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Process of preparing G ycol al dehyde The present
invention relates to a process of preparing

wghyisolssisslehyde and a process of preparing et hpCEme2004/053492

gl ycol fromthe glycol al dehyde 1 hus prepared. The
reacti on of an unsaturated substrate with carbon
nmonoxi de and hydrogen is known as hydrofornylation. It

has been dlSC|05?90t83§h@fE@éép&@ﬁﬁ%g@Y%QE@E@@@N%ﬁ@
which is a useful” internedi ate of

et hyl ene glycol, may be prepared by a hydrofornyl ation

reactlomh@fpfégaﬁtdfﬂv&@tﬁa@I§w1£9e§ thogdi ymeas al yst .
However, the preparation of glycolal dehyde in this way

i s RFRBBF&RT| BlyRataiARRY AR d7ith @ aPAPYSESapsopreparing
pfo@?h?§en€¥9i?8§@afk9ﬂ eﬁefgiy@éﬂsbagﬁyae Hﬁﬁ%aﬂPépared

| owering gl ycol al dehyde yi el ds. ts have
made tolBapprectiemt @hnah @m@@@%x&bﬁdaﬁ@bShEaﬁgs@lth carbon

sel a6ty LY Laateaohycol pl dehyde pLoguctoandnifatfis. 1

regar good yie
gl yoekabdehydéschnské anhtheepasy Ubeto@lyhoﬂah@ehyde, which

catalysts ai n ubstituted hi ne

rohRue DaeR LS P P eREhYrER oLoh: bt BEFPBRATRGARE ethylene
conb&yabnonmmytheppoépmﬁed bylﬂshyergfosmglEhieﬂwp@éctlon of
Chern 669

p. 990 wever
sucrosmal denydf ehBlodinBry PRACLR  p ERrERE L paSRETeE, the
dlsggépakagefhhaf @h@yoEaEdéﬁ?ﬁ@biﬁ tﬁlbh@ayefgthﬁﬂdered in
cond] t1|on es nin Ir effectivene . urt her .

P St BReoR R B e oRY BF b SpaPT HBoREScBY A aBRyaBLon of
in parhhcdbaydehes mbthsnbdd, onwégdn SgacbhhedgB@dat @ields.
in the Rreparatlon of ethy | ene Is that good

resul t sBRFEMBRFyRBBEaPRRY %ﬁ%ﬁ g%lﬁﬁpBE?ESfE?E% Behyde
in ﬂ@Bdu@ﬁﬂ@ﬁuﬁnaoﬂﬂbkéﬁﬁé a8dethay i vgerof thhegtheapeldenyde

A b TRa Ny 2R T 2LTRLL ) BLYeSet " hund that good
yields of glycolaldehyde can be achieved by use of
rhodium catalysts containing aryl~éubstituted phosphine
ligands such as triphenylphosphine, optionally in
combination with protonoic acids (e.q. seé Pure&Appl.
Chem., Vol. 62, No. 4, pp. 661-669, 1990). However, such
aryl-substituted ligands suffer from the disadvantage
that they are unstable in the reaction conditions,
lessening their effectiveness.

A further limitation on this method of preparing
glycolaldehyde, in particular when it is to be used as an
intermediate in the preparation of ethylene glycol, is
thaf good results are only obtained when using para-
formaldehyde in non-aqueous conditions and that use of
the cheaper aqueous formaldehyde (fqrmaline) gives lower
conversion and selectivity to glycolaldehyde. This is
thought to be due to the instability of the catalyst in
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conversion and selectivity to glycol al dehyde. This is
thought to be due to the instability of the catal yst

woneguwsgnss conditions . | ndeed, the difficultyPCIVEP2004/053492

hydr of ornyl ati ng aqueous f ornal-dehyde represents a
maj or obstacle to the commercialisation of this

- agResash dardties iy oducdd &, oih@t@yfﬁﬁ@ugwcgh

Eur opean patent. appllcatlon EP- A- 0331512 reviews the
DERTOF O WHGH Ut FHEAPME et Q¥ Patee kil ERDTORRR BF na T or

Bheshtne ldgantk | Sond # & 04 pAROPhOshbReyh 1 8 L B8r0ach for
gKdrofornylatlon of aqueous fornmal dehyde to

ECB¥@pW§mﬂR? hietthyeene hehveel used to prepare
t
et hy} P% éﬁc‘ﬂaté.otfnﬁfégﬁ%%gﬁ?rﬂoﬁf% %§@3§f¥fﬁ P?ﬂ év% cthe

hydro ating ased on

' oéeaofheﬂrmhndxumﬂghnspmambeﬂxqmmmf¢@mpben)oWhereln the

0S J gan The process._ has perfor nanc
gg%% ageslﬁﬁ%ﬁgconparg g?%%@% %%?Un%%af%?ysts
hgd'ragoajmllatmmstof Lﬁc@ﬂb@h@sbm:mldehy@ahﬂs .

reo he, cat al ) s of the present vention are
Dy ES R IS aq s et tr e tvand o P aPbepars
éenyaEﬁEn@myqdl- substltuted phosphi ne |igands, and

r eadi be used to conve ueous _formal de

Ol b B N g die ATATREGh B abes Boimyisting

PbeReS8 <Hydy efradi rtgs gd>a/§@<h aé@eméieuwl 6h gonpPHHSES

reactln%'fornalde Wi t gen and, car

h
FORSKYEE [T T THALRre BPTL Aty SRt tBApRLPEREn The

P’ﬁbeesgs k%s%%ﬁbﬁﬁa@céoéﬁ@&q@i & Hoghem c@zﬁgabédato known
i gand of general fornula Rl erejn is a ‘

Bhodi ey loait %Hﬁvserb@ewé% w@ﬁt%%%tﬁﬁo%%%b@e
at gahte Wi dderd 5 @hd achedl i st anoPPERhONBLEYent invention

are more stable iﬁ aqueous conditions than catalysts
containing aryl-substituted phosphine ligands, and may
readily be used to convert aqueous formaldehyde to
glycolaldehyde.

The present invention provides a process of preparing
glycolaldehyde which comprises reacting formaldehyde with
hydrogen and carbon monoxide in the presence of a
catalyst composition which is based on

a) a source of rhodium, and

b) a ligand of general formula
R1p-Rr2 (I)

wherein R} is a bivalent radical that together with the
phosphorous atom to which it is attached is an optionally
substituted 2-phospha-tricyclo[3.3.1.1{3,7}]-decyl group,

wherein from 1 to 5 of the carbon atoms has been replaced

by a heteroatom, and wherein RZ2 is a monovalent radical
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substituted 2- phospha - tricyclo [3 .3
.1.1{3,7}]-decyl group, wherein from1l to 5 of the

woanizmasas ons has been repl aced by a het er oat ORCTARZ004/053492

wherein Ris a nonoval ent radfcal- 3 - which is an
optionally substituted hydrocarbyl group having from1l

tWwih i4h ciag bom &b oBnaThe §%§£Y§ﬁté@”ﬁ$§kbb@ﬁb9l §hgup
%%ﬁsent nvention requires a source o r hodi um

Botrtes? B CAHROR uAt PREL ude rhodi um salts of

M nergle agd ©$1 §@9&b@§g§ﬁu§n06f8@h@hgﬁ'é§e;ﬁei dnvBhtLbg
acid and phosphoric acid; salts of sul phonic acids,
SR e et hapleredl phoriedhened @agvenient sources of

Rafhpl UBNEB OO &1 861 01 88008t 00L1CBERAYY! bich as

acids, 1n particular those ‘having up to 6 carbon

&teorss slickubghaceti ecadi dpipropi anid avddpapdphoric acid;
ri-fl uoracet j d. rnatiyvely, ur : ,

Froditin g AP 8 2 ReaT Lnenel e Sk BEaRg pEFghinic acia

eorp | mexet- byl e gasdbpsochc aasidar bod mehoxi d€, carboxylic

acetyl acet onates and_phosphine_ligands, The source_of

A Heco g LORr BRES ARkt hFals tanPore 2ag aLoms,
snodtargedh ¢eégandsei@, gorasioni®ha i Cohd oriRhGacactic

CO - the |i d of | f la,(l R1 .
bGP ERe PharSaR kot t PHRRAGK WpPrcpRBain
mﬂmﬁpMQfFSnaégﬂTi@h?@g@gtifﬁkﬁ,ﬁbbﬁp?éﬁeﬂSF@nlégagdi such
optl on sSupst|tute - 0Ss a - I cyc W O
B el SoRetAs: et el R PoRa ket pRokani B pon
atigyandws heensseptacet byoaibmt geeatofmyTeobayekn b3

decane i s the Ségt mat i name for

3.1 .1{3,7 a,
BTt %r%éi%-mm WRSAT 98] adaFERPENne S - FhePBf bRe,

Ror. saseopf sefe ek enege) (Cof he present description the
optional |l y substituted 2- phosphatricyclo[ 3 .3.1.1{3,

7 }degylt1s OUPgad &f dgshyBhlVEormula (I), Rl represents a
bivalent radicai that together with the phosphorus atom
to which it i1s attached is an optionally substituted
2-phospha-tricyclo[3.3.1.1{3,7}]decyl group, wherein from
1 to 5 of the carbon atoms has been replaced by a
heterocatom. _
Tricyclo[3.3.1.1{3,7}]decane is the systematic name
for a compound more commonly known as adamantane.
Therefore, for ease of reference, in the present

description the optionally substituted Z2-phospha-

- tricyclo[3.3.1.1{3,7}decyl group, or a derivative

thereof, may be referred to as a "2-PA" group (as.in 2-
phosphadamantyl .group) .

, In the ligands employed in the present invention,
from 1 to 5 of the carbon atoms in the “2-PA” group have
been replaced by a heteroatom. Examples of heteroatoms
that may conveniently be used are oxygen and sulphur

atoms, oxygen atoms being preferred. The from 1 to 5



thereof, may be referred to as a "2 PA" group (as in

2- phosphadamantyl group) . In the ligands enployed in
woheospsgsent i nvention, from1l to 5 of the car BOWERR@®ABS3492

in the "2-PA" group have beendrepl aced by a

het er oat om Exanpl es of heteroatons that may

I r u
canmenl SEl bsaans, e BN Sl OTRLLy croc

ép@ﬁﬁeﬂealtadébﬁlﬁylm ot ond, a9e prelerabl Yhe hodePr”

ed 0. of Ewh 2=
2Nt e 2 i Shnscr P RASTL 5P broue
@auepbhamexmmma¢&qﬂbuxhbtgm@atemaatpnefepablprablyhatG 9

5 % go A 0 positions. Preferably, the 2- PA"
SP up-i § §ﬁ%‘RQQUTed on one or nore of the 1, 3, 5 or

7 posméfemsbmyr1&hdnﬂunﬂﬂ@n@rmaﬁltals@bétu@ut@dzan one or

at ons, er.abl r adi ri sin " to 10 carbon
B o Y erbrami | oS S RoRS, BERR o7 ghgaovaTent
Exanphes oaf @ng@m@ sy al ;]Eﬁéféﬁéjb§9| s raelugde

nmet hyl, et hyl, phen

hH? and A- dodecy Ighen

&PE@ﬁéSlﬁé{H&ﬁxé eﬁ?ﬁ@oﬁr%ﬁﬁ§sb%PﬂgmBF%f%F? %ra%%Yel to

10 Br eteball et ditke. Zex M1 O OMP b9i 6HBSEI mbHbeE &Rt easRicals
of the 1, 3 5 and p03|t|ons Most _preferably the
é@ﬁépﬁ?umfshﬁbln Sl bf RFePYL, 3phenghd ¥180sTti ons

Aosekgeptica)l ddaands ddatyhaygq9bvepL p@f&hﬁb" BEE Mg

good rfesults in the present” invention are those
wieferiethe Ml liemabtal Ra tdgBRhhefraiPhifhaubsti-

FE'&‘E%B“BBOL%%Q{ Qﬂf L, oy Ch}(' t5' gndt yaghedii8nd. 2rmost

phospha - 1, -tetral yI- 9,10- trioxa-

15 priedesbbly, Lhe 1qlgosrt}l}tue@1é@yon ge@eﬂp ofistiepict @d pnand 7
E'o%lﬁ:?ohs afg F(ﬂegflf‘tffcz}l .

Ligands that have given particularly good results in
the present invention are those wherein the bivalent
radical R? together with the phosphorous atom to which it

20 is attached is a.2-phospha-1,3,5,7-tetralkyl-6,9,10-
trioxa-tricyclo[3.3.1.1{3,7}]-decyl group, as depicted in

Figure I:~

Figure.l.

In the ligand of general formula (I), RZ2 is a
' monovalent radical which is an optionally substituted

25 hydrocarbyl group having from 1 to 40 carbon atoms. The
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In the ligand of general fornmula (I] Ris a nonoval ent
radi cal which is an optionally substituted hydrocar byl

wanroespssrasi ng from 1l to 40 carbon atons. Thehy#comEaedyios3492

groups may be substituted or Sunsubstituted, straight
or branched chain, saturated or unsaturated; preferred

@Mbéé{%%a@%hﬁgr AHRS beeisng s&h kYl e dC e edlskWst 1atitled,
al karyl and ar al % groups. Where the hydrocar byl
griaidhs subRERPahed, COARTY | FABHES LRI O TReaturated;

@fééeygu%Odema%we BireRtlsY neaey arx%ylbe

I ndependent | ected fromone or nmore of hal'o

etohwalbyd, dﬁlruévu Aeé karydhleod ﬂé)alwlk@)qpupm kéﬁgﬁl@x;}:he
0 isal k i aryd

@y%g %%rbpx ?9?¥ﬁ|qs S és@qgg%ﬁgﬂy%d%§%< tﬁyﬂ?ﬁCh the

my&naqeabpmnykpup|thybamwealan¢l@|aﬁyﬂaﬁmﬁofgﬁoups

bsti syita I et S
*?%ﬁﬁ?nagniﬂgaﬁﬁoﬁcatonsrogh%b kgﬁyﬁkﬁ%ﬁégp %£%4E% GEpms
{®. % caihomiatonw, candrdmedr,ylaldgooun m&kdhyﬂnxyﬁ(anmloxy,

on at qn d i.s, especi al,l enyl.. ferred
%Xéﬁ?%YUea%§1§VgaHﬁgpkyl AfdS 3 ﬁﬂﬁp X 4 grgdps e
Akl ELpabnplef aukgdsemmdwyant ,altmymaams/mf t he
esen I nventign qys ali and wher.ei n .t he
¥ILERine AR |g&Fr§|%?%%? g‘roﬁlpefE B8V /g i n

§%§tﬁ1@ﬁeﬁ'ﬁ@2’sﬁfﬂ:{aﬁ3y‘4 aenlg@g&wlaMtfn@fsermmny 1 tth:e
al kyl group 0 IS enbodi nent conp i se | east
caFlbon atoms; Aselfeevdr MNPt haghei™ a‘sﬂpe“c.% RP

#toh&astndZancarkan g&‘o@@s ,ha%n(irféfnﬁf@r’@b' M W dbr2&toms,
carbon atons, nore pr ef er abl Qﬁ% to 22 rbon at ons.

Te hPk§EPGEOAR Liraps@ Vi ne Eifdevet 3%e

&Mikyistn%%bIaﬁdb@lalm%ldwwd ds of this
enbodi nent are preferred as they splay a hi

h
conVE@sPoﬁlFétgpﬁééﬁrﬁeﬁeEWQQ Nay the prOé%SS of the

present invention employs a ligand wherein the monovalent
radical RZ is an.alkyl group having in the range of from

4 to 34 carbon atoms. Preferably, the alkyl group RZ of
this embodiment comprises at least 6 carbon atoms, most
preferably at least 10, especially at least 12, carbon
atoms ; and‘preferably'up to 28 carbon atoms, more
preferably up to 22 cafbon atoms. The alkyl group may be
lineaxr or branched, however it will preferably be linear.
The ligands of this embodiment are preferred as they
display a high conversion to glycol aldehyde and may
enhance stability of the catalyst. They perform
particularly well in the hydroformylation of formaldehyde'
in non-aqueous conditions.

Ligands that may be conveniently used in the present
invention accordlng to the flrst preferred embodiment
include 2-phospha-2- hexyl 1,3, 5 7-tetramethyl-6,9,10-
trioxa-tricyclo[3.3.1.1{3,7}]-decane, 2-phospha-2-octyl-
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enhance stability of the catalyst. They perform
particularly well in the hydrof ornylation of

woaniswisgishyde i n non - aqueous conditions. Li geadgP2ieans3492

may be conveniently used in tthe present invention
according to the first preferred enbodinent i ncl ude

2: @h95’@h€etr8melﬂﬁ>§;>i|—6 '9' 305'1:7%01&% gﬁ'ﬁ o358 S ]10r3 7}

trioxa - tricyclo 2 phosp

Gecartyl thsogpha—tZ y1L6% 59, Ttettriamet hy 1 - 6 9 10~
I h 2 .

LB e LRy 3. B (o, TR AR Bspaa-

t¢®syb+¢53 3,1~ Lﬁzxﬁmekhydeéhmelaﬁttﬂbxﬂmmpha - 2-

0 3,5,7+ tetr thyl - 6,9,10- trioxa -
%?%% c} #5 § } }é§’§f??§§€éﬁ§f In a second preferred
enborh mrensecbhe pmeée&&edfeﬁb@dﬂhﬁﬁﬂﬁ ﬂheuynddyss of the
enpl o a_ligand wherein the nbno r.adi
SEPRNE, v pE R Rrs B Y srO AN T 5e Gheil e tent
ggd§+{ylgaelgrg%pﬁg%grgla@%g%d %Eependently r epr esent

n a

, cycl oal aryl or alkaryl group, or R and

; togepher represent_g3ptgﬁgﬁgﬁ ri ggng group

Conveni ently, al kylen t hyl ene,

et hyl ene, _propyl ene .or butyl ene group, nost

eonvenneRtl jsapneehjivdsacyiaeyr Rref dthand B and R
%ﬂgﬁ@%ﬁggﬂEhﬁ({ E%Er%%%%: al, any; lgr%lgaqr rg;_lyel or

or a group, prefera an group
hana gl f gesup, t ©r2&40%m@0m53t@@‘§th5&am"@baés@ﬁ'ltabkyﬂlvalent
groups that may conveniently be used include nethyl,

@rh@gingr gpyhp -bGoylvended tgant yil kgrleups.guduparkis {s a
igngzsé%h lfen%en r%lé/f rnrg'”oq: (}Jd C}llaerr?e %ﬁ:f\ﬁ{ qﬁjost

an éxcelr conversi

@éry@@xh_abelem danaedhaie nealktiduy .ard e et g et sa fdIRS
Xgégén82n¥ §tkggr%%%%%i%%§aryl group, for example
phenyl; or an alkyl group, preferably an alkyl group
having froﬁ 1 to 22 carbon atoms. Examples of alkyl
groups that may conveniently be used include methyl,
ethyl, propyl, butyl, and pentyl groups. Ligands wherein
RZ is of general formula (II) are preferred as they
display an excellent conversion to glycolaldehyde and are
particularly advantageous for hydroformylation reactions
performed with aqueous formaldehyde.

Ligands that may be conveniently used in the present
invention according to the second preferred embodiment
include 2-phospha-2-(ethyl-N,N~-diethylamido)-1,3,5,7-
tetramethyl-6,9,10-trioxa-tricyclo[3.3.1.1{3,7}]-decane,
2-phospha-2-(ethyl-N, N-diphenylamido)-1,3,5,7-
tetramethyl-6,9,10-trioxa-tricyclo[3.3.1.1{3,7}]-decane,
and 2—phospha—2—(ethyl—N,N—dimethylamido)—1,3,5,74
tetramethyl-6,9,10-trioxa~tricyclo[3.3.1.1{3,7}]-decane.
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performed with aqueous formal dehyde. Ligands that may
be conveniently used in the present invention

wacosrods?sy to t he second preferred enbodi nent PATIERR®4/053492

2- phospha - 2- (ethyl-N ,Ndiethylamdo) - 1,3,5,7-
tetrarrethyl - 6,9,10- trioxa - tricyclo [3

3. Inld 3, iddn o deeagenc2anhospha (eLhy!
N- di heﬁ§ éﬁ?go _B ng E@ Torin }gngT) %Eﬁybe ﬁrepared by

tswr@l@aﬂg w.w@u@ntﬂélys substitugen 12 mr@ and 2-
E’PPégnet s ]23._ igflg?él 8'¥]~'&e‘é'a'i‘1‘°et hyrpd gﬁ) %on? Pt 5 of the

tetr trioxa - tricy
c%rﬂozl(atdr}rs} hdecbhren. Teplaicgandy @‘ r@rmrcaitdrmr milteéh a

[ ) [i |1
e e
]:rnlegzah@[:i wBieleild 3f, 7Qm-tetcan® ofa yt ko roearbiem @torise has
BreRaren B el oBrisorh i iy A P
wi zde:e?@seo mgcow‘hﬁmem_t E}oman&rﬁe@areedz%howsmla:@o;&,s 7-
chem str o] scgri bed i.n
bRoreretiels ngt'étrc?c r%"ﬁr’r‘a H&EYC Oﬁé 53% @3( DetdfAane
659 ibpatéd WY rehlitGW ?'Q J[43-p2nkaHelide waganshdsphine

prepared b y reacting 4- pent anedi one wth hos}Phr ne
PR the PFesenee of RYSrOCRIGHIC #Gif - §iflqr clemistry

chem sb rdflééué's%@l dins A1 JrpteieS@ls RReGl OUS
VETAL COVPLEXES OF SQVE EL FUNCTI ONALI SED SECCNDARY
BRIP TGP ARY BAMBPNONES ESWNGUE-ONFdantie® FP ST

ﬂ:ﬁfﬁﬁ\ﬁysﬁﬂ?& biasipke tkﬁzer/fén' \Watidy ol stP! (Hesis

Novenber 1992) . Exanples o f R2 group precursors
PranLbESe ohPothgs UaH ViRgrsiiiva o Ji,rlS%ﬂer%r rN%%b%r 1992) .
hal i oride or_ br

convgﬁr@?rf?? gn‘glszear\ﬂ’f?n PEESSAA S Iﬁrlgcgh 3 Cfo eonue[%/daﬁ of
.ffefrralg ﬁmx\’\'h%%'r%l%z)d S AR aldAlqdr oty éﬁmﬂ@@' e

1)1/ reaction of - ¢ conpound Wi th 2- phospha -
rhieside- orebmﬁétdrwr whigho mey. tqqresenientrl v yke ofsel when

'prepgrlng 11gg%%%n%fogéggié¥ﬂ Jg%&%ﬂh%% wherein R2 is an

alkyl group; for example by reactlon of an RZ2-X compound
with 2—phospha—l,3,5{7-tetramethyl—6,9,10—trioxa—
tricyclo{3.3.1.1{3,7}]~decane or its borane adduct.

Alternatively, when RZ2 is of general formula

-R3-C(0)NR4R® (II), the RZ group precursor may

conveniently be an N,N-disubstituted alkenylamide. For
example, ligands wherein R3 is an ethylene group and r¢

and RS are alkyl groups may be prepared by reaction of a
dialkyl-acrylamide with a “2-PA” group in the presence of
acid, e.g. acetic acid. Other iigands according to the
present invention may be prepared by analogous chemistry,
as will be understood by those skilled in the art.

The catalyst compositions employed in the present

invention may optionally comprise a source of anions c)
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Alternatively, when R2 is of general fornula -R3 - C
(O)NR4R (I'l'), the R2 group precursor may conveniently

woO 20052058788 N- di substituted al kenyl anmi de. For exBOPIEE2004/053492

| i gands wherein Ris an ethyl®nme group and R4 and R5
are al kyl groups may be prepared by reaction of a

disabk ¥l rt hecr Ya @M gier Wdntbdhedrt PP r 8 @R NahEns are
presence of acid, e.g. acetic acid. Qher |igands

38¢6Pdi R BFIHE ﬁ%%%%th%%tﬁ oK e bRs prepar bdl &} in
a«e%egow_ aheyd stiah @5 Y¥dde R, UNdeL st ooda st h?l§§ anions

skilled inthe art. The cat al yst ‘conpositions enpl oye
ﬁﬁrﬂﬁédpﬁéﬂﬂnthQﬁﬁnﬁ¢kﬁﬁrﬁg/mﬁﬁuqma¢myyc@ﬁ@k13ecgr

%eaaﬁstef AP NS E) ASo & Jrir t &gﬁ' ysti g Qﬁfnﬁhat

Preferred ani ons are ani ons aC|ds avi ng
éKét(lﬁeagurneu cavalsm g mrvimreerqtmin | @ssuthape Byeen the

r y SS.qt ons derived fromthese
gé?%é g nggﬁﬁﬁjb QI éfﬁnﬁ'oordli% ChptRI ¢ pach anions
ehbdbmnlgbdeaaﬂletys neant that little or no

coval.ent |nter t|0 curs .bet ween ion and t he

b o dF Gl L T AR ST o i G o e
debinvByn sbeanplesiof st ald eredd nsr i achade &ﬂ@se
deéiéed from.Bronsted .acids, such qi Phog&hgrlc ac

SHAPRHF pRUAC %Heith "R WaT 5 T TR HEFF vEECTR 1 D phonlc
aulpbosi.g. a@ded:fha@legsulfﬁﬂd}&rte%&montﬁlﬂlllh@lromethane

rhfkuoroneth e suI onlc ci.d, p- to]uene ulphonlc
SEIB"8RYC2 25 @l dhohi @1%ct df - &nd
ammeshgleble\tﬁ@rfdwm;ﬁaﬁﬁ@%dlca ACA S, ax@l@ns 24éxBved from

tri | benzqic acid, 2 6 tri- isopropyl benzoic

S FRo BTt 2 ictine Gl bl 16 I AL baen oA e, 2,4, 6

€2 bOX¥bir&AQIES AN A8 d N 19-dHOF DAERL | €2 ASH ﬁl@ acid
di ch| orobenzoic acid, and 2,6 bis (trifluorone

Baf,BeLogeng tash G5t 5Pgﬁﬁkﬁs such as trlflugroacetlc

acid 2,6-dichlorobenzoic acid, and 2,6

- bis(trifluoromethyl)benzoic acid. Particularly good

results have been obtained using alkyl-substituted
benzoic acids, especially C1 to Cy alkyl—substituted
benzoic acids, as a source of anions.

Also suitable are complex anions, such as the anions

generated by the combination of a Lewis acid such as BF3,

B(CgFg)3, AlCl3, SnFp, Sn(CF3803)2, SnCly or GeCly, with

. a protic acid, preferably having a pKa of less than 5,

such as a sulphonic acid, e.g. CF3803H or CH3SO3H or a

hydrohalogenic acid such as HF or HCl, or a combination
of a Lewis acid with an alcohol. Examples of such complex

anions are BFgq-, SnCl3-, [SnCly.CF3S03]1- and PFg-.

The molar ratio of carbon monoxide to hydrogen
supplied to the process of the present invention is not

critical and may vary over a wide range, for example of
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results . have been obtained using al kyl - substituted
benzoi c acids, especially C_to C 4 alkyl -

worbwsiosgisg ed benzoi c aci ds, as a source of ani POQT/EP2I03/053492

sui tabl e are conpl ex anions, 9sdch as the anions
generated by the conbination of a Lews acid such as
(S&ghR B 2 79N El2 g@r.
%% Ziﬁ %t’ﬁa a%Spﬂo?:pgf%c?ggb%)?e?er aggyﬁ/p)ﬁgvﬂng a 8@ 20f
Hessvehani 5, isupineas dlgupphbarcedcitd, ueega @ﬁ@S@@He@m in
or ogen CI F r

e SR b enrs 58 B Han Taonot s Hne?

ﬂmmhﬁslxmjfsesmc&heccﬁtptmatannonﬁ meehﬁmﬁ g€ process is

2 CF3SC3 d PEg-. mol ar ratio of ar bon
Dty Smnasin unitr sacesB2ehne SohuduEhsid A8 ene
ﬁrg@@%flfwwtﬁ Giv IZSDPObaﬂ i(Di.6akocand Py )vany @eelfexably
W de range, exanp of fr 5:95 t0 9
IR Fas apife D10 r%qﬂnsolgotPOS 0535 Ilio\%é\/g’f% i fligher
Genes @by MLy ned o Hé@e%e@a%h% Qaa lgﬁadﬁﬁaqflyt he
molar ratio of COH 2 is at least 1:1, since this

¢RI HieBRd t S FUIMETBA - off NRELHFASISS STHE YoridSs £ present

P efer ably %tkﬁkuageeh%e%u% tORMENIrRHdasd Nn
the range of from5 to 200 bar (0.5 to 20 MPa) and

i bradegsure tie rangenstafigmingesd B lar (1 to 5

NPa)Th y}gcglgc;]s' er%E%nr%aé%leae@,f howeyiedhay are

genera ed uneconom cal I nert gasses may
Breenbeoprezeme iPnviengastivr camried a1t Mt Mot it

SSUr @it e
U OELEEE) RAAAOBISTIN ookl b i 2 1o 100
p},esreme ionedietriadd Ym0 bleo cbifeifi erfthy waer&® out at

DR Bt SRS &5, ePER LB g o G L e
@ésaree@rrp@mtmre mdeowsaQIp(f@slrl@ICb sdovare U Etghad t h

{06, 8851 LEYs MRS RAhALE dbf RS LIRS I S e dPighale
undergo side reactions, e.g. aldol condensation
reactions.

The reaction time for the process of the invention is
of course dependent on the temperature and pressure
conditions utilised. It has been generally found that
the reaction time may be in the range of from 1 to 10
hours, preferably 1 to 6 hours, especially 2 to. 5 hours.

The quantity in which the catalyst system is used in
the present invention is not critical and may vary within
wide limits. However, the amount of mole atom of rhodium

metal per mole of formaldehyde will preferably be in the
range of from 1:1 to 1:10%, more preferably from 1:10 to
1:102, and even more preferably from 1:100 to 1:104.

For the preparation of catalyst systems employed in
the present invention, the amounf of ligand of general

formula (I) is generally applied in an excess to the
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tenperatures the glycol al dehyde product is susceptible
to undergo side reactions, e.g. aldol condensation

woeenstosgnss. The reaction tinme for the process BETHER2004/053492

invention is of course depentént o n the tenperature

and pressure conditions utilised. It has been

geoehel by fﬂﬂﬁﬁuﬁhaEbe%s%%@C%boﬁoﬁb@eoEaMJ@%dd7ﬁéFamole
range of from1l to 10 hours, preferably 1 o b Hours,
25pceal rlyo@wra 5THBuES L LYh&hguamouny iof m@xﬁm Hes
catalysy §M?ﬁeﬂhh gé?dmb@etE%oﬁr%%eQ%ddTﬁﬂ“ﬂ‘%B'?% moles

not critic vary wt hin wide imts. However,

ohel agountand pokecatomtioieniadi Lfmrm@t dref@rnes] e¢adfalyst

d I rably [ f_.f .
§9§Q?$ ?ﬁ%gﬁ f%%rgﬁpre e?gbllggrd S&QQQ fﬁ&Qdéﬁgy S
pveﬁen@bbyprmehabkyngeowilfr©& Qotb 1@ manetgueferably

rM|on(ﬁ cat al yst te enp the
Db BB et 180 TR Aloant THETT EGaTETar Wenarigunt of
tﬁénuhaoﬁlg?mﬁﬁgeﬁ¢rahhilamphweduni&ﬁuﬂxcawytﬂnnge from
ea t o odj um _ex mol es of |igan r
hora 20 0m BreE AEaPIR THIB Caltly Lohe BRELEACTS HAGLRRFoLY
Esomel eed erld Srhlémetsh@terpﬁlbl%maﬁoﬁlt @f @hodiagium 1 to 20

nol es of |igand are present. However, for a preferred
cat at 33 tPE9SI 2 Phet thsi RF 8RBt NIPIHGRN §'9¥e P sl Tored

shediymhs prefenabl yri g ke vearge mcfanfpl@n >t Qsolleents
nore preferably in the range of from2 to . \\he

phakapeyt %ma%aﬁptév PRe UgSIco A NEFHEe ncl)trm% 'StPWdtdlne'

§ﬁb§t§@ute@adrréﬂ@ﬁb%%@%h%e@@u@%@s ,Prefreraabing ifd om 1
to 150, and nore Bre erably from1l to 20 nol es per.

Mol eV at Bhr bet FasH ﬁﬁﬂlt“liﬁédprué@é‘@s G welRtedarited or

hAYERE t PP FBY Qﬁle@grl %@rO'étxa'rr{blteh@I N-REeNAS 18t A ed
sol vent. Exanpl es of solvents that nay conveniently be

a8edes ncl ude nitriles, pyridine, substituted or
unsupsd i MR HERPSe EQQ g%afpk@oduced into the reaction

system in any suitable form, or it may be generated in
situ. A convenient source of formaldehyde is para-
formaldehyde. Further, it is an advantageous feature of
the present invention that good results are achieved when
aqueous formaldehyde is employed as the source of
formaldehyde. Accordingly, in a preferred process
accordiﬁg to the present invention the source of
formaldehyde is'aqueous formaldehyde.

Where the source of formaldehyde is aqueous

formaldehyde it is further preferred that the process is

performed in a reaction medium comprising an aqueous

phase and an organic phase, wherein the organic phase and
aqueous phase are immiscible at 22 °C. For the avoidance
of doubt, by immiscible it is meant that on standing at
22 °C the organic phase and aqueous phase will separate

into two ,distinct layers. A reaction medium comprising an
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N,NN,N- tetrasubstituted ureas, and substituted or
unsubstituted am des, for exanple N, N disubstituted

wamaass7ss The f or mal dehyde may be introduced i RCO/EPR®4/053492

reaction systemin any suitable- form or it may be
generated in situ. A convenient source of formaldehyde

I y [ Qus

1IuPREE SRRSO EURDER: phkben e B R R
ot beyetomhen b@@enasctmpnathehydea&gs@npﬁdyedeﬂidduln

our ce of . f.oryml dehyde rdln , eferr ,
ARl h n R B et T Becha Yo an el il s wiLL
ﬂési@énﬁhd@hyd&qu@o@@upBHSefoaﬂ&ldhhydehéWbﬂdﬁdduamay
source of fornmal deh ueou forna dehyde it is
FEATHLY 1% eTSh T BT hat PRe (HPOCALELYS it ST i n
§ €8££ 4 OToMTP dS Wih CONTE bpirBEcaAN iaqpesys bpRase alMt Fresent
organj ¢ phase,, wherein the organic phase and aqueous

b’h‘é%%tja?ré MRS ‘I‘a‘I”éaéVS’EZCQGPOSFSr‘-OPﬁe ahFoiphifc S tefple in
Q%k@éus byorhdTt S6h &l €hkh kioWBaRkthlts t@n b%tsfé'&ﬂ'dlg Ay 1-

the organi c phase and aqueous phase w
separhtetettoheRine stigenrdrayers. A reactlon medi um

COND{H S+ &0 R ASISOUSs phésﬁeﬁﬁgrﬁﬁdoﬁﬁaﬁ' %e%*&ac%.%d redium

" preferred as on conpletion of the reaction

el ysing a1 MSMGSI RheRe shdaAnc opasd.c massat, ttiee

I r d _
Q%éggﬁgéﬁgh? us t e pro %%engéyrggg?ﬁ§ﬁggﬂ§§§arate&mter
immm@¢hbl@ammd®@tS®yv§haseEsepadasl@ﬁ w8ielr dmmiscible
kP §a§ 1¥enP9S €&-LA hhee E)iec%s/'%td ; ‘PIV%%“ A ddhe
cata conposl |ons are nor abl e eous
imxﬂmmi¢mn$r¢h@mOkmomnmpauahygtQObgse@agm alkyl moieties

I t.ed | h

e b e P SR s S
@que@u@mmhasaeanmtahaasgaﬁIcapbaseﬁtDM@, preferably in

the range of from 8 to 20 carbon atoms, N,N-dialkyl-

A

acetamides, in which each alkyl group has in the range of
from 1 to 10 carbon atoms, preferably from 1 to 6 carbon
atoms, and N,N-diaryl-—acetamides, preferably N,N-
diphenylacetamide. Examples of water-immiscible amide
solvents that have given particularly good results when
employed in the present invention include N-octyl-
pyrrolidone and N,N-dibutyl-acetamide.

A particularly preferred embodiment of the present
invention is wherein the process is performed in a
reaction medium comprising an aqueous phase and an
organic phase comprising a water-immiscible amide
solvent, and wherein in the ligand of general formula

Rlp-Rr2 (I), the monovalent radical RZ is of general
formula -R3-C(O)NR4R® (II).
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sol vent of the organi c phase may conveniently be a
wat er - inm scible am de sol vent. Exanpl es of

woauesrs5878i sci bl e am de sol vents that can be erpimpem4/053492

in the present invention are2those conprising | ong
chain al kyl noieties and includes N alkyl -

2- pyiieol 1 0 |

| ep oo COREn-HOAL B M AL ARy WSEIRELSE? T o
C@Stqumdc@ﬁtmnna‘a@we NyeNeali b ekydl faiomt Bhy désyelopahi €br

C r ha the ran eof from1l to 10
1%S%rgbn oﬁ%og%ggfe%aﬁ' STt 0- '8 ¢Arb3R- at ons, and
N, N-deiltarlyylst cam@baﬁntdiems mﬁftQTJEdOHyy;Na Nfall within the
aﬁ‘ﬂp a)é@acet ?mfde gg)%ges of. \ - i mm scible
INPén tlﬁéttlﬁéb Sf%fﬂﬁi ar PP HRHAS

deasiditmanien vgrpl-ayed AO’UQZIFBSJH_QSJ_Gnﬁhé Nyeatb Qanhpmatlﬂsn
N-octyl - pyrrolidone and N,N- di butyl - acetanide .

‘Qfarciediingr sy cpr abepred- eyt neHteBial hel@fésent and

J_nr%\ée};l?xt 'lo%ra c\%‘é%r %'lgftlhnes pr Olcr?sgpfef&?p%ascgggﬁ%y%ﬁ

reaction nmedi um conpri’si'ng an adueous
Ctmgmmlphaséoa:omm sumg:hae v;atcm’ess i avini sleé preaamtle

oIv and | i gand. o ner al rnul
%Vﬁn N PYE \gﬁ}gtﬁg ftl}eag?rc 3%32% ? eﬁbgﬁﬁl
dompmldmsj oR Bs- AGQODNRQIREQZ(Q-:BbS danLte d hogll %wa@néﬁwmgnt
ct.a.st.co ti,on escri be eena

STV APy PR PUPESEE TOR AT P hEO PROLESaYRF/ t Revery
qnﬁfsaanti@wa@tmame CanauyfahcnUﬁx&qd¢@M@ ohdt hysedbype
fal]. within th ‘f" granln def|n|t|8§1of met al -
Lt B8 SEeluster i85, DH 0 10005035 f or

f Latign of I I

mtern%ln(E ?e?Xcﬁﬁ gnd |ﬁ?§§%%ﬁ’ﬁ$aﬁ%hg§ oIe$|§£ Egﬁeral
frefiarr ed3cat sl uatrREONIAS| o FOle 4S€iallM@ell in

process of the resent
aqueous conditions for example when formalin is used as

the substrate, or when water is present in the reaction

medium. Accordingly, the present invention further
provides a catalyst composition obtainable by combining

a) a source of rhodium, b) a ligand of general formula
R1lp-Rr2 (I)

wherein Rl is a bivalent radical that together with the
phosphorous atom to which it is attached is an optionally
substituted 2-phospha—tricyclo[3.3.1.1{3,7}]-decyl group,
wherein from 1 to 5 of-the carbon atoms has been replaced
by a heteroatom, and wherein R2 is a monovalent radical
which is an optionally substituted alkyl group having
from 10 to 40 carbon atoms, or is, preferably, of the

gsneral formula —R3—C(O)NR4R5, wherein R3 is an alkylene

grdup and R4 and R independently represent an alkyl,
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invention are distant fromthe preferred netal -
I i gand conpl exes of US-A- 2003/0092935 and di splay an

wexewslosgrss activity in the hydrofornyl ati on of PCT/EP2004/053492

f or mal dehyde, a very differeit —substrate, n both non-
aqueous and aqueous conditions. Catal yst conpositions

L BLER N Sprosel 1kafod gab gt b 038d e

Eﬁgmnsenﬁ)@vhﬂWamemaqhemdglngngrbupns for exanpl e when
as the _substrate, or en. wa

f |
LA Feat  PBR AR Ene P ARESr oi NGy s
B LB Sy oot i, L PFEREErBEOKLERS BLORAPLSL tions as

conp05|t|on obt ai na y conb |n|n ource o0

adwaii Ured thyrein ilgafdref wighe rcabpfegrtmuba tRel ppodRB s( [Of
erej e a r_\

e SR Bt Bbe el Atk e Db bO0EENE M e,

@mﬂalymﬁIgbm@msﬁtionedethphmspbat1bn|cyclo [3. 3. 1.

LS, e 00U SRSLSELE AL 05 0 Uikreion

vhesehpldhe Slacabnaudl eht padsealt Whivelhtiion atill

BgtLan s bt | UL 0Bl LU BN A0 L o

6@fm%&ﬁogeﬁétl£§C@E@hEﬂﬁmaéﬁyﬂeRpme@aa@dakbyw&ne group
and R and R i ndependently repre t
h%%%%PRX/JratJa‘P%/I pBOFeéﬁkS?yglcréi’SEp h&r‘eﬁil ﬁ?@vﬁs
toQQW@fo@&%’@ﬁ&m catbilyskenbrbiisdgiing tglfeomnmdnon of
gg;lonally c) a source_of anlons Wthin. th

TRl PRYRE O ShR¥LERReLYRCA & E6ido AQEhd T he

gdescribed-persi o Behoreiwht hplespeen a thieyoceasofsts,
the present invention are S|n1larly preferred as the

chtahybt RohpBRYLRBAUST TPRE i IVERE Sy o 3 Hsdtdntt S
Hégpgéeal i’ﬁ oﬁéﬁdﬂiiﬁ@%u'ss cohl 1AW, it i 1eidndEne

gl ycol and the preésent invention st
hydrogenatlon catalyst may be added directly to the
reaction mixture resulting from the preparation of
glycolaldehyde with no work-up procedure, and gaseous
hydrogen introduced. Alternatively, the reaction mixture
may be worked-up before the glycolaldehyde is
hydrogenated, e.g. by extraction with a suitable solvent
such as water or ethylene glycol itself, and the
resulting solution then hydrogenated in conventional
manner. This approach is particularly convenient when the
glycolaldehyde is prepared from aqueous formaldehyde in a
reaction medium comprising an aqgueous phase as has now
been made possible by means of the present invention.

The invention will be further understood from the

following illustrative examples.
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further provides a process of preparing ethyl ene
gl ycol by hydrogenating gl ycol al dehyde prepared by the

woydsmssss myl ati on process descri bed herei n ab®eE®/EP2004/053492

Hydr ogenati on catal ysts of uge-in the conversion of
glycolaldehyde to ethylene glycol are well known in

Ji ¥ exanmpl e pal l adi um platinum or nickel

i n heterogeneous form Were

gLyd&aﬂﬁkﬁNﬁexmsegﬁ@péeed|whxmh1W@Q©a@®sf@©m@dtuoﬂsr an
t.he selecte at i ca a
RS & R S TS o R BB PP S e
Haraparcatd n ml@m@ddealadeby:dfc&\ltﬂ:‘ﬂr@pamti(onupf a ligand
procedure, and gaseous hydrogen introduced. .
amaaarcHiatd il ythe e aseadt iLow i it of evhegyebe Wwél kB4 igpan

| gehyde dy ogenat e
Sl N R e Tap ek 9gen e cfafer M-
et ener i ¥l riidyeald(3 .and. th¢3f"¢§yLaeagnépl Ubh@n (ii) R2
t'hen hydr ogenated in conventlona manner
igpprloatang @ harasmididar(hf ) c ohe e @b anen ( ?Féyl N, N-

&ﬂé@iﬂ%@&b@—l 83 B epared {rormaguepysiborrabdahyde
reaction med |un1conpr|5|ng an agqueous phase as
W}ﬁb\/@ﬁee% Ielded \pddsidsicé ) reans of the present
invention. The invention will| be further understood
) grinhasphear 2 vkCeguhnl ed, Py dahgtramethyl-

§ymt1*t¢5t§lJ>b£_€ﬂdmm 8xanpi e3, 7yhLgbcuREe perfor med

under am atmosphere of purified argon_using standard

S?hlperﬂ@nmrﬁ g4 |2u§m$@ha-%yéréav BPEparatiyn -
. t
i3 0 MR8 B 1 U8 e

bytaaiqtmtlﬁw THFe (90101- ofruldkasolwwycm[@w 1t0183,
{QZM phdasgbqha( )3 §2 teérgﬁaeﬁgh —kobMloa tblibka- .
osp a~ lrret yl am do)
Al Sy &L TS e3 rh.HEi,e'it}Hyidecaa”l@ 160 mmpdxain THF at 0°C.
The reaction mixture was allowed to warm to room
temperature and stir for two hours after which time the
solvent was removed in vacuo to yield the borane adduct.
To a solution of this adduct (16 mmol in THF) a

solution of hexyl-lithium '( 6.4 ml, 2.5M in hexane) was

added at a temperature of — 70 °C and the reaction

mixture allowed to slowly warm to - 20 °C over a period
of 1 hour. After recooling to - 70°C, a solution of 1-
bromo-icosane (16 mmol in THF) was added. The reaction
mixture was then allowed to warm to ambient temperature
and stirred for 2 hours before diethylamine (3 ml) was
added and the reaction mixture then refluxed for 12
hours. On completion of the reaction the solvent was
removed in vacuo. The product was then isolated by
solvent extraction in dichloromethane-toluene and water,

the toluene fractions being evaporated to leave a solid
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tricyclo[3.3.1.1{3,7}] - decane) . (i) Synthesis of 2-
phospha- 2- icosyl - 1,3,5,7 - tetranmethyl - 6,9, 10-

wonowas7sstricyclo[3.3 .1 .1{3, 7 }]- decane . PCHEP2004/053492

borane adduct of 2-phospha -19 -3,5,7 - tetranethyl -
6,9,10- trioxa - tricyclo [3 .3 .1 .1 {3,7 }]- decane

: | ~af ,k obut.| _
YOS PR ) BRI e et RnBl | £8,va 1 870 UbhRpha
2fﬁm@5&ﬁ+ﬁm3rSAﬂitemmametmpka6 9,10-trioxa-

tri c}yc]lﬁgsreac“ niitdegglggn%ﬁw rmol) in THF at

ure-was alfl owed to vvarmto room
re and Etjr_foggﬁ .
aplzipsn H@t@a@ﬁwhm @fl@htmadduttl(:jzﬁlm{rﬁl 3| r1 'ILHIB),7}]~

solution of hexyl - lTithium (6.4 m, 2 .5Min
was added at a tenperature of - 70 0OC and t he

reactlon m Xt ure I dto slowy rm,t 20 0C
over? HRIRAT Tof3 %'h'gvfetﬁ??‘%Fhﬂﬁgm?i'% fQ'réoxam 0C,
@r%@%@l@rﬁﬁ of1 1r { Dropp- det&ﬁéameo(ﬂnﬁlombmdn T HF) was
adde e

reaction m xture was then allo
o Brbi BN Y CAfol AT €6 apd08t MRPSA Moren REdPCseRb o 2
diLgt bykamipne dchiddnyas addedrand bFerbeaehieonnd Xdye c
then refluxed for 12 hours. On conpletion of the
sehdf i and t ea sod ventawasmpemetedei ©fvad o ’CThaLpeodadt
was then isolated by solvent extraction in
WPERF of et PRl ¢RI b KEUARAd R 6PC 1eFe tP0IPJent and the

LLoosS. DeLy .gaﬁpgﬁab gdybo bﬁ@v%eél%ﬁk'Qkﬁﬁhﬂmgh
g SE% v

was was Wi th anol to yield 2- phospha - 2-
dwsylvedlll@, tBlG'thyéamanpu éﬂldyrthe pligtuge heagesd -to a
tri c 0 cane 96 %

SSHONERTSTS 105 Tbaphat sl 2 { cERGFENERE BT nebhPakdo)
reku@tﬁmg hoﬁ@ééﬁ%@ﬁgthxtﬁregwk@ dddh@ﬁatoiambnﬂﬂt)
ecane . 2-

%@mpgﬁéﬁﬁyg T@egg%@dupplgﬁg then 1sglateé’by éof@ent

extraction with toluene and water, the toluene fractions
being evaporated to yield 2-phospha-2-(ethyl-N,N-
dimethylamido)-1,3,5,7-tetramethyl-6,9,10-trioxa--
tricyclo[3.3.1.1({3,7}]1-decane (79 %).

Hydroformylation of formaldehyde

The following examples were performed in a
magnetically stirred 250 ml autoclave. The autoclave was
charged with reactants and solvent ‘after which alr was
removed and the autoclave pressurised with carbon
monoxide and hydrogen, each to a partial pressure of
30bar (3MPa). The cbntents of the autoclave were then
heated to reaction temperature. Upon completion of the
reaction, the contents were cooled and the conversion of
formaldehyde, and yield of glycolaldehyde, was determined

by means of gas—-liquid chromatography using di-ethylene
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tricyclo [3 .3 .1.1 {3,7 }]- decane (40 mmvl) and N

N di net hyl acryl am de (100 mmol ) were introduced into a
waehis@magrss t ube containing a m xture of tol ueneCame2004/053492

acetic acid, and heated t-0l® tenperature of 115 0OC .

After 18 hours the reaction m xture was cooled to 80

ggg S‘pddmétﬁgié[/%é? gyaporat ed-hA1vaeuRdaRe masi dugands

hen di's ved in triethylamne and the m xture
wheat pdep@radtteﬁp@g 2202 2ogPUI 00NEBIEGE Y2 I5 Rdwts dggeribed

th 9 us m xture was cooled to
fgﬁbiéﬁ?ngenggr %ﬁ@e E$229%$§ uct was then isol ated by
EsoIv Qt extraction with toluene and water, the tol uene
—fﬁ%@i+e%s bei ng evaporated to yield 2- phospha - 2-
(tethyl - Cbbhﬂigdhdeihyhan+d@meou3 @d@dihiqmﬂkanethyl -

6r 9, 10- trloxatrlcyclog 1.1(3, 7f# - decane (79
% . Th@daat@@hwgt%ﬁ 6 a%?@fawaéﬁyé’e halo19Towi ng

fS%ﬁERhSﬁgiﬁg iRethar FBdni Bfapwﬁ@dr%@ldér%ﬁdé r esh 280

auto The. aut ocl ave was charged w
(Pe&bt ant s anﬁstmevbm& atr&e Lvgiosss raid- g%x@aénm@mﬁed and

-hHg  AULOELAKEDI SRBVERS ML LA LATDARIRIOKGGIR, AcD 50

Fogen,  eac iral pressure of 3\VPa)

mfﬁB@ %Qntzeﬁhésgﬁat-hel@@tswayez \mmﬁmmmaw 10-
reacti on terrEJer at ure U
§

on conpl et
féPe3cdoltdd: dhd M&%@oﬁ reac£| oF
t&@h@%%?@B¥QQ01@ngcide|@h@fcﬁdﬁéﬂﬁﬁ(ﬁﬁnﬁkh a%ﬁbclave were
deternmned by neans of gas- |iquid ghro a
thenngeditest k9l entgrpesptarfetHyletthef %%W%Mmd at
tgl*agnm%gt gerAltlurle' gands wereskrepared using anal ogous

ADoVenVEXaipncof FORTPAUSGRES Mignd J0 R aifeolikeLe of
SS9t sl aLhe -a8taglawe was rhardedbidd Dnddxapl wab
76%. The initial reaction rate was calculated by
measurement of the pressure drop to be 595 mol CO/mol

Rh.h.

Example 2
("2-PA”-Cy ligand in aqueous conditions)

The autoclave was charged with 0.17 mol of
formaldehyde, in the form of para-formaldehyde, 35 ml
(0.22 mol) of dibutyl-acetamide, 25 ml of demineralised
water, 0.25 mmol of Rh(acac) (CO)z, 0.53 mmol of 2- '
phospha—z-icosyl—l,3,5,7—tetramethyl—6,9,10—trioxa—
tricyclo[3.3.1.1{3,7}]-decane, and 9.1 mmol of
trimethylbenzoic acid. The contents of the autoclave were
heated to a temperature of 110 °C and maintained at that
temperature for 5 hours.

Conversion of formaldehyde was 64 % and the yield of
glycolaldehyde in the two-phase reaction preduct,

calculated on formaldehyde intake, was 45 %. The initial
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formal dehyde, in the form of para-fornmal dehyde, 62 m
(0.58 nol) of N-nethyl -pyrrolidone, 0.25 mmol of

wohouioasms car bonyl acet onyl acet one (Rh (acac) (€Or/EP004/053492

0.50 nmmol of 2-phospha - 2= ltosyl-1, 3,5,7-
tetranethyl - b,9,10- trioxa - tricyclo[3 .3.1
r&83:7ph radecans, candudaideamply ﬁ%a%%&%%kﬁM!Qﬂ@49k§

acid. The contents of the aut ocI ave were then heated

Poe5SHERpEFSPuFe B 11D BElakl/Feiln®di-fed at t hat

tenperature for 2 hours . Conversion of fornal dehyde
PaBoand the yield of glycol al dehyde, cal cul ated

QHZL@Rmtﬁ%‘%@qd MRk ey 1 ¥as 478% nhhe faq{]dhtd@ J&a8d 9

rate ‘was cal cul ated Py neasurenent o € pressure
dropThe Betsgbawel wogy ﬂmr@hdhmgha@pn@ L' D PA" -

d t
ChomaLdRnyaRn B EALPeSPRTE BT RE RS (58
wéré5 mpor mafddhydec-86tyd — @Oezamadb) ®f. 25 bantoyil of
m d | v O.
TAREE o553 ool I T AT
Hlﬁe5h¥2amlﬁbiam?3hy|7 t@t%a%gthyﬂaﬁa@”ﬂ@“%fﬂoxa—

g - decane, and 9.
FF#ﬁﬁF%?Ige 26t t{dc b qﬁ%aéémtéﬁﬁs9oﬂ v lawtioc! ave

vergePRaigdnteia égﬂﬁer@ﬁgr@oﬁEeﬁ%%ogg %%%'Eﬂﬁgéﬁivgjwere

at that terrperat ure for 5 hours . nver si on
Fbehaldehydetoas Bamusaadurheofi 80Q 6€ ghylcohahdehypedd at

RathechuOrpbase roachiog,product, cal oul ated on

f or mal dehyde 1 nt % . The initialreaction
r at eCoaveralenl af efiobya hbaizsydeneats GR ?hanpi' gdsungeld of

Giopetocpepdis L0 o Erame 5 8 P

[+)

calculated on formaldehyde intake, was 69 3. The initial

reaction rate was calculated by measurement of the

pressure drop to be 275 mol CO/mol Rh.h.

ExamEle 4

(V2-PA”-CH3CH,C (O)NMe, ligand in ﬁon—aqueous conditions)
The autoclave was charged with 0.25 mol of

formaldehyde, in the form of para—formaldehyde, 35 ml

(0.26 mol) of N,N’-dimethylpropylenurea, 0.10 mmol of

Rh(acac) (CO)p, 0.20 mmol of 2-phospha-2-(ethyl-N,N-

dimethylamido)-1,3,5,7-tetramethyl-6,9,10-trioxa-
tricyclo[3.3.1.1{(3,7}]-decane, and 3.1 mmol of

- trimethylbenzoic acid. The contents of the autoclave were

then heated to a temperature of 90 °C and maintained at
that temperature for 5 hours.

Conversion of formaldehyde was 73 % and the yield of
glycolaldehyde in the single-phase reaction product,
calculated on formaldehyde intake, was 71 %. The initial
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The autocl ave was charged with 0.18 nol of
formal dehyde, in the formo f para-formal dehyde, 23 m

wOQoksHssmB) of di- sec-butyl - acetam de, 0.25rOommEP2#/053492

Rh(acac) (CO2 , 0.49 nmol ofl82=phospha - 2- (ethyl -
N, N - dinmethylamdo) - 1,3,5, 7- tetranmethyl - b,9, 10-

tﬂda@(ﬁo—n trfalt@yGJa@s [c%lo&la]tecl{kify mddsEesager apdtRel
of tr 21’? oic acjid. The contents of the
:Hﬁe(?cslué\?e %’n egét Bt S bR dture of 100 0C

and I nt_ai ned at that tenperature for 3 hours.
&W@ﬁ_&n of formal dehyde was 72 % and the yield of
ool gehyde d;y uheaskngle norpl@@seéﬁé%bﬂal%gﬂy?t,

cal cul ated "on for mal dehyde i ntake, "was 69 %
i ni tiTale reacidlawer altae; was el whiated) s nees us ement of

t d 275
FREBIRRI R o sk S | T T oMo R0ds mL
qo»n@let mns) oEhe aaut—@qh@\tely&%ﬁr@;kw&ﬁﬁiréw ho 01 @5mmBl @E

ra - formal dehyde

P (55 o2 o h%eﬁqu%ﬁm@°wmmbayT%n@ml br a0, 7-

rE‘E[llJra Iﬁ%(—%?ﬁ))%logﬁg s a_—t%q:ggc’p]ﬁf)%.e%r a'rrgf?‘ly?} f—decane,

@r@ 1301 rmiodx atfr iteyicledhy3behzdid {8 d}]Phelecaneenandof
cid. The contents

I [ th | benzoi 1N o

Tk MRoctavs' Wers Bl RERGA T 2 (oHpeTat LS of Fo80 °C
@6 dama imrianinaidn edt &ﬂ'latthaterrtfﬂi‘mﬁhartejrﬁoxf(ﬂ ool S.
Conv rS|on of far dehyde .was 73 % yield of
gl ycolPald&Ry 8 P Ifin'gl%mg%@ e &Pe‘acﬁ tkb?o—‘éﬁ‘ﬁ:{d of
cdlycolatledhgyae. fiar mledehyl@e_e-rmeé@e yesc /o prdbect,
i ni.tialreaction rat s cal.c b suremsnt of
(RACPacel snates e aTass Sk Do Rt b TERakptbial
Teaction rate was calculated by measurement of the
pressure drop to be 518 mol CO/mol Rh.h.
Example 6
("2-PA”-CHpCH2C (O) NMe» ligaqd in aqueous conditions)

The autoclave was charged with 0.15 mol of

formaldehyde, in the form of a formaline solution (37 %

formaldehyde in water), 37 ml (0.22 mol) of dibutyl-

acetamide, 7.5 ml of demineralised water, 0.49 mmol of
Rh(acac) (CO)2, 0.96 mmol of 2—phospha—2—(ethyl—N,N—
dimethylamido)—1,3L5,7*tetramethyl~6,9,1O—trioxa-
tricyclo(3.3.1.1{3,7}]-decane, and 9.1 mmol of
trimethylbenzoic acid. The contents of the autoclave were
heated to a temperature of 90 °C and maintained at that
temperature for 5 hours. ' ,

Conversion of formaldehyde was 90 % and the yield of
glycolaldehyde in the two-phase reaction product,

calculated on formaldehyde intake, was 90 %. The initial
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("2-PA"- CH2CH2C] 9 ligand in non - aqueous
condi ti ons) The autoclave was charged with 0.25 nol of

woaoossgishyde, in the formof para - formnmal dehyd&EP3H4/053492

m (0.26 nol) of N ,N -di metlBytpropyl enurea, 0.10 mo
of Rh(acac) (CO2 0.20 mmol o f 2-phospha-2 - octyl -
keicgiﬁn 1t§td;?m§hyhleuﬁat9%dgoy fnitézilau-retnéin(ty@fo the
.3.3. 1. , - deca an L 0
bEPaaing | Bergore Se, 010 THe coMTRITaRBE 'ehe aut ocl ave
ﬁgéﬁgggzz heated to a tenperature of 90 0C and
d at that tenperature for 5 hours. Conversion

of2f prmal dehydsc wesn b9, %ﬁ%@n& hen Yeghdolfs conditions)
gl ycol al dehyde in the single -phase reaction product,
cal cThat @dt ool & ve nah g edtyaisy e ditvakiedy @ad5660% ofThe

Lnitial ti t | ted.b t of .
FRehs et iR (P LR e 0 E SRt e S e T ®
606g£%¢5ﬁ§d€?%CBQG?IC?®m®2 mégﬁﬂﬂfiﬂéaqm?%H§Cf§amﬁde% 7.5
conditi on ~autocl ave was char . mol o

or Al aﬁﬁiéﬁ?aihs?ﬂew?ﬁ?% of - & f%‘?“%il P:%Ae Rém&amcan(c(qu,

ok or ehyde_j )., 40,22l f._di pytyl

B RS oY - hRaUBh e e (St QNGB e Tpr Ry

bf 3RP( Ache) raE Ry 10696, Mot ricofa 2tphoyeia [3.3-.1.1(3,7}]~-

- N Lmet hyl ani do)_ - 3...0,7- tetrameth -

GEN ey, PhRCH I O BLE s tndupf el h € LATR Iohe

Godtambs of thenethybtbeve oieradida tEhe teont ertrpenfatihee of
ogl ave, were heated to tenperature of 900 nd

P ot i W TN A0 i Polr e £ R < POon BPEF 8

of fooned dehydeofiafofa Bdatneid heasyi @D &f and the yield of
col al dehyde in e two- phase reaction product,

LV ER SHEEMNAE, L S R e e SRk o8 R,

taltthbhteacdhhoformt Bdvmsd€al ctd lad pdwhy FRasur ementingftial

t he gressure drog to. be 170 qgl CO nol Rh. .h

reaction rate was calculated by measurement of the

pressufe drop to be 180 mol CO/mol Rh.h.

Comparative Example A

(PPh3y ligand in non-aqueous conditions)

The autoclave was charged with 0.17 mol of
formaldehyde, in the form of para—formaldehyde, 37 ml
(0.24 mol) of dibutyl-acetamide, 0.25 mmol of
Rh(acab){CO)z, 0.52 mmol of triphenylphosphine, and 9.3

mmol of trimethylbenzoic acid. The contents of the
autoclave were then heated to a temperature of 90 °C and
maintained at that temperature for 10 hours.

Conversion of formaldehyde was 61 % and the yield of
glycolaldehyde in the single-phase reaction product,
calculated on formaldehyde intake, was 40 %. The initial
reaction rate was calculated by measurement of the

pressure drop to be 75 mol CO/mol Rh.h



10

15

20

25

30

Exanple 7 ("2-PA"- CH2CH2C(O)NPh 2 |igand in aqueous
condi tions) The autocl ave was charged witlin 0.15 nol

wohodsmssmB dehyde, in the formof a foxmaline seCUEPLI4/053492

(37 % formal dehyde), 37 mt 4©.22 nol) o dibutyl -
acetamde, 7.5 m| of dem neralised water, 0.44 mol
obmpPhtacacy LLHR1€.89 mmol of 2-phospha-2 - (ethyl-

tet t hyl
épg%3tgﬁgiﬁg l?r?%?%?Bs[%Onglziogfr?ge 7y}] decane,
and ﬁhé oyl P£vér ﬁé/ Hz&}h%ha%' 47 Hg gontents
of the autoc ave were eat t enperature of 110
O0Cranddehiydeai hedtiae £t bénpemabﬁpemhdﬁe&yWGun§7 ml

NYQr Si eh 00 ,%.and t |eld 0
E?yé% %ngh% dgbn?% gegaﬁ‘ﬁé?é 83;& F“gn Efe lﬂ‘&nerallsed
wakeul abed5onnbbr ol Rielyciaci itake, Wa$252udsl. ofhe
initial reaction rate was cal cul ated by neasurenment of
trérppeysnhesahbpet oahe 180 maPlcofndirimethylbenzoic
Qeﬁaar?hbvgog%éﬂpéeoﬁ'ﬁﬁghgukb@%QQe'%e@%nhigﬁ%fQHf -

condi tions) The autocl ave was charged
temparadehyderti #0t He anst m@inb@med abr hhktehguperazume
%O§0184 ggg _of dibutyl-acetan de, 0.25 nmol of Rh

acac) ? 0.52 mmol . of triphenyl phosphine, and 9.3
nnnlCoﬁver$hemhqfbﬁmzmabdahyde The &dnteatns! afhet hedeld of

h d f
GHCELRIRRITRE 4F Thar Dt EphPal B RS B llyds
Cehvelated of f@mm@ldehyde wasabt,’ %nandStRe yihed dcefction

I | al deh d
SLyeol abOEyae) ek e, oL 0L aBloR 361N ARy
toi beablreatt COMmoAtRhwas cal cul ated by neasurenent 0

f the pressure drop to-be 75 nmol COnol Rh. h- O -
Comparative Example C

(9-icosyl-9-phosphabicyclo[3.3.1]nonane ligand in aqueous
conditions)

The autocla&e was charged with 0.17 mol of
formaldehyde, in the form of para-formaldehyde, 37 ml
(0.19 mol) of N-octyl-pyrrolidone, 25 ml of demineralised
water, 0.25 mmol of Rh(acac) (CO)p, 0.52 mmol of 9-icosyl-

9-phosphabicyclo[3.3.1]lnonane, and 9.1 mmol of

. trimethylbenzoic acid. The contents of the autoclave were

heated to a temperature of 110 °C and maintained at that
temperature for 5 hours.

Conversion of formaldehyde was 17 % and the yield of
glycolaldehyde in the two—phase reaction product, A

[+)

calculated on formaldehyde intake, was 6 %.

Comparative Example D

(9-CH»CH»C {0O) NMep~-9-phosphabicyclo[3.3.1]nonane ligand in

aqueous conditions)
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Conparative Exanple B (PPI13 Iigand in aqueous

condi ti ons) The autoclave was charged with 0.17 nol of
woaoossgishyde, in the formof para - formal dehyd&EP3004/053492

| (0.22 nol) of dibutyl --ag&t-amide, 12.5 m| of

dem neralised water, 0.25 mmol of Rh(acac) (CO 2, 0.52

molrf stufticenarel mla@,s RhaRgedandtd. & . nmlndf of
trimethyl benzagic acid. The contents of the autoclave

YE® 1t ¢ Mo hEmFER Gfe RoF 296 Co R R Rt 2P hedl
@; Ahato 1ty e et 1f e Aol s 25C9m9<5§' &’@mPlflerﬁllsed

r mal dehyde was 54 % and the yield of glycolal
Wateate &-wWo- H]m@z-is@fr &@dta;c@@ p(rC@daot 0. & cuhal edf oh-
for mal dehyd ake % react| n rate was
R T g Y AR AL A Sy ol B0 B b £ boggne
ank ol %@'oﬂrlﬁetk@m&h@ﬂ&%cmam@e CcéBtents of

i cosyl - phosphablcyclo[3 . 1] nonane ligand in o
Cé@m 1S3 1%s L e PERGE &P anaSTRRF YBECRi PR 110 °C

dhdl a0l f foralgehy Ct%méie‘}attﬁ%ef e 05 ThPRrs. -
for mal dehyde, 37 m | of N-octyl -

pyr (CSINVEgHe o2 & fmflo rfa lgeviser #biss 8d Fnad 2d , tine 2B p@| OF

2, f |
gqﬁlosph(aqbl A c{eo@)n t.h% %cﬁgﬁias‘%&ﬁ%a&tﬁo&y ?rgduct,
Ctarhmtﬁtaﬁ—)ﬁlcb@w O@H@éﬁ(?hm@e indrtkent ¥agf @ he- aut ocl ave

ver guhieated f 0,a--AMErALS 96 :L10,06 and 1py ot ai ned
& For By

at that tenperatu hours. Conver si on
cfogoreed idetnyde agas riid n%% did tiiee pyiesied tof i gy gobl @b ddhydéay a

s PR BB e SR L BT o
contalnlng a trlphenylphosphlne ligand under both aqueous
and non-aqueous conditions (e.g. compare Examples 1 and 3
with Compérative Example A, and Examples 2 and 4 with
Comparative Example B), and to catalysts based on other
forms of bicyclic phosphine-containing ligand (see
Comparative Examples C and D). Moreover, from Examples 4

and 5 it can also be seen that catalyst compositions of
general formula (I) wherein R2 is of general formula
-R3-C(0)NR4R? continue to display a good level of

performance even under aqueous conditions.

Hydrogenation to Ethylene glycol

To demonstrate the ease with which glycolaldehyde
prepared according to the present inwvention may be
converted to ethylene glycol, an agqueous phase sepa;ated
from a hydroformylation reaction performed under
conditions analogous to those of Example 2 (“2-PA”~Cap
ligand in aqueous conditions) was treated with Raney
Nickel slurry. The aqueous phase (25 ml, 9.5%wt
glycolaldehyde) was mixed with Raney Nickel slurry (2ml)



(9- CH2CH2C(0) NM b2- 9- phosphabi cycl o[ 3. 3. 1] nonane
i gand i n aqueous conditions) The autocl ave was char ged
woi2005/088788 nol of formal dehyde, in the form of PCT/EP2004/053492
par a- forrnal dehyde, 37 m T €8.22 nol) of dibutyl -
acetam de, 25 m| of dem neralised water, 0.25 mmol of
B acac) rdC @y D5 Ghummwlatofa Femphospbare 90°C, then .
ethyl -N,N - di net hyl am do-hi cyclo [3.3.1].non nd
SEAIRRD M (Y TERS Bin o R RS . OnPaR| oBPafnaThe
il Bet aven Wer e t dhieycdiediceeh fde & d edpryaéneeqdfcd10wa€
and mai ntained at that tenperature fox 5 hours.
nver si on of formal dehyde was 3 % and the yield of
gl ycol al dehyde in the two-phase reaction product,
cal cul ated on formal dehyde i ntake, was 0 % . The above
exanpl es denonstrate that catal yst conpositions
according to the present invention display a superior
performance to conparative conpositions containing a
tri phenyl phosphi ne |igand under both aqueous and non -
agueous conditions (e.g. conpare Exanples 1 and 3 with
Conparative Exanple A, and Exanples 2 and 4 with
Conparative Exanple B ), and to catal ysts based on
ot her forns of bicyclic phosphine - containing |igand
(see Conparative Exanples C and D). Moreover, from
Exanples 4 and 5 it can al so be seen that catal yst
conpositions of general fornmula (1) wherein Ris of
general formula - R - C (O )NR R continue to display
a good | evel of perfornmance even under aqueous
condi tions. Hydrogenation to Ethylene glycol To
denonstrate the ease with which glycol al dehyde
prepared according to the present invention may be
converted to ethylene glycol, an aqueous phase
separ at ed
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froma hydrofornyl ation reaction perfornmed under
condi ti ons anal ogous to those of Exanple 2 ("2- PA'-C

waaodsiogeasel i n aqueous conditions) was treated RCTMEP2004/053492

Raney Nickel slurry. The aqueous phase (25 m, 9.5%mu

gl ycol al dehyde) was m xed w th ZRaney Ni ckel slurry

(2m)- - and stirred for 15 hours at a tenperature

400C , then treated with hydrogen at a pressure of 50

bar (5Mpa) . The conversion from gl ycol al dehyde to

et hyl ene glycol was 90%C ¢t A A M & & A process of

preparing glycol al dehyde whiCh conprises reacting

f or mal dehyde wi t h hydrogen and carbon nonoxide in the
presence pfodesat @fypire@me% iweow@l@ahweb%a@horaaomprlses
a) a source of rhodiu and and of genera

f or FERGLRAY Pf@m?isieuﬁ%@ e¥ htiry §rag@mv@méimcarrmrb gonoxide
that nt pget Beeswhth bHhes phosphoLeus oAl gg@lttqowvﬁﬁdﬁ i based
attached is an optionally substitute phospha-

triegelo [3.3.1 .1 {3,7}]- decyl group, wherein from1

to 5 of _th 0 begpn4repl aced by a

heteroa?g 3 §8EP§£e§£ %ﬁ$éE?% agﬁnnovalent radi ca

whi ch ib)aa bpgaodabfygsm@saltﬁbeﬂuﬁydrocarbyI gr oup

having from1 to 40 carb on at . A process as

clained in claim1, mheﬁﬁlnf?ﬁe catal&%i conposi tion
furf;ReLcCANRY i 58S Wi Fa S G P{cAN PREL BogefnBROGESH the
as clainmed in claiml or claim2, wherein bival ent

r adPBaFPROTPUgeREel WPt HhiAR phodphetdasiahms Gruartionally
It Lapattiaaied Qspﬁogph9h9§989clo 8385&71éﬁﬁtfﬁﬂiﬁécyl group,
6,9,10- trioxa- tricyclo % g ecyl "group

4. Bhpreéessram &l Apnedo nthﬁycéﬁ oBf aﬂqmanﬁap en replaced

by a heteroatom, and wherein R2 is a monovalent radical

which is an optionally substituted hydrodarbyl4group
having from 1 to 40 carbon atoms.

2. A process as claimed in claim 1, wherein the catalyst
composition further comprisés c) a source of anions.

3. A process as claimed in claim 1 or claim 2, wherein
bivalent radical R! together with the phosphorous atom to
which it is attached is a 2-phospha-1,3,5,7-tetralkyl-
6,9,10-trioxa-tricyclo[3.3.1.1{3,7}]~decyl group.

4. A process as claimed in any one'of claims 1 to 3,
wherein monovalent radical RZ2 is an alkyl group having
from 4 to 34 carbon atoms.

5. A process as claimed in any one of claims 1 to claim

3, wherein monovalent radical RZ is of generai formula
~R3-C(0)NR4RS (II)

wherein R3 is an alkylene group and R4 and RS

independently represent an alkyl, cycloalkyl, aryl or
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wherei n nonoval ent radical R 2 is an al kyl group
having from4 to 34 carbon atons. 5. A process as

woleissgisgn any one of clains 1 to claim3, WhECEER2004/053492

nonoval ent radical Ris of general fornula - R3 -
C(ONR 4R5 (I1) wherein Ris an al kyl ene group and R

and R i ndependent!|y, represent an al kyl, cycl oal ky]|,
SIAT Sk HRBTE O 0l i 1 CRHE R PR TR SR Bpf sGbHELent

Br bdyahengrbep dgi ng group. 6. A process as clained in

any one of clains 1 to 5, wherein the_source of

% or il RIEPSRES | &S aehisdiRd figr mllXeR)BeCiandl ehBSr éad on

hSr PEA T OF drBsb ki Ac@ & £a6d o JBEL, HE §8MRELELRG an
aqueous phase and an organi ¢ phase, wherein the

B0 goamt ¢ prde e2 i ot ey ueARS jfasks aPE TERATISE BRe datregrtion
R&aiurf cofb PLOLE Sar?sacgléadd?%ﬂmﬁsg! ahm QB wheneiit these,
organi ¢ pnase cCoO rse a wat'er - inmscbhle am de
sloé veht . tige . oxgeatal pisase anpbshgiepusbphirrgbla shy

conbi ning. a ce of rhodium b) a lIigand of
b@%ﬁ‘?%fb?%r%r%?%§%lg'P-R2 (1) wherein Ris a bival ent

7adi Eaprodass t @get heimed tin tdiea pho$phwheusiat et @rganic

ich it i_s attached is, an optionall ubsti ed
B R0 hmbr 2% (8 OPath SRRt bRl aBgRh dtl el
gherei patabmi tompooitidre @ardonabienbyhasmbeering a) a
repl aced bl¥}Pa heteroatogijr and, wherei.n R
t

AONBYal 8At TPAdH YA Rhi T 1 8pt PDERSF ISESJOE%HJTaut ed

al kyl group having froqm 1Q to 40 carbon atons, or
monoval ent radi cal Riﬁips generalI¥ormul a -

R3-C(ONR 4R5 (Il1) wherein Ris an al kyl ene group and
fhandiR Rl is a bivalent radical that together with the

phosphorous atom to which it is attached is an optionally
substituted 2-phospha-tricycleo [3.3.1.1{3,7}]-decyl group,
wherein from 1 to 5 of the carbon atoms has been replaced
by a hetercatom, and wherein RZ2 is a monovalent radical
which is an optionélly substituted alkyl group having
from 10 to 40 carbon atoms, or monovalent radical RZ is

of general formula
-r3-c (0)NR4RD  (II)

wherein R3 is an alkylene group and R4 and RS
independently represent an alkyl, cycloalkyl, aryl or
alkaryl group, or R4 and R together represent a bivalent
bridging group, and optionally c) a source of anions.

9, A catalyst composition as claimed in claim 8,
wherein, in the ligand b), RZ is of the general formula

IT.



i ndependently represent an allcyl, cycloal kyl, aryl or

al karyl group, or R4 and R5 together represent a
woi2vaElossiss br i dgi ng group, and optionally c ) aPEOEPZmID4/053492

of anions. 9. A catalyst conposition as clainmed in

claim8, wherein, in the ligand,d), R2 is of the

general formula Il.10. A process of preparing ethyl ene

gl ycol which conprises preparing glycol al dehyde by a

proces cl al [ ' 7

P S5 S 0 L 8P4 5, S ob kT
comprises preparing glycolaldehyde by a process as
claimed in any one of claims 1 to 7, and then

hydrogenating said glycolaldehyde.



