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" BACKGROUND OF THE | NVENTI ON This invention relates to th?WXU
hydrof ornyl ati on of unsaturated hydrocarbons. In hydrofornylation
processes, car bon nonoxi de and hydrdgén are reacted with an
ol efi*nic 5 feed to produce the correspondi ng hydroxynet hyl -
substituted or fornyr-substituted derivative of the ol efi AH TR&Se
processes are of great industrial i nportance in converting ol efins
to al dehydes and al cohols. Qther products such as esters, acids,
and 10 am des can gener al | 1Y RRQFCRMYIAT TGN BROCRFAIS processes
by addi ng the carbonyl noiety or the hydroxynethyl noiety . to one of
the carbon atons situated at a double bond of t he ol efin.

EP-B 0 495 547 BAGKGROEND ODESTHEAINWENTIOYN a 15 hydr of or nyl ati on
rocess which enpl opg:a € S based on_a soutce o
p P! O¥%f 48 Eﬁbéégzéno¥éiggés totﬁgefgyﬁﬁ?gormyfaglon e}

pal | adi um and a bidentate |I .
R[err]R[err]N[eunFRWPeatPE[hydraperbanLnImhhydrb@ermylanﬂohdprbbessesh _

I ndependent |y p QU a ni.c, or_antino . at . Ris
a bi val ent orgg§¥EB§Pigg?%ggggoégdahggﬁﬁgéﬁQ?reZﬁeacggdFﬁlﬁhdaﬁmoggglnlc
unsubstid ut ed ofesdb$bipmbddcalthhabbrrespondingghpdﬁéxyﬁbﬁ?yl—nDrel

conbi nati ons of : , and R4 .. can fqorma_ pivalent cyclic
group. These liagéagﬁggﬁgé ot gorﬁﬁ%lﬁﬂ??tiﬁngﬁa FéYaglve °E the

1, 2- bi s(cycl oocbyeémephbapbenpyocesses aeehefegtB&PELnddsepigding to US-A
5,488,174 a halide a onoter, in _this process.

25, . cat {
According to USlmpor%g%cﬁaPanoﬁggFgéggigkggﬁpggFglﬁ}gﬁﬁYQEFe?ngcts as a

co- alcohols. Other products such as esters, aéids, and
10 amides can generally be prepared in analogous processes
by adding the carbonyl moiety or the hydroxymethyl moiety

to one of the carbon atoms situated at a double bond of

the olefin.
EP-B 0 495 547 and US-A 5,488,174 describe a
15 hydroformylation process which employs a catalyst system

based on a source of palladium and a bidentate ligand of
the formula R1RoM1RM3R3R4, in which Mj and Mp
independently may be phosphorous, . arsenic, or'antimony
atoms. R is a bivalent organic bridging group and R1, Ry,
20 R3 and R4 are unsubstituted or éubstituted-aliphatic,
groups. One or more combinations of R1, R2, R3, and Ry

can form a bivalent cyclic group. These ligands can

include, for example, a 1,2-bis(cyclooctylenephosphino)

ethane (BCPE). According to US-A 5,488,174 a halide acts
25 as a catalyst promoter in this process. According to US

patent application SN 08/918,981 water acts as a co-

promoter to the halide promoter.

The catalyst systems used in these processes
typically employ strong acids as anion sources. Acids

30 having a pKa of less than 3 (measured in aqueous solution



éronnter to the halide pronoter. The catal yst systens used in

t hesé” processes typically enploy strong acids as anion sour ces.
Aci ds 30 having a pKa of |ess than 3 (2easurEd i n aqueous sol ution
22- at 18[err]C) whose anions aré fion-coordi nating or weakly

coordinating with the netals of the platinumgroup have been found
suitable for thA$ pérpokenhase faripwemed Friron-coordinatinhort overkly ( TFVBA)

has been the no | e n the
process descrlbggogagég&&ﬁgtgg§g tgﬁ mSFSiQ 6! enk Ef&@lnum aﬁeapthavL

reactor chargedb@enhfonafi guikpblegénr thds purposecaTbmFluonomedhanEhg )
products, unrea t al yst at ar at y
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a solvent extra |y ati
sulfoladb/oleflmnath@hotegard nmedi um The sul f ol ane cosolvent alloms the

catal yst to be p a l,ed via phase,separation.
t he sol f ol ang | tﬁg §E§E§gsa8gﬁéggg§%p%PaY?h c3 ?%%ﬁ? 24! BPomo
Al ternative separataddedetbodsrahgbbrlQhatgedthﬁthselé51n, hydfogehyeahaess

evaporative pro h | o ube vertjcal tors. .The
terg1"solvenEIeggigﬁgr%gﬁe gﬁe e’ proggcgsdig?Fﬁﬁ?#ﬁﬁ Fﬁa? @ngFrnﬁF9
means by whi ch sepailgbstoare later separated-Bplaesblesﬁtedﬁﬁﬁaatidﬁ procegg
in thi egar s to,as ration_nea | n i on r re
conponZh s of athaﬂéguSrngéﬁﬁ?%Yeﬂggi?ﬁﬁ?gl? B9T§?i?ﬁéb°fefln;agF°ﬂg%ir

di fferent boilimgdpamnt $heTbuifblane cosoldefiti AYLbRBabhe &4081¥BE £8aBki On
schene identified a sul f ol ane cosolvent Tacilitates

the separation 5 eparagegfaPPqﬁﬁFy86%€oﬁéﬂtBhﬁ§epﬁ38%r§5b%?atTBHs(|tEe as a

25 functlOsomﬁo$ahubhblhSedléEeéeﬁ§§§évs§$8§atﬁn§Oééﬁﬁénfess
evapor ati ve separ at i Eroce operates. . in the absence of
phase- separ ati ng sofvERENa¥hEet FRFHBEEOR e HRaRS t Rhght 1nV°1V?hEh¢e%§?|on

precediTg the sepasalivent0pesabespbPatife process@HSEHER 95 BHYgSPLNENt . A
hydrofornylatlon Brgggisevaporators The term “solventless” here refers
to a distinction in the primary means by which separation
occurs. A solventless evaporative process in this regard
refers to a separation means in which one or more
20 components of a liquor are separated primarily by virtue
of their different boiling points. This is
distinguishable from the reaction scheme identified above
in which.a sulfolane cosolvent facilitates the separation
of liquor components by phase separation (i.e., as a
25 function of solubility differences). Thus, a solvent-less
evaporative separator process operates in the absence of
a phase-separating solvent. The term does not mean that
the reaction preceding the separation operates in the
absence of any solvent. A hydroformylation process
30 according to this invention could use any of a number of
solvents to achieve purposes other than the primary
facilitation of a separation of the products and/or
intermediates involved in the process. For example, it

could use olefins, alcohols and mixtures thereof.



<30 according to this invention could use any of a nunber of

sol vénts to achi eve purposes other than the prinmary facilitation of
A separation of the products and/or 3 i nternmedi ates involved in the
-process. For exanmple, it coul d use~olefins, alcohols and mi xtures

t herseof . - 3-
Fal ling film evapor aféd lipoEfidm gvgeeratesm (FFE) OIeV&BGﬂaﬁéﬁm(MFE) are

exanpl es of solMRNJRED LV e alirke examples %%pébﬁkbﬂﬁl@%én%vﬁBb%QtEb@Q
utility in industrial processes. Such separation nethods take in

| i quids (such Beparation H@alnsqlk@rlqheaf\i-mﬁ’guélﬂéﬁd’t an) 1aplutsﬁéltaép of a
vertical - o%‘éas%%fsa éﬁ{ s%gﬁat egfon R'%%h'o'd%mt‘ék@ 9?#1@%%01%“%%' of

t he evapor at or as a filman Lower ng materi a

will separate @&t tde Jdmmer Jdieayinge ahurglei@rtor) at thl@oitlopngfl |aqmeert1cal
conponent col | & g&& aed! %a‘Mé{/e‘ﬁ%rzﬁ"‘“)rh%t 1 uid fﬂotb% Q%tho%e'\’%%l of

I ndustri al proces es are a hi's type o
separation prodésseVHpqxatd@eas a fllma@wdnuagéeaseﬁo lowea BPElANGWFE when

the material (qRtriate witd Yddadd SohalmRlbo ettt vachreause he

contact tine fluid ni ficantl

these 15 dendilciesy liquid compon"ém lmpdrl@bdumygl deindid opr m@slraﬁnnl)JSaA
5,488, 174 has t | bl th a
solveniﬁess the b%ﬁéﬁ@w@@‘@é sgﬁgﬁgﬁggh%ﬁgggg§ su?% aﬁr adybe conduct ed

in a FFE. Thateqnlppﬂd1w1qhwnhmssﬂypelmﬂ daparaka@mdpm@c%@s It lmanc deabl e

of separating taI St fronlthe uct nd_unreacte
eactant s | oavid AR G0 URvo S el & WFE when (B3 RATEEREC e ba s
at the high temﬁﬁﬁﬂﬂﬂkﬂﬁ.ﬁﬂ tﬁunﬁally sensﬂﬂlve @e@emsssahﬁ iconta@rdudtiniehe

tion. Furfhe ft d ble |
Cosal vent such S 39° Workipg G S PRARIS ALY BOOTERG O BRSRR ch i s

often 15 idesdresni ent |y close to or overlapping with the boiIing
range of many desir, qghol's. At the very ast, this
requires an additi o %‘aﬂ ?ﬁg&r?%u Tk ProcEss of Usla s, 488, 173" Has

not heretofore been readily workable with a solventless
evaporative separation process such as may be conducted
in a FFE. That is,-such a process has not been found to

20 be capable of separating the catalyst from the products
and unreacted reactants leaving the reactor. The catalyst
has tended to decbmpose at the high temperatures at which
it is necessary to conduct the separation. Furthermore,
it is often undesirable to employ a cosolvent such as

25 sulfolane. Sulfolane has a boiling point which is often
inconveniently close to or overlapping with the boiling
range of many desirable product alcohols. At the very
least, this'requires an additional means to separate and
recycle the sulfolane to the process.

30 There has now been found a catalyst composition
which, besides being comparable in catalytic effective-
ness to the best coﬁpositions under the above identified
prior art, also has the advantage of being compatible

with a solventless evaporative product separation system.



:recycle the sulfolane to the process. 30 There has now been found
a catal yst conposition whi ch, besi des being conparable in catalytic
effective- ness to the best conposiftions under the above identified
"prior art, also has the advantage of being conpatible with a

sol \Pentless evapor ati ve product searalt\]tlon system

-4- SIVAIRR OO 4 The present invention is
a process for the T reggﬁywyﬂy % sgn@g@ E% unsat ur at ed
conmpounds eh car bon nonoxi e an hygr ogen in th Fr esence of a 5

cat al yst systemyﬁﬁqﬁqnmyk?tlon of %EhxiqnmﬂaiiMﬂUQﬁﬂﬂWﬁﬁ qempAauRen  or
ni ckel cations;, &£ er. 1.oNs;

c) a source of e'iLt ecaas];tb oneﬁb g nt ateqqg) 3? & t thteh%e@%lnlf orrﬁquo 10

Rl err] Rperr] M eratjady=ty rdyR{team | cRimpijsing (1) wher ein I\/[ err]
and Merr] independe e t .Phos ATEH en

anti nony atom %& rgdp;%aés%rn es%z’ife%%\r}'éagdrﬁ%’ %Il%tlﬁélﬁ'dénrnéugﬁgbe?p cori"t ardi ng
from 1-4 atons h)n td”lesduﬁatgezf anions, dRher [thamd HEldde] andgatszer represent

a bi val ent substltuted ‘Qr unsybsti t yut.e | rou t he
two free val enccl)esa urce oafr &5 |lr<ﬁ?es télel\/F) cfe]“%%ﬁdﬁﬁ%gfﬁ \Aﬂ’{e%[%rr]

independently rfepymeslent a substituted or unsubstituted hydrocar byl
group, t oget her. repre ent a bivalent substituted or
unsubsﬂptuted cyclic g he two(flee valencies 20 are

| inked to M2; and opt 2 rQnot er ; wherein 1he
cat al yst systerﬁq”f %ﬁbgga as‘{fkﬁd Hﬁdepgqﬂieé'#ly represent a phosphorus,
arsenic or antlmony atom, R represents a bivalent

bridging group containing from 1-4 atoms in the bridge,

Rl and R2 together represent a bivalent substituted or

15 unsubstituted cyclic group whereby the two free valencies

are linked to M1, and R3 and R4 independently represent a
substituted or unsubstituted hydrocarbyl group, or
together represent a bivalent substituted or

unsubstituted cyclic group whereby the two free valencies

20 ~are linked to M2; and optionally
d) a promoter; -
wherein the catalyst systém is choéen such that - whén
a)=-c),taken in molecular ratios of 1:2:1, are slurried at
ambient temperature and atmospheric pressure with a

25 liquid mixture of the unsaturated compound feed and
hydroformylated product taken in a volume ratio of 2:1 -

said catalyst system is soluble to an amount of at least

2 x 104 mole of the cation a) per litre of said liquid
mixture;

30 and wherein the hydroformylation reaction products
are separated from the catalyst system in a solventless
evaporative separator.

Examples of solventless evaporative separators are,

as mentioned above, FFE and WFE.



:a)-c),taken in nolecular ratios of 1:2:1, are slurried at anbi ent
tenperature and at nospheric pressure with a 25 liquid mxture of the
;unsat ur at ed conmpound feed and hydr of or myl at ed product taken in a

-volune ratio of 2:1 - sai d catal yst” systemis soluble to an anount
of at |east 2 x 10[err] mole of the cation a) per litre of said
li quid m xthnampla of optiongdd paemacdiarst 48 leyer dher mplamisies,
reaction produGh jodides e CRPH AR OPdHeeHIY,Y a B LNy
sol vent | ess evaporati1 ve separator. anples o

sol vent | ess eva@mrat¢vmEmiieit ors are, as nentioned above, FFE
and WFE.

: DETAILED DESCRIPTION .OF THE INVENTION. o Exanpl es
of optional pr ; t he i odides and the

brom de$. Preferablin hwiasl termmiddthe processaia Wd-spriowstdrion is

DETAI LED DESCRI &“cﬁ\&ftq:d W é%@l%san uectthé’&'eglyil%ol%r a(?}qlstaqdlﬁatetcz{]%eed

process of this invention-s ond Ing an
et hyl eni cal | y uwistt uwraatlssh frestbxide and iydragmrbdm rdveopmbseanmk pfdrdgen in
st em %r{d t hen s aratirbqiurc asction

t he presence of_t.h catal yst, s

product s cat’f‘_’?elo‘f’ﬁ 1f:ast%ﬁtyesr{il a}nna/;ﬂ%eor?/vseerﬁa\resslneq/a{:pec?rca 1Te psf:epar ator. 10
Exanpl es of suifimxdm ecatedliyst simira eolajerftdiess evapddative separeaioa.yst
syste re platinum.or palladium.onpounds .such as. salts af

oo | a0t and i 1 BSREES & RPN S tghen Bources, @) e wisk iy they ¢
of platinumor gxddiagBtineyettbm are plao@imox\dr eaaddiadh umM (dompoumisl Zwst bon
atons, palladium 1 or_pl ati num conpl exes, e.g. w.th carbon npnoxide
or SoeidA ke Pl S A s i 17 eyt aed® 6
materi al such asuBthdit exEiwgedals f ikt ifald @r palladiui WA |)

acetate and platinun(l]) acetyl acetonate are exanpl es of preferred
metal sources. &F orgylgc a R, UR e 4 iranhan L?f'f(?é';g)'yipr?d' um=

inventiygn is or platinum complexes, e.g. with carbon monoxide or
acetylacetonate, or palladium combined with a solid
material such as an ion exchanger or carbon. Palla-
dium(II) acetate and platinum(II) acetylacetonate are
examples of preferred metal sources.

20 Basically, the principle underlying the invention is
that catalyst compositions of relatively low polarity are
selected which will dissolve in the reaction system -
involved (feed used and product produced) to such a
degree that they will remain in solution even in a

25 solventlesé evaporative workout system. This principle
can be satisfied in any or both of two ways, i.e. by
selecting a suitable source of anions b) which is less
polar than TFMSA and/or a suitable ligand c) which is
less polar than BCPE. Notably, the combination of TFMSA

30 (anion) and BCPE (ligand) in one catalyst composition,
which combination according to the prior art is the
combination of choice when the solvent extractioﬁ
technique is used for product separation, is not

effective when a solventless evaporative workout system



:that catal yst conpositions of relatively |Iow polarity are sel ected

which will dissolve in the reaction . system i nvol ved (feed used and
product produced) to such a degree that they will remain in
<solution even in a 25 sol vent | ess evaporative wor kout system This
principl e can be satisfied in any or both of two ways, i.e. by

sel ecting a suiksablsedand dharefansst th)lsufiath aoearsiag to the msiegenthan
TEMSA and/or a suUidal& ] igand c) which is | ess pol ar t han BCPE.
Not ably, the compination of TFMSA 30 (anion) and BCPE (ligand) in one
cat al yst conpositi d¥ anion sougtdeb)oor@nyhaiineh ofc compiovgd @emarqmrm art
Is the éﬁg%g d e Xt

techni que is use or%lr%uct i%aﬁ%%n%&l%bag) \é%ltdse orf? |ve when a

sol vent bess evadpgwzadfie awe kred sstsaurce of anions, for example any of
-6 ' el b FY ARIRE dode M dIF GG Ba AERant

i nventi on. ani'on source H), do nmpoun generzﬁl ng
t hese ani ons r’rﬁ;hebesaﬂslmj oﬁmhabﬁg}taa]m ast tire emllattsl.mﬁl groupt he&tegadfraldng
used as source of an n Gi.ds nentioned
above, which may aa}%o %f;r ?lcaftplg‘fealrgp fo? E}IOl‘Eun’ttrYe &l % ts 0 actlhe ‘metal s of the
pl ati num group. Cerlrefidngbly, the sonimies off ardloais Wl hasow pRaaadlyuear e

effect Preferably, the source of anions b) has a pKa val ue
L‘L}Sof | es L G5 than 5. Preferably, the anion source used in
t he cat al yst Prefunulsiy,] dtheacmirah pured sddidentuhen cawillydthave a

boi li ng point, when neasured at_at nos herlc pres ure, of at | east
50[ err] C above THPHH T4 MUY FHIHAGI ¢ fsg’rorﬂrlidatqad’r? §F oduct .

More preferabl yodileimpigeirgt, when mermsunied)faﬂ fm:nafsmﬁ@rplesj@ﬁe,tvaen
200 and 400 [err Sui t abl e ani on sources |g | ude al kyl

sul fonic acids @ J%.east stk h G 2hRNG dhe ki sul foni ¢ aci d,
propangssul f onipydied £b igh DEt N il MR (br@ﬂe\ﬂably the boiling

point of the anion source is between 200 and 400 °C.
Suitable anion sources include alkyl sulfonic acids

such as methane sulfonic acid, ethane sulfonic acid,

propane sulfonic acid and octaﬁe sulfonic acid; aryl

20 sulfonic acids such as p-toluene sulfonic acid;

perfluorinated alkyl sulfonic acids such as perfluoro -

octane sulfonic acid; perfluorinated'aryl sulfonic acids

such as pentafluoro benzene sulfonic acid; boric acid

derivatives such as HBFy4, HB(CgFg)4 and alkylated

25 versions thereof. These anion sources may also be used in

conjunction with a Lewis acid such as BF3, AlCl3, SnFp,
Sn (CF3S03)2, SnCly or GeCly or a combination of a Lewis

acid with an alcohol. This will result in the formation
of a complex anion.

30 Preferred anion sources are methane sulfonic acid
(MSA), perfluoro octane sulfonic acid (PFOSA) and
pentafluoro benzene sulfonic acid (PFBSA).

In bidentate ligands e) in their skeletal form as

broadly defined above, M; and My are preferably the same



éO sul foni ¢ acids such as p-toluene sul fonic acid;

perftuorinated al kyl sulfonic acids such as perfluoro oct ane

sul fonic acid; perfluorinated aryl sulfonic_acids such as
pent af |l uoro benzene sul fonic acid; boric acld derivatives such as
HBF4, HB(C6F5)4 and al kyl ated 25 versions thereof. These ani on

sources may al sd"Be WIEH Pﬁeferab1Yrc@h?ﬁn@¥¢ohOMhtmhgsthx@Sa@tdmsthnaf
BF , Al Cl : ])[err], SnCl[err

or[géga[err] E?*%i%%ﬁ%?%ﬁ[?%ﬁ %%g%pf%mfgg(6§$§£645§%€%£MAth an al cohol .

This will result inThéecbfbdgdng oproup R isotypi§1¢¢yextbwm@m;%iﬂ "

Pr ef d ' . ap e . uLfo | . erfluoro
referred ani 02n§§§%§§g%A)8§$ré.§f§eé b CBLELSE  feoms . Tr 14 NRlroPRLY

pent af

oct ane sul f oni uoro” benzeén acid
( PFBSA) 3 that they ardedpacr C3gahkyl c)Exemphary ckghrialbfbdgins
broadl y defined above, err] and err] are preferably the sane

-7- anﬂ?oﬂﬂ?ea%$e?%2§ﬁﬁg,g@ﬂeQA%TQﬁZE@%Qphosphorus atons, in

whi ch the Ii | sphe | The brigdgin oup R
'S Typically, thovghad et e E roun, repreraniPEPY FDOaFEREE I\
is preferred 5with RIPaintHENePEE ESmPFidsds ahkYlea XSl LY QFGRH &nd |
bridgi ng groups are CH2-CH2 and CH2- CHz2- CH2. The

bi val ent cycl i cpyebepablepcestairsl fyor @rtd % ogitidieatoms. Morewith R2, in
gener GO SRS L e 45 B BB aptann, ADEFIE” SP AT, o
ring atonms. As mule, all riheg,atdhsrang cdrien adtomsy ont b DvEl et
bi val ent cyclic groups contéining one or two heterocatoms in the
ring, such as oxygen- or nitrogen atoms, are not
precluded. Examples of suitable bivalent cyclic groups
15 are 1l,4-cyclohexylene, 1,4-cycloheptylene, 1,3-
cycloheptylene, 1,2-cyclooctylene, 1,3—cyclooctylene,
1,4—cycloocty1ene, 1,5-cyclooctylene, 2-methyl-1,5-
cyclooctylene, 2,6-dimethyl-1,4-cyclooctylene and 2, 6-
dimethyl-1, 5-cyclooctylene groups.
20 Preferred bivalent cyclic groups are selected from
' 1,4—cyclooctyleﬁe, 1,5-cyclooctylene, and methyl
(di) substituted derivatives thereof.
Mixtures of ligandé comprising different bivalent
cyclic groups may be used as well, e.g. mixtures of
25 ligands. with 1,4-cyclooctylene and ligands with 1,5-
cyclooctylene groups.

R3 and R4 may independently represent various non-

‘cyclic or cyclic groups. Examples are alkyl groups such

as ethyl, isopropyl, sec-butyl and tert-butyl groups,
30 cycloalkyl groups such as cyclopentyl and cyclohexyl
groups, aryl groups such as phenyl and tolyl groups and
bivalent groups such as a hexamethylene group.

Preferably, R3, together with R4 represents a bivalent

cyclic group, in particular the same_groﬁp as the group



scyclic groups containing one or two heteroatons in the ring, such

as @xygen- or nitrogen atons, are not precl uded. Exanpl es of
sui tabl e bivalent cyclic groups 15 1, 4- cycl ohexyl ene,

*1, 4- cycl oheptyl ene, 1, 3- cyclohept | éne, 1, 2-cycl ooctyl ene,
1, 3=cycl ooct yl ene, 4-cycl ooctyl ene, 1,5- cyclooctylene

2_methyl -1, 5 represerttm (}RYCt diRgetheg dilibt Kol - ira WBiehoSaSE dhe A

2, 6- [ roup Preferred

b| val ent cycli ctm3 &S&éﬁcel sseloggtc%%/? ?’ r%qen% cycafc4g(f°éllp035tyl e,

1, 5-cycl ooctyl ewmrse)d INetked to My, insticasulest Mjut Ehuser pz@tfle\te:@d her eof .
letures of ands conprising different bivalent yclic groups may
be used as vvel bidenfatd Migaadsofof2formuly Mddn@éfe\/\nltrﬁ‘,bl&-(éyél'ooctyl ene

and |iggnds wi tR,ch et lenephd@ﬁﬂfﬂ3¥éeﬁﬁﬂé gﬁo@ﬂ%is(l 5~ ClO é%? groups

may i ndependentl’y représent “various non- cycli’c o cycl

Exanpl es are alphdspiviowsthate, their propameylanalogwespylands adxyungs and
tert-butyl groyfRgredt. cycl oal kyl groups such as cycl opentyl and

cycl ohexyl groups, aryl groups such as phenyl and tolyl groups and

bi val ent groups sudn dhea procasst pbdoersliggode. the preseptefiovgipitionkzs,
together with M JSALINBB VAP ow polariey ¥Pd Pulidied N AR CULa"

the sane group - 8-
represéft ed by gell amignt htam \ha ladRA, e vied \uyi delreastdmmditg\amds in whidir ee

al encies of t bi val.ent_.cyclic ara i_.nked to
\I\//[ err] I I nst eag:%(ﬁ Iﬁ\\if[e ep:]a.l ﬁo&'& a%’re gjedo above C@’-‘&éﬁt at eI |°d:aﬁr5)§
formula (I ) ar enoh-zzdijaa( hubsﬁituentsc.yaimmet ﬂwse:pjtmmmMSn@)am hanglaced

1,2-bis(1,5-cyclo n hosphi n t their_ . pr
anal olgafas an)é Me’%‘ eTetal brld@Pngs%rlouI)% Hd7or 'on 'tHe F¥alent

cyclic group represented by Ry and Ry together, and/or on

15 any of R3 and R4 when these are present separately,
and/or on the bivalent cyclic group represented by R3 and
R4 together, when present. The substituents,
individually, may be alkyl, cycloalkyl, aryl, alkylaryl
or arylalkyl groups. They will preferably have from 1 to

20 30 atoms, one or more of which may be hetero-atoms such
as oxygen or nitrogen. _ _

Bidentate ligands of this invention can be prepared

in accordance with known techniques such as those '
disclosed in GB-A-1,127,965. |

25 The quantity of catalyst system used in the process

of this invention may vary within wide limits. Usually
amounts in the range of 10-8 to 1071, preferably in the

range of 10~7 to 10~2 mole atom of platinum group metal
per mole of ethylenically unsaturated compound are used.
30 The amounts of the participants in the catalyst system
are conveniently selected such that per mole atom of
platinum group metal from 0.5 to 10, preferably from 1 to

6 moles of bidentate ligand are used, and from 0.5 to 20,



.t her eof . In the process according to the present invention,

| i gands of relatively low polarity are preferred. Lower 10 polarity

.can be achieved by selecting Iigands in which t he skeletal form as
-descri bed above carries one or nore -9 non- pol ar substituents. These
substituents can be pl aced on the skeletal bridging group R and/or

on the bivalenpreferablycﬁmbmclgtouﬁ mepesseffit ediby Rﬁuand B2 aogempéex

andlor on the BIVAFRPRGEL | £ graLBor ey PREBRE ety Ry and procest 8

t oget her, whentmnss&mwenfh@nsehpﬂbyueahsanlon to metadlmodaalkytlmapfbe

al kyl , cycloalk)(:f I qzkylaryl or arylal kyl groups. They w |
preferably hav& } @d 30 atonms, one or nore of which may be

hetero-&tonms such It is pr@femxygemhat mhérpgeness of this inBededbat és

| i gands of thIS |n ention _c are n._accordance w th known
techni ques suck 55 10 e’ pr%§ 5F8585 Fnc@ﬁaﬁyftlﬁfogegeIZSWE&lde
The quantity otancwn&l Wie sissifem u&e@rbmoﬁ:hesprqm&gamc comp@hntdbl S

i nvention may var mnthln de lim mounts_in the
range of 10[er it F&ﬁroﬁﬁéféﬁéﬁpfslﬁuFﬁeas HC1, HBFaﬁﬁg B TGPePF] to

10[err] nole atxﬁr@doflnpltaqtllsmr@gawrasmball as metalP@glidee ehicat Ayl enically
unsat ur at ed coggound are used. 30 The ampunts_of the gﬁrt|0|pants in

the cat@lyst s Nal, gB&ﬂe @Gﬁéénléﬁgﬁy &BrecRRG L uEFClnalsger M9dice
at om of |CJ|1I e MAQUR 84R los mp%éeg% éoprggig’g__gq:abl y from l1to

6 nol es of bldeﬁtate are used, and
- 9- Another category of recommended sources of halide

anions consists of halogen containing organic compounds
which are capable of providing halide anions to the
15 reaction medium. For example, organic phosphonium
halides, such as triarylalkyl phosphonium chloride and
halogen containing aromatic compounds such as 5-halo-
benzoic acids, e.g. 5-chlorobenzoic acid, 2,5-dichloro-
benzoic acid, 2,3,5-tri-iodobenzoic acid, 3,5-di-iodo-
20 benzoic acid, m-halophthalic acids‘and esters thereof are
all suitable. _ '
The molar ratio between halide anions and platinum
group metal cations is preferably not more than 3:1. If
larger amounts of halide anions are present, the activity
25 of the catalyst system tends to be adversely affeéted,
presumably because of coordination occurring between
palladium and halide moieties. Preferably, the molar
ratio between halide anions and platinum group metal
cations is at most 2:1, more preferably less than 1:1,
30 for instance from 0.02:1 to 1:1. The additional presence
of water, in an amount of more than 0.6 wt% based on the
total of the reaction mixture and up to its solubility
limits under the reaction conditions, enhances the

promoting effect of the halide promoter.



-preferably from1l to 8 noles of anion source or a conpl ex ani on

source." It is nore preferred that the process of this invention
.enpl oys an anion to nmetal nolar ratio of at least 2:1. 5

-1t is preferred that the process of this itWention is practised in
t her presence of a catal yst pronoter. Halide ani ons are useful as

pronoters. | norganThecefpydendcally unsphuraedgchpdoogdn hakddes such as

HC, HBr and Hi . : qUS ' ' gar.d I |, hal i des
such no 10 LG G mpterial i1y PRoedeapTN0 AR MR hafdnB REion e CF
Csl, Myl[err] 2 to 30 camdpogugtomsa@eri golleeudest opr ef einsurpr tiveceot .
Another cat ego‘r¥xe8(.f 2 YRIYEE Q0 %gsm%freh%hﬂ\;ﬁ. bends_p8 fidlek ;i%.'.StS
of hal ogen cont'ai i ng-“organi ¢ conpounds i Chare~capabl'e o
provi di ig hal | ®xefieirored toet iateé¥nal olefdasi baviedi dmomFdr tex@dplkcarbon

or gani ¢ phosphaqni um . .halid uch riarylal kyl  phasphoni um
chiori de and  22ctl, on pistifes Therdot) Bhehi o¥eXil MntRas3nazs s .
benzoi ¢ aci ds, mergiadlyhlamadiablei c fari eéxadpiedashbapducts of a pebzreiss
acid, 2,3,5-tri-iodobenzqic _aci.d, .3, 5-di-iodo~ 20 benzoi c -aci d

m hal opht hal i cf&Fig‘ Carf l@?F@FézFﬁéPé‘onaFgg’Ylfane' f8|1|1°§’&|%‘t ¥ g double
The nol ar rati bdnet ieemeidlziatd oaniands ddsprppatritiviation reagtdon .n&Enal

cations.is preferably not than 3:1. If . larger a nts of
halidef%nions ﬁF%@fﬁF,ggﬁghﬁbﬂpyﬁpilf§' thes&flPﬁgrg apgg%l§fstem
tends to bg advweisally afifxet@txﬁ@, dof linegrpri;htgmbﬂyoQé(fan%er]f}:hC@g:t@i na}] i on
occurring between pal | adi um an alide ieties. Preferably, the
mol ar V\ﬁé’t G WSS a PETe ie&h’geané?rplc isr’?ﬁm%&F&&Bgnétrél‘%l°ns

cations is at @EStsudhlmil@ie e, ciemnabley hy@iyofotay1htbd 3@ high fr@teshstance
fromO0.02:1 to 1:1. The additional presence . of water, in an anount
of nore than 028d\2% Fd&GFtoFodete convergion . ExgRplesa@toflRtlr®Se and

up to i§s sol Ujd iltiear internal Icg wodel IR fi8aG! a9k e¥Ndijhie@rs. enhances
t he pronoting effect of the halide pronoter.
internal Cjp to Cj4 olefins. Substituted olefins may also

be used, for example unsaturated carboxylic acids, esters
of such acids, or unsaturated esters of carboxylic acids,
e.g. allylacetéte. If desired, branched olefins such as

20 propene trimer or isomeric butene dimers (such as
products of the well known "DIMERSOL" process) may be
used, but‘the'hydroformylation product will then, of’
couise, contain branched structures as well. Olefinically
unsaturated polymeric feedstock may also be used. This

25 may include such materials as atactic polyolefins like

'Shube's' (mixture of oligomers of Cjg-olefins), low

molecular weight polyisobutylene (e.g., products
commercially available from British Petroleum under the
tradenames "NAPVIS" and "HYVIS"). Styrene-butadiene

30 (block)copolymers may also be converted into interesting
alcohols (as intermediates to synthetic lubricants,
functionalized additives, etc.). Alpha-olefins, such as
l-octene and propene, and diolefins, such as

norbornadiene, dicyclopentadiene, 1,5-hexadiene and 1,7-



.- 10 - The ethylenically unsaturated conpound, used as

starting material, is preferably an olefin having from 2 to 30
.carbon atons per nolecule, or a mxture thf{eo They may conpri se
-one or nore doubl e bonds per nol ecul e. Pr eferred are internal
olefins having from4 to 24 carbon - atoms, or mxtures thereof. Such
ol efi n m xt ur e®ddi@ng may also hs disgq yTéxﬁardll&}IeélnfsoMlé%arﬂfl gonyse
products of a Rys far J4yh [ £ e, followed
by a doubl e Wl%cl%g(?rfc?diosm&rrrlgrn:{zlx)l (;%n(aaln gpr opor tlona on redction. In
10 t he pr ¢dddwusgh mendhusindformyliades rrmrerad@lo bleeffioxmed.

usual |y m xtures of (#ﬂgﬁ%gggkﬁgl@bdgrgkb%§£@btga@ (X} sugplle 2Q carbon

at ons per nol ecul e, I Ng racti ons m Xt ur es,
can be hydr of Oﬁmmoé@ratomirgimm@@olar ratiged @ndal Aose gerpdicetwdthin

conver si on. q:rqg Qsanagree JBg.4rey 134 tygilca ’}e%r Uernal %Q:etf%r%ly

ol efins, and of 11 near i nt'eral err] ol’e

Substituted ol éfhieys amey salppd ied in a r@@mmtmmr tédvea maing eu osfa t3urla thed
carboxylic acrg_ p esters of such acids, or unsaturated esters of
car boxylic acids,”” e.g. allylacetate. If desired, branched ol efins
such as 20 prprertshet proere s dfS e iinvienttdoa ,dither ethylehizelly

pr oduc of the well "DI RSCL" +21,QcEss sed, but the
hydr of %)ﬁrryl at i offt &t&ﬁﬁ: ﬁﬁaﬁ terial a)n% gorg@rﬂ &yﬁﬂfﬁr anched
structures as vﬂiﬂmyl@tefdmlpzajdqct may actursaneaattddnpdijnente Heedsi,ock
may al so be us I ncl.ude such terials as atactic

pol yol efins i &g‘e uES 6P, asméarsayte( AAAEE o &g%gm SGFEY -
Clerr]-olefins), | mvertheless‘mlmwIt@rdx\wog%fctymcﬂmns&%@atc)ﬂl@men(a@ be

products rciall vai | G{}.Irefr m British Petrole under t he
tradenames " NAlﬁxﬂ@'l cPu'tI—H‘\Vi %} PIRSERESET a so Vent if

(bl ock)lgopol yneyesinfag Al o l6aime mAd béﬁtlgemdlerlexstﬂd&ntatlng alreohol s
(as internediates to synthetic |ubricants, f.uncti onal i.zed

addi tives, etc DS YRt fATR thau@F ogucts but wildenote bondligestak tand
diol efins, SUCKEAS1itating MHOYRRMANRDN HLUGIRENAYRRRA L Fasthexadi ene

and 1, 7- example, an anisole solvent can be combined with other
catalyst components so that they are readily prepared in
20 situ in the reaction scheme described above. For
advantageous use of the FFE concept, codistillation of
any solvent that is present with the product alcohol is
generally not desired. In order to maintain a medium for
the catalyst, it is desired that any such solvent be '
25 higher boiling than the product alcohol, so that a
solution of catalyst in solvent remains after
distillation of the product alcohol. In some cases with
very high boiling product alcohol, this is a difficult
attribute to satisfy. The solvent should also be inert to
30 the catalyst components and thermally stable under
distillation conditions. Examples of suitable solvents
include malonnitrile, 2-pyrrolidone, 1,5-pentanediol,
dimethyl sulfoxide, and methyl terminated PEG.
The hydroformylation can be suitably carried out at

35 - moderate reaction conditions using reactors well known



oct adi ene may al so be used. The diolefins will of course yield
(predom nantly) a di-hydrofornyl ated product, al t hough

mono- hydr of ornyl ated may al so be forned. Hydr ogen and car bon
fronoxi de may be supplied in 5 eqU|nﬁ1é@ Oor non-equinolar ratios, e.g.
in aratio wthin the range of 8:1 to 1:4, typically 4:1 to 1:2.
Preferably for the#raubitbpﬁliethdref@amYbanQMipm¢¢msseﬂge of 3:1to
1: 2. cess,.of the in 0 hyl enically 10
unsat ur at ed star?kﬁﬁgggFg?lafnaE tﬁ%n?%r ég ﬁ? 5&8 égiy fornyl ation
product may actragomméentean ﬁréﬂeﬁtedkeémperatures béDeg UBR e arSfparste
sol vent is not necessar Nevert hel ess, the hydroforqylatlon
reaction may bel0 to 16002y RREGRHON PRIRSURRR tilortdie Fasenaf 00 tvl vent
if 15 g desi The,s ep u

reaction to for%?? g g?%dﬁﬁgs %ﬁ?gﬁfgﬁ'nﬁgwﬁt %?re%gééftgiégguigg may be
facilitating theetepted:ibutoarei nobrcpnsiidered P@mticularlyexanple an

ani sol e sol vent | ot I

that they are regggvpggggggrgggr&$g% ﬂf&he¥upres§§e§$é%%%|O%QEQ n%al
descri bed aboveeq&bpment provigiamsageous use of the FFE concept
codistillation of | I t hg resent_wt.h roduct

al cohol is R%%%Fé?ﬁgg ﬁu%ggir .éf%§%$%%? ?nr?&ﬁ?ﬁ%. %%ﬁ?%h1for
t he catldl yst, iandschalysd ahhtlaayesuhé sedveot dHe &5 efflu@mghﬁixb@rélng
t han t he product agc hol %hat.a . ﬁolution o% ca% I n sol vent
remains after 3€€°F lﬂ?sF?lF 17 ohP BEREHR  pr t2%F cHhT. TF% E%n% cases

W t h vesylhenbloss| engppratice sépabsator! hisemslargi of i suth
attribute to satisf The sol vept.shoul d,. al so be ine

cat al yst conpon%ﬁ?ggﬁﬂﬁofﬁe?ﬁﬁlE?lif%%lglﬁmd%YaporatorsdfgggT]a??%thped
condi tions. ExaﬂmﬁSeoapsuatabbe(wm:ypntsn the casé n@fudleemrpnmﬁiehels

2 pyrr done, entanedlo net h sul f oxi de, and net
CePm ndba Pec the RS BEEEShEed ampaifigha: | bhe cBPPBEASoF LD Joesrdi By
out at 35 sedenate beeneeANaBenti 100NSndIS19g Teaet A WHd11known

portion of the evaporator. In general, the falling film
evaporator is a cylindrical apparatus with a heat source
on the wall (the steam shell) and a cold surface in the

20 middle of the cylinder. The product distils on the hot

' wall and condenses on the cold surface in the middle. The
residence time of the effluent in the falling film o
evaporator is between about 5 seconds and 1 minute. For
most produét alcohols, it is satisfactory for the

25 internal cooling surface to be a tube with cooling
provided by means of circulating water. However,
refrigerated media are also acceptable, especially when
the product alcohol has a relatively low boiling point. A
catalyst-containing liquid stream collects in the bottom

30 of the separator. A weir at the bottom prevents mixing
between the distilled product and the residual alcohol
which contains the catalyst to be recycled. One or moré

additional conventional separation steps (such as



- 12 - for their utility in hydrofornylation processes.

Temperatures in the range of 50 to 200 [err]C are recomrended,
preferred tenperatures being in the range f% _ 70 to 160 [err]C.
"Reaction pressures in the range of 500 to 10000 kPa are preferred.
Lower or higher pressures may be sel ected, but are not considered
particul arly distillahignsdg@sys 2lger devemplgygee inp t8d§uPESCeSFuiase
speci al wiSQU I RITRHp ARG one of ordina®52&kiq1 RMOYHE! Sirt.
by- products, unreacted reactants, 1 and catal yst all |eave the

reactor as an effl| et progasse of the inyesagd@nnganobehusednfedt iths. They
are then fed t : atd epakat:ar. ary of

K eéli%ﬂp Atle¥fal X y
such e g%&ae{;ta(}rlsona?’ceg :‘égﬁtc! g%%f iTm e\}atggr ataor éBgLF gla—%ss) aangﬂﬁhped
fil mevapor at orate)FEs) pantidvd agady ofs inige aFEEtallyisth siystehm as defli@medbst
preferred enboc%’ig:gg,rg, ralQr, 4:S { (o) VICRS et ween
about 100 and [€r rti%eeld?]%?ﬁgadslﬁ'gﬁﬁ“h%% %%ep)é)rltalt&r?u& gi}tﬁg%g}/n%%g?'dtor. I n
general, the fallirfpfthenmore the pragesst dis very aplifmdr ifoal tiyepar at us
with a heat so . t | Gt am.shell. "cql d surface
" the 20 Hreharation & Anids RAWoH SR Lined e 18 |
wal | and condemsasticoultde hyolus iy faacma tial vistte syisdeive asTidefined abawesi dence
time of .the effluent in the.falli fi lm e rator is between
about gosecond§a§ne f%pril&q:el.n“ﬁlorar}’g platmu%sgtroblpoﬁ%%t%lél cohols, it is
satisfactory for tithe23nventiion eriddl beodllilugtxartikac ®yt adhiee faltllvedng t h

cooling rovi ded by nmeans of circulating water. However,
refrigerated msed{)aé“pailreés ‘al so acceptabl e, especially when t he product
al cohol has a RlaipMd y | ow boiling point. A cat al yst-containi ng
liquid stream co cts in the bottqgm 3 of .the . ,separator. A weir

0 at
the bottom prevent & %GRy evapPoratox ias, Used &os SR s SiScSan @t 17e
resi duab al coh@olventlessWivdpcraitidisdparatairal Mesidded,ba v deyalord One or

fore ade%ciénipolnaally CoO Vae nEtail r}.%lg sFei ?nr aE‘:[via%rclarsatteoe:S. 9\8 %%Q) ?ns.l. stirred
batch autoclave was used as a reactor. The.catalyst
solutions comprised a ligand formed from a mixture of
1,2-bis(1,4-cyclooctylenephosphino) ethane and 1,2-
20 bis(1l,5-cyclooctylenephosphino) ethane. These ligands are
broadly representative of the class of organophosphine
ligands described above. Catalyst solutions were

formulated as follows:

Catalyst Pd ‘Ligand Acid Anisole

Acetate | (grams) (grams) (grams)
(grams)

A 0.173 0.310 0.673 MSA 19.9

B (comparative) | 0.217 0.367 0.661 TFSA 24.9

C 0.174 0.311 0.176 MSA 20.0

D 0.0879 0.159 0.667 MSA 19.9

MSA = Methanesulfonic Acid
25 TFSA = Trifluoromethanesulfonic Acid



- 13 - distillations) may al so be enployed in this process as

w Id be appreciated by one of ordinary skill in the art. The
process of the invention can be used for the preparation of

"al cohols frominternal olefins at high 514 - rate, in particular by using
a catal yst system as defi ned above, based on pall adium as the

pl atinum group et gxamp les -5 Eﬁgﬂgﬁ 58d589t§F9ﬁ83§eéa ¥gLy useful
for the preparat|on o al’de V|ng a high'lrnearity, in

particul ar by NEIFigXa %ataalqrﬁndsymmgﬁeﬁpmmaraba&éy availablpagsdmon
pl ati num as pl u . hgl nyent.i ;

il lustrated b&ﬁk Q.@ﬁ%%%ﬂ%%;@ﬁﬂpany, gQghSFSQQI 23,18 Bkégﬁpﬁ%gkugg of

A rotary evapéha6h ndsnesed ang diramiched eAeobedsohvailBble frowml bmiless
evapor ati ve separator. ]ndeed, |t ary of a Falling

S
Fi | m Evapor at &S a5do GAMRSAY; r(@FOFLEX andbEFE’POQUF‘S@ng%dﬁﬁér5§éd as a
reactor. The cat alphe feed olef&@'suhlséﬂsw@Q@DCESQQoﬁeEhﬂéHdbﬁeéﬁéd froma
m xt ur e. of 1, 2-bi s(1, 4-cycl ooctyl enephosphi no) et hane and 1, 2- 20
bi s( 1, 5- cycl oatitme mnmmqm)dlengh' e theh@IMERSGENgsoares and NEOPEYEd! y
representative qf, the ola5s of 9an3RasPline e avaibbdandsofessciied
S or ted as fo

above. Cataly Sdl utions wer

Cat al yst Cherfital Coﬂﬁd&%nQDIMﬁNS@L and NEODﬁNESQE% trademarks
Acetate (grans) (

A 10 %7j /vOngfgu&e @fG%@OQ@NE 1118 glefin and g

(conparatlve)Nﬂbjﬁﬂ’23 éléyﬁél wd@ G8LrHien ov%%ngght at amb%ent
.174 0.311 0.176 0. 0879

.159 0.66¢qm9@ratum£s§nd_atmospnﬂaAc—pWEﬁﬁ&ﬁésMnﬁbnaccnmpgszglon TFSA
Trifluorometdangs Wl ,AMsA and ligand having the molar ratio of

1:2:1. Analysis by HPLC of a filtered sample taken from

zgr ans)

oo

15 the slurry revealed that the amount of catalyst dissolved

in the olefin/alcohol mixture corresponded to 0.0055 wt$%,

i.e. 3.67 x 104 mole, of palladium. Under the same
conditions, when TFSA was used instead of MSA, the

catalyst composition dissolves to an amount corresponding

20 to less than 0.0005 wt%, i.e. 0.33 x 1074 mole, of
palladium. Thus, Catalyst B is not according to the
present invention.

All percentages are on a weight basis unless
otherwise indicated.

25 Example 1

The autoclave was charged with 71.2 g isononanol,
1.21 g water, 3.60 g of an agqueous sodium chloride
solution which contained 0.0336 g sodium chloride, and
3.41 g n-decane (as an internal standard for gas

30 chromatographic analysis of the product alcohol).
Catalyst A was added to the content of the autoclave.
After being flushed the autoclave was pressurised with
hydrogen and carbon monoxide in a molar ratio of 2:1 to a

pressure of 690 kPa and heated to 105 °C. The reaction



- 14 - In Exanples 1-5, alcohols added to the feed were
NEGFLEX 9, a brand isononanol commercially available from Shel |
Chem cal Conpany, and NEODOL 23, a brand mj xture of Cerr]-Cerr]

‘l i near and branched al cohols available fT Shell. 5 Chemi cal Conpany
(NEOFLEX and NECDOL are trademarks). The feed ol efins used were
C8 isonerized mased@itiated bdeMEﬁCtﬁaaeléac@rﬁlﬁg fgomey ipENERSELE 1pr ocess
and NEODENE 1112, a brand o efln xture . avail abl e
from Shel | which @‘?émht,eéi eéor'ﬁ?a%% ]Fl\/gkg ﬁdaHE RECaPEifPadenar ks) .

10 A ZdbitibndlX hyioe oglenNGRRENE rbbhZ2 mohekideaA®t a molar MaEROL 23
al cohol was slurried overnlgﬁt at anbi ent &enperature and

at nospheric pr &&sd&'d Wl FotGdpoEesisyre was 5200 kg . 4 AG04{Ed onRBA and

ligand §avi ng hRIrSYed andt icd rPon monox1dé dnla ABALYSrathy BELE:af wds
filtered sanpl e taken from 15 slurry reveal ed that the amount of

catal yst di sso@d@matically, ﬁeﬁhéongﬁlHﬁ&F@oﬁHFOHQQWGr§°c6PPé§6§n&@G to
0.0055 W%  gas consuted3 i@/ thel Helichl oD ﬁlalaftaaallhadhur&bt@ider the same

conditions, whén TFSA was used instead of NBA cat al yst
conposi tion di §§@|S\ﬁé’§q Sfap 2o kfa @sr @é&p&ﬂﬂ‘ieﬁg 20 to less than
0.0005 wt% 1.e. X cHiplefth g 8k react1onp%hEa@hQﬁkeTB¥§du€%ta'ySt
B is not accordlng o the present invention.

per cent@ges ar @igtugensiaghidipddild egnlidisg rotary eypper@itod Wﬁépélawéé 25
Exanpl e 1 ?eé‘ted tH18 33u0ec| dye r‘ﬁ'&%ﬁigg g'u% z,gn%agnbgononanol

1.21 g water, an aqueous sodi um ch sol ution mhlch
cont ai ned o.osaargmyumldhlocfr itde amigole, water, n-decane, and

unreacted octenes. The balance (up to 60% of the original

reactor charge) was isononanol. The material remaining in
15 the unevaporated product was isononanol and catalyst

solution. It was determined by gas chromatographic

analysis that 93.4% of the olefin had reacted. Of the

olefin which reacted, 1.50% formed octane, less than 1%

formed “heavy ends” which are predominantly acetals of
20 isononanol and isononyl aldehyde, and the balance formed
| isononanol.

The unevaporated product (59.8 g) was returned to the
batch autoclave. Water, 4.80 g, n-decane, 3.42 g, and
isononanol, 30.0 g, was added to the autoclave which was

25 then.flushed with hidrogen and carbon monoxide in a molar
ratio of 2:1 to a pressure of 690 kPa and heated to
105 °C. The reaction was initiated by injecting 136.3 g

Cg isomerised olefin. The reaction was completed as

before, and the product was distilled. The overheads
30 contained water, n-decane, and unreacted octenes. The
balance (up to 60% of the original reactor charge) was
isononanol. The material remaining in the unevaporated
product was isononanol and catalyst solution. It was

determined by gas chromatographic analysis that 93.4% of



3.41 g n-decane (as an internal standard for gas 30 chr omat ogr aphi c
anakysis of the product al cohol). Catal yst A was added to the
eontent of the autocl ave. After begﬁg_jlushed the autoclave was
pressurised with hydrogen and carb nonoxi de in a nolar ratio of
2:1%to.a pressure of 690 kPa and heated to 105[err]C. The reaction
- 15 - thes olsitinabed Bparkpdet Phgthe7ogedin] whithi seasteded ol efin
whi ch was heat ed 5o4138[ @r '@aknbgsﬁgefBYheﬁl8¥€aH§Ln9e§s than ;Qd%%%ﬁga'
hydrogen and carbon nonoxide in a nmolar ratio of 271 The T _
pressure was 520BeRPY. epdgi’t wbigh 8re prefipuingeahlynadcetabsnofionoxide in a

nolar ratio of 2. : i d t bat ch_aut gcl ave to
repl ace the %S$nwg§g°%oﬁggnéggﬁﬁﬁpﬁeggég§¥§gh,Lﬁ%iﬁﬁ%iﬁ?;angetg?ﬁPeg
pressur e’ of 5200sppanancdl.| tines. Upon conpl etion of the

reaction the entire o] ' istilled ip a rotary
evapor at or whi ch magﬂé QH@BaﬁﬁggFgg ?%éégég[£?$]€:S%h%a%vﬁ?ﬂgﬁﬂegrgﬂuEPe
cont ai ned batghr autbcjauel Watehe an8@oge,nmdéeapen[3e¢ang, and t
unreacted octen | aggen(Up 60%,0f, [ he_origipa . Jeactor
charge) was iso%%ﬁ%%gﬁpgiheggéPegra%gFeﬁé%ﬁ?néoiEgi5qu°°l?ﬁ% ﬁ?éGgpﬂ?ﬁted
product was i sohbaanfluahddcaiahybydrogen andotutBOﬂhmbﬁ?M?éedﬁﬁgénhBE?rgy
as chrgjrat ogr aphj . nal ysis that 93.4%of _the efin had reacted.
gf t he ’ g?%i?noah?é% ?8a3tgﬁ?sipﬁﬁ@ggoég%digﬁt%ﬂ heatedihan 1%
formed "heavy eh@S"°@hi Theareaptednnvasnihytoseéal byoinPdcting i62nongnol

and isononyl al dehyde, and the. bal ance foyrned I sononanol ,

The unevapgrate 8pt3aNErL789. 815 lﬁa%“?%ttﬂ%eﬂuFBC%%%e using a%@%Fhonalo
aut ocl ave. Wate g - : : d ongangl .0 g,
was added to thgygﬁ?ggPaggﬂmﬁﬁgﬁ8§6%§5§§1§e fﬁh%ﬁm? %§h5%§§§t€§hgd}bg£ﬂeand
carbon nonoxi dere¢achinpl Wps completedtas béford, tand phessooduct 69 kPa

and heatsed t0 §istilled. The overheads contain water, n-decane, and
unreacted octenes. The balance (up to 60% of the original
reactor charge) was isononanol. The material remaining in
the unevaporated product was isononanol and catalyst
(palladium, organophosphine, methanesulfonic acid,

20 hydrogen chloride, and sodium chloride). It was
determined by gas chromatographic analysis that 93.6% of
the olefin had reacted. Of the olefin which reacted,"
1.54% formed octane, less than 1% formed “heavy ends”
which are predominantly adcetals of isononanol and

25 isononyl aldehyde, and the balance formed isononanol.

This sequence of hydroformylation and distillation
reactions continued for 5 more cycles. The olefin
conversions measured were 93.5, 93.2, 97.0, 92.6, and
86.8%. The paraffin formed in each cycle was 1.49, 1.66,

30 1.53, 1.49, and 2.42% molar. For the final iteration,
heavy ends had accumulated to 2.7% by weight of the
reactor product. There was no evidence of plating of

palladium metal at the end of the 8 iterations, and



:105 [err]C. The reaction was initiated by injecting 136.3 g C8

i sorerised olefin. The reaction was conpl eted as before, and the
.product was distilled. The overheads 30 cont ai ned water, n-decane, and
-unreact ed octenes. The bal ance (ﬁhrld'60@6of the original reactor
charge) was i sononanol . The material remaining in the unevaporated

product was i seAemensilannadasgsysonfdrmedothakt 148% of the egpeeterdned by
gas chromat ogr i | ySi 4%, qf : :
%Q?%%diﬂ %%h%e%%@%tggn 4£%rpfﬁgenFe%Pntaﬁigﬁlutlon.

- 16 - ol'efin had reacted. 0 reacted,
1.52% on a nol ar b&bies acddf@d setare, (mbdedmpheah Wwesf 8r ibdoughout thkeavy
ends" which are &gﬂgﬁinantly acetal s of i sononanol and i sononyl
al dehyde, and the balance formed 5 i sononanol . The

unevapob at ed produfhigoexamplenwdd lustuwated tbatheatalyst sbauthoaut ocl ave.

Water, 4.80 g, n- ne, 42 g nd_ . i.sonQnan 30, was _added
to the autocla?gmaﬁﬁgﬁ%wggA %s thd gﬁéﬁnfﬁﬁgﬁgg ﬁ%t °ﬁ95F695%ag%8'c§P on
nonoxi de i n a malsdlyl@ecoverabilieo iof a2hydrofarmydéasive piro6eéskPa and

0 0 g ; SORYNAEY B 6Py FrSTERe SUPOLRATESHer g AR CPoNErY ToW

hydr ogen and caalken ofopatadEing andohaaviyaendsaef 2:1. The reaction
was coppl eted as before, and the product was 15 distilled. The

over heads contgﬁ&ﬂﬁ¥§;2 n- decane, and unreacted octenes. The

bal ance (up to 60%Eghmpbhe Qr waisnakpeated extepet @hathghgehyd@as-i sononanol .
The material rennini_ng .in . the uneva orateg proii t ,was i sononanol
and cat al yst formyl%%&gq &@P&ﬁﬂoﬁﬁg§ﬁ5ﬁh595ﬁpﬁ§? méthandsufrofPORaci d, 20

hydrogen chl or icdgplatd chodfumhehlfakisdereakt ivasS it was d_edé&&fiﬁieaeﬁybga%as
chr omat ogr aphi ¢ _anal ysi s t%ﬁ% %%é?%gqf .ghe O|%%In hgd_re%pte . O
the ol efi n whi CRICBEHOSF2P ¥s3.80h8Endd - 98t Qe EhreSdetiin Rash f or med
"heavyiends” reacted. Of the reacted olefin, 0.6% formed octane, less
than 1% formed “heavy ends” which were predoﬁinantly
acetals and isononanol and isononyl aldehyde, and the
balance formed isononanol.
This sequence of hydroformylation and distillation
20 reactions continued for 4 more cycles. The olefin
conversions measured were 94.6, 94.2, 93.2, and 92.5%.
The paraffin formed in each cycle was 1.62, 1.51, 1.86,
and 1.83% molar. For the final experiment, heavy ends had
accumulated to 2.3% by weight of the reactor product.
25 There was no evidence of plating of palladium metal at
the end of the 5 experiments.
The acid/Pd ratio (mole/mole) was 9 throughout the
example. |
This example further illustrates that catalyst
30 solution emploYing'MSA as the anion source is robust,
stable, and easily recoverable in a hydroformylation
process employing a.FFA. Further, the process resulté in

very low make of paraffins and heavy ends.



whi ch are predom nantly acetal s of isononanol and 25 I sononyl

al dehyde, and the bal ance forned i sononanol . Thi s sequence of
hydrof ormmyl ation and distillation reactions continued for 5 nore
tycles. The olefin - conversi ons neastréd were 93.5, 93.2, 97.0,

92.6, and 86.8% The paraffin formed in each cycle was 1.49, 1.66,
30 1.53, 1Examphed3?(dompapativeFor the final iteration, heavy

ends had accunulateghéo?gtgdggyew@#ghéhgggé@ *F rf 5H?£§ﬁduct

There was no evi dence o atin 'e end of
the 8 iteration3,;5@nd water, 4, 50 g of an aqueous solutlon of sodilgm

el enent al analyéﬁfoff&é H?gh ﬁgﬂ ?9?806 65f9€§p§85fﬁk1$Plorl Egé? {Fg]

concentrati on was resen acl
(nol e/ nd e) mas4921hgougﬂeqanehéas an 1ntexmmblstaﬁdard for gd#i s exanple

illustrates tha t] . : | oyi n a e anion
;ource S robus%hgg%gt¥§£a§8%g égglySl%a%FI€ﬁ$e%%%%€%%l ?%h%r

hydr of or nyl at i cBapabgessB was addedptoythg eoﬁ%@htF%ftthﬁ,?ﬁtmcbamsess
results in ver W ; e of paraffins and hea ends, 1 ,

ol o o S YAk peyng £ IRERe e RE A4t ML e SR sg it
formyl ation reanydmgemeaﬁdcoa]ﬂlumatiOI&éx%d@ ilel’d]lﬁblé.bofahtlo of 2s:prn]t>d>eai on
of the first reaction it etermn chr.omat o iC

anal ysi'® t hat 9%‘?%§/§‘6¥etﬂga§?gf‘tfﬁah _ g%egtgg FRat?%d C O Thhr S TG Ry

ol efin, 0.6% foxagdinitbated! ®$Sinjecting t1ed. 4% foyf Megomdienyyd esist i mhi ch

wer e predom nantly acetal s and i sononanol and isononyl al dehyde,
and t he inkd abke fdevtoctaveowsimmordditional hydrdien awrd ueacizomf

hydrof oryl at | ofoangs 4 SLh LaLO0: 2avio of @R01 1 Ofige OB LAt YRIC

cycles. The ole onversions neasured were
92. 5% 5260 phPaf fAs imr‘nleel éxamphbd ayeve, wits wa$2etlefriindd 86y

and 1. §3% mol ar g, FoLn LORa Lo Rl RXPCLALPPE 1 s NGRYY 641985 "F! the olefin had
reacted. Of the olefin which reacted, 1.25% formed
octane, less than 1% formed “heavy ends” which are
predominantly acetals of isononanol and isononyl
aldehyde, and the balance formed isononanol.
20 This sequence of hydroformylation and distillation
- reactions continued for 2 more cycles. The olefin
conversions measured were.96.2'énd.95.8%. The paraffin
formed in each cycle was 1.22 and 1.15%. Upon opening the
autoclave after the third hydroformylation reaction,
25 significant plating of palladium had occurred.
The.organophosphine catalyst solutions were are not
robust and stable in the hydroformylation process
employing a FFE when the catalysts employed TFSA as the
.anion source.
30 Example 4
The autoclave was charged with 71.2 g isononanol,
1.20 g water, 3.60 g of én aqueous solution of sodium
chloride which contained 0.0336 g sodium chloride, and

2.93 g n-decane (as an internal standard for gas



.accunul ated to 2. 3% by wei ght of the reactor product. 25 There was no

evidence of plating of palladiumnetal at the end of the 5
experinments. The acid/Pd ratio énnle/nnle) was 9 throughout the
-exanpl e. Thi s exanple further LPlustrates that catal yst 30

solsuti on enpl oying MSA as the anion source is robust, stabl e, and
easi |y recover athmnategtapiriof gradwisomt the prthmteaslceﬂmldyi ng a FFA.

Further, the proGess eids 'dhded to tne ot t%fg%%rtaé fd¥% and

heavy ends.
Exampl e 3 (Conpefitedr veging flushed thEhenshdadid e evasaprasngeced Witdd g

chi or a6 whi ch TSHOSHE ! Garabap SRRt o 3 S gy 2o L8 ¥ 2 4

n-decan& (as arpréﬁmmloﬁt@emamh fand gesmated to 10:~‘hr crrrat'lt)gar adcatioml ysi s

of the product aI cohoJ yst ed to the content, of the
aut ocl ave. atb%‘i1 r‘RgY flrrﬁjseffe elBj?ﬂrt ed?lesseschrq i t h

hydrogen and c %ﬂ)@ dvé U & di; 19_&{ 2 rvddnl @ sure
of 690 kPa andalheate to 105 J[err I%e relactloan h]y gt vvasfldi rﬁatr‘%c?gd by

i nj ecting 149. ngpagidesoerd smiladr e:atrno of 2:1. The tdt@lapnesdsure wdng

addi tional hydrogen @i cag bgp tgbeooe:f(a}gléiﬁ‘%&?e |12 Yo fhe‘H tk%</va

The total pressure was As 1n t'hé exanple a
det er niltfled by Ifs chropatagraphito@rediisiandlasisl t%toﬂil'@/oqueﬁlh'e tddfin

had re%céae(%/e%réﬁ@}@%}e&&m&ﬁﬁ%ﬁa%edl ?15%)§%0rfgeanc?0m nant |y

octane, less t eavy en
acetal s of i sonmtzamd, akeks sldmmy:ll% formed “a’ieistwcmxdﬂhdmm Eateance forned

sononanl 20 ermiopipen i, SERBES P AL g s o
measur ed were SOldelayde, %&%hé’fhalpﬁtcaé ffiormed isononanol.
15 This sequence of hydroformylation and distillation
reactions continued for 4 more cycles. The olefin
conversions measured were 90.5, 89.3, 87.4, and 83.3%.
Upon opening the autoclave after the fifth
hydroformylation reaction, significant plating of
20 palladium had occurred, as confirmed by elemental

analysis which revealed that 62% of the palladium had

plated; .
The acid/Pd ratio (mole/mole) was 2.3 throughout the
example. T
25 This example illustrates that the hydroformylation

process employing the organophosphine/MSA catalyst
solution described above should preferably have acid/Pd
ratios of 2, and more preferably greater than 2.3 for
long-term stability and viability of the process.
30 Example 5

The autoclave was charged with 71.2 g of NEODOL 23
brand alcohol; 0.60 g water, 1.80 g of a sodium chloride
solution which contained 0.0168 g sodium chloride, and

3.38 g n-tridecane (as an internal standard for gas



gformed in each cycle was 1.22 and 1.15% Upon opening the aut ocl ave
aft.er the third hydrofornylation reaction, 25 significant plating of
.pal | adi um had occurred. . The or ganophosphi ne catal yst sol utions
-were are not robust and stable in $he” hydrof ormyl ati on process

enpl oyi ng a FFE when the catal ysts enployed TFSA as the ani on
source. 30 ch@omamogrzaphic analysisTied &heoplraduchaslchharded with 71.2 g

| sononanol . Catalybt’ §albbeineddta0 ok AR AIUBIERILY LD 0k sodi um

chl ori de WhICh Eont I umc

n-decane (as amftretxerheajngsﬁmmm fcchue @atoclave was pressurised w:.th

- 19 - t | n | f.th C l,co

Catal yst C was?¥§¥? dg%%&%F%h®6%%X§ﬁ% aht%c a@gg Ea% 16 %%k tertbelng
fl ushed5t he aulpmelsa;\m:e/vaxf [ﬁr%)ssmal sad \hellted to 105hydr.ofhe aeadctdomon

monoxi de in a nplar, essure f Pa .,and heat ed
to 105 [err]C wfﬁelﬂé} by lnje%kiyq &&Pl@teg Sf F%F@%%%n§1§39 59
Clerr] isoneri $adna ej‘JJefln which wast @dalt@daﬂt’rooo.lla)vecuiimt@ atei ti onal

hydr ogen and ca 0xj.de in.a |ar rati 1. The t.of al
pressure was uq"OClaé'foélsli'lgg @d"%ﬁoﬁﬁé N SN %’ ned
by 10 gas iehzomRilegr aRiie afal2yl. ST‘&ﬂéaH:thlZ‘kimesshli‘é Qlla%f 52 0l0agkPa .

reacte O the o].efin ich reacted,. 1.25% forned ane, |ess
Lhan 1601 or neq ARURIPTATIS T AGRR G CaTbon TeRGXiten o py Reledaratg

i sononanol and JfS@NANWas automatdlcdghydeedatd the BaldhceavteidiREe to

I sononanol . Thi s sequence of hydroforn%latlon and distillation

reactions cont |rr‘?tPé@qeor he @& uged i theefegction, madptadndingn&
neasured were Q31 e%sxﬁr?e bf FDBIPI%at all timdRQN UPRANIcAhH1RE ion

autocl ave after the fift hydr of ormyl ati on reaction, significant
plating of 20 ©of tqﬁameédahmma&h@camt@@t%yeé@nfr%%@%ya@ideﬁ%m al
15 entire product mixture was distilled in a wiped film

evaporator which was heated to 155 °C. The vacuum was
adjusted so that approximately 60% by weight of the
contents distilled overhead. This overhead product
contained virtually all of the anisole, water, n-tri-

20 decane, and unreacted olefin. The balance (up to 60% of
the original reactor charge) Qas c12/13 alcohol.with
about 73% lineérity. The material remaining in the
unevaporated product was C12/13 alcoholland catalyst
(palladium, organophosphine, methanesulfonic acid,

25 hydrogen chloride, ;nd sodiﬁm chloride). It was
determined by gas chromatographic analysis that 99.6% of
the olefin had reacted. Of the olefin which reacted,
0.75% formed paraffin, less than 1% formed “heavy ends”,
and the balance formed C12/13 alcohol.

30 The unevaporated product (100.0 g) was returned to
the batch autoclave. It was determined by titration that
a small portion of MSA had evaporated, so an additional
0.134 g MSA was added. Water (2.40 g), n—tridecane
(3.40 g), and NEODOL 23 alcohol (44.4 g) was added to the

35 autoclave which was then flushed with hydrogen and carbon



.anal ysis which reveal ed that 62% of the pall adi um had pl at ed.

The acid/Pd ratio (nole/nole) was 2.3 throughout the exanple. 25
:This exanple illustrates that the hydroforqylation process

*enpl oyi ng the organophosphi ne/ M5SA cataly"ét2 sol ution described above
sheul d preferably have acid/Pd - ratios of 2, and nore preferably
greater than 2m@nogride in a modag- retiosdbililt foandpyeabhlret pfof90h&Pa
process. I ° T I edq.with 71.2
g of NECDCL 23andE£%ng§rgﬁdlchoﬁdl?hs.Egag%%gﬁe?¥gl$ggtggg%g g¥od|um

chl ori de injegitinigo® 0wiki gh NEOPENENAA 1Q@. fig8dgodedinnwbhkbr wde, and
3.38 g n-tride an a n,er S d ga

- 20- %ﬁrong?§§rg&ﬁlc%aﬁg%féﬁggoghqﬁe prodﬁgﬁnglggﬁltfonal

Catal ys® D mashqdde@emoamuecambbenmonbxuﬂe aont echhaler ratio ofARtér. Waieng
flushed the autocl ve was pressyrised w th hydr ogen .and car bon
nonoxi de in a ﬁgﬁgrngtﬁ@Sofoﬁigetg% as EeforsregggréﬂstEQGuﬁg “88d heat ed
to 105 [err] C distildect iion the wipedwdd limnieviapbedtby . imhecbweghéhHSSS g of
NEODENE 1112 Sﬁnd ol.efin which was he ted to 1% L el Q t he
aut ocl ave usi n§ORFEAS &Ptﬁfdr8géﬁlgﬁ&a8§rb88 noRoXPEES e nln ®nol ar
ratio of 2:1. Bhﬂah@bauu@raﬂswm& w&st&%OQrKBanaloreacto&ddhhmg@alwhﬁdrogen
and ca @on nDn l.ar omatically fed

t
to the PYatch a ébglgﬁggl The' P@ﬁF&&@ltﬁ8m6é§188n§ﬂn§§ € n the reaction,

mai ntai ni ng a unevaporfactbail prioduet’ wael c320Q3kBacehodl kntl datallypen
conpl eti on of the reaction, the contents were rennved and the 15

entire product(ﬁP%Qﬁpéuﬁhs°59§PPPP€EPPﬁn& wiségapesyyl fonic acé\‘ﬂaporator
which was heat g@dr@gbad dhalorlide Tla@adv%wuﬁﬁmv\@amnde) agj waked so that

approximately 6 Wbby melght of the contents distilled gverhead.
Thi s overhead pes@FEined by gagofPrRBFOGFAPRAL Fralysde thataRPséte of
water,18-tri- the olefin had reacted. Of the olefin which reacted,

0.78% on a molar basis formed paraffin, less than 1%
formed “heavy ends”, and the balance formed C12/13
alcohol.
This sequence of hydroformylation and distillation
20 reactions continued for 2 more cycles. The olefin _
~conversions measured were 99.4% and 99.0%. The paraffin
formed in each cycle was 0.72 and 0.98%. At the end of
these reactions, a very small amount of plating was

evident in the autoclave.



:20 decane, and unreacted ol efin. The bal ance (up to 60% of t he
orLglna¥*reaCT6T'bharge) was Cl12/13 al cohol with about 73%

dinearit enalnlng in the unevapor at ed product was
-C12/ 13 a ﬂl st (paITa@Funl or ganophosphi ne,
nethanes L ao ds 25 hydrogen chloride, and sodiumchloride). It

det erm ned by gas chromat ographic analysis that 99. 6%Hofl066
the olefin had reacted. O the olefin which reacted, 0. 75% f or med
paraffin, less than 1% fornmed "heavy ends", and the bal ance forned
C12/ 13 al cohol. 30 The unevagoila®ed Mr &duct (100.0 g) was returned
to the batch autoclave. It was determned by titration that
a small portion of MSA had evaporated, so an additi onal 0.134 g MSA
was added. Watdar. (A $Fogessnfori dheahgdroformyleBiéfl gf, ethglNhOBaN 133

3}fﬁhﬁ;d$ggéﬁ g%ﬁyEF agﬁgp %%m%u%d%5w1th carh%%l%%%oggh%ha Sh&%%%ggégs?ed
monoxi de in a iw ahe lrededice? of hocatpﬂqsxuBgs&bmﬁ&&mbEas1ng and
heated to 105 rr] C_ The raaﬁt%ﬂqﬁggs |n| |% 1 gl%Ctln 90. 2
g NEODENE 1112 i x&d SQU&Fen Gh P um, pla lﬁé‘ﬁ‘t'eé?r BLEESL] EPFIE Pt 0 the
autocl age usi ng)ade tsldmaie of anlonfsydbﬁt@eli' ahdnc habodemandsinge in a nol ar

ratio of 2:1. The t|o was conpl eted as before, t he product
was di &i | BeFUFEh %M degst moé‘\?ak?&Fi&PGP ter égéi‘?éirshé’gd§p’e
cont ai ned wat ergorinild decane, and unreacted ol efin. The bal ance (up
to 60% of the original reactor charge) was 10 Cl12/ 13 al cohol. The

mat eri al renaining in RﬂﬂzM RM R3RﬂnevaporaIbd product was Cl12/13 al cohol
and cat al yst Iad|u or ganophosphi ne, net hanesul f oni ¢ acid,

hydr ogen chIonWﬁ?r%%ﬂi §L¥&4%&§P depit Ly, Tepresent 3.pBOSPROFUSy gas

chromaj ggr aphi %1%%@{:)63'0% tahﬁtm%yt?é:t@m 1R reprelskatal of bivaadnteacted. . Of
the ol efin which reacted, 0. 78@6on a nol ar basis formed paraffin,

less than 1% bridgingGhayr KeARRIMIRY TToMY lrthe 58MEnde thembaidgs, 13
Rl and R? together represent a bivalent substituted or

unsubstituted cyclic group whereby the two free valencies

are linked to Ml, and R3 and R4 independently represent a
15 substituted or unsubstituted hydrocarbyl group, or
together represent a bivalent substituted or

unsubstituted cyclic group whereby the two free valencies

are linked to M2;.and optionally |
d) a promoter; '

20 wherein the catalyst system is chosen such that - when
a)—c),'taken in molecular ratios of 1:2:1, are slurried
at ambient temperature and atmospheric pressure with a
liquid mixture of the unsaturated coméound feed and
hydroformylated product taken in a volume ratio of 2:1 -

25 said catalyst system'is soluble to an amount of at least

2 x 104 mole of the cation a) per litre of said liquid
mixture;

and wherein the hydroformylation reaction products
are separated-from the catalyst system in a solventless

30 evaporative separator.



/’/’.'

-alcohol | s sequence of hydrofornylation and distillation 20
reacti 3 M\ m%‘ 2 nore cycles. The olefin conver si ons
measur % and 99.0% The paraff|£ formed in each cycle
‘was 0. 72" and 0.98% At the end of fese reactions, a very small
ambunt of plati ng was evident in the autoclave.

TH 1066 . A process according to cgafimpl, wherein the optiomal
process for th I [ qﬁQM{ leC fur at ed
conpounds vvlth‘iJ car bon nnnox%fjec'qg)s%f% rogg:% %JIJOYJP Of Chl%glfgr%%sence of a

cat al yst syst erhasidas anvg.bromldes._@ptaog@mlwewgﬁhpanalt@m @®$ aplcgi num  or
ni ckel cati ons; ég a source of anions, other than halide anions;
c) a source of nfeagi one bi dentate |igands of the formul a

Rlerr] Rperr] M étr] Rl\/[peqqqelqseralqda[r@}m]g to claim 1 or 2, wheiredsi #heferr] and
Merr] independently, raor ‘?ﬁed?lts %)pfh%ss"%orpg(% v]a‘iue of i8NG Nt i mony

atom R represen §X Kivale group containing from1-4
atonms in the brd.dgé process adﬂoe:rdl]ngart@b R[neyr |o]net @g?etcli@amse[iret@e@t, a

bi val ent subst 'v}h%treec%.northe squ erhesd %)écl errl]%l ng@é{n the t wo

free val enci es and
| ndependent |y raeqmqa;ﬁrﬁrnac f;fressuresmﬂsiqtt Litse éh torl earstu 3t |°1QJta®d>vieyctrtmcar byl

group. 4 g boi 1198 T8t Y Y hyd R A5 e s Hrlodued o
5. A process according to claim 4, wherein the source of
anions b) has a boiling point at atmospheric pressure of
between 200 and 400 °C. '
6. A process according to claim 5, wherein the source of
15 anion is chosen from the group of alkyl sulfonic acids,
aryl sulfonic acids, perfluorinated alkyl sulfonic acids,
perfluorinated aryl sulfonic acids, boric acid
derivatives and alkylated versions thereof.
7. A process according to claiﬁ 6, wherein the source of
20 anions is chosen from the group of methane sulphonic
acid, perfluoro octane sulphonlc ac1d and pentafluoro
benzene sulphonic acid.
8. A process according to any one of claims 4-7, wherein
the bidentate ligand c)is 1,2-bis{(cyclooctylenephosphino)
25 ethane. o - _
9. A process according to any one of claims 1-7, wherein
the bidentate ligand c¢) carries on any of its groups R,
Rl, R2, R3 and R? oné or more non-polar substituents.
10. A process according to claim 9, wherein the
30 substituent is chosen from the group of alkyl,
cycloalkyl, aryl, alkylaryl and arylalkyl, one or more

atom of which may be a hetero-atom.

D12/TH1066FF



.unsubstituted cyclic group whereby the two free val enci es are
lipked to Merr]; and optionally . d) a pronoter; 20 wherein the
‘cat al yst systemis chosen such that - when a)-c), taken in

‘mol ecul ar ratios of 1:2:1, are slurried "~ 24 = at anbient t enperature and
atrospheric pressure with a liquid mxture of the unsaturated
conpound feed and hydr of ornyl at ed product taken in a vol Jie 1066 o
of 2.1 - 25 said catal yst systemis soluble to an anmount of at | east

2 x 10[err] nole of the cation a) per litre of said liquid

m xt ure; and wherein tReBhywdToRoANE & i on reaction products
are separated fromthe catal yst systemin a solventl ess 30 evaporative
separat or. 2. A process according to claim1, wherein the
opti onal pronoter d) i SHIDRGEORMYGATION BROCESSf chlorides,

i odi des and brom des, optionally with water as a co- pronoter. 5

3. A process according to claiml or 2, wherein the sour ce of
anions b) has a pKa yalowessf floesshehhydioformylatién Afpethgisndeaddgi ng to
any one of clains to,3, wher.ein the source of anian.b). has a
boi | i ng poi nt EPsa%uratedaFﬁﬁgﬁwgpfcwﬁ?bsgﬁfgoﬁhpgﬁoﬁ§d§ta §a§¥%§89f8rr]c
above the 10 in the pregenaieniofola idatallydtokgstemacomprisddgct . 5.
A process accorqin% to clain%4 Sﬁgerein thi gQurece of . ani.ons b) has
a boi ling poi nfat 2afP¥EShe e Pirlaasiray oplatinum, gz, gickedygagdgnsso
[err]C b)6. aAspiugees faandtishg othet! ahanShaMidecahibhg;source of 15
anion i s chosen fromthe rogp of .al kyl SU|LQ iC acidi“ a%él

sul foni ¢ aci ds S)pef¥ ISQTTaLEd 3k KyeSSuPrPgnPiagatate ligands of £hgor i nat ed
aryl sulfonic agrmigboric acid '

R1RZ2M1RMZR3R4 (I)

wherein M! and M2 independently represent a phosphorus,
arsenic or antimony atom, R represents a bivalent

bridging group containing from 1-4 atoms in the bridge,

Rl and R2 together represent a bivalent substituted or

unsubstituted cyclic group whereby the two free valencies

are linked to Ml, and R3 and R4 independently represent a
substituted or unsubstituted hydrocarbyl group, or
together represent a bivalent substituted or

unsubstituted cyclic group whereby the two free valencies

are linked to M2; and optionally

d) a promoter;

wherein the catalyst system is chosen such that - when
a)-c), taken in molecular ratios of 1:2:1, are slurried
at ambient temperature and atmospheric pressure with a
liquid mixture of the unsaturated compound feed and
hydroformylated product taken in a volume ratio of 2:1 -

- said catalyst system is soluble to an amount of at least

2 x 1074 mole of the cation a) per litre of said liquid

mixture;



derivatives and al kyl ated versions thereof. 7. -A process according

to«laim6, wherein the source of 20 anions is chosen fromthe group
of <pret hane sul phonic aci d, perflqu% octane sul phonic acid and
pent af | uoro benzene sul phoni c aci d. 8. A process according

to any one of clainms 4-7, wherein the bidentate ligand c)is
1, 2- bi s(cycl ooct yl eMePhBRPREHR)the hydrofermykation reacigion fpyoduess

according to anyréngePhrstél "Brdm théWE%E%i¥$$]?y§%%¢tﬁﬁ é{%éifgg%%égfn c)

carries on any of its groups R, err]

one or nore nonChdParatipet sepapator. 10. A process according to
claim9, wherein the 30 substituent is chosen fromthe group of alkyl,
cycl oal kyl, aryl, alkylaryl and arylal kyl, one or nore at om of

whi ch nmay be a hetero-atom D12/ THLO066FF
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