £° teIRBAly t han
the rate of thelidgdydesrayé aclorevedacRi dnawback of the useHyfirtfeweryl ati on

processes i nvolwy qkfast | tegl oo} i val ent .
phosphorus 15 atllag v\lﬁ“rlthyttiei%t“'j\?\tﬂ’g§ g%?%g?&?eat %Er?gbgér)g&rﬂﬁeéd{ W th

in
a22"'-d hydr&?}lwi‘:! °5|H‘;\%tﬂq{'§|1¥ﬁé 51’? m o0 4PYuBOT a®e described in
t he above nEnticomee@rciallyp-aetxati5velpracess N Heridadiag2fhe EP- A- 353770,

VO A- 9303839 a@qtgqﬁ,@ggg@%t;%@ﬁ;%gsﬁ degrad %§t Rs2fy Page 38 a

conpound wi th nethy ubstituents on p05|t|ons of a

2, 2" - di hydr oxy*PErpasing the tepReTAtYne b3 iRRt RPSFISE B beEaRIR the o
i ndi cation is ligagidgearehthetnedl ys @nstabheé satt|ighenf tlemgemahsutm.l ng such

a bridging groum ‘é‘a@'idx%yes&?é’é&%l}'t? B88Héd Sed r&tt ighes> Of ter m nal
al dehyde s ect|V|t nd cat al stari‘
% he éeﬁéc?&w“%ﬁéﬁ%{’ ?E?ﬂg from

unsat urate Stm
internally uns @gegatxonotmi@qsonpggagses with temperaturg\o¥e518089

describes a pr Qﬁ%ﬁ%lf{othaﬂ tRe e&&ré RE 2héOhyAtRIyAEe 18t Peast Bddi Ng from
o stem conor: mon b AVELEERARIBIRBeSElal SR0:85, gugntfd o)V
exanpl e tetrEﬂqqggﬁntege4lygaqégtcontalnlng two trivalent phosphorus
but yl phenytyphesiomst,0iaewha€h YENY itw@l phébphorus atoms are linked
with a 2,2’-dihydroxyl-1,1’'~binaphthalene bridging
group, are described in the above mentioned -
UsS-A-5,235,113 and in EP-B-214622, EP-A-353770,
WO-A-9303839 and EP-A-556681. EP-B-213639 describes on
20 page 38 a compound with methyl substituents on both the
3 and 3’ positions of a 2,2'-dihydroxyl-1,1'—
binaphthalene bridging group. However, no indication is
given that the use of this class of ligands having such
a bridging group would give favorable results in terms
25 of terminal aldehyde selectivity and catalyst activity
when starting from unsaturated organic compounds and
especially when starting from internally unsaturated
organic compounds.
WO-A~9518089 describes a process for
30 preparing S5-formylvalerate ester starting from an
internally unsaturated 3-pentenocate ester using a
catalyst system comprising rhodium and a bidentate
phosphite ligand, for example tetrakis{di-(2,4—-di-tert-
butylphenyl )phosphito)pentaerythritol.
as
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- 3 - Summary of the Invention: Thi s invention provides
a process for the preparation of a term nal al dehyde by hydrofornyl ation
5 by reacting an ethylenically unsaturated organic conpound with carbon
nonoxi de andwiys:agsgn i n t he presence of a catal yst sysceNLEZMWOKI Si Ag

i ridiumor rhodi um and a bi dentate o[ggnlc phosphite |igand having

the structure: 10 Rlerr]-0O ORerr] [err]
characterized in that the two phosphorus atons of the phosphite |igand
are linked with 2 2'-di ydr ox I- 1 | * - bi napt hal ene bri dgi ng group
having the follo [err] I n which
Rlerr] and R2 are substituents other t han hydrogen 30 and in which R err]

2nd/ or Cany one of . ¢ Or”i(p s on pEe e b B o e Y s ot om
forms an -0 ﬁf&?f“fﬂ ?‘}%r&?%dea %‘Xfléﬂg g‘? %% r oup

by reacting an ethylenlcally unsaturated organic
compound with carbon monoxide and hydrogen in the
presence of a catalyst system comprising iridium or
rhodium and a bidentate organic phosphite ligand having
the structure:

10
R*-0 o-R?
\ /
P-Q-P (1)
/ \
15 R‘-0 o-R*

characterized in that the two phosphorus atoms of the

phosphite ligand are linked with a 2,2’-dihydroxyl-

1,1’-binapthalene bridging group having the following
20 structure (Q):

00 00
RS o ¥ ReSy

10 1
R @ H R'Q O R?

25

in which R* and R? are substituents other than hydrogen
30 and in which R? and R* are the same or different
substituted monovalent aryl groups and/or any one of
OR? and OR‘ connected to one phosphorus atom forms an
-0-R%*~0-group, where R® is a divalent organic group
containing one or two aryl groups.
35



containing one or two aryl groups. 35 WO 97/ 33854

PCT/ NL97/ 00114 - 4 - Det ai | ed
Description of the Invention: The aimof this invention is
to provide a process for the preparation of term nal aldehydes with 5
hi gh cat al ysvo pgiassar mance (sel ectivity and/ or activi t o9 aghide -
process according the invention is used, high selectivities to term nal
al dehyde conpounds are achi eved, combi#ned with a relatively high

cat al yst activity. Furthernore the catalyst used in the process 10
according to the |nvent|on can be used for prolonged period of tine.
The advant ages Bgt$ Resqriptiensef the km onpor e pronounced when

starting fron1|nternally unsat urated organi ¢ conpounds. Preparing

t erm nal al dehydes st,%( Me]e} EFo%iQtﬂg‘p@Ht%nuqssawré%é? 5 corrpounds
rofo

using previously known h r at'l rocesSes g Y results in
| ower sel ectivi P§OFBSS f°’t dhe R&PPaFﬂEh%%f trﬂ?i'@“ﬁ}d#b@ehﬁ&s)mm t he

ol efinic 5 doblbgk bmtunﬁuj/mfbﬁmencsatﬁéwdtﬁva%yl ¥h8Yor AN addi ti onal
advant age of th g ntion.is that the
linearity (Ilneg$959§E§ aﬁﬁﬁggf? F%ggépi rangﬁ¥1 %bﬁeﬁn¥ﬁ¥55°q:§shlgh
Thi's i s adeﬁ?gge?&EPtﬁﬁ%ﬁﬁ§éVFFl?§c$?|¥Qﬁﬂ%§a@hélﬂ§bYé$|Qnmnﬂhnds t he

desired terninakrel sehisied,r condinkdt with of relatioeliyNAigRnehtiigaghed

al dehydes. A fu % 5 s.ihat the eparatlon
of an al kyl 5Eb?¥§éﬂ%3§gﬁ§§g@ér§ tﬁ@ A§Q%¥%} ggfgn ét§#?|9f 4%5 8m an
al kyl 3- per&%noﬁ?'é°5 e dhe E}VSBF“PIH %3 45 aseflcEor a Eﬁﬂeﬂﬂcyld

2- pent enoat e, wpehbod oHosinefl. Thbahiissntagesaifi thig. ndPei hpsodiss | S

achi eved by usi afedebéd)aitt d'3tbRBuhEsd wher ldtdGtYnG from internally

unsaturated organic compounds. Preparing terminal
aldehydes starting from internally unsaturated

15 compounds using previously known hydroformylation
processes generally results in lower selectivity to
terminal aldehydes, more hydrogenation of the olefinié
double bond and/or lower catalytic activity. An
additional advantage of the process according to this

20 invention is that the linearity (linear
aldebydes/(linear + branched aldehydes)) is high. This
is advantageous because it facilitates the isolation of
the desired terminal aldehyde from a mixture of
terminal and branched aldehydes. A further advantage of

25 the invention is that the preparation of an alkyl 5-
formylvalerate by hydroformylation starting from an
alkyl 3-pentencate can be carried out in the presence
of alkyl 2-pentenocate, without loss of catalyst

activity.
30 This aim is achieved by using a ligand having the
structure:
R-0 O-R?
\ /
358 P—Q-P (3)
/ \
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PCT/ NL97/ 00114 - 5 - characterized in
that the two phosphorus atons of the phopshite ligand are linked with a
2, 2" - di hydr oxyl - -1,1' - bi napt hal ene bridgi ng group having the foll ow ng

5 structure Gf)orsssse 10 [err] 15 which R err] sofnRmoenk are
substituents other than hydrogen and in which Rerr] and R err] are the

sanme or different substituted nDnovaFeﬁt"aryI groups and/ or any one of
OR[err] and OR err] connected to one phosphorus atom forns an 20
-ORerr]-Ogroup, where R err] is a divalent organic group cont ai ni ng
one or two aryl groups. The substituents R err] and R2 are
preferably Okganhet&f DS GPHhaitNitRg Bio | MRfphefasCat by of @he and

more preferably ¢ontahol 0% deals G3eP9MnRE8 With a 2,2 -aihydroxyl-
-1,1’-binapthalene bridging group having the following
5 structure (Q):

10 OO Q4
Q= or (4)

R' Q H R?

15
which R* and R? are substituents other than hydrogen and
in which R? and R® are the same or different substituted
monovalent aryl groups and/or any one of OR? and OR®
connected to one phosphorus atom forms an

20 -0-R*-0O-group, where R® is a divalent organic group
containing one or two aryl groups.

The substituents R® and R? are preferably
organic groups containing at least one carbon atom, and
more preferably containing 1-20 carbon atoms.

25 Preferably R* and R? are individually selected
from the group of alkyl, aryl, triarylsilyl,
trialkylsilyl, carboalkoxy, carboaryloxy, aryloxy,
alkoxy, alkylcarbonyl, arylcarbonyl, oxazole, amide,
amine or a nitrile.

30 For R' and R?, the alkyl group is preferably a
C;~C,o alkyl group, for example methyl, ethyl, propyl,
isopropyl, butyl, tert-butyl, isobutyl, pentyl or
hexyl. An example of a suitable triarylsilyl group is
triphenylsilyl and examples of a suitable trialkylsilyl

35 group are trimethylsilyl and triethylsilyl. Preferred
aryl grocups have 6 to 20 carbon atoms, for example
phenyl, benzyl, tolyl, naphthyl, anthranyl or



25 Preferably Rlerr] and R err] are individually sel ected

fromthe group of alkyl, aryl, triarylsilyl, trial kylsilyl,

car boal koxy, carboaryl oxy, aryl oxy, al koxy, al kyl carbonyl ,

aryl carbonyl, oxazol e, am de, amne or anitrile. 30 For

Rl err] and Rioapkssst he al kyl group is preferably a d &F {5] alkyl
group, for exanple nethyl, ethyl, propyl, I sopropyl, buty tert-butyl.

i sobutyl, pentyl or hexyl . An exaoneGOT a suitable trrarylsrlyl group
S tri phenyl silyl and exanples of a suitable trialkylsilyl 35 group are
trimethylsilyl and triethylsilyl. Preferred aryl groups have 6 to 20
car bon at ons, a? RARGRE Y- Pre ﬁéﬁ? applPXy greyp§| bawephti®/112 ant hr anyl or

WO 97/ 33854 carbon atoms, for example phenoxy. Prefé&dfdd RAKUxYy14

- 6 - GO Waud 1CEE! pBUcALULL Ok AINUBS: "B Bebdory, SO POD -
atons, for exa % Ere erred a roups have €20 carbon .
atoms, for exag% 83%‘ - ut°§¥h9’i)x§/s°9cré’rﬂ°"ﬂut x9feFredopr opoxy.

Preferred % al&lkykgdnhonydgooppshhaee 22 tto 12 carbon ataws, ol exanpl e -

met hyl car bonyl 1ei£rﬁ§]:é)‘i‘$e){:lh9§§:§99¥hyl Prf%ﬁ:”lﬁig}ggﬁ?%ﬂ}garﬂ%ﬂ ggoups have

7 to 13 carbon atqps exanB T eferTed anrd
groups contain %“cﬁ%yrl] SEPEPP %Y%y? tﬁ&?p°§ﬁ8°ﬁr%¥?§i‘sr'e(f°ém de groups
contain 10 twoex3rpkq jenyifazbkyyl grkngfercred amide groups Mesitapnef erably,
Rlerr] and R2 ajecj-ryqi Hlﬂ&'ﬁ'é%@b and ié?@?l’&?xéﬂuéy Q‘Eoﬁﬁﬁbﬁ’@ﬁyiiq{(y

group, - ] isa Jerr[-Cerr] yl “group or a

Clerr]- C[err({ R?Y/?q‘g‘rwgu alar'f‘r’ﬂl grc”“ﬁ‘]‘sc-fferably a C[err] Clerr] alkyl group.
Exanpl es of suitable 15 MRsgr pupﬁeaalelynetu’rylapdexhyd:e gnapykduaBBpraopyl ,

n- b?tylbl ) EﬁéérﬁbﬁﬁfoxyﬂsQQUEYEarBQQ %zbﬁbYLcoﬁyeQnUQhﬁch R
preferably bo r n rr] are oar nor e
preferably the 1s%;[rrag d(’:"ar"‘g‘ba % P]ISPBUBI b%c%ugz ﬁfé’ grgf’@ %?sr ng |igands

are nore easi | yPedtenakiy é-CQGCs alkyl groupThExamples of suitable

fz 2' hdr hyd[)m(yln-lgﬂouﬂn maRhinadheDe ethyly I;dgipaq 08 9&Pr lorﬁ—lb%?hl y be |
urther substit | W o) o en, for exanple

L5 gunntd! SapBLEFE DR and RIETT e

a or F or one uén Fesent on
the bridgi ng grBURFesalvybeth; BecP%EbcR/eafe the same carboaryloxy and

more preferably the same carboalkoxyl group because the
resulting ligands are more easily obtainable.

20 The 2,2 '-dihydroxyl~-1,1’-binaphthalene
bridging group can optionally be further substituted
with other groups, for example halogen, for example Cl
or F or one of the substituents R! which may be present
on the bridging group Q as described above.

25 R® and R* are the same or different monovalent
aryl groups, preferably groups with 6 to 20 carbon
atoms. It is to be understood that all four R?® and R*
groups can be different. Preferably all four groups are
the same because the resulting ligands are more readily

30 available. Alternatively OR? and OR* (connected to the
same P-atom) can form an —-0-R5-O-group where R’ is a
divalent group of 6 to 40 carbon atoms containing one
or two aryl groups. Preferably R? and RY are monovalent
aryl groups, for example phenyl, containing at least

35 one group, R®, other than hydrogen in an ortho position
relative to the oxygen atom, where R® is a C, to C,
alkyl or C4~C, aryl group and preferably a C,-C; alkyl



25 R3 and R err] are the sane or different nonoval ent aryl

groups, preferably groups with 6 to 20 carbon atons. It is to be
understood that all four R err] and R err] groups can be different.
Preferably all four groups are t he sane because the resulting |igands
are nore readwops7dsss4avail able. Alternatively ORlerr] and ORCBNLY700114 -
(connected to the same P-atom can forman -0-Rerr]-O group where
Rlerr] is a di val ent group of 6 to 40 carbon atons contai ning one

or two aryl groups. Preferably R err] and R err] are nonoval ent aryl

groups, for exarr%fomera@nercp%eww& Rind 338he 30y P AU Gs ot her

than hydrogen in an ort trve om where
Rlerr] is a Cerr3d¢Rcase m°“°‘éﬂ’r®ﬂt Gasepepf poat kg rqing: pys§ens pv i
preferably a C er2]efmorg rdnlggl having 10-2A00c3¢b3338¥%oms. R® and R* can

PCT/ NL97/ 00114 opt1onaﬁ1y Fgufur herF%;bsﬁltuted w1EPF£P&“%§% Egvgftgfr

preferred m)noval ent arg
fused aromati @ %mscw b aryl: £iof0nBkexY| o Lanbvd mF¥1Ox20 car bon

atons. Rerr] anng[mns Joxcdialogen gpsumsialfor eeamplé ey clulest Beubed with

for exanple Cerrimine® ﬁ&{prs]_ alkyl, derr]-Cerr] aryl, C-(err] akoxy or
Cerr]-Cerr] aryl oxy roups or hal ogen gr ups for exanple F, Cl1 or
Br or am ne groups. When' Ehe aryl 9 and R*RER pRulgteitut edn
Rlerrr] are substvithet leaswhi bheaR®Hgrasp ¢net5§em:rﬂhcg-|p@upt&ant he

ortho-posi ti orp 10rérdedve’ & d @nbNEh 'd%:y%’éngQ@oxﬁt Q(%%lﬂ(?rg §hehf near

selectivity is observed using these ands ornylation
process. Exanpl es® %e‘ﬁfé’s‘g qérF’ Psgr v ?Fgglsmg tQPéen‘H?ﬂﬂds é&hgl . propyl,

i sopropyl, i sobut9ydr°f°tmml@rt110bupy¢ceﬁsn-EmtnpllesFot tHfeeyer ]R‘pgeétqmbl y onl y
one bul ky 15 grougre hﬁaluﬁ]g_ aeih ucpmﬂdlerq%grg{, 1 S Of MMy 10T

greater, is orthog éﬂpsg btgl(e}]a(r# g{s Up. ¢ q‘t Iess bul k
substituents are feed pri erab ¥ hg Pre Tﬁf‘% Y GRAY aPRe SRIKY ¢ ut ed
with these gricups§*q#Rr having af et%ijc R{ie?de]raggbsoftmmomyy.l ogroup for R3

and Rlerr] is 20 gReataryr aﬁybabaayéu@étﬁ:dt%rat oBUEN gr%gupwnen
Anot her preferred ggéasb% g re fused

|
aromatic ring systems W]T?ﬁ¥ %uié Pt 'f‘% ts are HS?GhBW Yt(5’°§ eaFBRn at ons
whi ch do not PRYSons Wehavéstbtwee%mm thesel moume &heho

preferred R®-substituted aryl group for R® and R* is
20 2-isopropylphenyl or 2-tert-butylphenyl group.

Another preferred class of aryl groups for R?
and R* are fused aromatic ring systems with 2 or more
rings having 10 to 20 carbon atoms which do not
necessarily have to be substituted at the ortho

25 position (on the carbon atom adjacent to the carbon
atom which is bonded to the oxygen atom in formula (1))
with groups other than hydrogen. It has been found that
when R? and/or R® is such an unsubstituted aromatic ring
system, high catalyst activity, a high selectivity to

30 terminal aldehyde and a high linearity can be achieved
Examples of such fused aromatic ring systems are
phenanthryl, anthryl and naphthyl groups. Preferably
9-phenanthryl or l-naphthyl groups are used. The
aromatic ring systems can optiomally be substituted

35 with for example the earlier mentioned substituents,
for example on the other positions of the ring systems,
not being the above described ortho position.

-



25 position (on the carbon atom adjacent to the carbon atom which is
bonded to the oxygen atomin formula (1)) w th groups other than
hydrogen. It has been found that when Rlerr] and/or R4 is such an
unsubstituted aromatic ring system high catalyst activity, a high

sel ecti vi t ywoo7888s4 er mi nal al dehyde and a high linearity gepfnbfoafli eved.
Exanpl es of such fused aromatic ring systens are phenant hryl, anthryl
and napht hyl groups. Preferably 9-pﬁe§aﬁthry| or 1l-naphthyl groups are
used. The aromatic ring systems can optionally be substituted 35 with

for exanple the earlier ned substituents, for exanple on the
ot her positions of the r%“‘?& ypere 7! R4 Beiaks tdiekadove fewsri bed

ortho position. divalent 9“ADP®7B3385d-cg-czs diaryl groups, for example

PCT/ NL97/ 00114 a binaphthol or bipﬁéﬁgplﬁ}rsod’ﬂ“era%cglrEEﬁ agdRerr] are

linked to formg,y 3 roups Rlerr] are (err] err] diaryl groups,
for exanple %. %%a 1?%5Fg1§ blphenol group accordlng to the

fol |l owi ng f*rmulas: 5

O O
> OO

R R8 {5)

Ro Rio

o,

in which preferably R? and R® are H or alkyl groups.
Examples of R’ and R® are H, isopropyl, isobutyl,
tert—-butyl, or one of the substituents R! which may be
present on the bridging group Q described above. R® and

25 R! may be hydrogen, hydrocarbyl, or alkoxy groups.

Examples of phosphite ligands which can be

used in the process according to this invention are
shown below. The ligand number as shown below
corresponds with the references to the ligands used in

30 the examples. In the formula'’s shown below the
following fragments correspond to:

15

R

20

- = methyl,
_/ = ethyl,
Ph = phenyl,

35 -< = isopropyl,
Me = methyl,
+ = tert-butyl.



[err] 20 in which preferably R err] and Rlerr] are H or al kyl groups.
Exanples of R err] and R err] are H, isopropyl, isobutyl, tert-butyl,
or one of the substituents R err] which may be present on the bridging
group Q described above. R err] and 25 R err] nmay be hydrogen,

hydr ocar byl , woeatdesky groups. Exanpl es of phecpRisrgedis gands
whi ch can be used in the process accoid%ng to this invention are

shown bel ow. The |igand nunber as shown bel dw corresponds with the
references to the ligands used in 30 the exanples. In the fornula's shown

bel ow t he foll ow ng fragments correspond to: - = nethyl, =
et hyl, Ph = phenyl, 35 -< = isopropyl, Me = nethyl, + =
tert-butyl. P

PCT/ NL97/ 00114

° g
/P P\
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Ligand 4
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WO 97/33854 ' PCT/NL97/00114
- 10 -
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Ligand 7
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Ligand 9

Ligand 11 Ligand 12
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[err] WO 97/ 33854

PCT/ NL97/ 00114 [err] - 13 - WO 97/ 33854

PCT/ NL97/ 00114 - 14 - These
| i gands may be prepared by a variety of nmet hods known in the art, for
exanpl e, sego@9a38k4 Pt i ons in US-A-4, 769, 498; US- A-4, 688rebshooiid J.-
Amer. Chem Soc., 1993, 115, 2066._TQ§ organi ¢ bidentate phosphite 5
conmpounds according to the invention can~be prepared with the 3- or
3,3 -substituted 2,2'-di hydroxyl-1,1"- bi napht hal ene bri dgi ng

orobedures as. | dbocr| BHESPLIGRRI Gt e, BE CPRISR(RY 1 (BF1SKTI816 or 10
in J. Am Chemm€&dmds $ndwn/6p 286 amid, Giog. eRample Prage descrlipikéonat i onal ,
1991, 23, 200. jhespimsphichs 4688, 688,837 RRaPS EPARAA g‘X\ &f\si ng the
process as descyi bed | he liger nmentioned US-A-5,23 ,f 3 to couple
t hese bi napht %ol H%§3dgﬂﬁ§'c6§€éUréh?\ﬂﬁﬂ?nﬁﬁogbégﬂ§ﬁte phosphite
5 compounds according to the invention can be prepared

with the 3- or 3,3'-substituted 2,2'~dihydroxyl-—-1,1 '~

binaphthalene bridging compounds. The binaphthol

bridging compounds can be prepared by procedures as

described in Tetrahedron Lett. 1990, 31(3), 413-416 or

10 in J. Am. Chem. Soc. 1954, 76, 296 and Org. Proc. Prep.
International, 1991, 23, 200. The phosphite compounds
can be prepared by using the process as described in
the earlier mentioned US-A-5,235,113 to couple these
binaphthol bridging compounds with phosphoro-

15 chloridites, (R30)(R%0)PCl, prepared by treating R*CH
and/or ROH with PCl,.

A more preferred and novel method to prepare
the bidentate phosphite ligands which can be used in
the process according to the invention is described

20 below.

The phosphorochloridite compound may be
prepared by a variety of methods known in the art, for
example, see descriptions in Polymer, 1992, 33, 161;
Inorganic Syntheses, 1966, 8, 68; US-A-5,210,260; 2.

25 Anorg. Allg. Chem., 1986, 535, 221. With bulky
ortho-substituted phenols (e.g., 2-tert-butylphencl),
phosphorochloridites can be prepared in situ from PCl,
and the corresponding phenol. When preparing bidentate
phosphite ligands having terminal R? or R* groups which

30 impart a minor steric hinderance, for example when R?
or R is an unsubstituted phenanthryl (with no
substituent on the ortho-position described above), it
has been found that the synthetic route described in
the above literature is unsatisfactory. The

35 intermediate (R30)(R%)PCl compound is difficult to
cbtain by this route in a high yield and in a pure form
or cannot be obtained at all.



15 chloridites, (Rerr]O(Rerr]OPCl, prepared by treating R-[err] CH

and/or Rerr]OHwith PCJerr]. A nore preferred and novel
nmet hod to prepare t he bi dentate phosphite |igands which can be used in
the process according to the invention is described 20 bel ow.

The phosphor exhéwssssdi t € conpound may be prepared by a PETANES Y00 -
nmet hods known in the art, for exanpl g, %%ee descriptions in Polynme

1992, 33, 161, | norgani ¢ Synt heses, 8, 68; US-A-5, 210, 260; Z 25

Anorg. Allg. Chem, 1986, 535, 221. Wt h buI Ky ortho substitut ed
phenols (e.g., 2- tert- buty hosphor ochl or i S _can be
prepared in situ from PC [%’? i]eprg"egnarf’ﬁgs%og s"?ﬁ(?ﬁ&irﬁ $iol . Wen
preparing bi dent @esphorppblbptidite |cgmegnﬁawwlts@rsmtﬁa¢tw@¢ rqf or Rerr]
gr OtFJQI[os w]hl ch 30 'N'Tﬂa-ﬁtiaﬁ}tcﬁl r@{arf{hq;uo% hbﬁﬂﬂi@ﬂﬁé?,mftw acxarrpit; eztxaweube% .
or err] is an ynsu ena no | on e
ort ho-position d S b%h g@% gé lEee‘harfe(g]urji(ﬁ‘ %hgfg?h‘@ thetic
route descri bBd iwhen St?hblmoﬁ/@m iat & H¥r-gialkgl dirralipbpsphorgnidite 35

i nternedi ate (R qrtNERReoT {EORC whepPoRitd ik Saslid HogUalk$io groupgbkatn by

this route in a Q@‘%M ﬁgtﬁ’?fl |&h%1pu5§0£9{ i so-p &gnng&tpf obt ai ned at

all.
PCT/ NL97/ 00114 Sec~butyl or tert-butyl. The (Rn)ilif(_ﬁa()} (R'0) compound An

i nproved pr ocess da® bl 6peAiNea e reactiRgSRIOH ORNOPIw Il qrEDYINPEN].
has beon. | TPoundechars, b Pl dudioo] (2id) RAGKCHEL Al sl divel I*F‘dggl en
starting froma NH@&FaFR}YﬂM&r ﬁ%(ﬁ‘ﬁﬁ@#&nﬁﬁ?‘é@ other, didxase,

(Rl err])[err] NP( Ricarene), ( E@ewﬁ}lO)HCIV\/rmrsegR{zesr {RIcs (RfoYBEY s ] - er r] al kyl

group, for exanpl e ne
sec-butyl or tert r__butayl e (?21[ erﬂw) gﬁ%?%%xﬁerr %Q)égs H&'%éﬂ o can be
obt ai ned by react®T%g RFérP crethg %’rr"]"@‘l”w"f‘h RAFT érP fer§de 10
Reacti ng t hel§R| aleskx[ietibhiy( R30)dtehednonhLedé s ,ss.amedsnn é451; apol ar

sol vent, for exa h er u or h HCl gas
gi ves (R30)(R[erIg}%)’;%él%l];%E yi%@ 2 Ciﬁ)gmg agé A‘kﬁ glafeglg%hosjb o]tf am di tgs

may be pr epar met hods known in the art, for exanpl e, see
By contacting the thus obtained (R?O)(R‘O)PCI

with a 3—- or 3,3'—-substituted, 2,2’-dihydroxy-1,1’'-

20 binaphthalene bridging compound, for example by the
method described in the earlier mentioned US-A-
5,235,113, a bidentate phosphite ligand is obtained
yhich can be used in the process according to the
invention.

25 The catalyst system used in the process
according to this invention can be prepared by mixing a
suitable rhodium or iridium compound with the phosphite
ligand, optionally in a suitable solvent, in accordance
with well-known complex—forming methods. The sclvent

30 will generally be the sclvent used in the
hydroformylation. Suitable rhodium and iridium
compounds are for example hydrides, halides, organic
acid salts, acetylacetonates, inorganic acid salts,
oxides, carbonyl compounds and amine compounds of these

35 metals. Examples of suitable catalyst precursors are,
for example, Ir(CO),(acac), Ir (CO};,, RhCl,,Rh(NO,),,
Rh(OAc),, Rh,0,, Rh(acac)(CO),, Rh(CO),(DPM),



15 descriptions in Tetrahedron Letters, 1993, 34, 645I; Synt hesi s,
1988, 2, 142-144 and Aust. J. Chem, 1991, 44, 233. By
contacting the thus obtained (Rlerr]0)(Rerr] PC with a 3- or

3,3 -substituted, 2,2 -dihydroxy-1,1'- 20 binaphthal ene bridgi ng conpound,
for exanpl e viayoidigss met hod described in the earlier nepdcranoftodss A -
5,235,113, a bidentate phosphite ligand is_obtained whi ch can be used
in the process according to the i nventfon. 25 The cat al yst
systemused in the process according to this invention can be prepared
by mixing a sui tabl e rhodi umor iridiumconpound with the ?hosphite

| i gand, opti onalﬂ‘?“oﬁcé(gﬁm byl &PsbFGinr RpalCiger FHEEC) (PhoR t4y wel | - known
conpl ex-form ng [M(I@MS(Cth]zsohnén{nﬂ@l(mn)lizgemaégn rachke $8lagnt used

in the hydra@e‘%&ﬂt:@i:b‘gf ya&p‘ & alchOds Ugh 4Kk dy %;rum,, ncof®MPOUNdS

are for exanple gani ¢

acet yl acet onat es"syllnér Qaﬁ?‘i‘,"‘éﬁcﬁi*%"aﬁf't ?nd "Ph"ois o%sPhWﬁbSﬁ?PPcoﬂ%unds and
am ne conpoufds isf 2t,Rese63bet sty l-Brarbeptanéd manatablgecan) al yst .

precursors are, or 3 €X e ) r COflerr],
Bhal [err] R NquorwrevefrerFi@ SABlfa B (el 'Efx]aéa{?ﬁ&enrhrdcﬁ[ug\r rEté .

Rh(acac) (CO) [ er rE} ;“C@?{“g?'r“]‘?we ¥ L‘eceLsW)‘%"? L
PCT/ N197/ 00114 above listed compounds.

l[QhREES‘S)C% I(DE[OD)]][IGD;” R[ efphd (hEdd €114 ,p:Bl%[e%asi{rCQl \err]. (where
[r enn coD).]1[err erein

"acac" is aﬁ‘ acet yl acggé%*%élgﬁ%{% A(‘,msf‘gu’é%tedf& A3 Foup: " COD"

is 1,5-cycl ooct stimpeyndahas" #h"léasta qrieeffECYrbopd DPMe mpdecule

2,2,6,6-tetranetdnd p%eisbsaiensdwrm e:a&mup)atoms. mm% okt shoul d be
noted that the rh

um._co d not necessari |
limted to the g]e ?Pg}%ﬁ{%a L}H’cfg% ated & orgamc CPRRCHR a?r%/s
preferably rhodi’drﬁearo terminal oleffipiehiyArosprERPRS, FPFaBXARPAE or ganic
conpound hagsat 4tﬁﬁﬁfetﬁﬂeprapﬁeﬂ@ﬂdl4h’uttéiﬁ mpl-péhténe, 1-destepepferably 2

to 20 carbon at oct@ﬁ%rrpﬁ §°8£n?erm nacltqul efll %Iggi%p%‘_p Iy unsat ur at ed

organi ¢ conpound are I near Cdr bons, for exanple
l-hexadecene, l-octadecene, -elcosene and 1-dodecene;

branched terminal olefinic hydrocarbons, for example
isobutene and 2—-methyl-l-butene; linear intermnal

20 olefinic hydrocarbons, for example cis— and
trans-2-butene, cis—- and trans-z-hexene, cis- and
trans—-3-hexene, cis- and trans-2-octene and cis- and
trans—-3-octene; branched internal olefinic
hydrocarbons, for example 2,3-dimethyl-2-butene,

25 2-methyl-2-butene and 2-methyl-2-pentene; terminal
olefinic hydrocarbon~-internal olefinic hydrocarbon
mixtures, for example octenes prepared by dimerization
of butenes, olefin oligomer isomer mixtures from dimer

to tetramer of lower olefins including propylene,

30 n-butene, isobutene or the like; and cycloaliphatic
olefinic hydrocarbons for example cyclopentene,
cyclohexene, l-methylcyclohexene, cyclooctene and
limonene.

Examples of suitable olefinic compounds

35 include olefinic compounds containing an aromatic
substituent such as styrene, alpha-methylstyrene and
allylbenzene; and diene compounds such as 1,3-—



15 ethyl ene, propyl ene, 1-butene, 1-pentene, 1-hexene, 1- oct ene,

1- nonene, 1-decene, 1-tetradecene, 1- hexadecene, 1-octadecene,

| - ei cosene and 1-dodecene; branched term nal ol efinic hydrocarbons, for
exanpl e | sobut ene and 2-nethyl-1-butene; linear internal 20 olefinic
hydr ocar bons, wiodonsesanpl e ci s- and t rans- 2- but ene, ci S-PCTINL7/00114 -
trans- 2- hexene, cis- and trans- 3- hexen cis- and trans-2-octene and
cis- and trans- 3-oct ene; branched inféﬁﬁar olefinic hydr ocar bons,
for exanple 2,3-dinethyl-2-butene, 25 2-nethyl-2-butene and

2-met hyl - 2- penteng;  term nal ol efi ni ¢ hydrocarbon-internal olefinic
hydr ocar bon n"’%’f‘ﬂ‘? 18 of &r‘sékﬁﬁb‘ﬁb‘*%’t et §°B§ﬁ5 \&=)) di meri zation

of butenes, ol ef i noohorpatbienesoiitr has xdegreLoundntiatevith thep precesader of

| ower ol efins inchydbr@idy &Y tans, i8Pentidiiliengs pesbb RN Pprlbarki ke; and
cycl oal i phatic

ol efini ¢ _hydrocaybons .for ex | e_cycl.opent ene,
cycl ohexene, 1- rre?ﬁ?/?%/%xf%hé)?eﬁg?eE?é? o%izgtledggtgﬁgggg fr%r%b’ ene.
Exanpl es of skt abutadieneni c conpounds 35 include ol efinic conpounds

containing an aromatic -rnwbsh?naﬁn&amemn%at{&&xfeaeexganic
oL Pha TELY T SUT e0gaBltha can Yo KUBERGENVae MLTpEAS EBAMRRUGHES 3
- 17 - but a6Feves gomLaimiag anbetaroatam.gfpEnexamelle oxygemhor nadi ene.

I't has bglen f oundstibghr W ditddyRenpbec ﬁ&sphordlﬁQCmdhlﬂgleiooi fﬁétér'b‘ﬂ?ﬂhi on i3t
I's possible to,pr [ E. -pentenal _in noder at l,e startin rgm 1, 3-
5 but adi ene. £o gggsglt“?d?'r%%g?%ﬁ‘é‘%#g%lVi/sal}g’ggf étriag %’ché:rﬂ“%wngs
conpound can be siBsiv@etenwli methid othedr ameathydt pdadte, oleploups

contai ni ng a het eababhel, fmetglagppenbey@ets, methyll B+upenterddargsn or
phosphor us. Exa”pln@éngi Pﬁ}eg{t%q{bg%%o —~ éﬁksézi&#t Qgiﬁt, hxlg?zﬁtcﬁdﬁé
unsaturated organic_c 0 S .. I nc e vinyl nethyl ether, nethyl
ol eate, ol eyl agi@phdTPenRANPRI toihent &TRRAIENORALRY] © 8- HeRAI R,
met hyl 4- pent EhoaBepefitgmail £risipentendl , 44 Peydrxy-¢ , 7-octadiene,
3-penteneni trile, ;4ppRPLeReN 4 Idchk a1 énBE ™ S hoxy -3, 7-octadiene,

7-octen-l-al, acrylonitrile, acryiic acid esters,

methylacrylate, methacrylic acid esters,

methylmethacrylate, wvinyl acetate and

20 l-acetoxy-3,7-octadiene.

The invention is especially directed to
hydroformylation processes in which a terminal aldehyde
compound is prepared starting from internally
unsaturated organic compound having 4 to 20 carbon

25 atoms. Example of these compounds are described above.
Especially internally unsaturated compounds according
to:

CH;~CR!%=CR13-p3¢ (7)
30
are used as starting compound, in which R!? and R®? is
an organic group or preferably hydrogen and R is a C,—
C,;y organic group optionally substituted with one or
more functional groups containing a heteroatom, for
35 example oxygen, sulfur, nitrogen or phosphorus. The
invention is especially directed at functional
compounds with 6§ to 20 carbon atoms according to



15 3-pentenal, 4-pentenal, 4-hydroxy-1, 7-octadi ene,

| - hydr oxy-3, 7-oct adi ene, |-nethoxy-3, 7-oct adi ene, 7-octen-1-al,
acrylonitrile, acrylic acid esters, met hyl acryl ate, nethacrylic acid
esters, met hyl met hacryl ate, vinyl acetate and 20

1- acet oxy- Swé99s8igssli ene. The invention is ef@d@kisthérys di rected
to hydr of ormyl ati on processes in mhlch a termnal al dehyde conpound
is prepared starting frominternally 18nsat ur at ed or gani ¢ conpound
having 4 to 20 carbon 25 atons. Exanple of these conmpounds are descri bed
above. Especial Iy internal |y unsgturat ed conpounds accordi ng to:

[err] 30 arkPTRER é§)séarVPhﬁhd% B8RARY Arerhydraed-r] and Rlerr] is
an organic group or prefarabbyzhydbraxsﬁoﬁndnBEEﬁﬂilyEhﬁkdﬂn&htbd Jerr]
organi c group optd QN % Bgﬁégtgé&g“w]&éq %ngo%ula ﬁorq: functlonal gr oups .

containing a hete oaton1 oxyge ni trogen or
phosphorus. The3~Pentepgaitrdie; 53&%%51%%9%%?%0‘:%“%%'&3 onal
conpounds wist h B-gentzhoazebestat onsnpoanadsi Mhet berminal aldéRydés33854

PCT/ NL79/ 00114 0 (7) in
whi ch Rierr] and oun pregaﬁégﬁvééthzs process ;éartﬁg%;fré%%%ﬂﬂ%ass of

internally unsaﬁ%ﬁ%ﬂ S cangp IR I e &&EGrHWr&Pq(?qquﬁﬁFa°P7) are
3-pentenenitrilef é%quyﬂn&aotamaordbd&pidjaahdnrwnikylaréi§}q@ambensate ester

conpounds. The %&r @é@ec@'z@@'ﬂ%dfgglon—s% Wi@n%e arﬁgngﬁ § process

starting fromthese can a antggfous |n t he
preparati ot® Cuie a1EYL cadpﬂ"iﬂtfé’l"&ﬁleﬁraﬁﬁl RO rd e Y RER ChPEPRY I5ivecur sor s
for respectivel yisdptapyls anerhlybotyb; 6.pedtaipl esdof 10 Clerr]-Cerr] al kyl

3- pent enoat es aéfbi&ﬁéhyl-a g H¥Lao§{QPM&§bhy1 an8589ﬁ§ind—ped€%hba95ty'
pentyl - and e:s aré’prefgggggngggéase éﬁ§§ a?g mgge)geadxqentenoate
available, The 3-pentenenitrile, 3-pentenoic acid and

15 C;-C, alkyl 3-pentencate ester compounds may be present
in mixtures containing respectively: 2- and
4-pentenenitrile; 2- and 4-pentenoic acid; and C -C;
alkyl 2- and 4-pentenocate ester compounds.

An additional advantage of this invention is

20 that the selectivity to the linear 5-formylvalerate is
not adversely influenced when next to alkyl 3-
pentencate also some alkyl 2-pentencate is present.
This feature is especially apparent when performing the
hydroformylation as a continuous process in which

25 unreacted alkyl pentenoates are recirculated to the
hydroformylation reactor. This was not expected in view
of the low selectivity to alkyl 5-formylvalerate
illustrated in Example 16 of EP-A-556681. This example
described a batch experiment starting from methyl 2-

30 pentencate. It is advantageous that alkyl 2-pentenoate
can be present during hydroformylation because these
conmpounds are generally a by-product of processes for
preparing alkyl 3-pentenoate. Therefore alkyl 3-
pentencate does not have to be isolated prior to

35 hydroformylation.

The hydroformylation process according to the
invention can be performed as described below. The



esters are preferred because they are nore readily avai |l abl e. The
3-pentenenitrile, 3-pentenoic acid and 15 ({err]-Cerr] al kyl 3-pentenoate
ester conpounds may be present in mxtures containing respectively; 2-
and 4-pentenenitrile; 2- and 4-pentenoic acid; and Cerr]-Cerr]

al kyl 2- and wepwsdsenoat e ester conpounds. Arpcupdisvoanel -
advantage of this invention is 2q that thegselectivity to the |inear
5-fornylvalerate is not adversely inflUuénced when next to al kyl 3-

pent enoate al so sone al kyl 2-pentenoate is present. This feature is
especi ally apparent when perfoQrmn roforglation as a

I t d
conti nuous procesE®3% 4f (ﬂ‘?nﬂétiaﬂgeﬁgﬁetbe VA PIRERY LA PrAcEss

recircul ated to téecording dootbisyliavéntioreaseoin generalasheotsamepagted in
Vi ew of the | gy¥esei£d icdniEnt QoRdXYprdrds®,Mab¥at ehéd ecor exiampuist r at ed

in Exanple 16 of EP-A: 556681, LS €X | bed atch experi nent
starting from net h&‘%%éo%ﬁégpéno%?@@#ﬁ ibse ggg%ﬁé%’ggo%rg t’[q’ﬁeat al kyl
2-pentenoate 5 partbrulnressartdogi athnienisediyy rasaber et prganicse
gorrpounds are gﬁn@a@dwal Ehblrpgﬁéﬂﬁiepftﬁ QERipeestife can hm; FRDin geoal kyl

- pent enoat e. ejefore a S ane~ PENLENOAte S npot to be

I sol ated prior toé??eﬂaﬁltc}‘rroez&rorrfpgtan‘.’re&ra% ¥ Q?gm Qb%tea%;cfroof ornyl ati on
process accor di nglt¥®°&he i nvention can be perfornmed as descri bed

bel ow. The VWO 97/ 33R5%ressure may vary from atmospheric
PCT/ NL97/ 001

- - i,@QN
condi ti ons of hepﬁfl%'?%?%rwllapfgﬁ :é:‘r:o%:%s’ga' pl:%ggé?a}%gf{&g‘?ﬁﬁlg itﬁvent I on
are in general th&0s¥Ra and more,psaferably FRAMMOEnkP briR%sEhedescri bed
for exanple | préfedrel, iE5Yeh@Baldpdeyhdl H2e thepesibihed hydivgen
particular start i gga CLipdiealobl dUnak i & G5t Y420l Cpxtra und. For
exanpl e, the tenperature can be froniroom tenperature to O[err] C
preferably from afdftes @iy, howevesopg present. The molar ratio RVIISGPB may
vary from at m&pher ¢arién momesdidee i 60géndfel)lyt de2@ebRal 0 pr efred ablig from

Q. 15 to 10 Wﬁn&”ﬂzé‘f’éx%ﬂi&?“b%ﬁ@%ﬁ Erpradh 4.60 1 MPa. The pressure
's generally equal to the %rgpgg%nngyggoggghium or iridium {compound)
is not specially limited, but is optionally selected so
that favorable results can be obtained with respect to
20 catalyst activity and process economics. In general, .
the concentration of rhodium or iridium in the reaction
medium is between 10 and 10,000 ppm and more preferably
between 50-1000 ppm, calculated as free metal.
The molar ratio of bidentate phosphite ligand
25 to rhodium or iridium is not specially limited, but is
optionally selected so that favorable results can be
obtained with respect to catalyst activity and aldehyde
selectivity. This ratio generally is from about 0.5 to
100 and preferably from 1 to 10 {mol ligand/mol metal},
30 preferably less than 1.2 (mol ligand/mol metal).
Preferably the ratio is higher than 1.05. Small
deviations in ligand or rhodium concentration will then
not automatically result in a lower yield to the
aldehyde compound. It has been found that by performing
35 the process according to the invention with such a
slight molar excess of ligand to rhodium the ligand
degradation rate is decreased. When performing the



and carbon nonoxi de partial pressure. Extra inert gasses may however be

present. The nolar ratio hydrogen 15 : carbon nonoxide is generally
between 10:1 and 1:10 and preferably between 6:1 and 1: 2.
The amount of rhodiumor iridium (conpound) Is not specially limted,

but is opti ewedrlsgsssel ected so that favorable results sepneSnblal ned
wWth respect to 20 catalyst activity an rocess econonmcs. In general,

t he concentration of rhodiumor iridiumif the reaction medi umi s
bet ween 10 and 10, 000 ppm and nore prefer ably bet ween 50- 1000 ppm
cal cul ated as free he molar ratio of bidentate

phosphite Ii ganﬂrages? o‘”r‘ﬂbc?i Ghight P?‘El?ﬁﬁ‘ans ligpndptei Hhedium rfiared, but is
optional ly sel eérédivm) tHatwiflivbeapkefersed tt ednibdr the obt ai ned with

respect to cat abbfﬁ&e@@ﬁéﬁ’i&ny a%'ad dabéﬁéa{é?%ﬁ of st‘f'xl e%%gX#&yduc}r}"ﬁ% t;?_%t |0

enerally is froma out
Igl gand/ m%l net af§9r 3D °fprtt-ﬂ‘ Fz?b‘ltfrnf‘@% ?Tﬁ;ﬁ?psf Q“Pnﬂfl | $5RERI/ Inistandet aI )

Preferably the Fathdﬂi% 41 glemainhdn thé@>pr&Biwxirled rangevieti ons in |igand or

rhodi um concent ppét&fionl | then not automatically result in a | ower
yield to the al dehyd und t een found that by performng 35
the process accordin eli \?8ﬁt F%) %a‘ﬁ‘f‘l{sd(,shn&t critisat nol ar excess

of ligand to rhBHPY Qchetﬂq g@rl&ent igenpudiatirdmentad te ce@lgated. Wien

per f or mi ng the reactant, Whd)}6r3g8efuct. The solvent may be the
PCT/ NL97/ ocess wth a

slight excess o'f‘iﬁ‘b’ffncfft SASSarLRy (Bper as |%edisgﬂftf?gvbf‘}4;bd’éaﬁre€f erred to
moni tor the CRBPRW d’c’!eoﬁléﬁéYGEQqufonn@VOt hby+poeduttur i ng t he

course of the csmitmwsqmme&slaaﬂue@ldsaftr&%hehl 838 idhLr ¢k O remain
in the preferreg,t hoi ce of

ti The
solvent is not cCri %# aqcec}osene fﬂgggr?ﬁemslolc\feﬁ?c}ghmnﬂeteﬁ fral to
cat al yst, ré%t%ﬁﬂmp%@/l@hepwbda'eber Trtradlydonfunay dxe & he 10 mixture

of reactantss spelyethyilumeslgebl ROLUnSRtdipalecarbowt @™ AYDy. xbb6nsd dehyde

B bong " ¢ B PEREA'S me tny1 SUAPP! Fetle! 81 2ybISheiEna, ™! ed
nitriles, for example 2-methylglutaronitrile or

benzonitrile, aromatics, for example toluene, benzene
or xylene, esters, for example methyl valerate or

20 caprolactone, Texanol® (Union Carbide), or
dimethylformamide, sulfones (for example
tetramethylenesulfone).

The reaction according to the invention can

be carried out in a gas liquid contactor known to a

25 person skilled in the art. Examples of suitable
reactors are bubble column, screen-plate column or gas—
liquid agitated reactor.

The process according to the invention can be

carried out batchwise or, preferably, in a continuous

30 process. In a commercial process the reaction is
preferably carried out in a continuous mode. The
continuous process can be started by for example dosing
the rhodium or iridium compound and the multidentate
phosphite ligand to a reactor in one operation and,

35 after the temperature has risen, adding the unsaturated
organic compound, carbon monoxide and hydrogen to the
reaction mixture in continuous mode or with



exanpl e kerosene, mneral oil or cycl ohexane, ethers, for exanple

di phenyl ether tetrahydrofuran or a 15 polyethyl eneglycol, for exanple
Car bowax[ err]-400, ketones, for exanple nethyl ethyl ketone or

cycl ohexanone, nitriles, for exanple 2-nethylglutaronitrile or
benzonitril e,wo9nisess cs, for exanple toI uene benzene @CTANLTOR14 -
esters, for exanple nethyl valerate or gaprolactone, Texanol [err]
(Uni on Carbide), or dlnethylfornan1de ul'fones (for exanple

t et ramet hyl enesul f one). The reaction according to the

I nventi on can be carried out, in a gas F&gﬁld cont act or knomn to a 25

person skilled i mAYRFIPEIoRR AP ¢ gent cqnaing &hgy o pyppl e
col um, screen- platdehydeupnodncyasthe rhddigen drayridivwl cospound, the

The process accorging dethhe Bﬂwgﬁiw XS carbSRdiaul batchui se or,

preferably, in a co tlnuous Ccess. %P' cess t he
reaction is RN ¢ éaFP?eﬁ"]o ng r?pglggﬁggma darr&%ég
cont i nuous pr éceseonawidee apdahydroggn fean deasgparaibed rfyom thlehe r hodi um or

i ridium compound ggubdilyn %k%hgsnt@ieﬁ:edchSBhtia@ plaaRg el eoa f@@Ct or in

one operation and, 35 . aft te ure has_r
e ren" " Senaeie . ot AR SR St asPuEe st Al BhERet 550 e
reacti on m xture lb«h remeveduSuompbhe peswitting mixture gD QR IZgBare

PCT/PL97/??%14 t sep?ratlon steps. The rhifxum'ozllfldlum cddﬂdﬁhauﬂﬁéonsd The
reactor e ont ai.ns e prduc r iridium
conpound, th(LalJ'ed.l tch I}e zxi‘t%é’tﬁh el?%?l& ptsg?{)a(r}ﬁ‘yrr&ﬁgf ?88

hydr ogen and the %%#v@ﬁﬁchsﬁtﬂ@ﬁaFF?S%QEkP UQQ'DGECGESrﬁﬂﬂ9G4$§gaﬁG Belr ogen

can be separated {fvéntith. The'l 885kt HPidh Hueps aby prskErab]y Bathee@r essure
to, for exanph g {l{{%% h%’i'?%??fétfox?raeé%“%geslb‘?e aééjed%%‘i-‘ia be

renmoved fromthe resu aration step The

rhodi um or iridi URP%Y apA¥ throwgh YﬂHQdeéﬁFE%%liﬁﬂﬁﬁﬂﬁtté are
preferably regcleredsure oft lte0leact amPandorcexadpie ima @idmess accordi ng
to the inventé&gboggy%rqeparation steps are preferably carried

The aldehyde product can be separated from
this reaction mixture using any separation technique
known to a person skilled in the art. Examples of

20 suitable separation techniques are (vacuum)
distillation, crystallisation and extraction using a
suitable extraction agent.

The concentrations of the phosphite ligand is
preferably measured continuously or regularly. If the

25 concentration drops below the desired value, as a
result of for example degradation of this compound,
fresh compound is added to the recirculating reaction
mixture.

Preferably, the recirculating catalyst system

30 is contacted with a Lewis base as described in EP-A-
285136, Most preferably the Lewis base is an ion
exchanger with basic groups, for example a packed bed
of a polystyrene matrix containing basic groups (for
example Amberlist Azle®).

35 The invention is also directed to a catalyst
composition comprising the bidentate phopshite
described above and rhodium or iridium and its use as



out through distillation at a pressure of 0.001-1 MPra, nost preferably
t hrough vacuumdistillation at a 15 pressure of 0.01-0.1 MPa, for exanple

inafilm evapor at or . The al dehyde product can be
separated from this reaction m xture using any separation techni que
known to a pwogomssskilled in the art. Exanples of 20 suitgablgre3pbsation
techni ques are (vacuum distillation, crystallisation an tractlon
using a sui tabl e extraction agent. - The concentratlons of
t he phosphite ligand is preferably nmeasured continuously or regularly.
If the 25 conce]ntE tj(% 191 s beI ow the desired value, as a result of
for exanpl e degr nyta , fresh conpound is added to

the recircul ating reacti ofthe inw&uﬁiﬁﬁashall be illustra®eldf @iehl ¥nethe
recirculating Caécﬁ'])b%tm% Y abRl} 80+ 1 h?i%gd with a Lew s base as
8

descri bed in EP-A- 5136. Most y the Lewis base is an ion
exchanger with basic groups for exanple a packed bed of a pol ystyrene
mat ri X cont abni rBxa 1283 piganlel Anberlist A2lf[err]). 35

The invention is al so direct ed to a catal yst conposi tion conprising the

bi dent at e phopshit descri bed above and rhodiumor iridiumand its use

as . m%www/ 00114

- 22 - hy & phveynl. o 8¢ 1t Gl The invention shal

be illustrated W|th t he 533f@¢|@w31g4nﬁg gggl},&&g,@?@mh §t noic 2 Exanple
[ 3

im gr]?;r)g:nag hgn qf qgﬁgﬁ%"%b nd,g'!e( fé's%} catl on roxy- 2- napht hoi c

gere refluxed 1n(¥2906glg (3.34
nol ) 3- hydr oxy- gmﬁ@pmpﬂoﬁgr 7 hours. The reaction mixture was cooled

overnight. The precipitated yellow crystals were
filtered of, dissolved in diethyl ether, washed with a
RaHCO; solution in water and then washed with water.

15 After drying with MgSO, and filtration the diethyl
ether was removed under vacuo. The residue was
recrystallized from methanol yielding 460 g (68%)
product. A second crop can be obtained by concentrating
the mother liguor.

20
b. Synthesig of dimethyl 2,2 '~dinhydroxy—

1’ hthalene—3,3-dicarboxylate from OPPI Briefs
.23 (1991) 200
The reaction was performed under N,

25 atmosphere. To a vigorously stirred solution of methyl
3-hydroxy-2-naphthoate (100 g) and copper(Il)chloride
(anhydrous) (133 g) in 3000 ml methanol, 289.1 g tert-
butylamine was added over a period of 5 min. After the
addition was complete the green brown suspension was

30 heated to 50°C for 20 hours. Then the reaction mixture
as cooled to 10°C and decomposed with 1000 ml 6N HC1.
When recooled to 10°C a lemon—~yellow precipitate was
formed, which was collected by filtration. After
washing with water and a saturated NaHCO, solution and

35 then dried over MgSO,. Evaporation of the solvent gave
a dirty yellow solid which over boiling in methanol for
S min was cooled to 0°C and collected. Yield 77 gram



10 acid (Aldrich) and 38 M H2SO err] were refluxed in 1200 m

nmet hanol for 7 hours. The reaction m xture was cool ed overni ght. The
precipitated yell ow crystals were filtered of, dissolved in diethyl

et her, washed with a NaHCO err] solution in water and then washed with
water. 15 Awieeyrassyi ng with MgSO err] and filtration the #C®NDSH0II4 et her
was renoved under vacuo. The residue was 3 _recrystallized from net hanol

yi el ding 460 g (68% product. A second crop can be obtai ned by
concentrating t he nmot her |iquor. 20 b. Synthesis of dinethyl

2, 2" -di hydr oxy- }.1'binaphthalene-3,3-dicarboxylate fromOPPlI Briefs,
23 (1991) 200 (77% The reaction was perfornmed under N2 25

at nosphere. To a vigorously stlrred sol ution of nethyl

3- hydr oxy- 2- naphthopt €pd 433 o) oRN€ doh o[ (anhydrous) (133
g) in 3000 mM net 49 o 1% ert- put yl am ne was added over a
period of 5 mn. “AFtE E addai tion was conplete the green brown
suspénsion we$ 30 heat ed The 3QldewiayfrRaciiomorrd. PTR@ICE Hsaladdohon

m xture as ceakefet forkitie unlier aRJa SR CONRIRA WihkbsgBi¥e Ml 6N HC .
When recool ed tOPgiQ%ﬁx % %atrli%ﬂigﬂglelv%v\%g%s@ﬁﬁt tSr‘z'\?f to nfor d, which

was col | ected by a s turated
NaHCJ err] sol ut tohethylasine was dried lmr/eilwgs@péwp fmmﬂlaxmsn of the

sol vent gave ngddigéy 2-1dp¥opelpHeibl 30 AMEWabBOBL 5861 vér NS laagol for
S 0 vas coghed 9 CLET (46 Y utd asaasdm%w%ﬁg;mg;g% pour VO

97/ 33854
- 23 - (77RpFriod to VHasrgusiyoatbrref splusdppopy | prrgphorus
phosphOrOCh|Oridh&&chSorlde (15.0 ghhenfioti wyhidamgaet (pn gndimprarguct

| sol ation otk {x?egfdj?, lﬁ&gerat ag[ﬂe@é tf%%@a@hggsﬁé eresultxgp.OSphor us

trichloride mas PStl I or to use Xlanln was I ed by
distillation froﬁPEﬁPE?uﬁ?s stirred for another hour an
15 triethylammoniumchloride salt was removed by

filtration. After removing the solvent under vacuum,
the residue was distilled to give 70%
di(2-isopropylphenyl )-phosphorochlorodite (bp: 166°C,
0.5 mm Hg) with a purity of 90% by P NMR.

20
d. Prepa n of the final osphite:

A solution of 4.02 g
dimethyl-2,2’~-dihydroxy-1,1'~binaphthalene-3,3 ‘—dicarbo
xylate (as prepared above) in 100 ml toluene was dried

25 Dby azeotropic distillation. To this solution was added
7.65 g of the di(2-isopropylphenyl )phosphorochloridite
from above, 3.6 g triethylamine in 50 mL of toluene.
After stirring for one hour at 40°C, the mixture was
filtered and the solvent removed in vacuo. The residue

30 was crystallized from n-hexane. Yields of 50-75% of
Ligand 1 were obtained.

Example 2:¢

Preparation of Ligand 2

35 A solution of N,N-diethyl
di (9-phenanthryl Jphosphorocamidite (P NMR:138.7 ppm)
was prepared by adding 2.3 g of triethylamine and 1.74



hydri de. 2-1sopropyl phenol (30 g) was dissolved in dry 10 toluene (50 nli)
and added dropwi se over a one hour period to a vigorously stirred

sol uti on of phosphorus trichloride (15.0 g) and triethylamne (24 g) in
dry toluene (200 nL) at anbient tenperature. The resulting m xture

was stirredwioymseset her hour and the 15 triethyl ammoni unpbrsismengal t- was
renoved by filtration. After renDV|n% the sol vent under vacuum t he
residue was distilled to give 70%

di (2-i sopropyl phenyl) - phosphor ochlorodite (bp 166[ err]C, 0.5 mm Hg)

with a purity of 90%%my [e %P NVR 20 Preparation of the final
phosphi t e: g (10 Ol)ﬂf E:NECH: BE 2085 tg: 3.88 g (20 mmol) of

di et hyl - 2, 2' - cE-I‘Blthmn,thlrp'l bhn2ptitrial cfn ol udhedi datdd by azeptabpias
prepar ed above)dié“tﬂﬂ(&grﬁont)okﬂ@“e ¥\@}§yﬂ“ ‘i‘ix%%o?&(tz?&&oﬂsoﬂ'e%c%ﬁt ' 1ation.

To this solution was

di (2-i sopropyl p‘fﬂetrﬂllljlpﬂg‘sﬁﬁomcﬁ?%r%‘ﬂlq’@thﬂ PEBRT abR\RLVEs they
tri et hyl am se idi G6-phenaintholiligpkosphorotitileridtiter (Hg NMR: DOE. Hour at

40[err]C, the gty P xeur b A4 760 AL BRAOLVEN 36 GHRYST o VacuO

The residue 30 mas cryst rom n- exane ds o Y% oOf
Ligand 1 were obt tﬁg&amne an%x%m%?e“?. dimebpglar ation .of Lipand 2 35

A sol ution of N N tidthydroxy—1dl (96 jxeplerialliepe)-phd sphicadraxyilace([err] p

NVR 138. 7 ppm) were RRaed.CRAECH: Yuds didig s%ﬁzaaoéoéri@t@ﬂxﬁrp’sne and 1.74
WO 97/338545_0 97/0011

- 24 - g PSRy SPIERRE PTARRI YR 2RE EBfe‘P?i‘ %% 3.88 g (20 mol)
of 9- phenarﬁWﬂﬁallﬁzﬁofnﬁmoﬁcvtﬂmWﬁpéueby BoNMBpi L26. 6

distillation) (fgmy= o Bxlehd Eblg‘o@%ﬂtnmﬂaaa $88CéBFainea Wi th 11 nl of 1M
HCL in diethyl ether to-give the di (9- phenant hryl ) phosphorochloridite
([err]P NM 161. 4

Comparative Experiment 3:

15 Attempt at Preparing Ligand 2 according to
the route exemplified in Example 1. An attempt at
preparing di(9-phenanthryl)phosphorochloridite from the
direct reaction between phosphorus trichloride, two
equivalents of 9-phenanthranol and two equivalents of

20 triethylamine failed following a similar procedure
described in Example 1. Tri(9-phenanthryl)phosphite was
the major product and only about 5% of the desired
di (9-phenanthryl Jphosphorochloridite was obtained.

25 Example 4: Hydroformylation with Ligand 1
A 25 mL glass lined pressure vessel was

charged with 5 mL of a solution containing 11.4 g (100
mmol) methyl-3-pentenocate, 0.068 g (0.2 mmol) of
dicarbonyl(2,2,6,6-tetramethyl-3,5-heptanedionato)-

30 rhodium, 1.0 g (1.0 mmol) of Ligand 1 and 1.00 g of
tetradecane (internal GC standard) in 100 mlL toluene.
The ratio of ligand to Rh was 5. The pressure vessel
was freed from air by purging first with nitrogen
(twice) and then with 1:1 CO/H, (twice). The vessel was

35 then pressurized to 0.5 MPa 1/1 CO/H, and heated to
100°C with agitation for 2 hours. The heat was shut off
and the pressure vessel was allowed to cool to room



ppm. The m xture was filtered then 3 g (30 mmol ) of triethylamne and

1.98 g of dinethyl 2,2 -di hydroxy-1,1 -binaphthal ene-3, 3' -di car boxyl ate
were added. The mixture was stirred for 10 mnutes, 10 filtered, solvent
evapor at ed, and the product crystallized fromacetonitrilel/tol uene
([err] P NMR wabrfigss Ppm). A yield of 90% of Ligand 2 wapcehisiven. -
Conparative Experinent 3. 15 Attenpt at Preparing Ligand 2
according to the route exenplified imh4anple 1. An attenpt at
preparing di(9-phenant hryl ) phosphorochloridite fromthe direct reaction
bet ween phosphorus trichloride, two equi val ents of 9-phenant hranol and

two equival ents GPm29r¥t¢E$+nﬂhﬁﬁQmseSaig%&P#(ﬂﬁﬂﬁwWﬁQtads$m¢I¥#e|oropedure
described in Exappbaudts Tédd-quaayaeuhby! gah caititina® ogesphy o e ImjMOr

product and only_abgut 5% of. .the ired .

di (9- phenant hryl f%h@gﬁho?%%%]lloarriydi {EZc\c/\’/;‘sm%bt%lllenéﬁ.sult%ar%x%%ﬁne 2

Hydr of or myl ati on™@#Pilg Ligand 1 A 25 nmL glass |ined pressure

vessel was 5 charged with 5 nL of a solution containing 11.4 g (100

mol ) met hyl - 3-p oate, 0.068 g (0.2 mmol) of

dicarbonyl(2,2,6§%§§grianethyl-3,5-heptanedionato)- 30 rhodium 1.0 g (1.0

nmml ) of Ligand 1 and 1.00 g of tetradecane (internal GC standard) in

100 nL tol uene. M3P Thaversien of*dongyand to Rh was 5. Thke.pressure vessel

was freed from aigl R L6 i ' Riirogen hce) and then with
Set¥éck n 8274

1:1 CO H[err&o(t\z‘)l ge)ﬁ.c *ﬁg£€g%é§fﬁ\t}\’/ag §E1t?1en ressuri ggd to 0.5 MPa 1/1

CO H err] and®hedSedecsivity godiathyivadpidteg tBad0n 6r%2 hours. The heat
was shut off sSehdctheipy css 2P egsem yhis al l onwed t@.6001 to room

V\l) 97/ 33854 %Linearity "Lin")‘ PCT/ yh?%/Q0114

- 25 - t enper at ur e. The excess gases were vented and the products

wer e anal yzed by gas chromatography on a 30 M
1: M3P and M4P are methyl 3- or 4-pentenoate

15 respectively; Percent M3P and M4P reacted.
2: MSFV = methyl-5-formylvalerate; selectivity is (mole
M5FV/(mole M3P + M4P converted). The conversion of M3P
to M4P is not regarded as conversion of starting
compound because M4P is considered an equivalent

20 starting compound.
3: M2P = Methyl-2-pentenocate; “isom"™ = moles M2P
formed/moles (M3P +M4P) converted.
4: Calculated as 100* MSFV/(MSFV + branched
formylvalerates).

25
The example illustrates the very high selectivity to
linear aldehyde from an internal functionalized olefin
that may be obtained with the catalyst of this
invention.

30

Example 5: Bydroformyalation using Ligand 2
A 150 mL. Hastelloy-C autoclave {(Parr) was
filled under nitrogen with 5.8 mg
dicarbonyl(2,2,6,6-tetramethyl-3,5-heptanedionato)-
35 rhodium (4.8 x 1075 mol), 14.0 x 10°5 mol Ligand 2
(ligand/rhodium ration (L/RhR) = 2.9 mol/mol)} and 60 mL
of toluene., The autoclave was closed and purged with



DB-VWax[err] capillary GC colum. The results are shown in Table 1: 5

Table 1 MBP Conversion ("Conv")1 66. 4

%Sel ectivity to MoFV ("Sel ") 2 82.3 10 Ugelectivity to

Met hyl val erate ("Redn") 4.0 %Sel ectivity to MP ("lsoni)[err]

7.6 Ui QRPdIhIse (" LIiN") [err] 93.2 % pemnLdmeelgP and
MAP are nethyl 3- or 4-pentenoate 15 res%(ractively; Percent M3P and MAP
react ed. 2; MbFV  nethyl-5-fornylvalrate; selectivity is (nole
MbFV/ (nol e MBP + MAP converted). The conversion of MP to VAP i s not
regarded as conversion of startin conpound because MAP i s considered

an equival ent 2BitEegeR{ hac Awsoghave was prayght-—trel WPa ofHancboedat e;

"i sog‘i(') = nol /e? ﬁ@ﬁoxi%eiliy‘dﬂﬁﬂeﬁiokesM/B&d'l\%%)teﬁ)lﬁ;te%ed-over #caCal C:Jl at ed
as 100* MBFV, \[ & br Q t e T anpl e
illustrates th(l\a/ggexfl%/nhi%%%ggqe@tti \?lBt?r?%Xai %{%'ngarsogﬁﬁle I§/cﬁa{|:‘a'r'§)rih n
internal functi 6f%ITRRY) FAreshiy distpdledaeiyloBrapnbenedteh ande 1edt al yst

of this § NVgpanOoflonaite dilutéantbels: miivweitdf @olAiahat v #idnng Li gand 2

A 150 nL Hastel | gy- tocl ave (Parr fill nder nitrogeg with
5.8 ny di carkgiﬁ‘;%% g'é é?ftee ?5%%%@? Cpﬁe ﬁ:eeﬁf:gg% ivgangatro")n- fo:?% gr hodi um
(4.8 x 10[err] hBR¥S. 12EEe5 videdr thenpeactiomi@s2 cooled (angand/ r hodi um
ration (L/Rh) —ada®ysed/ red amlgsesS showed 900fiw Couene. 79)m% aH1qQgl ave was

cl osed and pur ged- . 97/ 33854
PCT) NLo7/ 00} 4 §d7% kban.; 90.3% LYQ. NP

Examples 6-9 and Comparative Experiment 10
Hydroformylation using Ligands 3-6
Example 4 was repeated (100°C, 0.5 MPa 1:1

CO/H, pressure, a ligand/Rhodium ratio of 5/1

15 (mole/mole), 200 ppm Rh as dicarbonyl(2,2,6,6-
tetramethyl-3,5-heptanedionato)rhodium, and 1 mclar M3P
in toluene) at a reaction time of 2 hours in which the
ligand had the following general formula:

- X6,
P P‘o (8)
) A3, &

The results are summarized in Table 2.



ni trogen. The autoclave was brought to 1 MPa of carbon

nonoxi de/ hydrogen (1:1) and heated to 90[err]C over a ca. 30 mn.
period. At 90[err]C and 1 MPa, a solution of 7.44 ¢ (65 Mol ) freshly
distilled nethyl 3-pentenoate and 1.2 5 gramnonane diluted to 15 nL with
t ol uene was ty@833gss | Nj ected into the autoclave. The reactraavNDs@soit4n f-or
7 hours, after which the reaction was gool ed and anal yzed. GC

anal yses showed 90. 1% Conv.; 75.1% Sel . ;™ 7 5. 7% Redn. ; 90.3%Lin. 10
Exanpl es 6-9 and Conparative Experinent 10 Hydr of or myl ati on usi ng

Li gands 3-6 Exanple 4 was repeated (100[err]C, 0.5 MPa 1:1
CO H err] pressurf@klg 2i gand/ Rhodiumratio of 5/1 15 (nole/mole), 200 ppm

Rh as di car bonyl (fZ7°Z; 0, Taret Yy - o, o- ngpt an oriqt o) 1 joaran) and 1
nol ar MBP in t%ﬁﬂ!@ﬂegl-éga%ﬁré’éction | Re of | Zomyuf Bedr| S#h ¢Hbitthe
| i gand had t he fJIIprvi ng| general] formul a 20 n l
P P 8—t-e+r1 30— TFheresdits—af e
summari zed in Taljl & 2. 3 90,3 7P83B64a,i- 53 4 85 | 94
PCT/ NL97/ 00114 L Pr - 2'[ -
| -
s |7 4 CH, CH, 36 5 75 |93
8 5 C,H, C.H, 36 5 75 | 92
9 6 C,H, H 23 4 74 |88
Comp. H H 70 9 66 82
10
]

10

Comparative Experiment 10 shows that the ligand without
substituents on the 3,3’ position of the bisnaphthol
bridge gives significantly lower selectivity to the

15 1linear aldehyde

Examples 11-14: Hydroformvlation uging Ligandg 8-11
The hydroformylation conditions for Example 4
was used with ligands according to the following
20 general formula:

/

@

25
c,) Q (9)

30



R2

Table 2 Exam Ligand [ERR]'
pl e n
CIIerr]l- 53 4 85 94
CH err] CH err] 5
C[err]H[erm}og-;mC[err]H[err] 36 5
C[err]H[err] H 23 4 74 88
70 9 66 82 10 1028 -

shoms that the ligand w thout

bi snapht hol

| i near aldehyd

gives significantly | ower

b dge
"SR, Se. Privenyed b TG

The hydrofornyl ation conditions for

Exanpl e 4

6

75

75

Conv

3

93
92

Conp.

Red Sel
CJd er

rji-pr

Pr 5

8

Pcrﬁhwmoma

Conpar ati ve Experinent 10
substituents on the 3,3 position of the
selectivity to the 15
l‘ati on using Ligands 8-11
was used with |igands

according to thgpigl owi ng 20 general fornula: [err] 30
— e
Exam— | Ligand | R! R2 Conv | Redn | Sel | Lin
5 ple
11 8 CQO,Et CO,Et 99 11 64 77 ]
3’12 9 SiPh, SiPh, 73 23 64 97 I
13 10 CO,i~Pr | CO,i—- |91 8 63 {78
Pr
14 11 CO,Me COMe 98 9 61 72
Example 15a and 15b: Hydroformylation with Li 12
and 13
Hydroformylation reactions were performed
15 using the procedure of Example 4 with Ligands 12 and
13. The results are shown in Table 4.
Table 4
;*, ‘
Example | Ligand Conv Redn Sel Lin r
20 15a 12 82,2 6.7 55.0 76.0
"le 13 16.0 2.0 51,7 69.3
S ﬁ‘” = v ——— 3
Example 16 and 17 and Comparative Experiment 17b:
25 Hydroformylation of Hexene—-1 and Hexene—2 with Ligand 1
and with Ligand C
The experiment in Example 4 was repeated
except that the methyl-3-pentenocate was replaced by an
eguivalent amount of hexene-1 or hexene-2 and the CO/H,
30 pressure at temperature (100°C) was 0.68 MPa and the

reaction was allowed to run for 4 hours.
used and for comparison

Ligand 1 was



WD 97/ 3354 PCT/ NL97/ 00114

- 28 - The results are presented in Table 3: Table 3 Exam
Ligand Rerr] Rl err] Conv Redn Sel Lin 5 pl e 11
8 CJerr] Et Cderr] Et 99 11 64 77 12 9
Si Ph3 Si Ph{,@;f,j;w 73 23 64 97 13 10 pcTmNLYTRSORR T ] k- Pr
CIIerr]l- 91 63 78 Pr

11 cqerr]lve cerr]M ~& ~ o9 61 72 10
Exanple 15a and 15b: Hydrofornylation wth Ligands 12 and 13
Fwdrofornylatlon reactions were perfornmed 15 u t he procedure of
Exampl e 4 with Lit§5Ra8%i8o9kmip 4 dirﬁ“?ﬁé“?%%?ﬂ?‘ylgri’@%ﬁg%ﬂ‘n Tabl e 4.
Tabl e 4 Epenpherythgbtsl (IGeawnd C) waiatied. Anadekis of tHeén 20
15a - 12 { 5 : : 15b 13
16.0 5o  probfigts gave dile resultd sg°’1?§<a‘r¥‘plz%b?§ 2hd 17 and

Conparative Experinment 17b: 25 Hydrofornylation of Hexene-1 and Hexene-2
with Ligand |5 Tabdedswith Liaand C

T
Example Ligand Substrate | Conv. to Lin.
aldehydes'‘?}
16 1l Hexene-1 73.4 98.7
17 1 Hexene-2 | 50.4 97.3
10 Comp. 17a | C Hexene-2 10.3 95.8
L

(1) Moles of linear and branched aldehydes formed per
mole hexene charged to the reactor; unreacted hexenes
were not measured. The results demonstrate that very
15 high linear selectivity can be obtained with
unfunctionalized terminal and internal olefins.

The prior art phosphite (Ligand C) shows much lower
activity when starting from internal olefins.

20
Exampl : Bydroformylation of
3-Pentenenitrile with Ligands 1 and 14
Example 18

25 The experiment in Example 4 was repeated

except that the methyl-3-pentenoate was replaced by an
equivalent amount of 3-pentenenitrile and the ligand
was Ligand 1. Analysis of the products showed a mixture
of 3-, 4~, anéd-formylvaleronitriles (hydroformylation

30 products) and valeronitrile (VN; reduction product).
The results are summarized in Table 6.

Example 19
The experiment in Example 4 was repeated



The experinment in Exanple 4 was repeated except that the

nmet hyl - 3- pent enoat e was repl aced by an equi val ent anount of hexene-|

or hexene-2 and the COHerr] 30 pressure at tenperature (100[err]C) was
0.68 MPa and the reaction was allowed to run for 4 hours. Ligand 1 was
used and fowaerspsssi son WO 97/ 33854 PCT/NL97/00114 -
PCTI/ NL97/ 00114 - 29 -
tetrakis(di-(2,4-di-tert-buty|phenyl)pﬁbéﬂhrto)- pent aerythritol
(Ligand C) was used. Analysis of t he products gave the results shown in
Tabl e 5. 5 Table 5 ng gand Substrate Conv. to

Lin. except that the methyl- 3~pentquagehyggsrqglaced byl ag 1
Hexene- | 73. 4equivalent afifbuht of 3-pgentenenitrile and the 1Hea@E- 2 50. 4
97.3 10 Co 7 8 (1)
Mol es of i nenga4 LatE)Er g'l aélocll éfdeﬁk%fg fsormea:llg ?roducs ?av%&?‘ene char ged
to the reactor: *SRPESR tRAPRed@ndable Syere not neasured. The results
denonst r at e % hat very 15 hi gh Ilnear selectivity can be obtained with
unfunctlonallzeggg ng nal and internal olefins. The prior art
phosphite (Lig Shows uch activity ' from

i nt er nal o!ef! Exggﬂlfidgﬁggﬁgeséﬁﬁﬁﬁnd L%édﬁydrofgggylatiqﬂigf

3-Pentenenitril g

1 85.2 21.0 42.7 54.4
“19 14 37.4 16.3 44.6 55.6
10

* The reduction product was valsronitrile
** Selectivity to S5-formylvaleronitrile

The results show that moderately high selectivity to

15 the linear S-formylvaleronitrile (5FVN; a caprolactam
precursor) can be obtained with the catalysts of this
invention.

Examples 20, 21: Hydroformylation of Butadiene with
20 Ligands 8 and 10
The experiment in example 4 was repeated
except that the methyl-3-pentenocate was replaced by an
equivalent amount of 1,3~butadiene, the solvent was
tetrahydrofuran, the temperature was 90°C, the CO/H,
25 total pressure at 90°C was 6.8 MPa and the ligand was
either Ligand 8 or 10 and the ligand/Rh ratio was 3.
Analysis of the products showed a mixture of pentenals
(primarily trans-3-pentenal), pentanal (reduction
product) and dialdehydes (primarily 1,4-butanedial).
30 The results are summarized in Table 7.



Exanpl e 18 25 The experinment in Exanple 4 was repeated

except that the nethyl-3-pentenoate was replaced by an equi val ent
anount of 3-pentenenitrile and the |igand was Ligand 1. Analysis of the
products showed a m xture of 3-, 4-, and-fornylvaleronitriles
(hydrof ornyl akpomagdd products) and valeronitrile (VN, redrcrmNsguduct) .
The results are sunmarized in Table 6. _ ., Exanple 19 The
experinment in Exanple 4 was repeated WO 97/ 33854

PCT/ NL97/ 00114 - 30 - except that the

nethyl-3-penteno%£§ maﬁ repl aced by an equi val ent anount of

3-pentenenitrile Iigand was the Ligand 14. Analysis of the
producs gave the resujLs SNQWNj Ln la Table ?
Liggaf- | s

e b. 9
| Exanpl eLi gand  [|CBfAfRLe Comy, | Pentapal, | 3-Penfgna
85.2 21.0 42.°7 54.4 9 14 37.4 6.
44. 6 55.6 10f 2° * | Phe reduc?PO% bt dBuct wdstA aronitr I7é% #
Selectivity to 54farnmylvalkeronitri he redqul show t ha degfrately
hi gh selectivity t%{15 t?golinear §§f3rhﬁrgalerori?%1 e (5FVN %éHD
caprolactam & precursor) can be obtained wth the catalysts of thrs
I nventi on.

Digls

Examples 22-27: Hydroformylation of Methyl 3-pentenoate
using Ligands 15-19 and 7
. A 150 mL Hastelloy-C autoclave (Parr) was

10 filled under nitrogen with 5.8 mg dicarbonyl(2,2,6,6-
tetramethyl-3,5-heptanedionato)-rhodium (4.8 x 1073
mol), 60 mih of toluene, and a ligand selected from
Ligands 15-19 and 7 {(ligand/rhodium molar ratio (L/Rh)
varied from 2.2 to 3.1). The autoclave was closed and

15 purged with nitrogen. The autoclave was brought to 1
MPa of carbon monoxide/hydrogen (i:1) and heated to
#0°C over a ca. 30 min. period. At 90°C and 1 MPa, a
solution of 7.44 g (65 mmol) Ereshly distilled methyl
3-pentsnoate and 1.2 gram nonane diluted to 15 mL with

20 toluene was then injected into the autoclave, The
reaction times are listed in Table 7. Productanalyses
were done by GC and the results are summarized in Table
8.




Exanmpl es 20. 21: Hydrofornylation of Butadiene with 20 Liaands 8 and 10
in exanple 4 was repeated
met hyl - 3- pent enoat e was repl aced by an

The experi nent

1, 3- but adi ene,
90[err] C,
| i gand was

t lweo 3Bdserr] 25

t he sol vent was
t ot al

ei ther Ligand 8 or

except that the

t et rahydr of ur an,

Anal ysis of the products showed a mi xtur &2of pent enal s

equi val ent anount of
the tenperature was
pressure at 90[ err] C wapcemnBoNagand.-t he
10 and _the ligand/Rh ratio was 3.

(primarily

nal s
21
7:
7
wth
ium (4.8

rom?2.2

trans- 3-pentenal ), pentanal (reduction product) and di al dehydes
(primarily 1,4-butanedial). 30 The results are summarized in Table 7.
WO 97/ 33854 ~ lable 8 PCT/ NL97/ 00114
- 31 - Tapl ara COTTV .
Dials 20 ime | Cogy |>Sel | Redn [Lin
10 66. 7 (hr3)0; (%5 | (%) Exaypl pswP2-
Hydr of ornyl ati o te tsHrg—=aa
A 150 nlL Hast el as 1p8liB||l &4l umder® n| B4 0ge
5.8 ng dicarbo tetranethyt—=pS5—hgptamett-oratpr—rho
x 10[err] S pBubne,| @and a| F7gand728 ¢&.6d | 7O
Li gands 15-19 dromrTotarTRtT o (R vErted
to 3.1). The a séd2and 815 plBded (W TR hi4.Oogph3.2h
aut ocl ave was ougnt 4o I VPa Off car bo{T_Tongxi e/
heated to DEarr] CldPer a c&:930|fin. pkfTed.| B D[4 ]
solution of 7.4 (65 ) TYesnty{arstrryed ngthyl 3-
1.2 gram nonan a?I uted o 15 pE itr t bPdene %\%sot Ner® i
t he autocl ave. [The

!27 i 2.2 18.5 84.0 [ 81.0 | 4.4

10

15

20

! Ligand/rhodium molar ratio.

Example 28

Example 22 was repeated using Ligand 15 and a

ligand/rhodium ratio of 3. As substrate cis 2-butene

was used. The total pressure was 2 MPa. After 4 hours a
conversion of 66.2 % with 98% selectivity for pentanal

and a linearity of 98% were obtained.



reaction tines are listed in Table 7. Productanal yses wer e done by GC

and the results are summarized in Table 8. WD 97/ 33854

PCT/ NL97/ 00114 - 32 - Tabl e 8

Exam Ligand L/Rhl Tine Conv  Sel Redn Lin pl e

(hrs) (%9  woo3sssd) 22 15 3.1 7 SAICTNLIP0164 3 -9
94.9 5 23 16 3.1 6 :Z .1 72.9 2.6 79.6 24
17 2.2 8 84.2 79.2 4.0 93%2° 25 18 2.9 6
87.3 81.2 4.7 92.3 26 19 2.2 21 69.5 82.0 3.6
94. 6 27 7 2 18.5 84.0 81.0 4.4 94.5 10

[err] Ligand/rho 3x3dio. Exanpl e 28 Exanpl e 22

was repeated using Ligand ESampite of Was irgaaateqiaaptr §hadb af 3. As

substrate cis 2-RjirgR@ent u\sén&%%ﬂs ubed.t gbél TA¥ RS B WREgLndPa. After 4
hours a conversi.on of 66.2 % wth 98% selectivity for pent anal and

a linearity of ofH_tELe 2B ﬁ??l‘é]cfs‘ 20

Table 9
- e
lrEx . Ligand No., | Conv. Sel. Lin.
29 20 73.0 84.9 96.0 l
30 21 53.1 84.5 93.6 *l
10 |32 22 88.1 83.4 95.8
32 23 88.0 83.4 94.5
33 24 91.5 83.3 93.6
1 34 25 94.8 83.2 97.9
35 26 97.5 82.2 97.4
15 || 36 27 53.4 80.8 91.3
37 28 56.3 80.1 89.8
J



WD 97/ 33854 PCT/ NL97/ 00114

- 33 - Exanpl es 29- 37 Exanpl e 4 was repeated except
that a different |ligand was used. See Table 9 for |igand choi ce and
results. 5 Table 9 Ex. Li gand No. Conv. Sel .

Li n. WAP97/33854 20 73.0 84.9 rcTRo%o11s - 30
21 53.1 84.5 93.6 10 31 22

88.1 83. 4 95. 8 32~ 34 - 23 88.0

83.4 94.5 33 24 91.5 83.3

93.6 34 25 94. 8 83.2 97.9 35
26 97Example 383449 97.4 15 36 27

gg-i 83-8 ¥katple 18 wad repeated ex8ept that a 96.3

. 9. . 7 854 .
PCT/ NL97/ 00114 gifferent 1£ggn% QQQ ésed. See_?agie_lo for ligand
choice and results.

5
Table 10
Ex. Ligand No. Conv, Sel. Lin.
38 15 99 65,6 78.1
!FSQ* 15 59 67.3 87.9
10 40 25 89 73.7 83.8
41*%« 25 94 69.7 79.6
42 26 99 72.1 85.8
435 26 91 73.9 B2.6 "
44 20 82 53.1 64.3 “
ls.L_—.-..=.==_=.._=..=-== =
* The feed gas was 35% CO and 65% H,
** The feed gas was 65% CO and 35% H,
Example 45
20 A Hastalloy B autoclave with a volume of 1 1

was loaded with a 200 g catalyst solution. The catalyst
solution consisted of : 568 g m—xylene, 1.105 g (4.3
mmol) rhodium dicarbonyl acetylacetonate
(Rh(acac)(CO),), 20.0 g (65.8 mmol) tri—(ortho-

25 tolyl)phosphine and 14.0 g (12.8 mmol) of a bidentate
phosphite ligand (mw = 1090) with formula (10)

30
(10}




Exanol e 38-44 Exanpl e 18 was repeated except that a

different |igand was used. See Table 10 for |igand choice and results.
5 Tabl e 10 Ex. Li gand No. Conv. Sel . Li n. 38
15 99 65. 6 78.1 39* 15 59

67.3 87 wo 97fisss 40 25 99 73. BCT/NLITIT148 -
41** 25 94 69. 7 79. 6 42 26

99 72.1 85.8 43** - 38 - 91 73.9

82.6 44 20 82 53.1 64. 3 *  The
feed gas was 35% CO and 65% H errL ** The feed gas_was 65% CO_and 35%
H err] ExBPptRe Aptpglave (the regchgrdt ¥ppodle ARAWRI AP0 & OR a

vol ume of 1 | meﬂh;sl+33a1bﬂtemhbea(ﬁﬁ)) g That aleystosodras iltwateBhandatal yst
sol ution consi st di um

di car bonyl acety acetonéég er ( ca])%Io er ?Aﬁgotg ESanﬁnDI
tri-(ortho- 25 )“ﬁﬁo%HFh%%Hﬂ teg §og ‘Fﬁﬁﬂ )lnoﬁ“& deSﬁYat e

phosphite i gﬂndtbm t;hém@r)asvmuhajrsrmleft(—lﬁ)s stream fromritHe

reactor. The reactor could contain approximately 500 ml
liguid. As soon as the reactor contained more than
approximately 500 ml, it overflowed via a dip tube and
the excess of reaction mixture was continuously removed

10 from the reactor. The reactor effluent stream existing
of " liguid in excess of 500 ml and unreacted gasses was
let down to atmospheric pressure via a back pressure
regulator and fed into a gas/liquid separator. The gas
was —after passing through a condensor to remove

15 condensables— vented to 1 bar. The stream collected in
the bottom of the gas/liguid separator was fed through
a control valve to a first short path rolled film
evaporator. In this evaporator most of the unreacted
M3P, light by-products and a small part of the aldehyde

20 products were evaporated under vacuum (600 mm Hg at
90°C wall temperature). The liquid residue (bottom
stream) was passed through a column filled with an
amount of 7 g of a weakly basic Amberlist A2l resin.
From there it was pumped to a second short path rolled

25 film evaporator. In this evaporator the remainder of
the unreacted M3P and a part of the MFV products were
evaporated under a higher vacuum (100 mm Hg at 90°C
heating temperature). The residue of the second
evaporator was pumped back into the reactor thereby

30 closing the loop. The temperature and pressure of both
evaporators were adjusted such that at a stable running
situation: a constant total liguid inventory in the set
up, was maintained. (Approx. 1200 ml if calculated back
to reactor liquid prior to distillation.)

35 After 2 hours of reaction at 95°C fresh M3P was pumped
into the reactor at a rate of 90 g/h and also more
catalyst solution was pumped in at a rate of 80 g/h. CO
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- 35 - To the autoclave (the reactor) was al so added 300 g of

met hyl - 3-pentenoate (MBP). The reactor was heated under 1 MPa COHerr]
pressure (1:1 nol/nmol COHerr]) to 95[err]C. The CO H2 was constantly
fed to the wWRpelegsei N such a way 5 that there was al ways %Erﬂi,gﬂ%i’ﬁ stream
fromthe reactor. The reactor could contain approximately 500 mi
liquid. As soon as the reactor contained3fore than approxi mately 500
m, it overflowed via a dip tube and t he excess of reaction m xture was
continuously renoved 10 fromthe reactor. The reactor effluent stream

exi sting ofand dlii drenfedcassa flBGGatle afid3tiflkdct dllegpsessumas | et

down to at nDSphgedd Gedl @TSW, 6 MPa. AT RAEHpIVLSWhBurs alERHAt Or and fed into
a gas/liquid separ aitsl(ai[ﬁt’The gaa was -after Qassi%ttg{ ough g condensor

to remove 15 cohdan 875, Bt RUPRS VT CPFRALPY AN SO cBtRYRh t he
bottom of the ¢teddiifuistopppdr adbtenoandthen Hbohghrs they sedmupol valve to a
first short spatheddtddd fteldy st&vapK@ttte shablli foBmMARNeAREr nDSt of the -

unr eact ed 1.9ht. .by- product d a small part of .th | dehyde 20
products were (I\a@g%coérneat?%&i@)rédgfl \glg uﬁ?r?%%‘tfo b ﬁﬁpg xlma‘O‘:G’E)\é’[ élpg] BPRal |
tenperat ure). THRe |Bhy(nhesphitgueolapt rapio wassidy3aapd vihe passed t hrough a
colum fill Ie:d Vplids il ne /pho@Blit e OkoYa g it id waAskby1basic Arrblelrl idst25Af2_1I
resin. ro r S.p 0 o rol |l e ilm
evapor at or. Innet)_%.e&/éa o\rﬁgt gr urﬁgg‘r‘ie(?m%\'@% ggkaﬁ E%%@%ﬂrﬁ @%@t ed MBP and a
part of théOP\Aprotlicteparater- Thigais Aane Yed¥r carsfyHar vacuum (100 nm

Hg at 90[ err] C excltbiaig r@nitagpewdthr Sxygehandembidcund ddimgsacond
Svaporator vas SUEBES A WHiBn! Us' SRFLANLIY BLERYA S o WAkNC | 00D
e ar bo evapor (Y]

The tenperatur pressure 0 OrS were adj usted such
that at a stablBkiRghiyR) the thet gampdps £OT @t kAPAs oPRI2NALYFi& i nventory

in the set Tive senpliea Nezienadalfde@rior drdafinl ahd Ddrgalndiced back
to reactor 44 qui | St | | I Qi eaction at
19 uea'mF;paﬂ&{tst Q;sgg.@ bkkgh%%%%éégé@{ be,aglaptgées%fcsgo oo

95[err] C fresh was .pu n r or a rate o

al so nore c %‘f{gta&ﬂ%PGHaﬁﬁg felr iarcieas pagretic g0 g/h. CO
resonance (NMR) and Elemental analysis. 210 hours into
the experiment the composition of the liquid in the
reactor was determined as: 0.39 wt.% methyl-4-

20 pentencate, 0.06 wt.% methyl-cis-2-pentenoate, 1.82
wt.% methyl valerate, 9.17 wt.% methyl-trans-3-
pentenocate, 2.61 wt.% methyl-cis—-3-pentenocate, 4.48
wt.% methyl-trans-2-pentencate, 0.04 wt.% xylene, 0.48
wt.% methyl-2-formylvalerate, 1.06 wt.% methyl-3-

25 formylvalerate, 1.61 wt.% methyl-4-formylvalerate,
71.89 wt.% methyl-S5~-formylvalerate (MS5FV), 0.23 wt.%
monomethyladipate, 0.48 wt.% aldol condensation
products, 0.64 wt.% tri(ortho-tolyl)phosphine, 0.44
wt.% tri(ortho—tolyl)phosphine—-oxide and 4.6 wt.% of

30 heavies and catalyst components.

To ensure that the substrate is free of hydroperoxides
the M3P is batch distilled at atmospheric pressure over
tri-phenylphosphine and fed over a column f£illed with
alumina-oxide prior to feeding it to the reactor.

35 The distillates were continucusely collected and
analysed for product composition.

The reaction could be run for 250 h without significant
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- 36 - and H2 are fed at a flowrate of 30 NNI/h. The pressure was
set at 0,5 MPa. In approx. 4 hours all the distillations and punps were
operating and the catal yst feed is stopped. After another 16 hours the
set-up 5 reaoiedshmssat eady state. At the stable point the RecrnNLIT®OINM4 -
concentration in the reactor was approxi_matlel_y 300 ppm The

Rh/ phosphite nolar ratio was 1/3 and the phosphi ne/ phosphi te nol ar
rati o was 5/ 1. Once every 24 h a liquid sanple taken fromthe gas- 10

| i quid separator.. This was done very carefull excluding contact with
oxygen and noi st BPESRRILRy dfgragagé?r%l%‘(t%?aa%f‘chse\g%c?a‘?’ég’ultpy opened in
a dry-box make gy U (5-tfloe myh ea $ angt @ sddmmga thek run schEngadh froms B4 The

gasehr omat ogr aphs 2 i Y cORveEe S8R SEANICY, DR et RR s
. i u . Liqui ) ,
nucl ear magnet i c¥1%‘? g%"’gﬁéﬁ?@e°?l\mp]a’rfbg F:qclgﬂ‘eﬁg’ﬁl S@hat sch‘.'ygz%6°ﬂour s into
the experinmeri th2 torisi Mhenselechivity)ticd methyheS-formpasier aneas
det er m ned 2s: ng -4 @%g'zaﬁhaééc\}fé)%/pt%% %'H{Ib%h%i (Qn?xﬁo%h)%?fvwmag}
met hyl - ci s- 2- pent epoat e . ne val.e 9. . %
net hyl - t r ans- 3- wgmlbe'fﬁsé%’(?gtne@?‘.'%ﬁﬁﬁé 52 %ﬁ!{y 38?&%-%#”&18&?@,’“4. 48
W . % et hyl - t r an§in-pehflon @£t 83P0wbichihasg easted. 0. 48 w . %
met hyl - 2-fornyl val erate, 1.06 w.% nethyl-3- 25 fornylvalerate, 1.61 w.%
met hyl -4-formll val ek 46 71.89 w. % net hyl -5-fornyl val erate (MFV),
0.23 wt. % no i pate, 0.48 w % al dol condensati on pr oduct s,
0.64 Wt.%tri(ortho-tol yl \E¥X38PpRi A8 was juepeatog, except that the feed
tri(ortho-tolyl)pbospi+geitiedtatsad (M38) vwaé’/ozgéfplfaeehenyiﬁnia&du@at aljyst
conponent s. n t t Qe_su te i [ r roxi des
Che NBP 1 5 bat choQPrSFIE ok o3 BorSre B Ao raafiBa by dNETERENS
tri - phenyl phosphPREREHtFans-gveenierertim ¥3 (hhd@ RXPALimenty thf na- oxi de
prior to feetl$ ngreactbon heouldabborun3bod NS Wilturlsl atea @egred @t M3BOUSE! Y
col | ected and ggﬁg f PLedYCL o FOMAQSIL BB T tion
could be run forcgg %/\A&?%ofu?ﬁgi Egi‘?i%%ir:]t Qﬁt&' 8? ?SJ% tcp‘?nert%@ﬁ
S5—-formyl-valerate (M5FV). The selectivity was
calculated (based on M3P) as in Example 42.
This high selectivity is surprisingly as
20 Dbatch experiments starting with M2P as feed indicated a
much lower selectivity to MSFV (about 7%) as was

@escribed in patent EP-A-556681, Example 16.
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- 37 - phosphi te degradation by oxidation. Selectivity to nmet hyl
5-fornyl val erate during the run changed from 84 to 82% The conversion
of nethyl 3-pentenoate changed a littl e because of sanpling fromthe
set-up goi nwggmamesy 79 to 77% The selectivity to methyl - perRisMoial erate
(MbFV) is calculated as the anmount (in m)I/h) of MBP whi ch has been
converted to MbFV divided by the am)unt‘ “(| n nmol/h) of MP which-has
react ed. 10 Exanpl e 46 npl e 45 was™ repeat ed, except t hat

the feed met hyl - 3- pent enoat e (NBP) was repI acem‘ L“\‘

consi sting of 91.8 wl net hyl - 3- pent !@

met hyl -trans-2-pentenoate. In this experinment the 1 cti oM cdul d be run
for 190 hours at a degree of MP conversion of 77%at a selectivity of

85.2% to nethyl - S5-fornyl-valerate (MbFV). The selectivity was
cal cul ated (based oFfTMEPFSadof nti BEAR@raion of a terminalTpidehydm

sel ectivitysis surprysihggrpfasmylatinirc byexpatct DRdidn dtdiyiliefgcutiyh M2P as

feed indicated a S \V qli%t was

descri bed in patent EP— %\ngégggf?% C%h%uhg Vel dd 5‘%7%35»@%4

PCT/ NL97/ 00114 and hydrogen in the presenceggof a cqt@rllyFt system
comprising iridium or rhodium and a bidentate

organic phosphite ligand having the structure:

10
R3-0 0-R3
\ /
P-Q-P (1)
/ \
15 rR'-0 o-R¢

characterized in that the two phosphorus atoms of

the phosphite ligand are linked with a

2,2'-dihydroxyl—-1,1’-binapthalene bridging group
20 having the following structure (0Q):

00 Q0
Ry Oy R Re S @

R'Q H R'Q 9 R?

in which R' and R? are substituents other than

30 hydrogen and in which R? and R* are the same or
different substituted monovalent aryl groups
and/or any one of OR’ and OR* connected to one
phosphorus atom forms an -0-R5-O-group, where R® is
a divalent organic group containing one or two

35 aryl groups.

2. Process according to claim 1, characterized in



1. Process for the preparation of a-term nat—al dehyde 5 by

hydrof ormyl ation by reacting an et hyI eni cal | unsat urated organic
conpound with carbon nonoxi de ml rmu! lﬁ! n t he presence of a
catal yst system conpri sing m and a bi dentate

or gani ¢ phosplkolegsissgand havi ng t he structure PCTR{ISNPA1140 -
ORerr] P-QP (D 15
Rlerr]-0 ORerr] charact¥ized in that the two phosphor us
at ons of t he phosphite ligand are linked with a

2,2" -di hydroxyl -1, 1" - napthal ne,bri dgi roou Vi ng

fol | owi ng structure ( and R? are nry%.vq(gpﬁ]ely selected %rom

(2) 25 [err] group nofvaldylR] exvl, BnteRflsidjylar br smbsxtlﬁltlaﬁ-t,s ot her
than 30 hydr ogega ghghikb M) @azB%aawoP{r Erddy1dxg, B@ksﬁfm or

e A T K LT R R 0

-OR err] O gboup, vvhereametxrqla.s a dival ont organic group

contai ning one on, tWOP?écess acc?efr\ﬂuﬁr Q¥PE1aim 2, charabt@sesés agrording to

claim1, characteri Zeghap R? and R* are the same or different
substituted monovalent C,~C,, aryl groups
containing at least one R® group in the ortho

10 position relative to the oxygen atom, where R® is
C,—C,o alkyl or C4~C,, aryl or R and R* are
monovalent C,,-C,, aromatic fused ring systems with
2 or more rings.

4. Process according to any one of c¢laims 1-3,

15 characterized in that R! and R? are carboalkoxyl
groups, having the formula -CO;R, in which R is a
C;-C,p alkyl or a C,-C;, aryl group.

5. Process according to claim 3 or 4, characterized
in that R® and R* are phenyl groups, in which R® is

20 a C,-C, alkyl group.

6. Process according to claim 3 or 4, characterized
in that R? and R® are 9-phenanthryl or l-naphthyl
groups.

7. Process according to any one of claims 1-6,

25 characterized in that the ethylenically
unsaturated organic compound has 2 to 20 carbon
atoms.

8. Process according to claim 7, characterized in

that the ethylenically unsaturated organic

30 compound is 1,3-butadiene and R* and R? are carbo
alkoxygroups, —-CO,R, in which R is a C,-C, alkyl
group.

g, Process according to claim 7, characterized in
that the ethylenically unsaturated organic
35 compound is an internally ethylenically
unsaturated organic compound with 4 to 20 carbon
atoms.
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- 39 - that Rerr] and R err] are |nd| Vi duaII sel ected from

t he group of al kyl, aryl ﬂ“ m rial kyI silyl,

car boal koxy, carboaryl oxy, aryl oxy“l u““ “Im”“l al kyl car bonyl

aryl car bonylyo a%s%e! €, am de, anine’ 8r a nitri | feTmnLoTi0fite -
Process according to claim?2, char acterl zed in that R3 and R err]
are the sane or different subs4® tut ed nonoval ent C6- C20 aryl
groups containing at |east one Rerr] group in the ortho 10
position relative to the oxygen atom where Rerr] is Cerr]C20

al kyl or C6-(C er0.] &®rpcess &fesrdimgndoRpdaih % eeharacterizedvimval ent
Qerr]-Clerr] aromaihge! ¥hedidi dihadng! ‘éﬁﬁyi‘éﬁfbanf unsatufa@pa Ol € 1 NGS.

4. Process accordi ng to an one claLns aracterized in

that Rlerr] and R2 &F&2Bafp% P'ica 3-pentefenifrilRaying the formul a
-Q0[err] R, in which3Rpestenocic ac1d. off ar £]=0g erkylaPkyentomert@ err]-Jerr]
aryl group. s 5. esteq:og@ﬁﬁomordi ng to claim3 or 4, characteri zed

in that R err] err] are n s
Jerr]-Cerr] ai‘I%Vyl %s ace "g“yg 5 Seaat %@c\é\%rﬁ&t%‘éﬁé W3 or 4
characterized that thetmamr@me]d saupeped ris & eixtghenant hryl or

| - napht hyl comp?¥Bsng a C,-C an{iﬁogae?énaatﬁealﬁlé%aHmycgne of
a e e cal |y

clainms 1-6, 25 aracterize t et

unsat urat ed organi ca&&%g [gi s o% 8, BRpcH the procegsiig 8.
Process acd@rdi ng t ¢agiried gut ceentimuousiEd in that the
ethylenical |y unsat wzacedsose@@t&u@ to claimCOOPSEIN ,i &:hla,racleaiiwlé@ne and

Rerr] and Reert] ang Gal0cng gyury o-BebEYA0LOY G CbBpetallich R 15 o

Cerr]-Cerr] alkyl rocess ac 'ng to claim
7, characterized i nmethyl 3“99%\'9&‘%‘3%%"& ﬁ?P@ﬁl%@H’?‘}Fm@urat ed organic 35

conpound i s an 13\ eFrdcdeyschbybedimpldo/ any one of diwsiatsuriaiied or ganic
conpound Wiltsh 4 to QCQmCt%chQPized in thatatrﬂgﬁium is used.
14. Process according to any one of claims 1-13,
characterized in that the metal is rhodium at a
concentration of between S0 to 1000 parts per
million, the ligand to rhodium ratio is between 1
20 to 10, the temperature is between 50°'C to 150°C,
the total pressure is between 0.1 to 20 MPa, and
the CO/H, ratio is between 0.1 to 10.
15. Process according to claim 14, characterized in
that the molar ratio of ligand and rhodium is
25 between 1 and 1.2 and that the process is
pecrformed continuously.
16. A hydroformylation catalyst composition comprising
rthodium and a bidentate organic phosphite ligand
having the structure:

30
R3-0 0-R?
\ /
pP—-Q-P (1)
/ \

35 R*-0 O-R¢
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- 40 - 10. Process according t terized in
that the internally ethylenically un !ﬁ " iﬂi organi ¢ conpound is
a 3-pentenenitrile, 3- penten : err]-Clerr] alkyl

3- pent enoat e o 933ss4 e€ster conpound. 11. Process accor cicmgLageotidai nr 10,
characterized in that the unsaturated conpound is a m xture
conprising a (Jerr]-Cerr] alkyl 3- pentenéﬁte and a (Jerr]-Cerr]

al kyl 2-pentenoate and in which the process is 10 carried out

conti nuously. 12. Process according to claim 10 of 11, characterized
in that the alkyl 3-ptteHEh &heatup Bgﬂikﬁﬂﬁfﬁ atoms of the.phopshite

3- pent enoat e or ethyllﬂmnnhmemoauaked witll8.a Process according to any one
of claims 1-12, 15 2'-Cciﬁfy%toﬁaizfdl“%%Mtﬂaﬁgﬂbumiég

Process accordlng to an

h
the netal is rhodlun15T3éPg the £0 Fact o zed |n that

%Eﬁh%rﬁfr"d’c‘itéﬁe £9)ét ween 50 to 1000

parts per 5 mllion, the ligand to rhodiumratio is between 1 20
to 10, the tenperature is between 50[err]C to 150[err]C, t he total
pressure is between 0.1 to 20 MPa. ang he oy Herr] ratio is

between 0.1 to 10. 15. Pro @
that the nolar ratio of=I|igand %o4¢
and that the process is -
hydr of or nyl a gon cat al yst conmpoy{i QNpri s
bi dent at e org ni ¢ phosphite |i ga O H H\OntheR%tructure 30
Rlerr]-o ORerr] ] | \/ P-QP
(1) 35 Rlerr]-0O ORerr]

14, characterized in
between 1 anz) 1.2

) 16. A
rhodi um and a

in which R* and R? are substituents other than

18 hydrogen and in which R? and R* are the same or
'different substituted monovalent aryl groups
and/or any one of OR? and OR® connected to one
phosphorus atom forms an -0-R®-0O-group, where RS is
a divalent organic group containing one or two

20 aryl groups.

17. A hydroformylation catalyst composition according
to claim 16, characterized in that R® and R? are
individually selected from the group of alkyl,
aryl, triarylsilyl, trialkylsilyl, carboalkoxy,

25 carboaryloxy, aryloxy., alkoxy, alkylcarbonyl,
arylcarbonyl, oxazole, amide, amine or a nitrile.

18. A hydroformylation catalyst composition according
to claim 17, characterized in that R' and R? are
carboalkoxyl groups, having the formula -CO,R, in

30 which R is a C,-C,, alkyl or a C4-C;, aryl group.

19, A hydroformylation catalyst composition according
to any one of claims 16-18, characterized in that
in which R® and R® are the same or different
substituted monovalent C,—C,, aryl groups

as containing at least one R® group in the ortho
position relative to the oxygen atom, where Rf is
C,~C;o 3lkyl or C¢-C,, aryl or R® and RY are
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- 41 - in which the t osphorus atons of the phopshite
ligand are linked with a wzw Hmm e, 1' - bi napt hal ene
bri dgi ng group havi ng the’ 7% ure (Q: 5

ahd

(2)  [err]wo9emsssss in which Rerr} r] are peRRidrobARt S -Ot her
than 15 hydrogen and in which Rlerr] and R err] are the sane or

di fferent substituted nonoval ent aryl gré2aps and/ or any one of
OR[err] and OR[err] connected to one phosphorus atom forns an
-ORerr]-0Ogroup, where Rerr] is a dival ent organic group

contai ning one or twond@alent CyarQi, gromptic fused ring Bydtedsrwighati on
catal yst conposition aeCRbsleNBings. to claim16, characterized in that
Rlerr] and R er are I.ndi vi dually sel ected.fromthe, group of

al kyl | 4 -ar P PYRFPEQEARELatAOn (A 8#?%155‘??‘%’95 FPBoAFRBRYI D5

carboaryl oxy, aryl oxp, cakkexy?, dbarastesdaph, in that R? aadyk?:arrbonyl :
oxazol e, amide, ag! RPRelf1aghbips, Gn lwh_ici;8$‘ Ahra\/ttrloép_rarm _tlgeanﬁsatgl[ yst]
conposi tion accQrding t.o cl ai charact.er.i zed in_that err
and R2 are AR @3?585?%':0’9"%5 slpa K&Yi APrRoR SPnBfget , in 30
which Ris a (Jerr]+Q eipimalky|characterdeef- tpethgt &'yandrbtipre 19. A
hydrof ornyl ati on catgabyghaSORPPSidd A+rAGELRYLNGroups. to any one of
clainms 16-18, ragteri.zed in at | | n (r] are
t he sane or differ e‘riﬁ %Ydrogomy{ats}u’bos? ictat}faéasﬁo%lgﬁ‘%ge%}?g&&%??f ‘S?r]o aryl
groups 35 10 cofCapRY ngnet of <A inmd6r2dr r phagagkerigedndnobhab
position relative taHehgodxygeit £ WE 1ikand Bharthodium is between 1
Cerr]-Cerr] alkyl A (E[grr]-C[err] aryl or Rlerr and R err] are
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2 or no
to clai
groups,
hydr of o
char act

nonoval ent Clerr]-
re rings.
m 19, characterized in that R err]

i n whi
rlrr;I at : g&’éﬁl ys!t scgw%grr ot
Aﬂ;&EAkxq}f‘F
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Cerr]
20. A hydrofornylation catalyst conpositi on accordi ng

ﬁ?maﬁ
e

aromatic fused ring systens

and Rlerr] are 5

al ké GAgrOﬂ&)‘I

to cl' ™
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(54) Title: PROCESS TO PREPARE A TERMINAL ALDEHYDE
(57) Abstract

Process for the prepara-
tion of a terminal aldehyde by
hydroformylation by reacting
an ethylenically unsaturated or-
ganic compound with carbon
monoxide and hydrogen in the
presence of a catalyst system
comprising iridium or yhodium
and a bidentate organic phos-
phite ligand wherein the two
phosphorus atoms of the phops

hite ligand are linked with a 2,2'-dihydroxyl-1, l‘-bmapthalene bridging group having strocture (Q), (Q)

being (a) or (b), in which R! and R2 are substituents other than hydrogen and in which R3 and R4 are the same or different substituted
monovalent aryl groups and/or any one of OR3 and OR* connected to one phosphorus atom forms an-O-R5-O-group, where RS is a divalent

organic group containing onc or two aryl groups,




