14 Novenber 2005 - 1 ONE- STEP PRODUCTI ON OF 1, 3- PROPANEDI OL FROM ETHYLENE
OXI DE AND SYNGAS W TH A COBALT- | RON CATALYST FI ELD OF | NVENTI ON The present
i nvention relates to the synthesis of an aliphatic 1,3-diol, &@rticularly
1, 3-propanedi ol , from ethyl ene oxi de and syngas in one st&NoveNBPeOro
partrcularly 5 the present invention identifigs_a |ow cost binetallic
catal yst alternative that provides noderate yields under mld conditions
in the one-step synthesis of 1,3- propanediol (1,3-PDO. The catalyst of
the present invention conprises a cobalt-iron catalyst, in the 10 presence
of a ligand selected from N-heterocyclic phosphj ne oL
|i gands, and optional | y ON®tSBER | BROPVAT 5AN PR e :%b?%%ﬁéNgéﬁgﬂéﬁkﬁﬁD OF THE
| NVENTI ON Al i phatic 1, 3-di ol s ETHLENEIQHIRE AND 5 fH A 15 have nany
applications as nononer units for pdlGRATETIRGNY CAFFMR" Rt hane, and as
starting materials for the synthesis of cyclic conpounds. For exanple,
CORTERRA (trade ) 55” tﬁﬁm@ pol yester characterised by outstanding
properties that iEiékgk¥%ﬂié§§§1ﬁfeﬁanediO| (hereafter 20 1,3-PDO and
terephthalic acid. Therige ipreset i ieepsioni reldkesrtoibhe | avnkigeRds PEuRBs
for synthesizing 1,3-PDO that are efficient ] C n te
process advant agekiPhakie ﬁﬁ%ﬁ@%ﬂ@%ﬂ%&&%f@ggﬁ'q %%%?%?%?%| gthlslgn
25 of ethyl ene oxi {1 S LT HLUEE alné-;pjﬁ(ﬂ@@@eﬁodm@@tép. hyrisox ypaopacal arly
(hereafter 3-HPA§é€§¥ng a tertiary phosphine-podified. cobalt carboril
catal yst. US-A- 53646qredent obweent hat hbdent i FRR A of 3| S2FhgP T BEHG Ehe
oxi de to 3-hydroxypropanal an  PL OPALE i Pby PAENDERI SHEET e Nowenhiger
2005 - 2 in a si%5?%3%?%p?%%$ﬁ%a§%Q%nprove cat al yst systen1§conprising a
‘cobalt-tertiary phos@hteoweditpemsl im thenbhmattem syrwhesiat®dbnt ubrcat al yst .
I'n US- A-5304691 propanediol (1,3-PDO). The catalyst of the present
invention comprises a cobalt-iron catalyst, in the
10 presence of a ligand selected from N-heterocyclic,
phosphihe, or porphorine ligands, and optionally
solubilised in an ether solvent.
BACKGROUNﬁ OF THE INVENTION

Aliphatic 1,3-diols, particularly 1,3-pr0pagediol,

15 have many applications as monomer units for polyester and
polyurethane,'and as starting materials for the synthesis
of cyclic compounds. For example, CORTERRA (trade mark)
polymer is a polyester characterised by outstanding
properties that is made of 1,3—propanédiol {hereafter

20 1,32PD0) and terephthalic acid. There is much interest
in the art in finding new routes for synthesizing 1,3-PDO
that are efficient, economical, and demonstrate process
advantages.

US-A-3463819 and 3456017 teach the hydroformylation

25 of ethylene oxide to produce 1,3-propanediol and 3-
hydroxypropanal {hereafter 3-HPA) using a tertiary
phosphine-modified cobalt carbonyl catalyst.

US-A-5304691 discloses a method of hydroformylating
ethylene oxide to 3-hydroxypropanal and 1, 3-propanediol

AMENDED SHEET



1, 3- PDO and 3-HPA are produced by intimately contacting 5 an oxirane,
particularly ethylene oxide (hereafter EQ, a ditertiary
phosphi ne-nodi fi ed cobalt carbonyl catalyst, a rutheniug1 ata1¥s% 0
promoter, and syngas (carbon nonoxi de and hydrogen) in AR CHEPE FERcti on
sol vent at hydrofornylation reaction cenditions. A PDOyield of up 10 to
86-87 nole%is reported, using a catalyst conprising cobalt ligated with
1, 2- bi B (9- phosphabi cycl ononyl ) ethane as bidentate |igand, and either
trirutheni un( 8) siindbe astebongingr aBj SPPHERER] ﬁﬂ%ﬁ?%‘ér %%ﬂ‘g}?“‘di chloride] as

cocatal yst. 15 US:A-4650911.de | hysk CORLARNIAY a cobalt
conponent,CPWBﬁlﬁbﬂ%oﬁeﬁ?,a%ﬁt%%%#?ﬁ?ggﬁggﬁgnt andggiodine conponent .

US- A- 4408069 Hes5t i BRSwat Bahakyshenwhinchatsluati r ok cBBalt 588fB8AYI cl uster

conmpound. WO A-96/ 10552 descri bes the prepatati 2 - pt gpanedi ol
and 3- hydr 8x$pFBpanaf ?nH?ﬁeaﬁFeE§ﬂ§808$ g§ %%Eéﬁ%ggg e °%§§§P§§ . The

prodqitiona%fo i§aﬁ§£’%HrBQEu§E§@yWEEBymEﬂEﬁakidénmhekéhESeanBObypaoducts
i nvol'ves récyclé"and’'requires a catalyst systemwth good s&ab%lity bot h
during 1., 3iPBPt25rgyphhephsnanwoddfing FPBaLEL CREPBUELYCRRAYEEycPe. It

woul d al so be_desirable Lf ther Le a W, C epokigeti on for
t he one-stEﬁtgﬁﬁﬁH@sF?tﬁ#yf?3pﬁﬁgﬁgegﬂwﬁk Ys?ﬁaggchggﬁgg with the

f oregoi ng, shhenPreseeh)3@ni Aneheen peacides aplaknsra&tive to the use of
known hydrof orityl afi on catal yst conpositions in th ne-stap .esynt hesi s of
1,3-PDQ'Thydgp69éwvlﬁﬁ9@ﬁtFSHCﬁPSPi&8§dét185FaIyétsggngggﬁ?i8% % npri si ng:
AVENDED SHEET (14 r 12008 nsredd,alisdngohakhtadysenenmprdrdrl) an iron
conp ent,%ﬂ Sktgyoéﬁgﬁgal%igaﬁg selected fromthe group ¢ gs%%tingrof
N—heterocy@b&almhagghtpd,wiahdlpérbﬁ@rﬂﬁbpﬁﬁﬁgpﬁé§9y 1ﬁBP@Y§ Ftretfarly,
Lhe present. 1 oventhond §:3an10maeRN SQ1 RS2 L2 NR RS LANOGONPI | S ng: AVENDED
dodecacarbonyl or bis [ruthenium tricarbonyl dichloride]

as cocatalyst.

15 US-A-4650911 describes a catalyst containing a
cobalt component, iron component, ruthenium component and
iodine component. US-A-4408063 describes a catalyst
which is an iron-cobalt carbonyl cluster compound.
WO-A-96/10552 describes the preparation of

20 1,3-propanediol and 3-hydroxypropanal in the presence of

a cobalt-based catalyst.

The production of 1,3-FDO in one step with minimal
impurities and byproducts involves recycle and requires a
catalfst system with good stability both during 1,3-PDO
25 synthesis and during product recovery and recycle. It
woula algo be desirable if there were a low cost catalyst
combination for the one-step synthesis of 1,3-PDO.
SUMMARY
In accordance with the foregoing, the present
30 invention provides an alternative to the use of known
hydroformylation catalyst compositions in the one-step

synthesis of 1,3-PDO. The present invention provides a

catalyst composition comprising:
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O

| 14 Novenber 2005 - 3 a) a cobalt conponent conprising one or nore
preferably non-ligated cobalt conpounds; and b) an iron conponent, |igated
with a ligand selected froma N heterocycle, phosphene, or porphorine
noiety. 5 It has surprisingly been found the binetallic'¢dember ¢
catalyst is effective in the one-step synthesis of 1,3-PDO and therefore
offers the advantage of .a | ower cost-ataernative. For exanple, dicobalt
octacarbonyl in conbination with iron pentacarbonyl, with 10

N, N- di met hyl dodegyi QWi e ASmps:2e®E €rangol ubilised in 1,3- dioxol ane has
been denonstrated to exhi bit noderate ields with mnipal precipitate
formation i) hydmoinmmy¢@mpqmﬁ¥§yn¥h@%g%dgﬁ%t$r%s%%H%PQ: ??%ﬁg). The

novel oxirape hydrof ornyl ation. y. f T esadsprment i on
i nvol ves, a E%‘Prp'(fil& %ﬁg%ﬁ ?%n%bsgﬁj%t%% l@t%étg%r%%&cobal t: Siﬂ;on compl ex, in
- conbi nat i onaMiit Poephdi PE@dnspdteteéed from a nonodentate, bidentate or

mul tidentate N-heterocyclic,_a ghos hi ne, or 2 .BOég@g ine, An this new

bi net & i ¢ cat al YRFet BT F1 gahd bY- | SPBePFEIRUT t BB predoni nant |y att ached
to the ironho&@%@ﬁéoﬁga@aQQ?@éé1sﬁ§té§ EBRpERSEng N US- A-5304691.  The
present invention also provides a one step process for preparing a
1,3-diol, conprising the reaction of an oxirane with syngas at

hydr of ormyl ati on conditions 25 in an inert solvent in the presence of the
catal yst conplex of the present invention. In particular, the present
invention provides a process for preparing 1, 3-propanedi ol conprising the
steps of: -30 (a) contacting, in a reaction m xture, -ethylene oxide, carbon
nonoxi de, hydrogen, the nolar ratio of hydrogen to carbon nonoxi de bei ng
inthe range 2:1 to 6:1, a AVENDED SHEET 14 Novenber 2005 non-reactive
reaction solvent, and a catal yst conposition conprising: (i) a cobalt
conponent; and (ii) an iron conponent, ligated with a |igand
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5 selected fromthe group consisting of N heterocyclic, phosphine, and
porphorine noieties, and; (b) heating said mxture to a tenperature of 30

to 150C and a pressure of 1500 to 2500 psi (10340 to 1734& kPq)rZ%% to
produce a two-phase reaction product m xture conprising h %eﬁ"ere phase

. .conprising over 50% of the solvent, at |east 50 wt % of the catal yst
conposition, plus unreacted ethyl ene-oXide, and a | ower phase, which
conprises over 50% of 1, 3-propanediol. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS
The presentay nvantdsyaMi |dompamdin demgd ixechdyonmyr ofonsx &wsIte TRy
reference to the acconpanyiing drawings, in which: Figurelis an IR
cascade pl cromtodatEd HEFOMRAHRPUBH iof2%he cobal t - i r on- por phori ne

catalyst as,a fugetiofh Qlonddr@ic Fikisea i tie IRgaeidalaated he
cobal t-iron-" porphorine catalyst after preformng in 1,3-dioxql ane; Figure
3 is an | R testalelaterdmwiley tHespbae, ¥ iRIFRIFBFoMHE Qat al yst

during the one-step conversion of. et.hyl ' L Yhesdt s gas to ‘

1, 3- pgopanedi ol ; 1t BRF F?wzélsﬂfnﬁ]ffs %%fggomd%h@:%ect r ulge%:‘ tﬁ'e cobal t -

i ron- por phogspg] €2t @by Sdatthijdty tdeeDiectsiep gertsratdney SEf 1, 3- PDO

AVENDED SHEET 14 N_ovenber 2005 - 5 DETAILED IPTIhOe\Ia%a'IHC}IFaqé\NEl\WI ON

The sel ect i sEntiyesb? @iy} at 1809 BRA JRFERTUE A EBithyEnd oxi de 1o 1, 3- PDO

'n one Step?frgpid&ﬁgf't@gsﬁ)yél&rﬁ&@? &) didal ¢jOHESBEM 5 CH2 has
rate

been denons ed using a binetallic cobalt-iron hormgeri)eous1 C%iai-!ﬁ/St
system in cothianbomyl wit hcawbimpielion with iron pentacarbonydl,

10 .N,N-dimethyldodecylamine as promoter, solubilised in 1,3-
dioxolane has been demonstrated to exhibit moderate
yields with minimal precipitate formation in
hydroformylation (synthesis gas pressure conditions) .

The novel oxirane hydroformylation catalyst of the

16 preseﬁt invention involves a complex which is postulated
to be an cobalt: iron complex, in combination with a
ligand selected from a monodentate, bidentate or
multidentate N-heterocyclic, a phosphine, ox a
porphorine. In this new bimétallic catalyst the ligand

20 is believed to be predominantly attached to the iron
rather than cobalt, as ig the case in Us-A-5304691,

The present invention also provides a one step
process for preparing a 1,3-diocl, comprising the reaction
of an oxirane with syngas at hydroformylation conditions

25 in an inert solvent in the presence of the catalyst
complex of the present invention.

In particular, the present invention provides a
process for preparing 1,3-propanediol comp;ising the
steps of:

30 {a) contacting, in a reaction mixture, ethylene oxide,
carbon monoxide, hydrogen, the molar ratio of hydrogen to

carbon monoxide being in the range 2:1 to 6:1, 2
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N- het er ocycl e, phosphi ne, or porphorine |ligands, and optionally
solubilised in an ether solvent. 10 The one-step process for synthesising
1,3-PDO generally conprises intimately contacting ethyl oxi.de car bon
nonoxi de and hydrogen (syngas), and the binetallic cataﬁ%@?w?ﬁmézmm
| i qui d- phase solution in an inert reaction solvent at a tenperature of
from30 to 150 C, and an 15 el evated pressure. |Inportant aspects of the
one-step process of the present invention include the use of hydrogen-rich
synthesi s gawsn-aedcepoeateantabnassdrenhat ahidghecatpipsturempPABALLSEd in
US- A-5304691, where the preferred 20 operating pressure is closer to 1500
psi (10, 340 9aM®¥r1i21iPH:t he present invention the preferred pressure for the
one-step synthesuq)is pkg%%ﬁ%bbbm%@g@nk;ZQdesi (13,790 t 1725 kPa). O her
inportant factors in the devel opnent of this 25 chem stry include
ef ficient PDO reddvér wrf romwnt en@angat oXdeated prisduét 18P0 ons, and
recyclge of the actiyve - Fe or -Fe-li | .ylLN the present

&%}e Fg%né&gmb§h E%u% %%%gi%&HEE%EE E

i nventYon 1, 3-di chargirng an oxir , binetallic catalyst
ligated and AVENDERSHE114 , Npherptiin2005nd Gorpporingl mpisbiebilised in a
non-reactive reaction solvent, and reaction solvent to a pressure reactor
with the introd@ion of syngas (a mxture of hydrogen and carbon

monoxi de. i gy Ml ) o rixkiire Golla eierSid ofonDykat 180 °C
condi tions. so wthim the scope of the present invention is th? use of a
pronoter andimst a goemsangsof THE Opitec @59t psind 18348 he tAvéAt K6A' may be

carrigg- ?E%Fﬂzng %%fg%%xggFEE%%S§%HC%q®H B RE&EtreOr @ 10 mxture

t here € present 1 nvention conbi ned, separate, or
staged streamngid@Ag N gapeanhasialoysipr igiag isvege §0to0& t&ct i on

vessel, which can be a pressure reaction vessel,.suc . | e col um or
a stirred 13BRHBH af¢, 1§F&tardd &f%l (?r%ailﬁf% r(‘:]J(())n F%ﬂ'ggggl‘ranner.

c

e
plus unreacted ethylene oxide, and a lower phase, which
comprises over 50% of 1, 3-propanediol.

15 ERIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described by way

of example with reference to the accompanying drawinge,
in which: .
Figure 1 is an IR cascade piot showing the formation
20 of the cobalt-iron-porphorine catalyst as a function of
time; _
Figure 2 is the IR spectrum of the cobalt-iron-
porphorine catalyst after preforming in 1,3-dioxolane;
Figure 3 is an IR cascade plot showing the cobalt-
25 irdn-porphorine éatalyst during the one-step conversion

of ethylene oxide and synthesis gas to 1, 3-propanediol;

and
Figure 4 illustrates the IR spectrum of the cobalt-

iron-porphorine catalyst during the one-step generation

30 of 1,3-PDO.
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Oxiranes of up to 10 carbon atons, preferably up to 6 carbon atons, and
ethyl ene oxide, in particular, may be converted into their correspondi ng
1,3-diols by the hydrofornylation reaction with syngas theb gnce of
20 the catal yst conplex of the present invention. An ess@%y g%ﬁ@ of the
. present invention is the use of the Co-Fe-ligand conplex. The conbination
of the present invention is bel i eved 1 & conprise a novel class of
nodified binmetallic catalysts. The characterising 25 feature of this novel
cl ass i nvol pEFAAIREDXDEESZRUPTION ORETHE INWENTEON| gated to a |igand sel ected

froma nDnodénta entate, qr | Lidentat J Shepsra
phosphi ne, bﬁo??h@cFﬁﬁﬁnﬁygﬁP?ﬁrgy aPP?thQSESQQE%S the counter
ion. 30 Sui E%H&théoaxsagpeanQS%pgbusiﬁ obat saép,nﬁépi:eaeneed by:iron
carbonyls as well as iron salts that are readily reduced to the zero

val ence state by heat treatnent in an AVMENDED SHEET 14 Novenber 2005 7
at nosphere of hydrogen and carbon nonoxi de. Exanples of such Iron salts
i ncl ude iron caq@oxylates such as acetates, octanoates and stearates, as
well as iron s i of mneral acids such as phosphates, chlorides, 5

t

fl uori des, §§£$ and §ulphqﬁghgs. Cperahble algoaM,e MCH,OES of these
iron salts. ur t het possibility I's the use of orgargne I|c iron
conmpounds, wherein the iron is bonded to one or nore g}gﬁg?i fragnents,
such t he cycl opent adi ene, pent anmet hyl cycl opent adi ene;*%r 10

cycl ooCtatetraene cyclic structures. Suitable exanples include bis

(cyel opent agi.enyloLi QncSATRRLA KAANE. 22B1nbeENIGeNEobAT LWeEbnas

derivati ves ereo ction said salts or anoneti L
conpounds n&ymh@enp@mbocﬂﬁdlwstoEYBﬁemhePﬂ G@@b3§a§éPEIV§F§ BgLuPLemmy be

15 acconpl i shed sinul t gneou t | a roggas. The
exanpl es deﬁb%ftFﬁF@ Fﬁ? péﬁ%g%ﬁﬁlkg ggepggkgégag¥ |?ggagg?boﬁyls
i ncl udi ng i et ickeNtgc achamyllisea( €6) an dtheensedvavsr-bonyl, Fe2(COg, and

|, F 12. 2 le.l I
Hlolmr‘(})\a dodecar bon;g onee?é(t%%) proc:eoss oI}Ots%thseléllts%%gel '39%565 are- sel ected

generally comprises intimately contacting ethylene oxide,
‘carbon monoxide and hydrogen (syngas), and the bimetallic
catalyst in a liquid-phase solution in an inert reaction
golvent at a tempefature of from 30 to 150° C, and an
16 elevated pressure.
Important aspects of the one-step process of the
" present invention include the use of hydrogen-rich
synthesis gas, and operation at a somewhat higher
pressure than used in US-A-5304691, where the preferred
20 operating pressure is closer to 1500 psi (10,340 kPa).
In the present invention the preferred pressure for the
one-step synthesis is preferably 2000 % 250 psi (13,790 %
1725 kPa} . '
Oﬁher important factors in the development of this
25 chemistry include efficient PDQO recovery from the crude
oxonated product solutions, and recycle of the active Co-
Fe or Co-Fe-ligand catalyst.
In the present invention 1,3-diols are made by

charging an oxirane, bimetallic catalyst ligated and
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het erocycl es, including nonodentate, bidentate, and nultidentate

N- het erocycl es, phosphi ne, and porphorine 1ligands. A | arge nunber of

N- het er ocycl i ¢ conmpounds have been 25 identified as suitable Ilgands for
the one step PDO synthesis using the cobalt-iron catal y¥tNe&mbre?005

Suitable types of nonodentate, bidentate, and nultidentate N- heterocyclic
|l igands include, but are not linmted to: ~Diazines such as pyrimdine,
pyrazine, pyridazine, as 30 well as benzodi azines such as quinazoline and.
qui noxal i ng; (g;tti'oiﬁlﬂlydlslaﬂslb‘illdlaeals i, a' n@inp yeR@FHiVEDFERCLION 2 . bi pyri mi di ne

BPY! henant hrol i ne (PHE v s 0 ket one,
g 4'N%|netmplﬂznt2 Béﬂpfﬁaﬁyﬁ ggl fﬁg?bﬁgﬁﬁh %EBQFﬁg%d%VWfQH

47 AL et BN QDA R o BymdalsUlenelibter et lpydiogen @vd
2,2 - dlpyrl amne, nmultipyridines such as 2,4, 6- trleyrldylcf triazine 5

(TPTZ), 3, Goattitghs mwncdgaldel zm Bmedpraziatdo H2g o Fine, 2:
3- bi sépyrl dyl yra2| 0551 cio(? ltp%r %yl k= GridiBhe e ch%pqg tgf azi ne;

pyri dPnes \ydr oxypyri di ne, and qU|noI|ne :
particul arlyhe ﬂl%déi’terlrﬁﬁéﬁitﬂtﬁﬁulsagﬂﬁsuﬁehwfeca foramatEy -and/ Bxtracts; 10
as well as certain 2,6-pyridyl-diimnes, such as 2,6- bis(N:phenyl,

met hyl i mi ncﬂqqﬁﬁaﬂiYﬂéZ(BPM P) and 2, 6- bi s[ N-

(2, 6-diisoprop é@ @@Mérﬁﬂ NghBRRMP)may Me pleatiicedli i ni nes
may al so be enp |gan in the present invention. Here suitable

al i phatic dcbmtmam? al.%du@&nlispa meteaks N, e LRERNS RESFRH Bz Butthdi ene
(DTBDB) . SU|tabIe hoighgne | i gands for use in this conplex include, but
are ABt i NS, ?%ry di phosphines of the general formul a;

RRP-Q PR R . 2f), Wi eiplefacibi RIpIR ancksnt ndepemigeon |oehigeint |y is a
hydr ocarbon noiety of up to 30 carbon at and S bri dgi ng
“group of 2 sepaﬂr%ﬂ@nsmrrﬁﬁ- rBtngRns g‘?’g:ﬁo %é vﬁﬁen m)noﬁatfe may
be aIkyI, cIo aq PLS % Y] o®vedydl, amﬂ1@Meé&mah¢yaoprQ¢smxe20

e

-car bon re pr ably of up to 12 carbon at ons Adgyl and/ or
cycloalkyl gé@upSoﬂfeeaseiesm@m aghe hjlele geumm or a SCir

15 autoclave, operated batch-wise or in a continuous manner.

oxiranes of up to 10 carbon atoms, preferably up to 6
carbon atoms, and ethylene oxide, in particular, may be -
converted into their corresponding 1,3-diols by the
hydroformylation reactionrwith gyngas in the presence of

20° the catalyst complex of the present invention.

An esgsential pért of the present invention is the use
of the Co-Fe-ligand complex. The combination of the
present invention is believed to comprise a novel class
of modified bimetallic catalysts. The characterising

25 feature of this novel classlinvolves an oxidized iron
metal that ig ligated to a ligand selected from a
monodentate, bidentate, or mulﬁidentate N-heterocycle, a
phosphine, or porphorine ligand, with a cobalt compound
as the counter ion.

30 Suitable iron compounds include, but are not limited

| to iron carbonyls as well as iron salts that are readily

reduced to the zero valence state by heat treatment in an
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preferably conmposed of carbon atons, which may formpart of a ring system
such as a benzene ring or a cyclohexane ring. Mre preferably Qis an

al kyl ene group of 2, 3 or 30 4 carbon atons in | ength, refe ly of 2
carbon atoms in length. Anon-liniting list of i||ustrg?‘?68‘%”g’|eb%®§phi nes

of this class include: 14 Novenber 2005 9 1, 2-bis

(di met hyl phosphi no) et hane; 1, 2- bi s(di et hyl phosphi no) et hane; 1, 2-

bi s(dii sobutyl phosphi no) ethane; 1,2- bis(dicyclohexyl phosphino) ethane;.
1,2-bis(2,4,4 5 trinethyl.pentyl phosphi no)et hane; 1, 2-

bi s(di et hyr"‘;")cﬁ‘&?;ﬁt‘h%% p?%aiﬁ%ngqjgg-aﬁgseaar PENYEHIHS o) priepameies of

1- (di et hyl phesphizm -sh1d4li Dad¥h@BOSPRLN@LRTRRANG h

1, 2- bi s(di phenyl phosphi no) ethane; 1, 2-bis(dicycl oe-shesx"il ph%%phi no) et hane;
1, 2- bi s(2 &oepphedyl ogftannatemsahdnytebeatese; o Mdiils(as cicon-salts
pent yl phosphi ne; 1,3-bis(2 4,4-tri hyl - nt v phosphi no) pr opane;
1, 2- bi s(di § e%lg%%h%gp%%ﬁs So%"ﬁie%%,p%ﬁﬁpg% SiSirk aﬁ%&‘ge%'r oups R and R
may Be subitibtiided, WSl pmitdy ding ashophenaes .t hepalatere Bodd dPegroups
R and/ or both groups R may also forma ring with the phosphorus aton(s),

such as a PhBSPR&ESy Qfodihesife gfon skt - t oABIngdher PeaRlislbty 5iging

systens ( S I - J | u - hi_s( ! 0 et hane,
1, 2-bi s{ 2, Eﬁgi {r}lg’tg h%l&gh&o%p%%daénéo%i%feénzieﬁé# gﬁmé&%ﬁ?gm 3’9%31‘?%‘3{ %r}ﬁ% (RS,
(S,'S) 1, 2-pren2i5- benmiechytiophosphat anoyet bagende firagmaeds,Cc Juot €. The
ring itsel a multi-rin tem Exanples of such ring

may. b art of, S | e
systens ma %eXVSEH%eP%apﬁgnﬁﬁoﬁﬁﬂﬁﬁmékﬁéicESlﬂpﬁgéﬁégfnﬁhdqq]
VIO 7998/ 4244d1 obBthbe kel «y2d RNASPNabE Gy&Lonoay) tsb%p%ﬁﬁqgaldeeécr'i bed

and in the |atter, adamantyl-like groups and phosphatrioxa- tricyclodecyl
groups i n Paeindal hisarleygdspeniadiierly phbsphi neemmahéyekmowot fasgr oups R

and R for i w th the.phosphaor.us ato e _preferped. EX | es 30
include.L{%{Fé&%g?phégpﬁggﬁcﬁgl 5&ﬂ3?&?§%e€%%5§%ﬁ), &ﬁe ﬁ&ﬁﬁ 1%h
1,2-P, P' - b5 (L= phosahaki @beann%mﬂeJtaanrﬂ@rcoxhﬁeanak naayl bet hane, its
1,2-P,P'-pr%Pane anal ogue, an .
performed prior to their use as catalysts, or it may be
15 accomplished simultaneously with the hydroformylation
process. The examples demonstrate the particular
usefulness of iron carbonyls, including iron

pentacaibonyl, Fe(CQO)g5, diiron nonacarbonyl, Fes(CO)g,
and triiron dodecarbonyl, Fez(CO)jp. ‘

20 As noted, suitable ligands are selected from N-
heterocycles, including monodentate, bidentate, and
multidentate N-heterocycles, phosphine, and porphorine
ligands; _

A large number of N-heterocyclic compounds have been

25 identified as suitable.ligands for the one step PDO
synthesis using the cobalt-iron catalyst couple. Suitable
types of monodentate, bidentate, and multidentate N-
heterocyclic ligands include, but are not limited to:
Diazines such as pyrimidine, pyrazine, pyridazine, as

30 well as benzodiazines such as guinazoline and
quinoxaline; bispyridines such as 2,2'-dipyridyl (DIPY),
2,2'-bipyrimidine (BPYM), 1,10-phenanthroline (PHEN), di-



its 1,3-P, P -propane anal ogue. 14 Novenber 2005 10 Ditertiary phosphine

| i gands are commercially available. Catalysts prepared therefromare known
in the art and their nethod of preparation is described '“ det Ho5in

US- A- 3401204 and US- A-3527816. The phosphine 5 |igands nré‘{/ el

partially oxidized to phosphine oxides in the manner described in

US- A-5304691. Porphorine |igands generally conprise four pyrrole type ring
noieties, arranged in a cyclic striscture, that may optionally also

i ncorporate various alkyl and aryl 10 substituents both on 'the pyrrole

rings and_%yfﬁﬁj%pnﬁg%heg IeUnLRg m@teHAS-2 Smt'a@iﬁ,@@spmprspg—l igands in
the.practice of the present invention include octaethyl porphorines and

tetraphenﬁb@ﬁﬂhﬂlph%naathmeﬂﬁneas4bﬁedﬂmﬁﬁhxﬂﬁh#%@@ﬁgphﬁhaﬁoc?aﬁfnes.
Exanmpl e 2, .15 . nfya: denpnstrates the_u ; 293, 08,12, 1 7,18-

oct aet hyl - ,l%hrb%’r phoP FRBITPHBR ( IaPlcfeza{gjet aq%pyfﬂi%ﬂg?%as the iron
source fomulLt3I-RAQ Symébesi:eh dBeznal, &~ vralgyridy*sotrPakiigand to iron

atommay vary from4:1 to 1:4, but preferably from?2:1 to 1: 2, and 20 in
many? cases,TBTZ lirs Faistdir 2reyabryladedr 4x:ortedinazmine cébal t 650dr ces

i ncl ude sal . e »red . \i n tatesb reat nent
in an at%é;gﬂ§£§%ﬁghy%?gg%%ggﬁggégpggﬁgﬁ%ﬁgé#ﬁb. Eid%p?%gg%?gégﬁgh salts
conpri se, of,&~dixdteance; 1 copat trtachnry| pyes dnesticde bschedt Ates and

oct anoates, whjch are preferred, ,as well as cobalt salts of nm netal acids
such as cRVEHAIEE. 3 UrPHeIYPELEBhELes 2R EH E§PaE$%?QL?E£¥Iso are

m xtures QEetmﬁi?ffgﬁ%ﬁ BéhbBoghks! AePied Mbm dvevesr dhekavben

m xtures are us east one” 30 conponent of the mxture be a cobalt
al Kidhoat easf weltlo a2 ceardim 21 onpyrIdylrddistings mgudte periobmed prior to

Si mul t ancBaSI A e Ty GRSt GR I MY 5 B Vit & 1k ah aPbP Ay Tat | on

zone. The (20@REN Py o WIpRESsT 1 REYhY S imino)@lyire\iihd O(BBPMIP) .
Aliphatic diimines may also be employed as ligands in the
present invention. Here suitable aliphatic diimine

15 ligands include N, N¥di~tert—butyldiazobutadiene (DTBDB) .

Suitable phosphine ligands for use in this complex
include, but are not limited to,
tertiary diphosphines of the general formula:
RRP-Q-PR’'R’ -

20 wherein each group R and R’ independently or jointly is a
hydrocarbon moiety of up to 30 carbon atoms, and Q is an
organic bridging group of 2 to 4 aztoms in length. The
group R or R’, when'monovalént, may be alkyl, cycloalkyl,
bicycloalkyl or aryl, and preferably of dp to 20 carbon

25 atoms, more prefefably of up to 12 carbon atoms. Alkyl
and/or cycloalkyl groups are preferred. The group Q is
preferably composed of carbon atoms, which may form ﬁart
of a ring system such as a benzene ring or a cyclohexane
ring. Moxe preferably Q is an alkylene group of 2, 3 or

30 4 carbon atoms in length, most preferably of 2 carbon
atoms in length. A non-limiting list of illustrative

diphosphines of this class include:



a cobalt carbonyl, such as the cobalt tetracarbonyl 5 anion, ([Co (CO4]-),
having a characteristic cobalt carbonyl IR band in the region 1875 to 1900
cml, particularly in the region 1888 cm 1. However, this ion in the
active catalyst can be a nodification thereof. Part of ﬁﬁ§°8%W§T?mEbnpound
may be nodified with one of 10 the |igands specified herein, i.e.

N- het erocycl e, phosphine or phosphorine, e.g. up to 75 nnle@bexcess, say
up to 50 nole% or |ess. However, the?counter ion is preferably the
non-|ligated cobalt tetracarbonyl anion nentioned before. Cobalt carbonyls

can be geneug@e@lay(aim ﬁﬁﬁbﬁﬁlﬁoﬁégﬁhhag qo@alt source such as cobalt
hydr oxi de with s /ngas, escribed in J. Falb "Carbon Mbnoxide in

Or gani ¢ SynPEedidd ﬂﬁ%ﬂhﬂﬁﬂhlkﬂl%@PEmHG %19?0) or otherw se. The
oxi dati on skagedg %@%gyfghégégné%q%gg%ﬁ % - 20 PDO synthesis can vary
r

subst anti al heor nce of at least fromzero to

four), and bussrdmyrcdaﬂ-reewlqirﬂi@rmyoyetlhaﬁeanmezdbrilsrrg 4hegcourse of the
hydr of.or myl ati on reacti on. Accordlngly, the nolar ratio of iron to cobalt

may vary w CRAREEBYAPRRSINE ahasRh o refyeRe ; Shf Brcient cobalt ' (0) shoul d
be added tobggqghggﬁb%ggﬁﬁﬁﬁ?iq;# aﬁ@e gogpl exed iron enployed. An

excess of cobalt can I's not of~ particular value. Suitably,
t he |ron.cobabﬂdmethylphhsphmnnﬂpxnﬁannn411(&Deﬁh§1pbb3bﬁﬁﬂdnk§4on12:1 to

1:3, nore preferably from1:1 to 1:2. The injt ar st.oichionetry
ol oot condi PuER T AP R R GRS iR yECE (FLBAENY ABPRE of 0.5 to

4 14 Novenbgthz2R8p 1, i2b1QQH@%yE¥Bﬂﬂe§F%éﬁo§§h§n8p5€ﬁa BON3 Q40 52 ol es

8and A preferred range woul nol es’ cobalt 6 0.2 to 1.5
nnle iron PbIQdYb,1phahy§phmgmmanﬁIMbenaengﬁeﬂszibis(dmeytdpwulatron

of 10, 35 oAty WEERRRE ATy har Y o hrador Freh PBRERIRE pref orred
met hod of pPeePAIPRGspHENnBPBRChanegN-1l,i et (@i ghysylpEokbRinggl f - assenbl y
et hod, thégégegél ggéaLXZtlg%gpon%@giéﬂé;oups R and R' may be
'
substituted with non-hydrocarbon groups themselves. Both

15 groups R and/or both groups R’ may also form a ring with
the phosphorus atom(s), such as a phosphacycloalkane of
from 5 to 8 atoms. Examples of 5-ring systems
{(phospholano-based ligands) include ‘1,2-bis (phospholano)
ethane, 1,2-bis(2,5-dimethylphospholano) benzene,

20 optically pure (R,R), (R,S8), (S,8) 1,2~bis(2,5~
dimethylphospholanc)ethane or its racemic mixture. The
ring itself may be part of a multi-ring eystém. Examplés
of such ring systems may be found in the aforementioned
US-A-5304691 and in WO-A-98/42717. In the former,

25 phosphaﬁicyclononyl groups are described and in the
latter, adamantyl-like groups and phosphatrioxa--
tricyclodecyl groups in particular are described.
Diphosphines, wherein both groups R and R’ form a ring
with the phosphorus atom, are preferred. Examples

30 include 1,2-bis (S-phosphabicyclononyl)ethane (BSPBN), in
particular 1,2-P,P’-bis{9-phosphabicyclo[3.3.1] and/or
(4.2.1}nonyl)ethane, its 1,2-P,P’-propane analogue, and

its 1,3-P, P’ -propane analogue.



10 brought together at the sane tinme. As denonstrated in Exanples 1-4, the
cobalt-iron-1igand conpl exes may be generated by self-assenbly, in one
step, when solubilised in a suitable ether solvent under synthesis gas
conditions. The conditions and, in particular, the 15 sol'¢&RYembgr &005e| ect ed
such as to favour the formation of a ligated iron species, rather than a
ligated cobalt species. The presence of the Fe-ligated species rather
than the Co-ligand species may be confirmed by e.g. IR analysis. 20 Al so
wi thin the scope of the present invéhtion is the st epwi se preparation of
the catalyst, as follows: The first step in the catalyst preparation is
synthesi s of tDitertizyganphespbine. ligandsayrise aomenyidiingi ng a

suitable ir S e, e .iropn _pentacarh | in.contact 25 with the

ol eoted | B, ratrobrste0BREPEReat P A e Frofh ci bhitg)
derivati vesrtSughd aghéifmeBRAACAFDRREbaREHIIRN HADdecasPORYE {RY be

enpl oyed i nstead of |ron'§entacarbony . Further alternatives include the

use of sourdedsihatn Ypdbr34039Adasndt HEsPpHESR 78481 iTha®hdsphimemiron

banyl ' Lyg mmy. incl i 11
T ParY e R B PR B Sy R SIESS IR o (11D
car bonyl | Rx¥iatek iin pried enabhyri desbeired dn OfS-ESE% s ANVENDED SHEET 14

Novenber 2005 - 13 2050 cm 1. The iron-N-heterocyclic, phosphine, or
por phor i ne | i gERFRIGHHINS HrEARSF JRREAALEYDEORRIE S5y Lo R TP 4% 0on

pent acar bo WL th A stolchl onmel £ ugt, ;0 & t?%% gandg4dy a
sol vent at I%{ég)pteerrplergzt ure w t%’i nééktgﬂgg?aggeao%ygg%t o%(it 0 ,Hdsl%ia't }blgylt 100 to
110C, undemay wdrimoraliiognoxdisie Dmcsynbhesiesvgascatsmedpher and airvl 1 to 24

ComPex. b8 e B ony; ar cpErBaLBr FAPTRLGMERR SR the ot opui So
met hod, theoh@eldtdand MR gt Sups OUghsul BkB1e0BaphoMille A igddadl e
cobalt carbonyl conmpound by neans of a redox reaction to form'the Fe-Co-
li gand conpRekheagaiartdice it die cppeserhednyaphéont iaglpde =
octaethylporphorines and tetraphenyporphorines, as well
as the closely related phthalocyanines. Example 2,
15 infra; demonstrates the use of 2,3,7,8,12,13,17,18-
octaethyl-21H, 23H-porphorine iron (III) acetate
{(OEPFeAc) as the iron soﬁrce for 1,3~-PDO synthesis. -
The molar ratio of N- or P-ligand toc iron atom may
vary from 4:1 to 1:4, but preferably from 2:1 to 1:2, and
20 in many cases, it is most preferably about 1:1.

' Suitable cobalt sources include salts that are
reduced to the zero valence state by heat-treatment in an
atmosphere of hydrogen and carbon monoxide. Examples of
such salts comprise, for instance, cobalt carboxylates

25 such as acetates and octanocates, which are preferred, as
. well as cobalt salts of mineral acids such as chlorides,
fluorides, sulphates and sulphonates. Operable also are
mixtures of these cobalt salts. It is preferred,
however, that when mixtures are used, at least one
30 component of the mixture be a cobalt alkancate of 6 to 12
carbon atoms. The reduction may be performed prior to

the use of the catalysts, or it may be accomplished



conditions. A suitable cobalt source is dicobalt 15 octacarbonyl, but other
cobalt conplexes and salts may be used as well. For instance, the selected

cobalt carbonyl, and optional pronoters, if any, are ad to, t
sol ution which is then naintained at the el evated tenpe?gﬂﬁV@“Tf$®ﬁ125 to

150C) for a tine of 15 mnutes 20 to 24 hours. Again, optionally, the new
cobalt-iron- |igand conplex may be isolated and characterised. Typically,
whet her said active Co-Fe-ligand catglyst is generated by self assenbly, or
step-wise, it exhibits characteristic IR bands in the netal -carbonyl

region, 25 parti.cul arl strong, cobal t _carbonyl . .band .in the .reqgion 1875
t0 1000 cm PUINA G A FRS Fvovt By BiYe hy GRO BRIV A I PaStse idh i bony!
bands in theyhdeFdrn 20005 &* don&egi on that are postulated to be due to
cationic iron carbonyl species. 30 The conditions at which these conpounds

are allowed toTher moargwmml Esn arkondrest i recultsTedgebaddraegndo Preessure

0 Espett CEB e TP ol i TATh o r EAbr FENE o P SR Y (o 150G,

- 14 respect on- reactiron, exanp

Syngas; may Qe ;used grdageEpp-duri g.rig'{bg a C&@f%&té?igﬁﬂ:oﬂobhiti s

preferable to usé a solvent, "~ prefera the solvent used in the
hydr of or nyl akkrBBRY I e3CHD oVidiStdgi bRl 3898 venti gglpowntlhe capabl e of

di ssol ving the active catalyst, without affecting its properties. Suitable
sol vent s i nphutdécilardiyheinrs tisesesdhes bedwechol . usHowevielrte. this ion

hydr of ormyl ati opn process, in particular cyclic, aliphatic ﬁthers 10 The

opti mum rat +8 Bheoﬁqg%ﬂ?iqﬁﬁ %%ﬁﬁﬁﬁcPeC%-F@dﬁﬁéﬁgaleﬁnﬁ &fQﬂﬁﬂ in part
depend uponplLhe opak 'ecvtf'ﬁlﬁaf@ n‘fi%bnﬁ{ﬂ)lrﬁ%(gdbe';ﬁ%!ﬂedm}'i%h bakl @ of

oxirarie to the cobalt In the Co- Fe- and conplex from2:1 to
10, 00@: 1 ar thgehépahnds spacffirdrhgradnh i5enoNahetarpeycde,from 50: 1 to

.500: 1 being grefﬁ%red. The reaction sol vent sh uI? be ngrt cg%%ni% { hat
it is not_B AgH Bedﬁﬁ % %ﬁﬂf§eﬁﬁgtkﬁpr Bctf PolCLFdeSFCCESI vERYS for
the inventigp PH06ESTOVEY OI1EHI I S@idwdver, the counter ion is

preferably the non-ligated cobalt tetracarbonyl anion
mentioned before. Cobalt carbonyls can be generated by
15 . reaction of a starting cobalt source such as cobalt |
hydroxide with syngas, as described in J. Falbe, “Carbon
" Monoxide in Organic Synthesis”, Springer-Verlag, NY
{1970), or otherwise.
The oxidation state of the iron atom during-the 1,3-
20 PDO synthesis can vary substantially {(in theory, iron may
have a valence of at least from zero to four), and this
oxidation state may well change during the course of the
hydroformylation reaction. Accordingly, the molar ratio
of iron to cobalt may vary within relafively broad
25 = ranges. Sufficient cobalt (0) should be added to
completely oxidise all of the complexed iron employed.
An excess of cobalt can be added, but is not of
particular value. Suitably, the iron:cobalt molar ratioc
varies from 4:1 to 1:4, preferably from 2:1 to 1:3, more
30 preferably from 1:1 to 1:2. |
The initial molar stoichiometry ratioc of cobalt to

iron:ligand is suitably at least in the range of 0.5 to 4



feed and products during the course of the reaction, but 20 all ow phase
separation at reduced tenperatures. Suitable solvents are described in

US- A-5304691. Good results may be achieved with ethers, ‘p@rtelm% %g%;
cyclic, aliphatic ethers, optionally in conbination w th such
as ethanol or tert-butanol, and/or an aromatic 25 hydrocarbon, such as

tol uene and the chl orobenzenes. Pronbt¥r s may be enpl oyed. Suitable
pronoters are described in US-A-5304691, previously cited. Exanples of
pronot ers t { e 0k db AR |, @re teainglewvaidabl @ tand menle:s denonstrated the
pronotion EO conversion are tertiary 30 allbm nes such

N, N- di met hyl:dgmhm@yl i prefanred rﬁaéigrﬁ/l"éﬂ’l'}]r‘lﬂe Sst s 12 %%WﬁOb &l ts such
as sodi um aceé/gé A%I%VQ&H $_]7-1E_L brt4d Nay eddber s -1 ibandiorediest results,
ofd ion

t he one steb h ydrogenation i s conducted under condltlons
of el evat edexiRpDErai Ul E. armhqormsmﬂsﬁﬂaacti&ﬁﬁ iy le Fes Wathge from 30

to 150C, preferably from50 to 5C .f 60 to 110C.
The rBact i 0ROPR 65 UFEOR t SR BT SRS ééﬁﬁlg? it nrf)c)ar aefg&;ﬁ{elgg&u%texfl CHE| nert :
gaseous dil yepts aéegyseggs‘%éctg;@j)er ably’ about 2000 250 psi (13 790 1725
kPa). In a batc process

he reaction w |l gener be cocg*p te
within1lto5 hDertsheTm:ee@@ntpdné’\fﬁ%t%ﬂn»t Heg dF<s ’f‘%%é/ré" act ed in a

sui tabl e reaction, sol vent Sfcdher a ¢ fthe conpl ex of the
pr esent mvBﬁ?PBﬁmQ{'h‘éh%dco # preé a[ﬁy be nm}fls?{al ned t hroughout the

reaction i nsglgoagggmbaylﬁ@tﬂﬁdnmhémtmhh catalysly cRIRAReniferitial |y

within the range to 20 % by vvel pr r 24 by wei ght,
basedlon t hereBght V\Eﬂ@ﬁ}f’eﬁfa‘f h‘éﬁ‘?e%?:rf'? J‘“rlr‘%!xt 3];% (?%ugnsl%fr%%ée‘ﬁs)s 4(1)f t he

present '“"Eﬁlsfngﬂesaﬂ Re ERETESHa DL i tdn 2l igand | complbexeslanaywhe e
mai ntai ni ng sai d EO concentration, 20 by for inst anc st a ﬂ EO ad&il tion.
At the concbeskoateé biiesa}firaeemyivit i 5 PRACE TR

el octive cifr BopRbpebty befib HEEva: mﬁ%”ﬁ‘ﬁésmtws e as

conditions. The conditions and, in particular, the

15 solvent, are selected such as to favour the formation of
a ligated iron species, rather than a ligated cobalt
species. The presence of the Fe-ligated species rather
than the Co-ligand species may be confirmed by e.g. IR
analysis.

20 Also within the scope of the present invention is the.
stepwise preparation of the catalyst, as follows: The
first step in the catalyst preparation is synthesis of
the Fe-ligand complex. This may be done by bringing a
suitable iron source, €.g.. iron pentacarkonyl in contact

25 with the selected ligand. Alternatively, other readily
available iron carbonyl derivatives, such as iron
nonacarbonyl or iron dodecarbonyl may be employed instead
of iron pentacarbonyl. Further alternatives include the
‘use of sources that, under a syngas atmosphere, will in-

30 situ form iron carbonyl species. These less expensive
iron sources may include iron (III) nitrate and iron
(IIIf Stearate, and iron{(III) sulphate. The iron

carbonyl IR band is preferably in the region of 1950 to

AMENDED SHEET



fractional distillation, phase separation and sel ective 25 crystallization.
The unreacted starting naterials as well as the catal yst and reaction
solvent may, and preferably are, recycled for further use, Partitioning of
the reaction mixture can be promoted by the addition of YANBYRIEr €4 t

i nduci ng agent. 30 AMENDED SHEET 14 Novenber 2005 16 Suitable agents:

i ncl ude glycols such as ethyl ene glyéo}3'hnd | i near al kanes such as
dodecane. Such an agent will be added to the reaction m xture in an anount

within the nge_ pf 10% by - Met &Pdey @l B¢ erptibapitined, 896 by 5 wei ght,
based on t%g£$d85I ?eggégo%PHQXture. Alternative nethods 'nqéude addi tion
of 1,3-propapgebeiné nidgahe cemplepmay xkeF el R MEAPLPDr t°€oncentration

up to the target proportion. A S0 1 SCLPI LT Si 501 SR Sc adfourmgent s wit h
sinilar poFﬁFFFynSu%ﬁo%spﬁ?ﬁﬁﬁﬁfso%¥gkgﬁ% %Oégnd i%opropanol can be added

initially, Otfhgnséfggl\_/?g 1PghA8 1A hheosubseqeen: tempeenewre ofitREiphase
separation. Comercial operation will require efficient catalyst _recovery
withgultiphe enabesoof 2essentEaf Ly sviprbl¥ 180rkeyti® bf YAF&Fy8t to the

reaction. The preferred catalyst.recqv ' . pvokNpSaSepaeati on of
the two | cauPanpmaBexiigt eresﬁafﬂgas%rge%%ugf“y%% %e%'gbycl e of the bulk

sol vent phage hgrghqi(gqchggianeomguutmohmeremtthhbé painteast 60 to 90 %
by wei ght oOf P e starting catalyst. 20 In a greferrﬁd nanggeaf Lugning the
process, regatiibaallyondatidosrosuehdasdosPPRAE*BRA¥eREr 4FT0R, SCat al yst

concentratiqgn, s Iven% rgg&duct concentration and reaction tenperature are
sel ect ed s& &S EECalREFE®A "honogeneous reaction mixture at ehevated

tenpggat ures aRdxeause anabspepvitieonetyods the FeadiPBRINFIPEIE i nto an

upper solvent phase containing nuch fatggi%gb?gygbb%@g 2arB¥Bi-1phase

cont ai ni ng ifodroyEhthdnto3! reditST GpSnTcooling the mxture. Such a

partitioni 'I%;rrfrp%‘ﬂrﬂd PR fealni®0loH i0redion reactieny tof foradtbe, FeeEpcl e of
catal yst and enoval “of 30 heavy ends fr%%&%g%nigb%%gt(%%ﬁ%?qkizgiﬁ process
I'S ligand complex, again at the a 7
conditions. A suitable cobalt source is diccbalt
15 octacarbonyl, but other cobalt complexes and salts may be
used as well. For instance, the gselected cobalt
carbonyl, and optional promoters, if any, are added to
the solution which is then maintained at the elevated
temperature (from 25 to 150°C) for a time of 15 minutes
20 to 24 hours. Again, optionally, the new cobalt-iron-
ligand complex may be isolated and characterised.
Typicélly, whether said active Co-Fe-ligand catalyst
is generated by self assembly, or step-wise, it ‘exhibits
characteristic IR bands in the metal-carbonyl region,

25 particularly a strong cobalt carbonyl band in the region
1875 to 1900 cm~l due to the {[Co (CO) 4] anion, plus a
series of iron-carbonyl bands in the 1350 ;o 2050 cm™’
region that are postulated to be due to cationic iron

carbonyl species.
30 The conditions at which these compounds are allowed
to form a complex are not critical. Temperature and

pressure may vary within the ranges given below with

AMENDED SHEET



referred to as a phase separation catal yst recycl e/ product recovery

nmet hod. L 14 Novenber 2005 - 17 1In this process, the reactor contents are
allowed to settle or are transferred to a suitable vessel at pressures
rangi ng from atnospheric to near reaction pressure wher & Ne¥58Re53%%8ht or
consi derabl e cooling, 5 distinct pha§§§4ngy formthat are substantially
different, being considerably rich in™1, 3-propanedi ol product, or in

catal yst and solvent. The phase rich in cobalt-iron catg#gst an ol vent
i's direct| ydme eb fure fyddudiormeadticsn THAGY o¥ed ik EXAIRLE Broduct
1,3-PDO is 10 recovered fromthe product rich phased%¥i%§8%%gtional

met hods. Fdramilsf®iCons Syogas meag BeobSed @8 B8Ry P8P F-"¢orbi nati on with iron

por phorines and ir nhi ne Br OGS NS e e thesssrendt 1, 3- PDO
when sol ubit9 * %%’ﬁp“hr}&éw 'abIsIet et he\ﬂr sol vents. The follow ng exanpl es

will serve geddddisity ajlte tdwlvereserd iinvdhs W HAATERHARI n. The

exanples are intended only as a neans of ill td angd3haul e not be
const BPued aeeaqthan ng ANRE Qe t_frp‘altsf"n;’\g' veesrletntﬁ{%c% %\K/bentlon in any way.

qnose skillefdiNify A W di i ¥ CON TR tiesimtd Oiecting g be nade
w t hout departing omthe spirit of the ﬁiscloseqﬁ%nyéﬁgion. Exanmple 1
To a 100 npssperekdar rowikael ol i Hpdtr Wit tife S99 Mecessary

t enper at ure_and B r§$%¥%§8#1&[o&gil%\@st}g@qgwﬁbfgﬁnﬂaﬁmdrp’rocess,

nitrogen-fl ane, ng of “di cobalt” octacarbonyl (0.66
mol e Co), {5248 Pdulaxr Soyc Bid 2a 1BpHat i8-efthews hyl - 21H, 23H- por phori ne

iron (111) acetate (0,23 mmole), and 90 of I sret hyl dodecyl am ne
promdfer. The athecPREATWAs3eh? d %ﬁﬁF%q%s%%r¢%%b§%%gf%%0 psi (8,960 kPa)

with 14 (Q0HEL 1 syAcshsogas vl Deaperk (9o R0 fapos ke hours, with
enber 05 - 18 .
particular complex employed. However, molar ratios of
oxirane to the ccbalt within the Co-Fe-ligand complex
from 2:1 to 10,000:1 are generally satisfactory, with
15 molar ratios of from 50:1 to 500:1 being preferred.

The reaction solvent should be inert, meaning that it
is not consumed during the course of the reaction. Ideal
solvents for the invention process will solubilise the
feed and products during the course of the reaction, but

20 allow phase separation at reduced temperatures. Suitable
solvents are described in US-A-5304691. Good results may
pe achieved with ethers, particularly eyclic, aliphatic
ethers, optionally in combination with an alcohol, such
as ethanol or tert-butanol, and/or an aromatic

25 hydrocarbon, such as toluene and the chlorobenzenes.

Promoters may be employed. Suitable promoters are
described in US-A-5304691, previously cited. Examples of
prémoters that work well, are readily available, and have
demonstrated the promotion of EO conversion are tertiary

30 amines such as N,N-dimethyldodecylamine and

triethylamine, as well as alkali salts such as sodium

acetate.

AMENDED SHEET



stirring, at 1500 psi (10,340 kPa). At this point, the reactor and
contents were cooled to 5C and the gases vented. After said pretreatnent,
et hyl ene oxide (EO, 3.5 gm 80 nmnole) was added to the ﬁg ct0ﬁ)§%$%en1and,
after 5 repressurising to 1800 psi (12,410 kPa) with 1/4 sﬂﬁﬁéf e
reactor was heated to 90C, under 2000 psi (13,790. kPa) of 1/4 (CO H2)
synthesis gas for 2 hours. Additionaf %@ﬁthesis gas was supplied as
needed. After cooling again to 5C, and venting, 29.1 gmof dark red 10
liquid product mas xesOVesQs i | heie chgnstodp hydi formtlatioal yses by gce
and gc-ns/ir confirned the presence_of 1,3-PDO,. The conce i of

1, 3-PDO i n hydrogenaeipr oﬁ%c@oww%ﬁ%t%é%r 1°FRE Y ‘?‘?Cra eﬁé‘g&b% yi el d
was 5.1 nol ' e 15 Exarpde Pemprotdtonteny tdweger ocedur es
of Exanpl e E?m28§%§%$g %ﬁ%%%??éggﬂactg§ fitted mﬁté%%n-situ infrared (IR
capabil ity wasmchargedivptd, 25r&f e phbly 3 xhroxal dre, 123%6C, ngndf"@Peobal t

oct acar bonyl (0.68 mmvole Co), 149 ng of 20 2,3,7,8,12, 13,17, 18, ‘
-oct aed hyl - relif@8&bper fhomi 6@ tor dhPT €1) acetate (0.22 nmmole), and 89 ny- of

N, N- di net hyl dodecyl am ne. The cobalt+] rine  pdn was then
pretreated withr8§nfRBEFLCYR*TI006° 6§§?Q%8€%QE€%%€749§ .%E%Pat 90C.

Fol | owi ng t heeaddirbi 98 2Reot £3uf ghluehydraferungedli B was conducted at
90 C wunder 1500 psi (10,340 kPa) of 1/4, CO H2 syngas. Typi cal é{%spectra
of the cobalptreifeenbpyr phontnaoeel ot i25® wedi g3 -d84 ft@?%ﬁa etion: of the

retreatnent _step, show n e char rjisthc i e bt 30
garbonyl re@igﬁt88e9F8c8882I%ﬁ aFBoﬁgﬁggng?%sggﬁgggl%21%? cgﬁ% i?on

carbofyl s (19%piand 281@ esuts.are illustrated in Figures 1 and 2. The
spectra of the reacting solutions AVENDED SHEET 14ath$%R§£ 29955 19
after EO additi BheacempPrRgeEpaPédtiPf EFGHr B5TS2TRd*AT The “Final - product

solution wag chean, W.LR+38,S580%e0t iRr eBePpabefcebEnfinphe 8abalwsExanpl e
3 which generglly FOP%Omeg t he .
complex of the present invention. The EO will preferably
be maintained throughout the reaction in a concentration
15 not less than 0.2 % by weight, generally within the range
of 0.2 to 20 % by weight, preferably 1 to 10 % by weight,
based on the total Weight of the reaction mixture. The
process of the present invention can be carried out in a
continuous mode, while maintaining gsaid EO concentration,
20 by for instance, staged EO addition.

At the cénclusion of the hydroformylatien reaction,
the 1,3-PDO is recovered from the product mixture by
conventional methods such as selective extraction,
fractional distillation, phase separation and selective

25 crystallization. The unreacted starting materials as
well as the catalyst and reaction solvent may, and
preferably are, recycled for further use.

partitioning of the reaction mixture can be promoted
by the addition of a phase-split inducing agent.

30
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procedures of Exanple 1, the binetallic catalyst conprised dicobalt
octacar bonyl and 2,3,7,8,12, 13,17,18, -octaethyl-21H, 23H porphorine iron
(1) acetate (Co:Fe atomc ratio 1:0.3), but the solven} %8n$@§m65n1X of
chl orobenzene and toluene (1:1 by volune) . The catal yst W%s pretreated at
90C under 1500 psi (10,340 kPa) of synthesis gas (1:4, COH2) for 3

hours. After cooling, depressurising, and EO addition, the hydrofornylation
reaction was run at 15 2000 psi (163, 790 kPa) with 1/4 (CO H2) gas. The EO
uptake tinme was 1 1/4 hr. The product phase wei ghed 23.7 gns. 1, 3-PDO was
confirnedsi Ot B1Br @gRMLs Akl dde LhBs esu¥hehd @itnl13nRDQMasc det er mi ned
to be 4.4 nole. Zoggkanplgg:41x)%¥??ﬂ?%x§%%?es 4@to%éo t he g&%%edures
fol | oned aRd el hneagesdiansas indxampldodecanpl oy SHghy & agendonbikat i ons of
cobalt a i ogpo S,..conpl exed with a,varje | s s .sel ected
from N heﬁ%r%@@%ﬁi gB %%%sﬁrﬁar?g,}m ngm'z‘#%%er;% r?ﬁegﬁpgéﬁdg.l %g(r;l é%aérrpl e, in
runs 5-7,ramfpencfn2 tabllosl by Reifitet ghtefecabaly$t tEOBROBIVL i ON

i ncorporated . 2,3,7,8,12,13,17, 18-0oct aet hy| - 21H, 23H porphorine .iron

(119) acet®iohas BasrdePBnithey tRidlg KRFF et @Mt MiRERTR:  BITPETEHIWR. The

Rovenber "SO0EFBom RHG oo ey T0 o 'y FipFEEER] AWERPERETERT 14
reaction mixture to bring product concentration up to the
target proportion. Also, miscibilising alcohols and
agents with similar polarity such as ethanol, propanol

10 and isopropanol can be added initially, then removed

prior to the subsequent inducement of the phase

separation. _
Commercial operation will require efficient catalyst
recovery with multiple cycles of essentially complete
15 recycle of catalyst to the reaction. The preferred
catalyst recovery process inveolves separatioﬁ'of the two
ligquid phase mixture noted previously and recycle of the
bulk solvent phase to the reactor and return therewith of
at least 60 to 90 % by weight of the starting catalyst.
20 In a preferred manner of running the process, reaction
conditions such as oxirane concentration, catalyst
concentrétion, solvent, product concentration and reaction
- temperature are selected so as to achieve a homogeneous
reaction mixture at elevated temperatures and cause a
25 partitioning of the reaction mixture into an upper solvent
phase containing much of the catalyst and a lower phase
containing most of the 1,3-propanediol upon cooling the
mixture. Such a partitioning facilitates isolation and
recovery of product, recycle of catalyst and removal of
30 heavy ends from the solvent system. This process is
referred to as a phase separation catalyst recycle/product

recovery method.
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In this process, the reactor contents are allowed to
settle or are transferred to a suitable vessel at
pressures ranging from atmospheric to near reaction
pressure where, upon slight or congiderable cooling,
distinct phaseé may form that are substantially different,
pbeing conaiderably rich in 1, 3-propanediol product, or in
catalyst and solvent. The phase rich in cobalt-iron

catalyst and solvent is directly recycled for further

reaction with feed materials. Product 1,3-PDO is

recovered from the product rich phase by conventional
methods .

Formulations containing cobalt carbonyls in
combination with iron porphorines and iron phosphines
provided one-step synthesis of 1,3-PDO when solubilised
in suitable ether solvents. -

The following examples will serve to illustrate the
present invention disclosed herein. The examples are
intended only as a means of illustration and should not
be construed as limiting the scope of the present
jnvention in any way. Those skilled in the art will
recognize many variations that may be made without
departing from the spirit of the disclosed invention.
Example 1

To a 100 ml stirred Parr autoclave, equipped with the
necessary temperature and pressure controls, was charged
23 ml of dry, nitrogen-flushed, 1,3QQioxolane, 113 mg of
dicobalt octacarbonyl (0.66 mmole Co), 152 mg of
2,3,7,8,12,13,17,18-octaethyl—21H, 23H-porphorine ironA
(£II) acetate (0.23 mmole}, and 90 mg of N,N-
dimethyldodecylamine promoter. The autoclave was sealed

and pressurised to 1300 psi (8,960 kPa) with 1:4 (CO:Hp)

synthesis gas, and heated to 90°C for three hours, with

AMENDED SHEET
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runs were carried out using as ligands N, N-di-tent- ' [

(DTBDB), 2,6-bis(N- phenyl, nmethylim no)pyridine (BPNIEytxgaé%Z£§¥%ﬁglene

phosphabi cycl ononyl ) et hane (B9PBN), and 1, 2- bis(diethyiphosphino) et hane

(BDEPE); experimental data are noted i%¥ Table 2 . The presence of 1, 3-PDO

was confirned in each exanpl e. AMENDED SHEET 14 Novenber 2005 de + ’
stirring, at 1500 psi (10,340 kPa). At this point, the

reactor and contents were cocled to 5°C and the gases
vented. After said pretreatment, ethylene oxide {EO, 3.5
gm, 80 mmole) was added to the reactor system and, after
5 repressurising to 1800 psi (12,410 kPa) with 1/4 syngas,
the reactor was heated to 90°C, under 2000 psi (13,720
kpa) of 1/4 {CO:Hp) synthesis gas for 2 hours.
additional synthesis gas was supplied as needed. After
- cooling again to 5°C, and venting, 29.1 gm of dark red
10 liquid product was recovered with no sign of
precipitates. Analyses by gc¢ and gc;ms/ir confirmed the
presence of 1,3-FPDO. The concentration of 1,3-PDO in the
crude product effluent was 1.1%, estimated 1,3-PDO yield
was 5.1 mole%, basis the EO chargéd.
15 Example 2
.Following the procedures of Exémple 1, a 50 ml
capacity reactor fitted with in-situ infrared (IR}
capability was charged with 23 ml of 1,3-dioxolane, 116
mg of dicobalt octacarbonyl (0.68 mmole Co), 149 mg of
20 2,3,7,8,12, 13,17,18, —octaethyl—éll—l,23H-porpho-rine
' iron({III) acetate (0.22 mmole), and 89 mg of N,N-
dimethyldodecylamine. The cobalt-iron-porphorine

solution was then pretreated with synthesis gas (1000

psi; 6900 kPa;1/4 CO:Hp) at 90°C. Following the addition

25 of EO (2.0 gm), hydrcformylation was conducted at 90° C
under 1500 psi (10,340 kPa) of 1/4, CO/H; syngasl
Typical IR spectra of the cobalt-iron-porphorine
solution during, and after completion, of the pretreatment
step, showing the characteristic bands in the metal-

30 carbonyl region due to cobalt carbonyl species (1886 cm™1)

and iron carbonyls (1955 and 2010 em~l) are illustrated in

Figures 1 and 2. The spectra of the reacting solutions

AMENDED SHEET



br~04r4v rz GO .ri | 0zz z0 z a- 0004 In CAAMA 0zzzHZ U 0 U

or~ Cl0 Clr+ Ca wozzzoz orNr yl yYNNN CT ON>~ U a mmaaaa ro x w'

0

10

15

20

25

30

14 November 2005

- 19 -

after EO addition are illustrated in Figures 3 and 4. The
final product solution was clear, with no signs of

precipitates.

Example 3

In Example 3 which generally followed the
procedures of Example 1, the bimetallic catalyst

comprised dicobalt octacarbonyl and 2,3,7,8,12,

'13,17,18, -octaethyl-21H, 23H-porphorine iron (IITI)

acetate (Co:Fe atomic ratio 1:0.3), but the solvent

was a mix of chlorobenzene and toluene {(1:1 by

volume) . The catalyst was pretreated at 90°C under 1500
psi (10,340 kPa) of synthesis gas (1:4, CO/H,y) for 3
hours. After cooling, depreessurising, and EO .
addition, the hydroformylation reaction was run at

2000 psi (13,790 kPa) with 1/4 (CO/Hp) gas. The EO
uptake time was 1 l/4lhr. The product phase weighed
23.7 gms. 1,3-PDO was confirmed to be present, and
the estimated yield of 1,3-PDO was determined to be

4.4 mole%.

Examples 4 to 20

In Examples 4 to 20 the procedures followed were as
described in Example 1, employing various combinations of
cobalt and iron compounds, complexed with a variety of
ligands selected from N-heterocyclic, phosphine, and
porphorine ligands. For example, in runs 5-7, shown in
Table 1, the bimetallic catalyst composition incorporated
2,3,7,8,12,13,17,18—octaethyl-2lH, 23H-porphorine iron
(IIT)acetate has been examined using different initial
Co:Fe ratios. The presence of 1,3-PDO in the product was

confirmed.

AMENDED SHEET
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g UO0 WpulLu11ll4 mx r WAMENDED SHEET rq f. J-) r4 mA 14 Novenber
2005 - 23 The N-heterocyclic ligand, 2,2'-dipyridyl (D PY) was enployed
in Exanples 10, 11, 14, 16, 17, 18, and 20; the diinine‘ﬂf%EPG-giz19 5
(N-phenyl, methylimno)pyridine (BPMP) in Exanples 12 HH&VEZPe!
2,4,6-tripyridyl-s-triazine 5 (TPTZ) was used in 15, as noted in Tables 3

and 4. Ilron (I11) phthal ocyani ne was 1 iron source in Exanple 19. The
presence of 1, 3-PDO was confirmed. conbinations of cobalt-rutheniumiron
carbonyls with 2,2"-dipyridyl, in 1,3-dioxol ane solvent, were enployed 10

as catalysts in Exarrpl es 17 and 18. The est of 1 LRO in each
of these two exdslidsiona’ NS EETR) GRET S 'Eglc %Sa;sd NDED ‘SHEET 14

Noverber 2Q05, Y808 [ §,,1{41diafbbutadiene (DTBDBi, 2,6-bis (N-

phenyl, methylimino)pyridine (BPMIP), 1,2-bis(S-
5 phosphabicyclononyl) ethane (B9PBN), and 1,2-
bis (diethylphosphino)ethane (BDEPE) ; exper1menta1 data

are noted in Table 2 . The presence of 1,3-PDO was

confirmed in each example.
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The N-heterocyclic ligand, 2,2’ -dipyridyl (DIPY)} was
employed in Examples 10, 11, 14, 16, 17, 18, and 20; the
diimine, 2.6-bis (N-phenyl, methylimino)pyridine {BPMIP)
in Examples 12 and 13, and 2,4,6—tri§yridy1-s-triazine

5 (TPTZ) was used in 15, as noted in Tables 3 and 4. Iron
(IT) phthalocyanine was the iron source in Example 19.
The presence of 1,3-PDO was confirmed.
| Combinations of cobalt-ruthenium-iron carbonyls with
_ 2,2 -dipyridyl, in 1,3-dioxolane solvent, were employed
10 as catalysts in Examples 17 and 18. The estimated yields
of 1,3-PDO in each of these two examples was ca. 55

mole%, basis EO charged.
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b Co-Fe-ligand pretreated at 150°C

Co:Ru:Fe initial ratio 3:2:1
d Co:Ru:Fe initial ratio 2:1:1

[»]

,0 aoru -rAo UUJ W  za ..-, UUaL:UUUa 4JgaH NH P4 It ¢
W W QU 7 wu wUu wD4 VUaa LLa U)IDH H rHi
N

NHWN z

0O U-H m

0 L t6 Crt AVENDED SHEET 14 November 2005 . W w O
UUA U b AVENDED SHEET M4 ndbelfb8r 2008

AMENDED SHEET



14 Novenber 2005 .- 27 CL AIl MS 1. A catalyst conmposition conprising:
s) a cobalt conponent; and b) an iron conponent, ligated with a |Iigand
selected fromthe group consisting of N-heterocycle, 5 9“9 p%g op@nd
por phorine noieties. 2. The conposition of Caim1l wherelin the cobalt
conponent is selected fromcobalt malts that are reduced to the zero

val ence state by heat treatnent i n"t Ré presence of synthesis gas. 10 3.
The conposition of Claiml1l or 2 wherein the iron conponent is an iron
carbonyl or organonetallic iron conpound. 4. The conposition of daim1l, 2
or 3 wherein the |ligand is sel egtedh fyr gt he group consisting of 15
nonodent ate, bidentate, and nultTdentate Nheterocyclic ligands. 5. The
conposition of Claiml, 2 or 3 wherein the ligand is a tertiary

di phosphi ng | i gardgh yEhecanfesilionf epnprasi2®: RRP-Q PR R wherein each
group R and R independently or jointly i,s a  hydrocarbon noiety of up to
30 carbon at on®) an@ €PPElEcOmR Qﬁ %Fﬁdging group of 2 to 4 atoms in

length. 6. The§0NDQsi 48R ebmsbiins, 1 liBaceddwitieriligand 25 |igand is a
" e conpaintion cspPmaye e SRELBFLRRP Rt ILTHEPSRST 61 n the ol ar
ratig of |ioandito ipgR pbePRdSidd eidrieso 1:4. AVENDED SHEET 14 Novenber
2005 2B 8'". A"process for prepari 1, 3- L9 anecgﬁ)el EPARE! sing t he steps
of : (a) coht aCt'lfhﬁg,coi“ﬁ“’&’-Fé%t?%rFq%i%‘t grg' g??ﬁ‘/l ehe ox?ge, car bon
monoxi de, hydrogen. ikhgelPhedd Ifidm cababydsaben tlat Brearddmcerbnoxi de bei ng
'n the rangs é%élég%o6;iie§cgogkate by heat treatment in the :
presence of gynthesis gas.
10 3. The composition of Claim 1 or 2 wherein the iron
compenent is an iren carbenyl or organometallic iron
compound. .
4. The composition of Claim 1, 2 or 3 wherein the
ligand is selected from the group consisting of
16 monodentate, bidentate; and multidentate N-heterocyclic
liganda.
5. The composition of Claim 1, 2 or 3 wherein the
ligand is a tertiary diphosphine ligand of the general
formula:
20 RRP-Q-PR'R’
wherein each group R and R’ independently cr jointly ia a
hydrocarbon moiety of up to 30 carbon atoma, and Q is an
organic bridging group of 2 to 4 atoms in length.
6. The composition of Claim 1, 2 or 3 wherein the
25 ligand is a porphorine incorporating four pyrrole-type
moietiepa in a cyclic structure.
7. The composition of any cone of the preceding Claims

wherein the molar ratio of ligand to iron atom is from

4:1 ta 1:4,.
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reactive reaction solvent, and a catalyst conposition conprising: (i) a
cobalt conponent; and (ii) an iron conponent, |ligated wwth a |igand 10

sel ected fromthe group consisting of N heterocyclic, , d
porphorine noieties, and; (b) heating said mxture to apﬁol\z‘ﬁﬁ B%ﬁ’*’&ﬁg of 30

to 150C and a pressure of 1500 to 2500 psi (10340 to 17240 kPa) 15 to
produce a two-phase reaction product‘"?n"xture conpri sing an upper phase
conprising over 50E of the solvent, at |east 50 vvt%of t he cat al yst
conpositi @i, @l proceseatnn PrepAyiEgel okiRkOP844181 | SABRT NG whi ch
conpri ses el tégm % 9f. 1, 3-propanediol. 20 9. The process of CaimB wherein
t he cat al ys by a self-assenbly nethod wherein al]_ the conponents
are brougft t@g»at-hetlm thre asasactine MAERICEy RERELERE @Rt d8ondi ti ons. 10,

The procesg %Oneméh&@:ﬁaa‘h UyiirBoklie ERL HMr bacdBUBe BALAQRie wher ein

the iron coO 'S react Igand in the presence of syngas at a
terrpér aturﬁri}:nnt menox i) a2 3nt EhESU@%c? 'dubSefient? Y"¥Hused to undergo

r edox r I c @ b atagre i n the range
R et e A

ccmprlsing:
(i} a cobalt component; and
(ii) an iron component, ligated with a ligand
10 selected from the group coneisting of N-
| heterocyclic, phopphine, and porpherine moietiesr
and; |
{b) heating said mixture to a temperature of 30 to 150°C
and a pressure of 1500 to 2500 pei (10340 to 17240 kPa)
15 to produce a two-phase reaction product mixture
comprising an upper phase comprising over 50% of the
solvent, at least 50 wtid of the catalyst compogition,
plus unreacted ethylene oxide, and a lower phase, which
comprises over 50% of 1,3-propanediol.
20 S. The process of Claim B wherein the caralyst is made
by a self-agpembly method wherein all the ecomponents are
brought together at the same time under synthesis gas

conditions.
10. The procesg of Claim 8 wherein the catalyst is made

25 stepwise wherein the iron component is reacted with a

ligand in the presence of ayngas at a temperature in the

range of 25 to 150°C and subsequently caused to undergo a

redox reaction with the cobalt component at a temperature

in the range of 25 to 150°C
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