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WD 2004/ 029014 PCT/ EP2003/ 050650 - 1 PROCESS FOR THE
PRODUCTI ON OF PRI MARY ALCCOHOLS Field of the Invention

produci ng primary alcohols. In particular, the present
invention relates to a process for producing primary 5
al cohol s from secondary and/or tertiary al cohols
and/ or ketones. Background of the Invention Hi gher
primary al cohols, such as those in the Cl0-Cl18 range,
are wel | known and useful tohpounds which are 10
suitable for a wide variety of products and

appl i cat] - EQr ey can be useful
converﬁ%gﬁ#%s gSBfS%ﬁZﬂ@&ﬁE§&EHI8ﬁa¥?@ﬁ“§h&%§PH%Ls

et hoxylation and used in |laundry detergents and ot her
haygeholbd eheapingpaducts. Methods for producing

prrﬁﬁrg‘aTtUhUTSﬁare—mplI known 15 in the art.
Unf or FORaRESSERE tiNVenkaen corratias &l ¢ Prapees far

p?ﬁ‘é@%@iﬁﬁi PBIa ) Gakehs1direst Inaknombbe oxd datdQn.
of, paraffins. This is because the oxidation of
pafdFPLAST Prbihfie<opri RAPFESS SEdoRdQPYCANe opimaTy

t eMldoaby s ak €M ScorarkehARLSy X rtd Ay XEUEShOT s tHESR -
Cﬁ?ﬁgunds, but does not 20 produce high yields of
pricm&fy°al cohol s. Therefore, despite paraffins being

a Deelkatrburl yof nehgpemsieneiofieedst ock, it i s necessary

to use.of her nethods .of roduci.ng _prinmary. al cohal s.
e v PR I 2 o BF ol 15 Sab thEBR v e La-cae

predidel, Ngrr wEBr Yeradweohabsussrihednypanatior ayl &t i pne of

ol efins.usi,ng a ho eneous hydrof ornyl ation catal yst.
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laundry detergents and other household cleaning products.

Methods for producing primary alcohols are well known
in the art. Unfortunately, it is not commercially viable
to produce primary alcohols directly from the oxidation
of paraffins. This is because the oxidation of paraffins
produces primarily secondary alcohols, tertiary alcohols
or ketones, or a mixture of these compounds, but does not
produce high yields of primary alcchols. Therefore,
despite paraffins being a relatively inexpensive
feedstock, it is necessary to use other methods of
producing primary alcohols.

One well known and commercilally used method for
producing primary alcohols is the hydroformylation of
olefins using a homogeneous hydroformylation catalyst.
Using such a method, primary alcohols of high selectivity
and yield can be produced. For such methods it is

necessary to use an olefin feed as starting material.

invention relates to a process foPCT/EP2003/050650
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QO efins can be produced by various nethods including
the oligonerisation of ethylene. W 95/05354

waleamairdoes t he hydrofornylation of ethyl eni caPCEP2003/050650

unsat urat ed conpounds by reaction with 5 carbon
nmonoxi de and hydrogen in the presence of a catalyst
system conprising a Goup VI netal cation, viz.
cationic palladium and a %ldentate ligand, viz. a

phi n In the ex nples sever i dentate
gleg g%p mgbse S g Y 0" Hov\Pe e %8?? e FyPKTGmthe
ofeghoesisari gr cdueithglepei mary al cohol's suffer from
t heydi §5a)':b/33§5t4agi%s(:?§£) 5 ht,er¥e hyd%o%gi?ltn 1eodn t Of

feedstock which is re ativel expen
e&hHyPRbea 1 hihivwats rpF od ueatbarndst by re«h@rm varténckl ng

ceﬁsb@@r@éx{dﬁ%e aRaadghlbQ lqy%%%réée%é hods, require
sev steps, and Several catal
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e via the thermal crackin arafflns
d'fﬁggﬁglﬁreei’ a_r[n ti‘ *hEEEBRATY sceéfeﬁlaginL@ et efin feed,
dﬁphoﬁﬁhxneﬂnﬁne mgeat hyl ene ol i goreri zation in the

re of an onrer.i zat al yst, ,and finall
Pn gg r c“r§8§§?gte § %3ﬁ8 %8?%% 1Jré'né’onvertgd

@maty:oih]cﬁ@otiw SIu)fdeoff)rwl‘dta crsadvaheages edencehely a
aBYOEOL OB AL 1N £eCAL Jaé(l?twh?c] 3 EsomLihes ylanpol nt of

reduci ng cost, it clea esirable to
e@é@@?bbeaTbﬁ@@é§seﬁhvéﬁn%aﬂﬂﬁﬁbelasEr@¢u0$éhaw|¢@by

thBeXRENSE ME if@edst BeKaf £hs Se%ngaayt%n &I RNy
al cohol s and ketones_derived fromthe oxi dation of

MEERART | TR IYUT WSEVE T &l sBEHRS 1S §BVRIED FATGVAYRE a 30
tppee es scomhﬁrdewngr LAY yr GRS o@r Br PhOE GEIE JhS1RILE
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example by ethylene oligomerization in the presence of an
oligomerization catalyst, and finally, in a further
separate step, the olefins are converted to alcohols by
hydroformylation in the presence of a hydroformylation
catalyst.

From the viewpoint of reducing cost, it would clearly
be desirable to develop a process which can make use of
relatively inexpensive feedstock, eg. secondary or
tertiary alcohols and ketones derived from the oxidation
of paraffin. It would also be desirable to provide a
process whereby primary alcohols are produced using a
smaller number of steps than currently known processes.

It has now surprisingly been found that by reacting
secondary alcohols, primary alcohols or ketones, or

mixtures of one or more of these, with carbon monoxide
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WO 2004/ 029014 PCT/ EP2003/ 050650 3 and hydrogen in
the presence of excess acid and a G oup VIII netal

W@ ai0aly®t4 havi ng a bidentate |igand, a "singl ePCPBP2003/050650

process for producing primary al cohols is achieved.
The process of the present invention also has the 5
advantage that it is possiple to sinultaneously or
separately prepare olefins in addition to prinmary

C | fins are useful in,drilling fluid
2l 9?%%? %ﬁigggg%ﬁekﬁesencevéﬁ %§5$58fa8f e3nd a‘%roup
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nor B RIRSGHSEd 51 Ehe hake sertarioned tpen nakso dlacolbles,

aalnénteh@di efrorte iar Qspﬁbﬁéﬂbd@rtloy 51h\§§{:&|ﬂleéﬁgﬁ; gdi at es
| aundry “det er gent

for sg {actant Eﬁ%ﬁare used
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adnehabpectiigfherhelpEesenird Ao AREI B g MAew ded

S r. pr u0|n al cohol s fr.om
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pr od esurdempridyestagacef rtgnea pgesentatyv&(t ialncakokhad
tk@&é'%yafﬂ hglelggtfv ar% ﬁﬁ%{%“re ther eof,

W th carbon nonoxi de” an rogen I'n e’ prégénce of
24Cehe b ryéfthl@zlilsééeohno‘ﬂn)tca bsomoce bio@anesallel thehal

l S h a ar
biggzie@%%%fyews%gﬁa%aa\ﬂd;ggltegefsﬁélegdﬁé Mé:T %'I%@ £

eMdeiefipteasior Sfartanha wézwlbgeexqmsed in
leend ep eldtcx geinvakppl i sabdrid.ut ed or unsubstituted

s§ cloak; Q ti% gro whereby the two 30 free
—véﬁ%%%+é§—gf%—ﬁFﬁﬂg§9$o ML; R3 and R4 independently
rephesenting sobshetasmebtornor tiAsupssidnt edhvydresar byl
t959gpis(Hf&vgggghgrprocess for producing primary
alcohols from secondary or tertiary alcohols or ketones
wherein the process comprises reacting a secondary
alcohol, a tertiary alcohol or a ketone, or a mixture
thereof, with carbon monoxide and hydrogen in the

presence of a catalyst based on:
(1) a source of Group VIII metal,
(ii)a bidentate ligand having the general formula
(I):
RIRZM1-R-M2R3R4 (1)
wherein M1 and M2 are independently P, As or Sb;

Rl and RrZ together represent a bivalent substituted
or unsubstituted cycloaliphatic group whereby the two

free valencies are linked to M1; R3 and R4
independently represent a substituted or

unsubstituted hydrocarbyl group, or together
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bi val ent substituted or unsubstituted cycloaliphatic
w@e@ap2oner eby the two free val encies are | i NREHEPH03/050650

M2; and R represents a bival ent organic bridging

group; 5 and (iii) an acid having a pKa of 3 or |ess,

wherein the acid is in stpichionetric excess to the

Goup VIII netal. Detail ed Description of the

| nv | O 0 _The ocess .of .th resent invention is
car?%éﬁf%a&% aiglygge%?é§gﬁ%ég8$e 2 GBSt ed
excewsl afl ipbiadioveroug héhe@ebyptVe | tworetle vSuichabke

aci ds are tgo e having a pKa of 3 or |less, neasured
i n AU *SolGti'oh at 18C. Any acid having a pKa of

30 [ 1table for. use 15 herein. Preferred
aci : SA ﬁRZ\sféep%e%%%E%fa %%va&lrenl%e%?amp? j‘f%lr%n)g STgrp/
| esand As used herein, the termpKa is the negative

|l ogarithm of the equililbriumconstant Ka, i.e.
pKaE-lidgka, aghereaninora oy aéi d $A disch whareiial tie 20

di ssocj ates_in, solution, .the equiljbriumHA=HAt+A- is
def%%%d%ﬁylgnsgaﬁ? %1??dﬁfbgﬁ%?%ﬁtt%&fh§M#338§QXI£i[FH]

[ AjetqlHA] Exanpl es of suitable acids include, but

are not 25 limted to, phosphoric acid, sulphuric
DakzHleds RosiganpEioncofsthepHagyghohbe aci d, hal ogenat ed

phosphoni ¢ acids such as fluorophosphonic acid,
carb¥xpEocessi a8, thrvgsratednvent bukyils cazeiigd sukh
G Tt U7 60 Lher sor - W 2004! 058014 PCT EE5G0) 050650

nd. m xt t hereof . W |

A0 Wi po5ef b PN epartRo TS reraPPEAnS B

pKy of 3 or less, measured in aqueous solution at 18°C,

Any acid having a pK; of 3 or less is suitable for use
herein. Preferred acids have a pKz of 2.5 or less,
preferably 2 or less.

As used herein, the term pKy is the negative
logarithm of the equililbrium constant Ky, i.e.
pKg=-logK,, wherein for any acid HA which partially
dissociates in solution, the equilibrium HA=HA*+A™ is

defined by an equilibrium constant K5, where

Ky = [H'1[AT]
[HA]

Examples of suitable acids include, but are not
limited to, phosphoric acid, sulphuric acid, sulphonic
acids, phosphonic acid, halogenated phosphonic acids such
as fluorophosphonic acid, carboxylic acids, halogenated
carboxylic acids such as trifluoroacetic acid, aromatic

carboxylic acids, and mixtures thereof.
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exanpl e, net hanesul phoni c acid,

trifluoronethanesul phonic acid, tert-butanesul phonic
wa@eood/029914 ol uenesul phonic acid and PCT/EP2003/050650

2,4,6-trimethyl benzenesul phonic acid. 5 An especially

preferred acid for use in the process hereinis a

m xture of nethanesul phoni.c_acid and phosphoric acid.

The process of the present invention is carried out

presence of a catalyst based on. a G.oup VIII
LSRR TENAESE) aii ik ¥ USRI P RARIER: (L7 above.
e;katmglhae preebentsspelodficaldidn thef Giattmethiahesl ahsnic

2818 INBHCARLIFIA 3ROk U K onBRL L AL LT

[ adi um an num ar
alpﬁl e?,eﬂrrrGedtrlmesblebbma‘%nqﬁaﬂlpadnum aqil Exan'pl es of

Su'phﬁ@s%e%%@hysﬁf’éf&%e%r%c%aiéf‘q[@eorln Rak! adLUDL

conpounds such™ as salts of palladiumor platinum and
hereim dsadi BLXEUFPREF it tAGNgSBEPRONM HhGIfiid 2a6i ds, salts

p@dspAtiicnueigr, pal | adi um and carboxylic acids with up
2 carbon atgms pal | adi um or p] ati num 20

e RESCeES g0 Wit REGSEOh HOROKXT R drs carried out
iIﬁl_Ctﬁ”}?/hﬁ@%lTe@ﬁat er aw?mysaﬂbuﬁe@rorplaatammh vaubi netal
W, t ol i teri suc S i Qn_exchanger or
R E S St T I B AR L ool
acelry [theeporatet aspe exdnplitésnothe phefugr Néd Imetakls

. | f |
SR Sy kFe P B SR, [ROTUR,L dne
ppaeiframablOf ttheyebomdzﬂla;cepmeeédtpbﬁbyph@ra@ @tr@ﬁe,rrqé%

e Wi oy 16as %atllgdhhlgands are bi sphosphines. In the
gener al for (I'),. Rrepresents a bivalent 30

or JarfimPLsEi eé. Bl’@?k&ﬁ) me&aéf EPRBFSS cHift &ALAtAG IR 8 1
oL eiedlin mEREL bl e e B e
DR GHRT Tha- EB1F et A BHGPBR LR eHboR AATFEOHAS 2
a8l @ ddldshef blbdgeum WR 2304460260 14n PCH HRZYA3£050650
acids with up to 12 carbon atoms, palladium or platinum
complexes, e.g. with carbon monoxide or acetylacetonate,
or palladium or platinum combined with a solid material
such as an ion exchanger or carbon. Palladium(II) acetate
and platinum(II) acetylacetonate are examples of

preferred metal sources.
In the bidentate ligand of formula (I) above, Ml and

M2 are preferably the same and more preferably they both
represent phosphorus atoms, in which case the ligands are
bisphosphines.

In the general formula (I), R represents a bivalent
organic bridging group, preferably containing from 1 to
10, more preferably from 2 to 6, even more preferably
from 2 to 4 and especially from 2 to 3 atoms in the
bridge. A preferred embodiments has 2 atoms in the

bridge.
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6 By "in the bridge" is understood to be the shortest
connection between the atons M and M2. The bridge can
wheoosmedost i tuted. I n certain enbodi nents the bPCTER2003050650

substituted with at |east two substituents. The bridge
5 can be substituted on any part of the bridge but
preferably on the carbon gt om of the bridging group
connected to ML and M2. Suitable bridging groups
|nclude substltuted and unsubstituted al kyl ene

s inThBeaPkyfehe i cwpsrehRCd 18P dist |t6WaISF1§°rE6ﬁFa| n
cQHﬁe@Jld}Pﬁo%tQ%Eﬁf 91%05‘% lﬁl&hlaﬂa IQ‘IZ S:l’heS| A4 g can b?y

Pref er abl however ene group cont ains on
self bot nsIPnC?ﬁ*éaHhQi‘é@dlﬂﬁéFérﬁb? )bIZLCkﬁe 1% carbon

sabonBsutisyipheher abhyt 2weAkheBt at @t s .Therral kykege
grou%) q?Pan be sabstltuted V\/Itl’é] one or, 15 nore

R STEL IR PRI 2 PR PEakRe PEiAAs NUtents.  The
psebstddlyemins thanchebat tacied £t ehanyr pég inofgrohe
connecti on. Iln a preferred enbodi nent, the carbon
cappmtehfta Né eBAn%tti on, which are connected to the

ML and M e @ﬁsaaglg% eiﬁdiﬁst%t |ﬂh@@.§6el émbét{trhts;t%@sgnﬁhe
| as two chira ons and can

ahanes el 20 Bolnt, Dok el Rl ot F8rm
OpSl(lefEﬁ]fl@f rc@chta'fheoselb:sltlntdrenhstenoamal I@dcenes N, S,

bridgl ng qr £ont rb
She?e?%at oEgce%eLﬁﬁ%?gbl e " S Ub: étlﬁue%{‘]léﬁ%?ﬁb%/
chytaprardnily gesbps abéreh imayh2s5bopddonattefcgeibtiai A or
h t u S r such as
30?%%%%& r mﬁgg? ?odleoll%blph9 CQrbogaéﬂ{%ff -S-Al

- el alkydzne. NFAUDS - 90| A2, subekhmred witgene. jo2,
np N b us HQt 1ed?3, p%@%ﬁf&bﬂy“d%hléks@nﬂ fNbstituents.

I ndependent |y, are aliphatic groups preferabl ){lfhaw ng

TBe $Y¥RHT U tE0 CaRr Bon? Biasted fBr aRprd ey 4 to 4

c6AROOH ordl OMh, 2€@re FBE NV ,en@ldd) henpf Optyd éﬁﬁbon atoms
i sopropyl. Preferably, when the al kyl ene br.i dgl ng
ofr bup GenmasSONy uFBHEC t 3ke SIgBSELtagnta Bre My @nec byl

a8bRYPSre substituted. 1In this case the bidentate ligand
has two chiral C-atoms and can have the RR, SS or R,S
meso form. The R,S-meso form is preferred.

The substituents on the alkylene bridging group can
contain carbon atoms and/or heteroatoms. Suitable
substituents include hydrocarbyl groups which may
optionally contain heteroatoms such as Si, S, N or O,

halides such as chloride, bromide, iodide, thiol, -0H,
Al-o-, -s-al, -co-al, -NH,, -NHAl, -NAla2, -co-NAlaZ,
—PO4, -NOy, -NOH, -CO, -SOz, -SOH in which Al and A2,
independently, are aliphatic groups preferably having
from 1 to 10 carbon atoms, more preferably 1 to 4 carbon
atoms, eg. methyl, ethyl, propyl and isopropyl.
Preferably, when the alkylene bridging group is
substituted, the substituents are hydrocarbyl groups.
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waoe@anesoat ed. The hydrocar byl

WD 2004/ 029014 PCT/ EP2003/ 050650 7 These may be
strai ght-chain or branched and saturated or

aromatic or aliphatic. Suitable aromatic hydrocar byl

substituents can be 5 aryl groups such as phenyl and

Cl-C4 al kyl phenyl groups.- Suitable aliphatic

hydr ocar byl substituents are |linear or branched al kyl
y al.ky QuRS, ..pref er abl having from1 to 10

Tglgers%oﬁlggt %ﬁs%t%olr&é&p ¥ 55 ar abf ;}3 nl‘yric&e% aggr B%ﬁu%\?%ﬁ'igor

Pregfteirpedd hy ditor dvislrlocsubst i suleritis uanes16a &4 al kyl

éyaﬂaggc_Qfegfgﬁﬂge&dqethyl, et hyl, propyl, isopropyl,
but i sobutyl, nost preferably nmethyl. Preferred

I, ,
subé’tlil?i‘;}ém SIEHIAHE BYRYP e isggisiigtugnbspsararie
alyilpaabus adkot G QuRsy 1 Exeamt < 0f1790- EHQﬁﬁ LS .

al kyl ene bridging groups 15 i'ncl’'ude nethyl ene,

et hykehab-bn e tirhedtiey hedeoepdugds subBxatpéess cre
1SWRati buted Al rdol S 4 de
2,2-dinethy?-g%%%%?ﬁg?egg,éggggﬁgﬁﬁhgkggégheg?ﬁﬁ%ﬁﬁgly
P vAnggf et hy I te b &EbRY)| ekens 2 megehpreferably "1 to 4

2rhydr exya®! hyd re delrir@Bt DYhENE 3 substituents are
ox§nethyl-tr|nethylene. 20 In_particularly

2, 2-di - hydr

Qifgﬂe?}g%le STe RS TREFRT N &Y Ihr PEGY g RFRIE i
1@oBYLEDE, Blah | Ssontigl st ?ﬂ%‘%@rﬁiﬁ%@%@h%ﬂ' dgi ng
groups”are those where the connection forns part of
an BFPpPatsd Osadsianre on rigie silkyéeneebrBilging

gl Afe 04 DU tGAN aCRPL agFo@ke or nore 25 substituted
or unsubstituted, saturated or .unsaturated . aliphatic

ri XY e dOFGrBrtohet St artowe SBELSTFUt e Ixsups
ines ubist hé th Etkay, oRRhiyC ehid Ngh S TG heSen&r §f QIFD] Y

LRI PR MR S
Ziergisethuglvregnatnyllade, Zytdpentyanerinychvhexgne,, 2-
HELADEX BN, ok, AREL! 8ot i1l HULIAB0Inethy -

, 4-t hi ophene. e cyéloaT|p at’'i ¢ ring nay Y
trimethylene and 2,2-di-hydroxymethyl-trimethylene.

In particularly preferred embodiments herein the
bridging group is ethylene, that is, -CHy-CHp-.

Other suitable bridging groups are those where the
connection forms part of an aliphatic or aromatic ring
structure. Such bridging groups can contain one or more
substituted or unsubstituted, saturated or unsaturated
aliphatic ring structures and/or one or more substituted
or unsubstituted aromatic ring structures. Preferably
such a bridging group still contains only 2 to 6 carbon
atoms in the bridge.

Suitable aliphatic ring structures include
cyclopentane, cyclohexane, cyclohexene, cyclopentene,

3,4-furan and 3,4-thiophene. The cycloaliphatic ring may

substi tuent s canPGBEP2003/050650
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WD 2004/ 029014 PCT/ EP2003/ 050650 - 8 be interrupted
by one or nore heteroatons such as N, S, S or 0. The

WO 20vg/osdon4ict ures may be substituted with any kPCEPN3/050650

substituent, including heteroatons, alkyl groups, 5
cycl oal kyl groups and aryl groups. Suitable
substituents include thosge nentioned above in
relation to alkylene bridging groups. It is preferred

that %4\% attached to the ring system at
0 aE%ﬁ]fuP yor?ge P MOr e HSTEAS TS afieC2. s AV/AR -
Sexanp@e of a bridging group containing aromatic rings

|5 20e MPNLGORLALES LIP O ATBLI G09S opr el erably

enzeme 11 arorma 'ng G &40 e
Oﬁréﬂéﬁ%&ﬁ@ﬁnﬁanné@ﬂédln@ leeicdr cattlosss , aatkyb gtaups,

kb erer gﬂ% 20 SPyjl.vngJlﬁJsr t EEFtQBfe cgnnected 13

respectively to and ene groups are
ipréres a‘bW%/s%Wéépéédt BPeTR 4y éﬁéﬁ éori by stiwiemer es

o] S e to,t car bon
s3haqlhF GrqUddd RO LY SRerdhidh HRRECEL SR B o
agsnnked ep thﬁmerlbgvayehem bt dgiiagegkopps tarered sd . e.

pbggkygﬁgzpegﬁg@nonetalI|c groups such as ferrocyl ene
as in W95/ 06027 or orthoanellated systens as in

V0BT e e dnRebtiAgl rha BN EONE 2 Bitn VR tmEdigh
r@ﬂl’gboﬂs abyTeihilRh aBdtRPnd 0get Rebmangdlori s and R4

to g hkh can _represent an op&gonall substltuted
PEFYSF &MY Y $oP5CRFi pha¥T ¢ gr6SH. 2EUPEHEY Rd%nd R4
smyctmﬂ@g@m@iﬂeyebeblgzu@%’lmddﬁtegld ter e%ﬁllstkbﬁiéﬁ Wred to
r OURS uita dr ocar groups .are
ty ky?ﬁ 6?% K aff lc%fVTqﬁfﬁ g“ﬁ?e%%?dﬁ? ected

reepeat ey faomlagayt ma, t orpkd a1¢< 1888 gtoNps dpeanpl es
of _suitabl e hydrocarbyl groups i ncl ude al kyl groups

ORETRHIPEY GTAPTC0 08 £y BB SRS 1CUEhRG aStor i zes ot
theapybdrtis qursapylonsbui yh , regeediutyl theS@anwrylatoms

wti%kt mtl)i%ﬁ/ltheo%r}toﬁla’tiéeglgent yrluc%rl}g:ege)a(l\_le CcO rg:elcocaldkyI

The bivalent bridging group can also include

organometallic groups such as ferrocylene as in
W095/06027 or orthoanellated systems as in W095/30680,

connecting the atoms Ml and M2 through carbon atoms.

Rl and R2 together and/or R3 and R4 together can

represent an optionally substituted bivalent cyclo-

aliphatic group. Further R3 and R4 may independently be
substituted or unsubstituted hydrocarbyl groups.

Suitable hydrocarbyl groups are alkyl, cycloalkyl and
aryl groups preferably containing from ahout 1 to 10
carbon atoms. Examples of suitable hydrocarbyl groups
include alkyl groups having from 1 to 6 carbon atoms such
as ethyl, propyl, isopropyl, butyl, sec-butyl, iso-butyl,
tert-butyl, pentyl, sec-pentyl and hexyl, cycloalkyl

groups such as cyclopentyl and cyclohexyl groups, aryl
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groups such as cycl opentyl and cycl ohexyl groups, aryl
WO 2004/ 029014 PCT/ EP2003/ 050650 9 groups such as

w@b@aptooand tol yl groups and bival ent groups BCIAPRS3/@50650

hexanet hyl ene group. It is preferred herein that both
Rl and R2 together and R3 and R4 together represent
an optlonally 5 substituted blvalent cycl oali phatic
group. By cycloallphatlc group is understood to be a

[ al.y cI|c suc s _bicylic or
TRIELrren 28 SR B Lot e S Potpb TR Lot oyl 1 o
Su¢hea@y@lkﬁﬁamﬁhmVﬂengr@umqnonta|ns at | east one
and M2 atiom respectively,

10 t L i.e.. th
but ?Eaﬁmé‘s%%ﬁ%e PE Rt ERohcHiE: PURRHDRS fogetner

3 4 t.hat further, be present n the cyclic
et seoahanes S8 (LBELDSt, 28 REpSENL. 1, Lhe ovel

opsitanak by Biﬁémédﬂﬂdyélexghpﬁ&ﬁiﬁ1 rdmpdl OuUp cont ai ns
east r ef er abl the cyclic group

at at Qs
con glngy?+%ﬁi¥%q%§lngFPH§ %ﬁ(ﬂﬂ?er Pedpkefies abl y
faneey6lio d2 &gﬁﬂ&&@@ﬂﬁc geﬁ@@QhﬁhJ$S6F&@riQ%r?pg
QB ; Lt va eoqus ,that. the cycl oaliphatic
i g SR RIRRRE GFotie 0B DFoRRe NELWILIF ¢ he
EHooS ML BhehﬁyCZuahipbatyclgnoqp(nqmtaﬁhefetabéysﬁmodgwd
and to ether and

4%% are, bot h, phos orqs and %ﬂ

TRA8Rd Mo t ePRBOY C}té?i‘re@éﬁﬁcélve but can

qdmta@hahocqCdehﬁﬁ?ﬂtogsouDSulﬁlﬁ?GJMeE@%Ba@£m§r%hat can
abj c oa ngs. can be subs one

;&HQ%%?eQéd¥§ e ﬁgﬁrocg?%§f Yrowe lﬁgiﬁéﬁt% rftrg SP-

Qalkof an@n%landkaropeuena&aynﬁubSSuhuabae

asth Ly & Odwu%d%ogggygé %tg Qi egrbgtefoatm

such sul phu orus Hhd
Pﬁetfﬁégéhy tf@a?fmlesi Qﬁosncwrg?@ms firaol adeocim arirge,

bioegi dg [ €A8.a i @k omag ok gro f ener al
aﬁmmf?ﬁ% %?-MI %%ﬁ?g%gCW1

e50°Y3 11y NH2 IHYdng aFﬁHFYZ -CO- NY1Y2, -OH, - P04,
-NO2t i NQHivant@Qeoud02Zhat the cycloaliphatic group is a

cycloalkylene group, i.e. forming with the atom Ml or M2
a bicyclic group. Preferably Ml and M2 are both
phosphorus and R1, RZ2 and Ml together and R3, R4 and M2
together both represent a phosphabicycloalkyl group.

One or both of the phosphabicycloalkyl rings can be
substituted with one or more suitable hydrocarbyl groups
containing carbon atoms and/or heterocatoms. Suitable
substituents include groups containing heterocatoms such
as halides, sulphur, phosphorus, oxygen and nitrogen.
Examples of such groups include chloride, bromide,
iodide, thiol, and groups of the general formula -Y1-OH,
-yl-co-on, -vl-su, -s-v!, -o-vl, -co-vl, -wH,, -NHYL,
-NY1y2, -co-nvyly2, -oH, -PO4, -NOy, -NOH, -CO, -SOy,

-S-OH, in which Yl and Y2, independently, represent
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-S-OH, in which Y1 and y2, independently, represent WO
2004/ 029014 PCT/ EP2003/ 050650 - 10 C1-C10 al kyl

w@e@up2014 f a phosphabi cycl oal kyl ring is subBCT/EP1003050650

it is preferably substituted with a carbon containing
group. Such a carbon contai ning group can, however,
contain additional heteroatpns, such as halides, 5

sul phur, oxygen and nitrogen or hetero-groups as

esch hedy e f r abl substituted
(%hosphab?cgc lﬂ%? q&?ﬁ Eﬁgééﬁéﬁﬁéﬁﬁ%ﬂﬁgzaimffﬁga}%yl
Wpitutp?eiermlmelfa\tifbgyf i@m tllbﬂ&eao we@h bﬁncéﬁ&ms
m_1 to 4 carbon atons. Linear
g%éﬁ 58 §£q%$cyc($h 2afRYPe @r%ﬁﬂﬁfl@&ﬁgbgraggdcan,
hQHGWQBbeCkayhlgﬁbumsonahchemhranﬁdmﬂ,,sethyés I O s,

t t abl t hyl
o ouns ety I8 ol e By F1 T ng 1 o

oups are use
é%§8§ﬂpﬁﬂt%%re%&bQﬁﬂ¥ebePﬁﬁﬁ@rahﬁy¢xﬂw¢85ubsteduted and
ph@s@h@ﬁew@icyamyls tﬂaaglst gk@dsuﬂ&l'\&ft%d%ﬁﬁf%ﬂm the

hos habl%é %!k¥8 ring his case 1S su ut ed

TR 5t Wit ?’rﬂ% Ygr3upE9 #ﬁ%m brssplRabreyen ozt kg, miorg

p:mrfelnebsy:bsmm ut ed at cakboﬁadﬂmrrs 2t QBB Of hNE-Hd NG
substltuents on

c c alk e %ﬁ?spf % %D
éler ai irc i1y Ao e 't‘fée Fdi3gbhanat ket groups
@@uutamlyetk?rﬂasrdtasbﬂcypkgmnyiwd-rmp@{te 1|.uxs@ﬂl é{)ﬂd hso-
i n_atons, suita rbon
SRR MR 5 A PN, AT 30 bl
p@@ﬁpbbbeciﬁlaﬂkhﬂi cycboa$|¢uhﬂtutugedupst @4e be mono-
go§¥9éﬁ%§¥ﬁe RS a%% ﬁg § %&&M&68§Lsu§stltuted

cycl ohept yl ene ooctyfFene,
MPrS E§%$%%ﬁ9%M &ie, Phesphalidisdorikahering in this case

ik, 5u6¥€iﬂ9@éd’|xﬁf&% t?vbn"ﬁéﬂi/%r ng%ua_é,cl @ octyl ene,
6- di e cyci ooctyl ene and 2, 6- di net hyl -

b OE%F% ¥%11Oéﬁé<yér Sups. °F éffeersru@&tﬁitv‘a?‘én%t adylc [qagbon
agbanpst atriee selnect adwbven) Ji;rée ael oroet yheng,tr30

BBt okin i G cPaSeif e Tt Akl £95- By it vl ene
bgndficial. Suitably, phosphabicyclononyl rings are used
with substituents on two carbon atoms, suitably carbon
atom 1, 2, 8 and carbon atom 4, 5 or 6.

Examples of suitable bivalent cycloaliphatic groups
are 1,4-cyclohexylene, 1,4-cycloheptylene,
1,3-cycloheptylene, 1,2-cyclooctylene, 1,3-cyclooctylene,
l1,4-cyclooctylene, 1,5~cyclooctylene, 2-methyl-1,5-cyclo-
octylene, 2,6-dimethyl-1,4-cyclooctylene and 2,6~
dimethyl-1,5-cyclooctylene groups. Preferred bivalent
cyclic groups are selected from 1,4-cyclo-octylene,
1,5-cyclo-octylene, and methyl (di)substituted
derivatives thereof, particularly 1,4-cyclo-octylene and
1,5-cyclo-octylene.

In a highly preferred embodiment the cyclic group

contains 8 ring atoms and forms a 9-phosphabicyclononyl
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w@2hosphabi cycl onony

1,5-cyclo-octylene. In a highly preferred enbodi nent
the cyclic group contains 8 ring atons and forns a

- 11 group together with a phosphorus atom The

9- phos- phabi cycl ononyl group can have severa

i someric structures. For {;he purpose of the invention
the [3,3,1] and [4,2,1] isoners are preferred. Rl and

0 R3 nd 4 t oget her can _have both the
oo eebOthe PG & POGRE i Hidicy abe. Srearer abl y
B cREL anen 7Y 2ot I¢en havel R3raand Réohegether have

dth@ckdrds 1] rét "l Wi pos EO0POsid lltcgqu,séfn %O’gle ﬁ}??r; @:«f

di phosphi nes having a hlgh anoun

andpﬁésphlhel$omﬁm$dah&vpngféf&hd1333 &hdlﬁ23g5§ggﬂgfaangr
pggs habi.cycl ononyl groups can be prepared as
§EP| ed ??FW%%?F@@4§B®€ EXdhpines semeppef erdetferent

@ dept at ) ginel ydeo
il o3 Al b?%%%&gﬁ%zp%gg?ggl%i?fétr) rjio%y lgbu)%%%ether15

azldsR%Pam HKD-yhespeabhaye| did, [, B],nqmyt}u@yﬁla@e 2,
I 1 but - 2-
CSmECRRH RIS B HIARRLEYE Sl dhdhestheloRiH ig 15
agloW‘PP“’%l%KWﬁ@@pﬁabhgmn’[@ 13,98hdohyl ) npetianss, 3 1]
P t
S i S o R BHa s g[% SepyloR et °
peRapps bﬁ‘%(@%&@ﬁﬁabﬂc‘%@ %4259 nonyl ) - pent ane,

2, 3e£mh Qs , haigne,
%) SE PP ﬁﬁ gﬁg osﬁﬁigﬁﬁ%%el%g%ﬁ )Opf'g%?) %%e

PP %( 9- phosphabi cycl o 3, 3, 1] nonyl ) - cycl opent ane,
225 PP’bis (9-phosphabicyclo[3,3,1]nonyl) butane

eRitleg %‘%%séﬁif%#%%%% Bl n IR Syl cpert ane.
21329%@ @(@hphpwhabmwn :n[34 12 nﬂahpmn%&twﬁr@hexane
1 , exene,
122 b SRR B B e asentene.
-PP"'bis | 9 phosphablcyclo 3,1]nonyl) -pentane,
2,4 PP’bis (9~phosphabicyclo 3,3,1]nonyl

[ -pentane,
2,3-PP’bis(9—phosphabicyclo[4,2,1]nonyl

(

[

-pentane,
2,4-PP’'bis (9-phosphabicyclo[4,2,1]lnonyl) -pentane,

2,3-PP'bis(9-phosphabicyclo(3,3,1llnonyl)-pent-2-ene,
2,3-PP'bis (9-phosphabicyclo[4,2,1]nonyl
1,2-PP'bis (9-phosphabicyclo[3, 3, 1]lnonyl

)

)

)

)

) -pent-2-ene,

)
1,2-PP’bis (9-phosphabicyclo[4,2,11nonyl) ~cyclopentane,

) -

)

)=

) -

)=

)

-cyclopentane,

1,2-PP'bis(9~phosphabicyclo(3,3,1]nonyl
1,2-PP'bis (9-phosphabicyclo[4,2,1]nonyl
1,2-PP'bis (9-phosphabicyclo[4,2,1]nonyl

cyclohexane,

-cyclohexane,

cyclohexene,

1,2-PP"bis (9-phosphabicyclo[4,2,1]lnonyl

3,4-PP'bis(9-phosphabicyclo[4,2,1]nonyl
(

3,4-PP"bis(9-phosphabicyclo[4,2,1l]lnonyl

[
[ cyclopentene,
[ furan,

[ -thiophene,
1,3-bis-(1,4~-cyclooctylene~phosphino)-propane, i.e.

1,3—PP’bis(9—phosphabicyclo[4,2,1]nonyl)-propane;

WD 2004/ 029014 PCT/ EP20RGY/8BR65HE50650
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30 3, 4- PP bi s(9-phosphabi cycl o[ 4, 2, 1] nonyl ) -furan,
3, 4- PP' bi s(9- phosphabi cycl o[ 4, 2, 1] nonyl ) -t hi ophene,

WA 28402914 1, 4- cycl ooct yl ene- phosphi no) - pr opanePCT/ER2003/050650

1, 3- PP bi s(9- phosphabi cycl o[ 4, 2, 1] nonyl ) - propane; WO
2004/ 029014 PCT/ EP2003/ 050650 - 12
1,3-bis-(1,5-cyc|ooctylenevphosphlno) propane, i.e.
1, 3-PP bis(9 phosphabicyc 0[3 3, 1] nonyl) - propane;

1 | ene h|do et hane, i.e.

1:?}9_ éfQ %% 6%8?0P8Fi é&?Fﬁngthén% 5

11, 3219@ bl@195p1¢w}m¢uw|céne3phoshmm))—@u:bpaﬁe, . €.

11,22:RB- QQSQQC a§§gnﬁqeggckgggd§ nQayl) ethane and
e

m xtures ther se | n e prépar%d by

lr@a@?|Hésﬁ9c®%9%9h4ﬁﬁ9ypéﬁé h%c&hnnayl -ethane;
J(,rzh@a@ham5y@§@wa@qehxdﬁhg§ghﬁm _echaEgt yllithiumto

i.thiumcycl o-octyl ene osphide” {Tithi at ed
]v%o %aénggﬁ?%ﬁﬁﬂﬁﬁ@¥yc%ﬁé3l%I%Mxﬂbﬂdsghhééefs react ed

anict hianuaks ptieddenfgr oup substituted w th suitable
f bly t | at |
R e Th G B PERPR At Rt L AcFaFF et 15
QﬂtW@haEIhy@rn@%sfﬁkﬁphhbSéy&&bﬁdﬁ%?@ anknfgsuémﬁte
r C C
BRI UERASA JERNLNG, 91PN BN AR BB Sne

non-subst1
R&@FéhsdeaKéxﬁhkﬁﬂdde@heyphabiQﬂd@ﬂnoaahéate@heF&Hter

ﬁ%%@HHRGe 1§'§§%é¥éﬁ(% th a a11 hatic group substitut &dby

hosphabi cycl 3, 1] nonyl ) - pentane can be prepare
Wzé}hr éaéﬁﬂﬁ%e dw&wabgéyep@mmf@m@dm tesphattes or

d@}'@tl)ﬂ:' bthiawad o lng%ﬁeéébﬁolgfh.eaﬂ@waﬁﬁggndPP? #em um
subsequent|y reactin I um

hLde and
ag Eﬁ%aegr%ﬂp%(ﬁre é%ﬁﬁﬁl%@Y?ﬂ?’@rcdﬁﬁﬂén?u%%ﬁ%%rature
s¢25c€&renTstanuéﬂvﬁd@oﬁuba@, MWdH ad, 4ypent anesh 10l tuted
t osyl at.e

3, § BFﬁ% ?ﬁfﬂﬁﬁggﬁﬁggﬁéy%??ﬁ:?9§fffﬁoﬁ§F?r%ut%ﬁﬁ9 can
chddedxanpl & e kylepail dt by. reactdxagple 2, 4-PP’bis (9-
ssnspblsyel nate puol e ot WOl R te
r§g§§éqgepﬂ¢§phablcyclononane hydride and butyllithium to
generate the corresponding lithium phosphide and
subsequently reacting this lithium phosphide, at for
example 0 °C or ambient temperature (25 °C) in
tetrahydrofuran, with 2,4 pentanediol di-p-tosylate
ester. 2,3-PP’'bis(9-phosphabicyclo[3,3,1]lnonyl)-butane
can for example be prepared by reacting
phosphabicyclononane hydride and butyllithium to generate
the corresponding lithium phosphide and subsequently
reacting this lithium phosphide with 2, 3-butanediol
cyclic sulfate ester (IUPAC name cyclic 2,3-butyl
sulfate), in for example tetrahydrofuran at a temperature

varying in the range from 0 °C to reflux temperature.
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WG 2iof/a29) 4

reacting this |ithium phosphide with 2, 3-butanedi ol 30
cyclic sulfate ester (IUPAC nanme cyclic 2, 3-butyl

tenperature varying in the range from0O Cto refl ux
tenperature. WO 2004/ 029014 PCT/ EP2003/ 050650 - 13
The P-cycl o-octyl ene hydyhge_(phoshabicyclononane
hydri de) nay conveni ently be prepared as described by

El sper et al.. e str., 1978, vol. 89, 180154x).

oSt B R o S dh A R iE BPhaBh s GroDone

hydmpdé sesya doniveet byt Enecgmapaceangst dewg- Mobr ph2 of
' m ca n_at in_the i dge s two

T Dl barEho e ao L A g, Kot ofen B e

di sErygeles 9twbioadnddodescarde hcldgeng 232 net hyl |

|, 3-PP bis(9-.ph bi lo- 10 [3,3,1 l) - ;
Sefe T G a2, dR Sy e e
whii 6% CIod Tnididlle BERYEN -PFAPAREhE: Br ShdBTW tyo

3- PP' bi s(9- phosphabi cycl o- [4, 2, 1] nonyl ) - pr opane;
aéglﬁ?@tﬁh%(o,ndépﬁﬁ dY XY iR~ RYEr 3IEP i JY Rushospha

dbscyes & 4,r2 Wb 0B@0Yb)6Praaprneciuasd m xtures thereof.

2t R e pHeng Dot | Tg8 BPEogeeE T Bed i n VD
(833 QUPOBE 1) 2@rapdnéncl ude:

2,2 -bis-(1, 4-cycl ooctyl ene- phosphi no-nethyl)-1,1"-
2bm®tnyﬂﬂ;2~hydroxymethyl, 1,3-PP"bis (9-phospha-

bzg%waas,d,ag%bﬁw 9L y4gne- phosphi no-nmethyl ) -1, 1" -
b yl: 2 d

i phenyl; and m Xxtures thereof. A special class of

2bpvadesinaychoglbphatd @—Qﬂ'h@é?ﬁabk@§él@-e tertiary
gyél jc structures. For exanple Rl and R2 and/or R3
[antr RS rBPRERAL a bival ent radical that

2-methyl, 2-hydroxymethyl, 1,3-PP’bis(9-phospha-
bicyclol[4,2,1lnonyl)-propane;

and mixtures thereof.

Examples of bidentatediphosphine ligands having a
dimethylenebiphenyl bridge are described in WO 03/040065
and include:
2,2'-bis-(1,4-cyclooctylene~-phosphino-methyl)-1,1"'—-
biphenyl;
2,2"'-bis-(1,5-cyclooctylene-phosphino-methyl)~-1,1"'-
biphenyl;
and mixtures thereof,.

A special class of bivalent cycloaliphatic groups
include tertiary cyclic structures. For example Rl and RZ

and/or R3 and R4 can represent a bivalent radical that
together with the phosphorus atom to which it is attached
is an alkyl substituted 2-phosphatricyclo[3.3.1.1{3,7}]-

decyl group or a derivative thereof in which one or more

in for exanple tetrahydrofuran at aPCT/EP2003/050650
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together with the phosphorus atomto which it is
attached 30 is an al kyl substituted

wQ@2phosphat ri cycl o[ 3. 3.1.1[ 3, 7}] - decyl group PCT/EP2003/050650

derivative thereof in which one or nore WO 2004/ 029014
PCT/ EP2003/ 050650 - 14 of the carbon atons are
repl aced by heteroatons, fﬁr exanpl e, oxygen.
Preferably the |igand conprising the al kyl I
ituted 2- hospha tricyclo[3.3.1.1{3, 7}] decy
OSfu%g et g aatgérﬁpgﬁﬁdr%tﬁ%‘?%q@’ D LEBEPALPES ( 119
ametpéﬁn ®bygare. al kyl groups of 1-6 carbon atons,
preferably nethyl. RPR5 RE PRSRORRBORs OO0OO0O
O RSIwsqly )theEiag‘ph@scwap&woJrngl tganaskyncl ude
4pdtPeittadli A 45 ok¥ha-t
Sphosphlzilel 3% etaraﬁ%% °B o o okiss TEy groue
i3 2a3cdndd A Jedeoyk) byt aneFmﬁJJ%, 41R) P wldéaf%rrpmfs@?% 7
13715 ramt 10tr|oxatr|c 0 1
alk?}l s A7 Eb?m A c&Reh %?Je%ef?ee% 3‘}5

- ecyl)pent ane. Sue |gan
described in nore detail [.n WO A- 98/ 42717. .15 Anot her

cl ass of |igands sui e r\u%n i ncI ude
t hose |igands Tved fromlinonene di sclosed in

WD02/14248. Further details on other sui tBhl e | |gands

(IT)

Examples of such ligands include 2,3-P,P’-di (2-
phospha-1,3,5,7-tetramethyl-6,9,10-trioxatricyclo-
[3.3.1.1{3.7}decyl)butane and 2,4-P,P’'-di (2-phospha-
1,3,5,7-tetramethyl~6,9, 10~trioxatricyclo[3.3.1.1{3.7}-
decyl)pentane. Such ligands can be prepared as described
in more detail in WO-A-98/42717.

Another class of ligands suitable for use herein
include those ligands derived from limonene and disclosed
in W002/14248.

Further details on other suitable ligands for use
herein including their methods of preparation are
disclosed in WO03/040065, W002/064250, W095/05354,
WO00/56695, WO01/28972, EP-A-971940 and WO01/87899.

The most preferred ligand for use herein is 1,2-

P,P’-bis (9-phosphabicyclononyl)ethane.
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F, P -bis (9-phosphabi cycl ononyl ) et hane. WO 2004/ 029014
PCT/ EP2003/ 050650 - 15 Conveniently, the process of

W0 b@4pe®sent i nvention may be carried out in PEEEP2003/050650

presence of a solvent. As such, saturated

hydr ocarbons, e.g. paraffins and isoal kanes are
recommended and furthernor% al cohols, the saturated 5
hydrocarbons and al cohol s breferably having from4 to

ar bon, at OfB ntgﬁanol ecul e, such as but anol

et hyPREKEAGT E1Y REPEFPSS off | they @Fersntt eRHRN Birn
mmmOk:arf:owecdutaercamI@?gybaémw cﬁ{j @d@@lllveatr;]hem %&&h

onane ig i et et an
St B phRL SRIANANE oL 9, et FEe iR RORLUE Y ke o e
Sslopensng ed @@drpfu@hﬁgrmn:esalbsd?mmmaltlhye sanskstédg of

r f

?ﬁr@?gggg?épﬁ erreotll%rl% g?ggggarr@l e%%‘%ﬁéy? Ppaones
SR TREN IR Bt ssuImsHeselandsuali etshplusanphene and

él:\l‘ﬁyllh‘éxﬁﬂbphpn%naﬂbthason?ulrﬁ gﬁé}fé%a:!ﬁterms the
t g ﬁhydrothl ophene- 2, 2-di oxi fol ane,

§i foEmed cﬂsari@ré’t’ﬁﬁyéa%?rhﬁr%m@tthyI5§DPF%I%Wéh aFhe
:nuamktkyok@ndﬁuﬂﬁ1@dﬂ%l@ﬁba Y§ie@ﬁ&ﬂé%ﬂbksaH&eQm1é§lenOt

cr and imt Usual |
ad\%ﬁfﬁ%%“?ﬁ' tﬁmaﬁgé‘y 5¥1“y§8 gyﬂbe“f@@l SﬁiE?BF%m yyi n
ddn@rﬁ@mgngs mbs]ﬂhntltamlgzOcathar@t oh oﬁl@ﬁ&u@s \d1d
ta f artin nd. .sel ect r
ag%cok’ég g?caq]photngrst Fggy al a&k{&culﬁét BH%gelélfeé)
ﬁﬁrxﬁuaepthedimﬁkylsnm@hused sUdte aolinkeshgfl stthehone and
i e e_co |y
E R R G Mo S RO
retaphy foat bt eohsner@,, 2phépet bl vy srwlémlﬁnet 02 e s of

hiidentat eahd ganek @A - usegh¥f sriharagre the pr esence of

a small amount of “cat al¥ ronot er conpri sing
sourB8 Bramatiyd mmihdRg, h%u‘&ar?:aalé’sftoﬁyé?%ﬁp’r% W—ﬂe%r is

i€l créanchavend Iﬁd}&]mafrlycamthf!@ Wiameounabke . effegt1y n
that the conversion react f) olceeds at high rate,
ampaptat IRokle? afaaempeltal r‘é@, 07%, preferably in the

range of 10~7 to 10”2 mole atom of Group VIII metal per
mole of starting compound .selected from secondary
alcohol, tertiary alcohol, ketone, or mixture thereof,
are used. 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.

Furthermore the presence of a small amount of
catalyst promoter comprising a source of halide anions,
such as for example HI or HCl, can have a‘significant .
favourable effect in that the conversion reaction
proceeds at high rate, even at moderate temperatures.

The molar ratio between halide and platinum metal cations

is preferably in the range of from 1:20 to 5:1.
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The nol ar ratio between halide and plati num net al
cations is preferably in the range of from1:20 to

WG 2@4/02401£2004/ 029014 PCT/ EP2003/ 050650 - 16 HEGEEP2003/050650

car bon nonoxi de and hydrogen nmay be supplied in

equi nol ar or non-equinolar ratios, e.g. in aratio
within the range of 5:{_&3 1:5, preferably 3:1 to
1:3. Preferably they are Supplied in a ratio within
the range 5 of 2:1 to 1;2. The process of the present
i NVER? | GH RN Meao%ife adny hyddogrBdmBYt Pt S Hriddrest én

e@aaﬁblm &0 nﬂﬂnt—leqnsmot_reﬁ Cat itRPer. gt UL €Sa i Fudihe wiangs

50 to C.are onmen mee amaaﬂu%
BEi RGP The rande Lo, TOTTF TPBOE 210 Fabti o
Ppeéssalv g dhet heer angploéd 51 @ ]:@.ﬁlban’ahi:Bl tpfeefreamged.
OEo?ei or Phgher pressures may be selected, but are

consider’ed particul arly advantageous. Moreover,
hi ghee prassw of tequbresyPedingensdon paentbe suitably

RELQYLSI QnS- atl%d%%‘fé%agéé’é‘&&h cto%ﬂ:%ﬁé' ofﬁ‘erﬁt

secondary al cohol s, /or tertiary al cohols and/or

teEpPeRaBUERS prioddice raBﬁF n%f YW hIteoREPsCarEdr ek FRTtH dehe
pQ%%é?Péd'Eéﬁﬁgﬂd%%régnbeiﬁb(%Hwﬂw%drﬁﬁbea§f37o to 160°C.

"si ngl e- pot rocess u3|n a sin 20 |t
RSChiet BRST PG 15 SharToadhe dogc EPoRDAIPTRET?
p@alfaf:fédildStIag&ir b’ﬁ higrér ()p(rtedsiéur@g mayalﬁélsﬂelé):tp!d)duce
secondary al,coho a_tertiary al.coh a_ketone or
br‘htxf‘ﬁ?en?‘ﬁe ébsfldeﬁgﬁcgaﬁéjc%?% r% £8van u??%‘ér aspect
Mofrebhier priesgrdr p2esisnveat roquitdeespecsapr egn teteres
pg% cesspfor converting paraffins to primary al cohols
npr|S|ng the steps of: (a) subjecting a paraffin
feeHdE@mmﬁanuﬁjﬂflﬁéarr@m@Winn faseneddpay ad¥¢ailiso an

5%@Vg?tkQPtf§¥ynéfE5hb@stQﬁd/@fQ§§ﬁﬁ%soﬁoaﬁr9éﬁg§t'On

catalyst to fforma m xture conpri sing secondary
rxlisekyl 8l aehr ot qng;ﬁapy to the present invention can

be carried out as a “single-pot” process using a single
catalyst.
It is also possible to start the reaction at the
paraffin stage, by first oxidising paraffin to produce a
secondary alcohol, a tertiary alcohol, a ketone or
mixture thereof.
Hence according to a further aspect of the present
invention there is provided a process for converting
paraffins to primary alcohols comprising the steps of:
(a) subjecting a paraffin feed comprising linear and/or
branchéd paraffins to an oxidation reaction in the
presence of an oxidation catalyst to form a mixture
comprising secondary alcohols and/or tertiary
alcohols and/or ketones; and;

(b) reacting the mixture of secondary alcohols and/or

tertiary alcohols and/or ketones with carbon
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al cohol s and/ or ketones; and; (b) reacting the m xture
of secondary al cohols and/or tertiary al cohols and/or

whedsnz®1ni t h carbon WO 2004/ 029014 PCT/ EP2003POG8BH03/050650

- 17 nonoxi de and hydrogen in the presence of a
catal yst based on: (i) a source of Goup VIII netal,
(ii)a bidentate |igand ha&hng the general fornmula 5
(1): RIRRML-R-MR2R3R4 (1) wherein M, M, R1l, R2, R3, R4 and
R are as defined hereinabove; and (iii) an acid
havi P A 5iea 256 BYgFogeis sinideePResfREe 19F acicd trd YER
st oi gddeein:i ¢ excess over the Goup VIII netal. The
pripary al cohol s_pr.oduc y the_present invention
wi | FH Al P EEonPAI FEQHR e™€5fbon atom than the

st atiing kdldeahakeol ik@idnavity The gsnsmtly mlrgohal s
progﬁfed by the present invention preferably contain
fromabout 6 to about 18 carbon atons, preferably

from10 to 16 carbop . Bh process of the
present invention h%%géﬁﬂﬁﬁﬂgggﬁéc{?bity t owar ds
l'inear pri rﬁgalgohgl ﬁpqpounds as is 20 denonstrated
i n YRFSalpl- &5 Ber B RTHe ieRdeRt ER W 19efaed

i wstdiatedviey thg followng non-limting exanples.
Exanmpl es 1-5 apples 1-5 wer arried out in,a 250 ni
TRt - 5 3636 JRECTT rodHsaPen Iadt obt 3 dinees Ehe
aut oc] avig Was s¢Bakgedne Wil <3005 9fe SeaNARIY;pakgeRol
or ketone (the type of al cohol/ketone used in each

ExadfptaElis shown in Table 1 below), a stoichionetric
excess @finelyd a0¢ehopalpadivedd byhend ypeedntaci d and

igggg {oéﬁwfil %1%2§g g£5§§¥ﬁ13§éa%BLS carbon atom than
the starting alcohol or ketone.

The primary alcohols produced by the present
invention preferably contain from about 6 to about 18
carbon atoms, preferably from 10 to 16 carbon atoms. The
process of the present invention has a high selectivity
towards linear primary alcohol compounds as is
demonstrated in the examples below.

The invention will be illustrated by the following
non-limiting examples.

Examples 1-5

Examples 1-5 were carried out in a 250 ml magneti-
cally stirred batch autoclave. The autoclave was charged
with 30 ml of secondary alcohol or ketone {(the type of
alcohol/ketone used in each Example is shown in Table 1
below), a stoichiometric excess of acid over palladium
(the type of acid and amount of acid used in each Example
is shown in Table 1 below), 10 ml sulfolane, 0.25 mmol of
palladium(II) acetylacetonate, 0.4 mmol of 1,2-bis(1,4-
cyclooctylenephosphino)ethane and 0.1 mmol HCl. After

being flushed with carbon monoxide, the autoclave was



30 is shown in Table 1 below), 10 ml sulfol ane, 0.25
mmol of palladiun(ll) acetylacetonate, 0.4 mmol of
wa2@42®(4, 4- cycl ooctyl enephosphi no) et hane anPCDER2003/050650
mrol HCl. After being flushed with carbon nonoxi de,
t he aut ocl ave was WO 2004/ 029014 PCT/ EP2003/ 050650 -
18 pressurized with carbon nonoxi de and hydrogen to a
partial pressure of 20 bar®and 40 bar, respectively.
Subsequently, the reactor was seal ed and the contents
PREPBUR} 7 9het o cRERER RO/ deoans AYIUBIRD AT tter 5
pé@@iéﬁ%r@saﬁﬁ:@'o@ wesbi akan fapoghthercomptantsi9f, the
S gactor nal sed by Gas Liquid Chromatography. The
PO e FPCeh SR e PoBaPBua AT Sy 2t

wab@r@m@témof %aeret banes Hphanke agbd, PArkgran
abbrevi ation for phosphoric acid. 10 T Tabl e 1; Product

3 o8Bl &Y \A tSATRLEg VAET HE SUT JHEY FheoRoREEN Y idfarsped efin
rEhbesT a(rl'ﬂTanaNy@@HOby0@a§'lﬁ@u%ﬁ%ﬁ9&@$t&ﬂ%@'h .N kekone
%/% lé% Li nearity. br a}éﬁ 'P§$21’ shown jn br acket s) 1

AL'SS Y RrTorY S20 98 N ARTDI 0% 4006 ¥2rAfol ) (72) 2
aNBée?fbﬁ&dnﬂﬁmmohe?ﬁ&hékﬂ&phﬁn1é6%@4@9ﬁ1@&615“3@ ) (75) 3

A (2. 3-qctanol , 40% anol, 80% 13% 7% mmol ), PA
a%é#%fl%’@ p@éf\p%%r% acnltdgnol 22% Hexanol = 86% 5%

10 Te®denhol ), PA (74) (10 mmol) 5 MSA(2 5-nonanone 12%
0 0 0 [L.ZQ)\
Decanol 83% 6% 4% nmmol ), PA78Pzass Selectivity 3
Eg Acid Secondary | Conver- Primary Olefin | Ether
(mmol Alcohol or | sion % Alcohol
shown in | ketone (30 % Linearity
brackets) | ml) shown in
brackets)
1 MSA 3-octanol 20% Nonanol 75% 10% 10%
{(2ramol) {(72)
2 MSA (5 3-octanol 76% Nonanol 46% 40% 14%
mmol) {(79)
3 MSA (2 3-octanol 40% Nonanol 80% 13% 7%
mmol), PA {75)
{5 mmol)
4 MSA {2 3~-pentanol | 22% Hexanol 86% 5% 9%
mmol), PA (74)
{10 mmol)
5 MSA (2 5-nonanone | 12% Decanol 83% 6% 4%
mmol), PA {78)
{10 mmol)

Examples 1 to 5 demonstrate that the process of the
present invention can be suitably used for converting
secondary alcohols or ketones to primary alcohols in high
15 yield and high selectivity for linear primary alcohols.
Olefins and ethers are alsc formed in small amounts as

byproducts.
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(10 mmol ) Exanples 1 to 5 denonstrate that the process
of the present invention can be suitably used for

w@oemeedisag secondary al cohol s or ketones to PCT/RR2093/050650

al cohols in high 15 yield and high selectivity for
l'inear primary al cohols. defins and ethers are also
formed in small anmounts as byproducts. WO 2004/ 029014
PCT/ EP2003/ 050650 - 19 -CQ¢ -AIl MS 1. A process for
produci ng primary al cohols from secondary al cohols
and/or tertiary alcohols and/or ketones, wherein the
process conprises readilng & Mcednpound sel ected froma
secondary al cohol, a tertiary 5 alcohol, a ketone, or
m xtures thereof, with carbon nonoxi de and hydrogen
tn t He Br&essfcEonf Prrdiaoy Bribaset lavnolsi framsour ce

oAUy WiEbhB®E adnd Add )t%r@&QJ@?t@fceoﬂ&l%a%ﬁ)dD%' ng the
%WMIWWMa&: 10 RIRZML- R- MMR3R4 erein

AP ' MY PEFELT ntiep NSRSy CPTIPAES &Y 1SI3:CtRRgaAd R2
¢Qmﬁﬁdn§‘séepb66&nfydmﬂﬁ %@b@aﬁa§yg§&hﬁﬂh§daoFertiary

tituted cyclic group whereby the two free

%gﬁgﬁgVeg &S? n%iﬁ%%&%?%uﬁﬁ? Eée% RYthdEpERaRNt | v
reprEsentnd hdsodpst iiruttéd presasedsds ucadalyst based
Liydrocar byl group, or together represent a bivalent
or unsubstituted cyclic group whereby the two free

A eaﬂ“sb%%c@rgf!éﬂg%j aiﬁzw%'etafnd R represents a

i val ent organic ging group; and (iii) an acid

hemia & idcpKatof 1 3y Ma s3I ng WKL &l dhd N8 aGif,2Q i§) i n
T metar. o2 TA

stoichinmetric excess to thé Goup Vi

process accordi ng d;XJ1aipm,3 erein the acid has a
pKa of 2.5 or |ess. églAngogggs g@cording to daim1l

Hehsfeinthe ad 4,188 a.pER, of 3001 888

R1 and RZ together represent a bivalent substituted or

unsubstituted cyclic group whereby the two free valencies

are linked to M1l; R3 and R4 independently represent a
substituted or unsubstituted hydrocarbyl group, or

together represent a bivalent or unsubstituted cyclic

group whereby the two free valencies are linked to MZ;
and R represents a bivalent organic bridging group; and

(iii) an acid having a pKy of 3 or less, wherein the acid
is in stoichimetric excess to the Group VIII metal.

2. A process according to Claim 1 wherein the acid has
a pKyg of 2.5 or less.

3. A process according to Claim 1 or 2 wherein the acid
has a pKz of 2 or less.

4. A process according to any of Claims 1 to 3 wherein
the acid is selected from phosphoric acid, sulphuric

acid, sulphonic acids, phosphonic acid, halogenated
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25 4. A process according to any of Clains 1 to 3
wherein the acid is selected from phosphoric acid,

wa@eioplesoiL aci d, sul phoni c aci ds, phosphoni c BCT/EP2003/050650

hal ogenat ed WO 2004/ 029014 PCT/ EP2003/ 050650 - 20
phosphoni ¢ aci ds, carboxylic acids, hal ogenated
carboxylic acids, aromatic carboxylic acids, and

m xtures thereof. 5. A procdss according to any of
Clainms 1 to 4 wherein 5 both ML and M2 are phosphorus

.. A_process ,accqrding,to any of Clains 1to 5
%egeloﬁgct 8? Pyar et ﬁd&n?gl%‘?i dFIRgeRsEs i s an
@ iphatliic abidegi agprgridup caohbay i G didem anlOmdxtures
¥ atoms. 7. A process according to any of Cains

1 to 6 wherein 10 the bivalent cyclic group
¥ epr és@HPeEs HyaaoridioR2 candy ovf (RAiasd 1Rdo CONtIRd MSin
9.ping atons, of whijch one ring atomis M
%%tg{nﬁg ta?’gsl\pqec?“llge\’/ RPSEROTRS 2 b@l%s according to any of
d ai Asproresy avmrmiimg Re anyg &2 dlegekher tang g g,
{4 gt . bivalent 15 cycl oal i phatj c group.
9. A _g’r%%cl%ggsgg %Iglr%ib\r% c:)mgn%r%‘fgdsaiaﬁsE’?l?%a%l%er ei n
R ¢ BingaPEaEP cyet welnipaticromg? odup 4 sasebackedns r om
1, 4- aC¥ebez 98t ¥ &N&ink: PoCYS 05 l.ene, and.m xtures
t her eo%. 10. A pr oégi;s gc%:(lgbfdolﬁglt}é&ﬁgn% %‘? SR
the PiwaéestncPOl theyrGupupeptédenmialbyl R1pahdagt WRG/or

R3 and R4 contains from 6 to 9 ring atoms, of which one
ring atom is Ml and M2, respectively.

8. A process according to any of Claims 1 to 7 wherein

1 2
R™ and R” together and R3 and R4 together are a bivalent

cycloaliphatic group.

9. A process according to any of Claims 1 to 8 wherein
the bivalent cycloaliphatic group is selected from 1,4~
cyclo-octylene, 1,5-cyclo-octylene, and mixtures thereof.
10. A process according to any of Claims 1 to 7 wherein

the Group VIII metal is palladium.



