- | - 24 May 2006 SYNTHESI S OF ALI PHATIC 1, 3-DI OLS UTI LI ZI NG REDUCED LI GAND
CONCENTRATI ON AND WATER EXTRACTION Field of the Invention This invention
relates to the hydrofornylation and h&drogenatron synthesi s of an
aliphatic 1,3-diol, particularly 1,3. >propanediol, frofftX#¥¥Pane,
especially 5 ethylene oxi de (hereafter EO , and syngas in one .step using a
catalysthngstentconprrsed of cobalt carbonyl and a |igand. BACKGROUND OF

THE | NVENTPORFHES hRaPF cALIBEATE s 1, ﬁapﬂpéﬁl§Eﬁ@1g1§5pﬁﬁﬂﬂﬁﬂﬂ(ﬂIGHNDhave
many applications as qgﬂﬁﬂﬁf éﬂi f tegr@ly T HR! YUr et hane, and as
starting materials for the synt eg?sﬂﬁoﬁﬂ%§§$|§£conpou s. For exanpl e,
CORTERRA poly- trimethylene terephthalate is a polyester characterized by

out st andi n perties. that is made of 1,3-propanediol 15 (hereafter PDO
and terephgﬂgﬂge—éetﬁ——iﬂéﬁézigmnuch interest in the art i'n finding new
routes for 5Mﬂ&f§siﬁb@8tfgﬁ)i@ﬁété&etéfﬁhé'ﬁ?Hro?%Qﬂ?Eb%ﬁbn %ﬁ%
denonstrate process advantages (CORTERRA.is a trademaik). . No.
5, 304, 691, hs@e¢@eeat;@n Shetheegib 26 @anémphadugcﬂo§e§1@lmethod of
,hydrofornyl in | ene., oxide t xypropanal._and 1, 3- prapanedi o
O o B G P Y o e PR Bt 1 5ot BB RAR ey ctplt ity
cobal t -t erdtley Vebosphiae (hégandeen Egﬂblﬁﬁﬁlggn@hbhlﬁ ohiét kerigim cat al yst.
In the af orenmenti oned patent, where a 25 phosphine ligand is enployed, it
i s bound t%ﬁh@%aﬁtCa%efbehyrystemeﬁemhgleeﬁneﬁr90§§étgﬁeabensl Rarcknt
Applicatia Nos. 09/808, 974 and 09/963, 068 di scl ose, inter alia, - 2
- 24 May 2 d%ﬁghosphrne | igated binetallic catalyst conpositions useful in

- the one- stgﬁﬂﬁ@ﬂmwmmrGFOTHEEENVEmnIGNprocess for one-.step synthesis of

PDO. In these ref ences t hosphi ne bound to . the ruthenium
compound r at hét-% the?c %}?'d%%ﬁ%hﬂﬂgaF£¥hinguﬂFEHFBE od +odi fi ed

Wy ph phOSMMdEEﬁa&@@%&aﬁ%&tfwhsea§f£§ﬁéh¥§ 88168t 8b¥ShotuRketeS i the

one-step synthesi's of° PDO However, phosphine ligands arég relatively
expensi ve rnd/uret vone, d@@és@scataxysmgrmeyereale ey thkl syhdhesdfs

optimal. At the ame tinme rodyct _selectiv fall short upon
r epeat ed ﬁghﬁz ﬁrﬁ%ﬁ?°%&§%rv Tt ond? g%’ %é%TEE%A r at her

prOhibithQiMEthylene terephthalate is a polyester characterized

_ by outstanding properties that is made of 1,3-propanediol
15 (hereafter PDO) and terephthalic acid. There is much
interest in the art in flndlng new routes for
syntheSLZlng PDO that are efficient, economlcal, and .
. demonstrate process advantages {(CORTERRA is a trademark).
7 e .U.5. Pat. No. 3,304,651, a551gned to Shell Oll
20 Company, discloses a method of hydroformylatlng ethylene
oxide to 3- hydroxypropanal and 1,3-propanediol in a
single step using an 1mproved catalyst system comprising
a cobalt—tertiary phosphine'ligand in combination with a
ruthenium catalyst. In the aforementioned patent, Qhere a
25 'phosphine ligand is employed, it is bound to cobalt
| carbonyl. - ' |
_ Copending commonly assigned U.S. Patent Applicatien
Ser. Nos. 09/808,974 and 09/963,068,disclose; inter alia,



use phosphine ligands in hydrofornylation catalysts for, commercial 'use,

It would be extrenely desirable if 15 substantially less |ligand were '
effective in a binmetallic catalyst conplex for the one-%kﬁ&&ﬁé thesis of
PDO and if other nodifications, such as water extracti® , ced the use
of a reduced ratio and contributed _to efficient recycle. 20 Summary In
accor dancePWPERPERR 1éPa§6Pnpimene s et aliftferiamRP I Kt 30p$ oeessutor
hydr of or myl at | - r i i K S, i t e oxi de,

car bon m%ngﬁg,aggdsﬁégr gg&%%{eg&%ro U(@b:“ Iaﬁ%?%%@fﬁ%@ gﬁe

especi al | ysPEP), synthasist efi ®DEr.e Incddneskey reffegpreothest tilse @oosppinehed vi a
aqueous extraction, gTefer%bly w%%h. ter, of a diol riqghghase fromthe
bul k react LF&82NEGUBFS. PPHBANEr &N FUPSOSD SSFRIWKL THNY epl2Bf:  (a)
Comt acti ngyat @ohgiPerahphany.t hin the range from 30 30 to 150 C and a
pressure within the range of 3 to 25 MPa,. an oxirane, particularly ethyl ene
~oxi de, car bon Rubhenride, canboniyér zged fied antds phmspdiine nbigardser -

m sci ble solvent.in t esence of .an effective amunt . 3 24 2006 of
a hormogenedt§ %Fﬁt?a???ggmﬁ?oPgr %E/’Itg[iiy(?ﬁ .1 yes’fle S (L:!Lonrrptrl?%i Onrée aygégal t
car bonyl cegpenagispoef epabl poaeveess ehbispiHinenAni-darghs eskeobal t car bonyl

conpound, and a_, cocatal yst netal, which is selected fromruthenium 5
copper, pl 8eiabHvehNdepREREdVENENSnd IRhPOMS £ASSFat SRR T $FYahHE

selected from a_phosphipe Li i.dent.at [
I\IiiPet.er ocy%??]cf?lgga%g?kg Ogorggﬁgﬁa%é -?{tg%%& s%rrlr%a p éo’s%%%%l. kane
| i gand, optleoaitytymméhefpldsehoetolipanprapeadred presfyeriabl yTledd

| i pophilic pronmoter, wherein the lar rati.o of |ligand to . cocatalyst netal
Lt b 1S | obHETTaRGEOB RBVE. TS, Jaronade 6F BRI EREOTE Dt |

0.40:1.0, ypdepnpeaaiheN) i §aAdE! HANs vArLEE A aQ dif QANGR s E£aELtEON
product m xture containi.ng an aliphatic 1, 3-di.ol such as 'PDO, 15 (b)

Addi ng an eoueensiélqusd.t dtsupdldehet eafiremedycidestinghlre ahd extracting
350,521 SEPUR L0, 038 Bl Lean e b Sl (R e,
1, 3-diol (PPEA1V8&t 9EembRExCPBEERhEAbhAR st siite heQ iconeRRIAtdnd Of -
1,3-diol (PDO 1n the reaction product mxture and-an organi c phase
conpri si ngotlker gaedifications, such as water extraction, enhanced
the use of a reducéd ratio and contributed to efficient
recycle.
20 Summary _
In accordance with the foregding, the present
invention is a process for hydroformylating and
- hydrogenating oxiranes, especia;ly ethylene oxide, carbon °
monoxide, and hydrogen to'p;oduce aliphaﬁic 1l,3-diols,
25 especiallerDO, in one step where recovery of product is
| aécoﬂplished via agqueous extraction, preferably with
water, of a diocl rich phdse from the bulk reaction
liquor. The preferred process comprises the steps of::
{a} _Contacting at a témperature within the range from
30 - 30 to 150 °C and a pressure within the range of 3 to
25 MPa, an oxirane, particularl? ethYlene oxide, carbon

monoxide, and hydrogen, in an essentially non-watexr-

miscible solvent in the presence of an effective amount




portion of the binmetallic hydrofornylation catalyst and preferably any
pronmoter; (c) Separating the aqueous phase fromthe organic 25 phase; and
(d) Optionally but preferably returning at least a portion of the organic
phase containing catalyst to step (a). This invention #&Mayed0po

dificati fo hatic
g?3[d:g?spgn§§g%c éy#%Déﬁbﬁﬁﬁﬁlfg fg%m2¥£$?8ﬁlééﬁgl§gkp fo:d | ess
| i gand at dmﬂmm@/mmlq&bmhlcmamdl hane feraivl pushy t hought

effective; and h oVi ter - 4 - 24 2006 extraction _to recover
r oquct | aifd SPEEHAIE Ve A S TR b (G LR Eh PG SRR B cant
‘economi ¢ @@\e@&taqg@,t aetdine wisernfi d edlicad 44 9ppsh of feksnidag, potential to

substantially reduce Ilgand usage and cost, while water extraction allows
rezycle ofcoaﬂpﬁézjroplt%tlémmatamc%/gamatdiumrh@lmblW/lemh phaskig@tédr educed

-thermal dati scription of, the Dra gure 1 is a
schenmat i c l;tglvmgn ﬁ%?“t%h Seed'r (E))c%esd; Eforr{tﬁaeplb? é@bﬁe\,\jﬁ‘gﬂ?‘?’o 10 Figure 2 is
a graph sbaweng:aaeploet @]t rite tRDE - HeaAas Sy OTH & €1 Sdisnd gand/ Ru ratio.
Det ai |l ed Description_of the Invention The present invention will now be

descri bedPRYPRRY i 1dgams e 20f £h PheasRhaianaaliane dbkdfnyi ng drawi ngs,
in 15 whj : f r I e t.can,
bpliSRKANS! 3 625 S roadinfdeCatd %%Mcﬁcé&e gi) @%@faﬂig

particul arly-in conbi nation, be benef|C|aI oduct
rEtovery, lc';pbah)iéticr @@pﬂﬂo@:eran@bhemeamlﬂheemmm o iofo eoDnetgarg to

hydr of or myl at and rogenat.i on ess for in phatic
_1y3 d|0|n¥ ©%8 8 B&EIEPFéq Omu§|ndng aﬁ%HQ§xé§ é%i&lﬂ%ﬁﬁ? | i gand
hydr of or mgl, gt i 0 CFB:&'f)é&Eblh/t oh2® :heen tpund d:nato, Riddectddigehen product

wi th water and errp oying a cobal t : cocat al yst -net al : | i gand cat al yst system
havi ng a Fenditéenserffacitdveotol pg@ﬁdlqehaw yeetiious Igrdsiidteved to 25 be

of fect | venl 3a0UARLAgRONS n e BB 3eD svntdiesl .o, Al it i

1, 3- di ol sTThE reduce St sys 'em L& protess costs by

b h mni mbxi n@dtdi&galmumqu@ousl |Jg.&ﬁﬁ_ce>1ﬂ5)5ﬂildi Orfd OCESS sosdhetons and by
preferenti al Ig pl aC| ng the ligand in what is possibly a 30 nore stable
conflguraFFBH TR, an bSﬁﬁHaFGlPHe18§8a§éP§%ﬁque°us ligquid a major

portion of the 1,3-diol (PDO) at a temperature less than
100 °C to provide an agueous éhase comprising the
' 1,3~diol (PD@) in greater concentration than the _

20 concentration of 1,3-diol (PDO) in the reaqtion product
mixture and an oiganic phase comprising at least a
portion of the bimetallic hydroformylation catalyst and
preferably any promoter;

{c) Separating the aqueous phase from the organic

25 phase, and
(d) Optionally but preferably returning at least a
poftion of the organic phase containing catalyst to
‘step (a). )

This invention relates to modifications of said one-

30 step process for synthesizing aliphatic-l,deiols,
especially PDQ, which comprise: a) employing 4- to 5-fold
less ligand at lower ligand/cocatalyst metal ratios than

previously thought effective; and b) employing water



metal which preferably is ruthenium Extraction with water optimzes
recycle of catal yst and enhances catalyst stability. The liquid extraction
does not entail thermal 24 May 2006 styess of high COStté a5§8% .
conponents, and, hence, .is an advaﬁfaéébus met hod for + @@%I f catal yst
during commercial production of high boiling products: such as

1, 3- pr opag&tirgiction 49 tiecyrer asrodict mngreeerele nveheipat - oThesges of

up to 10 carjbqn at pr rably. up. 1o a t hyl_ene oxi de
(Bo i n paperededr 1o, i o il £ fot TheRioRl e e E TES 0T TS by
t he hydrother mglealofonrgdanid dnigdid sFfges iie t petprnesebcecof a 10

hydr of ormyl ati on catal yst conpl ex having a reduced rati o, _of cocatalyst

met al : | | g&MEStaP AL b B i Wetpre 1 BiR Ie THRA 1851 oYR1LFe¥AREE by

char gi ng. axiape, / ' r, tion

o vent R o T P a0 SRGFEal A MR

m xt ur e ofthley dlodyem tamhassr bothorekics] shextmdl ydéegradatbbar ratio of 1:1
to 8:1, preferabl ) hydr of-ormyl ati on conditions. The
process otIife eSS GRS R S a3 HEE IR r at ed as a batch-type process,
continuous pregesse A il XLEHorANI® JHFIBAS o hoVRY §prébesseaturae of the
present invention would permt a continuous one-step process to operate

- nore ef f eprieseng dmyesftfiiari-ent |y than previously .possible. The invention

‘nr.ocess can be.carried.oqut_ i e ._..cont.i desi neous
Pje(gcti on m xt P‘g.ur?hg 75 raeé;(r%taltpgin Schoon |4 t)gr)\?#cﬁf pﬁe‘Er’}rgﬁ 1?8{??? node of
oper at i on conhRelrddenuserefus Iivgaidirm: podtaidty sol vent or solvent bl end,

(described below), and an oxirane concentratjon in the reaction mxture of
~at |east @Qetailemd Resoription oF &he MFSRELON th staged oxirane (EO).
addition is 3”91ep%&fe%rerrﬁd irRferAN MHOUS RRENSL | @é‘scﬂ-ﬂ?e@_nﬁ?%JﬁE pgaction
process includes conversion of the oxirane EO to PDO via internedi ate

3- hydr oxy pizappial,, wikth otefiexdragrarech arite hycleogesaay g t drPOEAR, sitiu. By "in
6 - 24 May 2006 situ" in this context, is neant, that. conversign, of ethylene
oK de to PBO%Ts SetAdy BRRCIAS ML T SeR S diom BRVe (RES n GRRGATPE

3- hydr oxy pippanalrtardiidt 16 Pres@iicta fon A 15& NGeRe £AERAYSkrigust em for both
hydrof ornyl ati on and 5 hydrogenation. The reaction is_carried out under
condi t i onsesbiestt itwe Aneduaidmseey smact¢ajn by susecycle, and '

overall economics of a one-step hydroformylation and

7 hydrogenation précess for producing aliphatic 1,3-diols,
20 especially PDO, using a cobalt:cocatalyst metal:ligand

' hydroformylation catalyst. It has been found that
extracting the product with water énd employing a
cobalt:cocatalyst‘metal:ligand catalyst system having a
lower concentration of 'ligand than previously_belieﬁed to

25 be effective is advantageous in the bne—step synthesis of
alipﬁaﬁic 1,3-diols. The reduced ligand catalyst system
can reduce process costs by both-minimizing the amount of
ligand exposed to process conditions and by - | .
preferentially‘placing‘thé ligand in what is possibly a

30 more stable configuration, i.e. bound to the cocataiyst
metal which preferably is ruthenium. Extrac?ion with

water optimizes recycle of catalyst and enhances catalyst

stability. The liguid extraction does not entail thermal




m xture containing PDOw th relatively mnor anounts of 3-hydroxypropanal
(3-HPA), acetal dehyde, and heavy ends (materials which are |less volatile
than the desired 10 product). The fol Lowi ng description_of the process wll
specifically hi'ghlight PDO but the process descripti on'%Main?tOQEded to. be

descriptive oCesS ' I ¢ 1, 3-dipl s well. For
best resul tss&??%[é %‘feo%gég %é)sf”:rg%%ﬁ%g%{ u%%neé&ti%ﬁ%%hd? ?bn@eﬁ?gélﬁ§at ed

t enper at ur earansbpaesage eus Reachdb@nfot erpeyal eir 85 cabgeyst ofuanhyent
tenperature, preferabl 30 C, to 150 C preferably from50 to 125 C, and
most  pref SFABISE 1 %@O‘?‘é)cﬁ-'i@n T Tkgh dartl bAd preedures guehaisSpressure,
or partial rRSSLE hdqigert gaseous 20 diluents are used) is desirably in
t he range f:f'om 3 tlga%%d%V@Pg, preferably fromb5 to 15 MPa, nost preferably
from 7 to 12 NMPa.the procesh ¢f odes present eoevennion) | oxjeamenl bF be

conplete w thin to .5 hours. The ope-step 1, 3-propanedi ol _preparation
process of up2§o ]}(ﬁec%’f%%neft?%'erﬁxf n° a@jﬁf%eugo)ﬁgeﬁi Eht ?/ndﬁg‘r‘,l? bed by
reference tahdidbhllesepaade EOLOMDI fieek S&EAFF iy 186 hybeperoghde 1,
car bon nonoxi de and hydrogen 2 are charc?ed to hydro¥or nyl ati on vessel 3,

whi ch can be%p Preks (FerFerrendmny ebsttdieubh by theubpieocol um or 30

agitated tank.. hwi se. ' ont i el The feed
streans are cor@%ﬁ%ﬁﬁlgﬁt&% Zbgjéﬁ%eéﬁ?&%he dw%'tjér??%ggngd %F netallic
catal yst ofhyiche fueseldticyedtialyst dompLeb: Ny 209 6a Foddwwedgri hito

hydrof ormyl ati on reaction, the .  hydrofornyl ati on reacti on product m xture 4

contai ni ng ° 58 S , rﬁﬁéa_]r:e]eﬂtﬁ‘?% ST VBt kf%gd%??l’éjc%@qiiléel%‘ét al yst,
and a m nor amyyd 10f3Q4NRArs rBACHLR %ﬁ%?:}ry% | ShPasseih o, extraction

vessel 5, to which an aqueous 1iquid, “gener wat er, and optional
m sci bi | i zioggalystuerand Aoe catveldysti oty exandictéact bonl sokoemt r at i on
of the PDO_ Liquid extraction can he effected b ny _suitabl e means, such
25 i xer - 8t PORE e THBE & 1t P O ST s, SFRF8 alfng di ok
. comsact or s mi xdred @ Hydydrd LRSI dHbdie M dd Rtk OWui tuply tiple stages.
The wat er-contai ni ng hydrofornylation reaction product m xture can be

passed to &od&n |Natga &k Ydotto shown)prefrenadsldl (&5 brE? Mt ol agiedrEe and

organi ¢ phg ofB¥m eaﬁrgﬁurliton(gii\% added to the hydrofornyl ation
reacti on product mXxture w1 génerally be such as to

- The process of the present invention may be operated
as‘arbatch—type process, continuous process, or mixed

20 forms theredf, however the features of the present
invention would permit a continuous one-step process to
operate more effectively and efficiently than previously‘
possible. The-inventiOn proceQS'can be carried out in the
continuous mode in a homogeneous reaction mixture. The |

25 reaction conditions which permit this mode of operation
include use of a moderate polarity solvent or solvent
‘blend, {described below), aﬁd—an oxirane concéntration in
the reaction mixture of at least 0.1 wt%. Reaction in 2
to 4 reactors with staged okiraner(EO) addition is

30 preferred for continuous operation. |

Thé one-step reaction process includes conversionrof

the oxirane EO to PDO via intermediate 3-hydroxypropanal,

which is formed and hydrogenated to PDO in-situ. By "in-




provide a water: m xture ratio within the range of 1:1 to 1:20, preferably
1:1 to 1:10, nost preferably 1:5. The addition of water at this stage of’
the reaction may have 20 the additional advantage of su ressing formation
of undesirabl e heavy ends. Extracti o Vith a relati vel 08 anount  of
wat er provi des an aqueous phase that is greater than 10 wt % PDGO
preferably ghtal’erint fdis2@ontxtPBE narfhe et erorevsersacdn et i s preferably

i ed out t t ithin the - of 5 t0-90, C . npst
ot of er abl y SBMYG88 CREL hongher % GRISRIAGY AU 18P 1A TheR 20f

condensat i ofhBr Qdkekfedi eV - oA G Y HndleGO NS i ffdendd Qeder to

maxi m ze catal yst 30 recovery, it is preferred to performthe water
extracti on auadagls eEledystofsystem do3 Mth hrdeafdimyeGiom dan@ MPa, of

car hon nonoxj 22:C to e L ar.bon __monoxi de he present as the
par ?3? al pr efég%rgg%tgp aglgff 'I\/BT%%Z&?@ Ctr%'gloé J‘gsasca '%(Jteuar(eo-l'g:on acllerﬁ ng ot her

conponent s, cstidh tasnsheftfeces vai tto hyddigen asrasad Jorpidtudieact i on step!

The organi ¢ phase containing the reaction solvent and the nmajor portion of

the bi met al PEELEELaFPEE2dEHDEe PDO didihe & srliddrh taey d%iTe tamVielsef to t he
g

hydro- for iyl alkes,8ackARvI@-fipriquenis Sddiarle B A MRl PNal4y passed
t hrough one or nore-aci d | on exchangé -resin beds 9 for removal of any
cat al yst pré¢mseheriAns wpticbnalrepdstshydilegsdat itwrarstde mesibeedonducted to

- 10 .conpl ete the total reversion, of al dehyde .inter iate to dio),. if
deditf e, - THREGTRFRL afPeudPor-OTdRgaResE hatchEr &f ByS dTEASI DT HH | n
colum 11 a@ﬂeegﬂeh@@ylaigﬁml@ﬁt\ﬂ@b@r HURX W b Xk 0 GRS i Ford UL § her

distillation (not shommg 15 for separation and purge of |ight ends.. The
PDO- cont ai #irhgndedetim bg darchappayec¢ i promesmemtie malsstatihen i on.

col ums 14 ég{-ﬁgggée%gag&iggg 13 L%gqtheavy ends 16. The one=step
n-an

hydr of or nyl ati rogenat ron reaction is carried out in a liquid

solvent inert tPokhpesteagkabts, Ble" phetkss 9seamidudtalid thrgleol vent is
~not. _ consuned during the course of the reaction. In general, _ideal
sollvent s wiFPRAbFiBIFi 9 BAPBAGRCADRERPES2tMNS Al REEsEtLS| (Rpaction

Ton L THSRLRLE SpE hoB BN shBYchs Smmpsetle polmeath L

: 30 °C, to 150 °C, preferably from 50 teo 125 °C, and most

preferably from 60 to 110 °C. The reaction pressure
_ (total pressure, or partial pressure if inert gaseous

20 diluents are used) iS'désirably in the range from 3 to
25 MPa, preferably from 5 to 15 MPa, most preferably from .
7 to 12 MPa. In a batch proCess, the reaction wili
generally be compléte within 1.5 to 5 hoursQ;

The one-step 1, 3-propanediol preparation process of

25 - .the present invention can be'conveniehtly described by
reference to Fig. 1. Separate or combined streams of
ethylene oxide 1; carbon monoxide and hydrogen 2 are
charged to hydroformylatioﬁ vessel 3, which canfbe a
pressure reaction vessel such as a bubble column of

30 agitated tank,-operated batchwise or in a chtinubus
manner. The feed streams are contacted in the preséﬁce of

the dilute ligand bimetallic catalyst'of‘the present

invention.




hydr of ormyl ati on conditions, while significant solvent wll remain as a
separ ate phase upon water extraction. By "essentially non-water-mscible"
is neant that the 30 solvent has solubikity in water at_25 C of |ess than
25 W% so as to forma separate hydrocarbon-rich phase 2%%%%‘&H§er
extraction of P romthe hydrofo |l afion reactjon mxture. Preferably
this solubility§$i{?¥%ﬁgtﬁﬁﬁlQﬁékﬁﬁggﬁb%aﬁb°9w§€a £PprEf8rably Iess than
5 W% The he@bdblhgbdt Pon Ofc£8EDON PPOQXELENE Rehibe sebestadnsagvent Wil l
general ly be greater than 0.15 v/v (1 atm 25 C, preferably greater than

0.25 v/v, X exsnddiPh, tehesrefctiont aalveebef theilbimetablicabl e sol vents
are descri bed | S. 304 resu i Lth-ethers,
i ncl udi ng %@%ﬁﬁ%éghdaggygl?ggé¥h%$§€g%p§§o%% ?§H¥%Q§%%§$n %?gﬁg%%fh an

al cghol or s of@és&d hyslr ogardovioduebseéhebs tackhileh 40 Aqneexanpl e,

met hyl -t - butyl ether, ethfl-t-butyl ether, . diethyl ether, ghenylisobutyl
ether, ethoxdy/@Btidi eenerally vakelt BPAPPTLRBRHi PE3pLBpYEZeR er,

particul arly,) JBiy| 51s bikglg %b&{ ﬁe_f%ri Sx EQ&‘E?&ﬁYaH&eESﬁESHtEQt&%QU' ate

the 15 conceritration of water In ydrofornylation reaction mxture, as
excessi ve amburiis PPOwabBquiddexer®OOiosetentbei ¢fibetod hycapyabl e | evel s
.and may induce formation of second quu%f hase._Accept abl e_wat er

l evel s wi | |5%€ Lﬁﬁﬁp?hes%%?v%ﬁtmﬁ§ﬁﬁfs Fgeﬁﬁrepﬁﬁﬁﬁ$ 96 gSFVSﬁts

gengral 'y norerd®f £5@2ntoPhmhé 9ber rdeheing CDSRNEGALAEPRSrsFor exanpl e,
optimumwater |levels for hydrofornylation in nmethyl-t-butyl ether solvent

are bel i evExtracteomi ¢an nif eesbngd b garpledsowkodnviand ipdRcentrati ons
are to'a laﬁ%%y%%grfﬁéSﬁ%t$¥—53§¥%%pf§#g@%&£6¥09$¥gg§§5n'Pe&?@iﬁﬁ'Vent’ as

i ntroduced ¥ extractron s XT rane concentration is

mai nt ai ned ptodudOWMikEyed tonnbai phgccdnsel &csével shgetarhc{hons. Oxiranes
w Il preferably be_ maintained throughout the reaction in 30 a concentration
not |ess tEPHRRAEYY TRFehitigenbreP| JIUGPERI APELRTEARLE BRaGe5 -t o 20% by

weight, preferafly dndh %xpé(té!‘@i%&edb@éeﬁih@”h§éfof8£ﬁ 14ekght of the

reaction. The process 0 e i1nvention can be carried out 1na- 10 - 24

May 2006 cargaciioos pootdycivmietuee nwhlhi genenatlFdeonueht aat kon, by

straged EO alzgjrdé\;{&an’afv?a{te?:é(?rggc‘gﬁfe rafio within the range of 1:1 to.
1:20, preferably 1:1 to 1:10, most preferably 1:5. The
addition of water at this stage of the reaction may have

20 the additional advantage of suppressing formation Of_
undesirable heavy ends. Extraction with a relatively
small amount'of water provides an aquéous phase thatris
greater than 10 wt% PDO, preferably greater than 20 wt%
PDO. -

25 : The water extraction is preferably carried out at a
temperature within the range of 5'tov90‘°C, most
preferably 25 to 55 °C, with higher temperatﬁ:es avoided
to minimize condensationlbroducts (heavy endé) and
catalyst decomposition. In order-to maximize catalyst

30 rebovery, it is preferred to perform the water extraction
under a minimum of 0.3 to 5 MPa, preferably 0.3 to
1.2 MPa, of carbon monoxide at 25 °C to 55 °C. The carbon-

monoxide may be present as the partial pressure of a




Cat al ysts useful in the one-step process schenme of the present invention

i ncl ude certai n honogeneous 5 binetallic catalysts conprising a cobalt
carbonyl conmpound and a cocatal yst netal .conponent, preferably a )
rut heni um copper, platinum or palladi Bimconpound, Iiéﬁy@dzﬂﬁﬁh a |igand
sel ected froma phosphine ligand, a bidentate or nultidentate

N-het er ocyckbealll gardmiatLdePFRRAINGd i@t YUmfbrdspholghoal kane
ligand. The nolar ratio of ligand to cocatal yst metal atommay vary from
0.2:1.0 to BLELRIES piéhehyBirpoem@sl Wedh PUkie eactHghestdpgand rati os

may be enpl oyednt,Q [ fC ion. . Qf. Li nds. _byproduct.s, hut result
in increased prg%gségggﬁggsgéggéugggggén66%£ﬁ¥lsgﬁ¥%e % sﬁ?ﬁﬁﬁﬂ df'%al ts
that are reHacedjbae pbetieroofaleredinieat=d Iy healzllyaatda@ntbd n an S

at phere of h Er&g&n and_ car bon nonoxide. Sufficient cobalt (0) should
be added tOIESK% BEelty OBx Fhfz EXEFRCHOP0 VERS okl &hed hesbaral yst et al

enpl oyed. A@gﬁfﬁg@gﬁ% régbalb C%’iab‘?.a?a%‘évou@“el}étﬁrar&]@ @iy particular
value. .-Suitably, the cocataPyst netal to cobalt nolar ratio can be as

| ow as 0. 050pt0pnpléfepabbgdOthrou@h ane. ogemenra lapidvdrdresedatomak 1 to
1:4, preferagbly from2.1_to 1:3, re 25 preferably from1:1 to 1:2.

Exanpl es ofr%ﬁ%ﬂ'égg%sg £8ﬁpFF§8?gﬁone?8 F@%aagﬁ§I94§ﬁﬁﬂﬁqw@ﬁes'such as
acetates, 06p8NOALESpoStChyd¥BpehadienPkeker ¥, s cMldudesahalt salts of
m neral acids such as chlorides, fluorides, sulfates, sulfonates, etc.

CoB&l t oxi decwplese hhfrbetaé mayepeipadods addshydey ingeamsslicte do i s

m xt ures of, se: €0 lts. The reduction may be perforned prior to
t he use of ?%%fba glgg%%fégf_it may be - 11 - 24 May 2006 acconplished

si mul t aneousl y Thé¢ hextieadyanof watgkal 0oBanpbeceesoikeriede byydr of ornyl ati on
zone. The anppunt gf cobalt present in the reaction mxture wll vary
dependi ng upbitthtabtARriReGeiBR dbnandi 88§YCledpde ol theematam y | al

wthin the dangeelof Blolsd ¥4 APEREERAPR! i8:091618n3 Mot %%&3 on the

wei ght of the reaction mxture. The oxidation state of the cocatalyst
melal atomfer sepacatiom| gndepuaga ¢folighanphds.i Bheh®mOy r ut heni um 10

.may have a valence, of O, to 8 ich even change during the course of the
hydr of or my| 01 G- P ed t T bh§am ££08?H?ﬁél9ésﬁﬁg %BIQPerSFi %% cocat al yst

metal to ol 1) Teyi MRl o Vs N4 ekati ¥ebyver9ads pAB0ES. oWt ARty
ends 16. o -
The one-step hydroformylation and hydrogenation
20 reaction is carried out in a liquid solvent inert to the
. reactants. By "inert" is meant that the solvent is not
consumed during the course of the reaction. In general,
ideal solvents will sclubilize carbon monoxide, will be
essentially non-water-miscible and will exhibit low to
25 moderate polarity such that the PDO will be solubilized
| to the desired concentration of 5 wt% under , |
hydroformylation conditions, while significént solvent
will remain as a separate phase upoﬁ watér éxtraction. By
"essehtially non-water-miscible" is meant that the
‘30 ' solvent has solubility in water at 25 °C of less than
25 wt% so as to form a separate hydrocarboﬁ—rich phase
upon water extraction of PDO from the hydroformylation

reaction mixture. Preferably this solubility is less than



cocatal yst nmetal sources include, but are nat limted to, 15 carbonyls,
oxi des, carboxylates, and netal. Exanples include triruthenium
dodecacar bonyl and ruthenium (1V) oxidg. _The cobal t conponent may be
ligated with the same ligand that is in the cocatalyst 24 ¢a 2900gand or

with a 20 [ ent gand,. The ferred ca ts onprlse a nostly
(essentiall?? w Fef@?ﬁtl?rﬁgﬁﬁPB%glgesﬁoﬁgPFgé g% §It conponent - and
li gated cocabahi$lipBtabnCOFPEHRHoN Ebﬁéﬁlaetehyﬁheceapée%ea SRAvRSt

i dentifi ed. bib5|gnature absorption peaks on an infrared spectrun1of t he

catal yst 28itbnpeseradhy Whegresheal yhannbtab wdy & himat 8§ WCih a
di phosphi n h S ne~phesphorus_li and IS of the genera
formul a: RRﬁkéﬁgggE}; SﬁgégggrgﬁénegcggQQZUp RBh ﬁFd|ﬁ8eBSEHEnP y or

joirily i s asthytdocaebbbchehesy of up to 30 carbon atons, and Qis an

organic bridgin groug of 2 to 4 atons in |ength. The group R or R, when
‘nmonoval ent, 2P k5| SOLyRN b3 &Ge, desgpibed {RyUoBa6onPRGeP8At kyl or

aryl, and p@@&@f@@m% OF Byt Be20ch %ﬁ@a wBL RMBrhBPE S ﬁ@iﬁgﬁh@heof up to 12

carbon atons. Al kyl /or cycloa groups are pre erre group Qis
preferably cpubnsedn@facgmbbo atbeass, wopthomayl{oim pambibabfica wiimph system

‘such as a benzepe ri 19, 9" C[ohex ring. re ef erably is an .
al kyl ene gr¥up? ?050 3°5raﬁp% Fhond ﬁg ﬂﬁaf% 3eng$ﬁh'§%§?rﬁrepﬁﬁaﬁﬁy of 2
carfgon  at ofsy | SxhMPDE N méL RPD-1 LBt N0t hEE, oéthkiuetﬁaﬁyxeetﬂbphosphlnes

of this class includes 1,2-bis (dinethyi 10 i no) et hane;
1, 2- b|s(d|e@h9¢@mbs%h¢eeaeehemellsqbetblset@ersoenhgxﬁﬁEbﬁhlﬁererhane

BDI BPE | o e;
12 bi o2, £ %(%*}F%%nﬁﬁﬁ%@%%éﬁ%ﬁ §LREP% particularly
1, 2- bls(dlemawmyﬁwmﬁwmtymrmtmeme 15 1, 3- bls(dlethylphosphlno)propane
1- (diethylphosphlno) - (dlbutylphosphlno pr opane
1, 2- bi s(di phenytphiss Wﬁﬁ 1 6¢ Rifeteqredyp %(H?%?%@%%e&%?phosphlno)ethane

1, 35bi s(2- ééh@ra%ﬁ%?’ H&%HQ@P¥%%P§ &ioég%m%%éégﬁﬁyf%QEEgbﬁ

phosphlno)e ane, 4, 4-1 nty osphi no) pr opane,
1, 2- bi s(di pﬁusnymmpsamlmo:)emsmmouﬂ'hesefgwwﬂ@s Redude RPDORyY be

substituted 1 Ih Ny WY 8 A SO QLT DS EPETB N E Sha Ol laglguPS R and/or
formation of a second ligquid phase. Acceptable water
~ levels will depend upon the solvent used, with more polar
2Q solvents generally more tolerant of higher water
concentrations. For example, optimum water levels for
hydroformylation in methyl-t-butyl ether solvent are
- believedeto be withiﬁ_the range of 1 to 2.5 wt%. Water
concentrations-are to a large degree set by the
25 solubility of water in the solvent, as introduced for the -
extraction step. . '

The oxirane (EQ) concentration is maintained at a lew
level to minimize unseiective side reactions. Oxiranes
will preferably be maintained throughout the reaction in

30 a concentration 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.

The process of the invention can be carried out in a




groups R may also forma ring with the phosphorus atonm(s), such as’a
phosphacycl oal kane of from5 to 25 8 atons. Exanples on 5-ring systens

(phosphol ano-based [|igands) include 1,2-bis (phosphol a th , 1,2-bis
(2, 5-di net hyl phosphol ano) benzene, opt F‘ﬁaﬂy pure (R %f)ﬁ?yl;db%) (S, 9
1, 2-bi s(2, 5-di met hyl - phosphol ano) ethane or its racemc m xture.- The ring
30 itsel f moptieurars myfdes miitlie inmisyesiming B B ofncenthating, syst ens
may be found in the ore t.i oned.~ 691 ent and in WO A-9642717. ' In the
f or mer pho?ﬁhfgi@geéyﬁooﬁ%r{%up‘?%re@(ﬂ&ﬁ% bed, in the latter adamantyl
- 13 24 May 2QQR diije® sOREF1an0Gh RIS Riad + 4 @tg i ayed O decyéngr €8ps in
particul ar are described. D phosphines wherein both groups Rand R forma
ring with tihe pressndr devadmalr e ngphadereestaihoprIepeeterred | i gands -

arez 1, 2-P, R -his. - sgngl o3 ._3!5% £Rodd{nonyl) ethane
(he5r ei naftéjrmﬁglgar\]l-% %a]q{gg , 2- Iff,%@r?lpr&oép%nqé an % (|£t S 'mﬁS- P, P' - propane
anal ogue (hemgicwid eindBIPBNHtalFdtemetaly ghrgsphent, | pgefesakie a
comercially _avail able. Catal sE;ts, Prepared therefromare kngwn in the 10

art and t héY-HegdnB SRR par Wy s B T SRR EEh U S Patent
Nos. 3, 401’1%.%%%:@ Wit & SL%and& e RIGSRD fifor | HpKISs PRI ne aiﬁ?aﬁ)@,, partially
p

oxidized to osphine oxides.in the manner described in the 1691 patent.
15 When | i deitdemd atiee arutnhdriidgntate pi-disterxeyokit al ygandmedal , with a

di phosphi ne ligand, far. exaple, it .is .hypot hesized th he sult is a
tef'?i arpy di%&g’&ﬁ% %ﬁ‘%ﬂ? Fh % RN a%%??)'?’&%%%,i’bg%’?‘?t ?nflgm al so be
a bis (teridiany rdphkogEhingdnd hanicsdatenysiec aidoay | at @0 sagpoand.

Unl i gated ruthenium carbonyl is believed to be an inactive sg cies, and

|
the catal yfrogy dpardt-ilorko therdf dte Braiaraly | §ad @ balnte ub hdhi nPat om

Where the |y, i r [ ' 1 clic
conpounds #&%Z‘%%eéﬁ'%%élg]&%%ﬁe%’cé@%?%%ré%%e@?%%ﬁ%%d %?I\?ﬁgﬁ%%g-&s{t ep PDO
synt hesi s s Nd ghite erci3bdiprodiheis urbwiated 1t couplecrSasedbpeocgpes of

‘bidentate and nultidentate N-heterocyclic |igands include, but are not
lit?ted toC9S&Fnes such as pyrinidine, pyrazine, pyridazine, as well as

30 benzodi azi nes Ut AL MUNALRLLNR A S8 HRLAG S a1 b senat dipes such as
' ‘ reduced to the zero valence state by heat-treatment in an
atmosphere of hydrogen and carbon monoxide. Sufficient
cobalt (0) should beradded to completely oxidize all of
20 the complexed‘cocatalySt metal employed. An excess of
| cobalt can be added, but is not of particular value.
.Suitably,rthe cqcatalyst metal to cobalt molar ratiq can
be as low as 0.05:1.0, preferably 0.1:1.0, and generally
varies'frﬁm 4:1 to 1:4, preferably from‘2:1 to 1:3;Amore
25-_ preferably from 1:1 to 1:2. Examples of such salts
coﬁprise, for example, cobalt carboxylates such as
-acetates, octanocates, etc., which are prefe;red, as well
as cobalt salts of mineral acids such as chlorides, o
fluorides, sulfates, sulfonates, etc. Cobalt oxide or
.30- hydroxide may be fed as a slurry. Operable also is

mixtures of these cobalt salts. The reduction may be

performed prior to the use of the catalysts, or it may be




2,2' -bipyrimdine (EPYM, 1, 10-phenanthroline (PHEN), di-2-pyridyl ketone,
4,4 -dinmethyl-2, 2'-dipyridyl, - 14 - 24 May 2006

5, 6-di met hyl phenant hrol i ne, 4, 7-di methy{ phenanthroline, 2. 2'-biquinoline,
neocuproi ne, and 2,2'-di pyridylamne; multipyridines saﬂﬁh§§um6

"2,4,6-tripycidyl-s=ztriazine -(TPTZ), .3, 6-di-2-pyridyl-1,2, 4, 5-tetrazine,
2,2 :6,2" é‘:?é‘r“@#‘é?ﬁe?%%- 8?‘??%37}%%1%;/%&% E?é’,g%é’ﬁ‘r&r VAR dyl ) -

5, 6-di phenyprdcés4- Lhi 8RENBydRYFOENYE atIohy @oaxypyri dine, and quinoline,
parti-cularly the | ower cost honnlogues derived fromcoal -tar extracts; and
certain 2, 6- pyr T8§| amgunki afscebahtapresenbi uNtpRenghction mixture .
met hyl i m no i gi 2. 6-hi s[ 2.6-:diisopr | phenyl.) et hyl i m noj -
pyri di ne. P%£¥%rgég§hé€%§§§§§9iggégng§gn8§hF6rr8§8%§én FP&gﬁ%§9Pﬁ6Iude
2,2'5di pyridyt ¢DLPYyen@ralipi puiinwditheén €BEYMpngandf 0.01 to
2,4,6-tripy%id %-s-tr'azingy(ngg). In the case where rutheniumis |igated
with a 15 p OE% ol BRSSFREALY QuPPabPelpRo¥biel BRSSPk QReEhENEEIGET BEt are
‘not.lintedckhe, rdade bis(Rhsabel ano) ethane, | o

1, 2-bi s(2, 5-di net hyl phosphol ano) et hane, 1, 2-bis[ (2R, 5R)-

2, 5- di et hyl phoEphopaidd et pranetate 206i she28pcssaigss-metal atom is

di met hyl pho o) hane;. 1:3-bLs(2, 5-di net hyl hosphol anqQ) pr opane;

di ety phosgholanel et e 42 S 2, b e YL 2ReBhgRlel209R

trig[ (2, 5- dhapt iyt phospiDeee®) 6£hyl to 8nMvA€chOhay even change during

1,1, 1-tris[(2,5-dinethyl phosphol ano) - ethg[]ethane._Partlcu arly. uséful are

bi dent ate, tIf sTPRBEDHOF aHes dpkdretosmyhabionf seaekaaple, 25 1, 2-bis' [(2R

5R) - 2, 5- di gt byl pho ol ] e , -bj s (

5S) -2, 5-di rret%l pho‘i%ol%]rg‘%ggﬁefégwf Bt codafall 8t (f8ra) to wo, plus

1, 2- bi s(phospbolamyy eihanel tiPom phel atbvel gabdsagenengkky saipabse four

pyrrole- 30 Hégg #%ne'nnieties, arragged‘in a cgclic structure, that nmay.

optional | y F I NS g SRMFCRE BER{PdendPak yrresnptt 1iméhed B6rh on

thespyrrol exgingeypad Qniddle CORASSEY NG B! NiRg FLOYPS  ppuhb@BLe Por phorine

ligands in - 15 -~ 24 May 2006 the pr%ctice’of tﬁﬁi #nveng?%hﬁgﬁclude

oct aet hyl - igutigtile | isisrutiteriionm apddeys porpboyl nesd msthehiums (IWe  cl osel y

rel ated pht kﬂgyanines. Generally the preferred counter ion is believed to

be cobalt ¥& racarbonyl ([Co(CO4]-), although the ion in the active

catal yst may b&hed doMllfd GnigBhdie o) -bdal{gadd thersobgé t sgpEpouNd nay

be nodified with (excess) - ' ' '
ligand that is in the cocatalyst metal ligand or with a

20 different ligand. The preferred catalysts comprise a
mostly (essentially), preferably completely, non-ligated
cobalt component and ligated cocatalyst metal compound.
These catalyst complexes can be identified.by éignature
absorption peaks on an infrared spectrum of the catalyst

25 'composition. _ |

The cocatalyst mgtal may be ligaﬁed with a
diphosphine ligand. The diphosphine phosphorus ligand is-
of the general formula: | | ' ' |

, RRP-Q-PR’R’ .

30 wherein each group R and R’ independently or jointly is a
‘hydrocarbon moiéﬁy of up to 30 carbon atoms, and Q is an
-organic bridging group of 2 to 4 atoms in length. The

' grbup R or R’, when monovalent, may be alkyl, cycloalkyl,




tertiary di phosphine, e.g., up to 75 nole% preferably up to 50 nol e%
However, the counter ion is preferably the 10 non-ligated cobalt
tetracarbonyl. Cobalt carbonyls can be generated by reaction of a starting
cobalt source such as cobalt hydroxide Wi th syngas, as%é@é’r%@éd in J.

Fal be, "Carbon Mnoxide in Oganic Synthesis", Springer-Verlag, NY

(1970), for rxamilealidh e £04B) Yois }F@é’f@ﬁai@l pafedpbyot be shepvhse
method, which is preferred,-or the self-assenbly nmethod, both of which
are di scuss@d IS efMare) @Rt errb He seF i W dte nl AoFerbeet atpmsn BlylPat ent

No. 6, 469, 2 t fery | S dvention, ~the:

condi tions %%réi/{dl}n é}%%%’ﬁ?ﬁ%?ﬁ%?ﬁ%%%r%% sr}é %CQ%SSEUthas to
favor the frorefstriadd yofcanpasgad edlf radiemn umomeppeliicpl Béiyn8orm Part

pal lﬁadi um speci es,, rather_than Cﬁ}el isgat d cobalt , species. Wether generated
by stepwi se Or SEPRSIEHHRY SUH 295 R Hroebal 7i EYEhPRFFIRE

exhi bit speglific Aty d By ey ib.aa%’aﬂéyféﬁf_‘ﬁf@@piBfUZ,S'BPQI:enf ‘No.
6, 469, 222. The presence of the cocatal yst netal- [igated species rather
t han the Codl icgaben ffesisesinmadergth cordsty matefgralel g . of IR aazbysis. 30

The optinu I.0.0f ;oxirane feed t.o binetallic cat st,conplex will in
“part depen?a&%%nr‘? tl%e lﬁgrg[t?lc'uIAaPO%M%%W%@%d?P%%WE T2hoYar ratios of
oxirane to tighoephdre swidithitd e leaial vsd 1 @ B2 S5 DN 2ide t Ry10, 000: 1 -
16 - 24 May 2006 are generally satisfactory, with nolar ratios of from

50:%° t o 500PROBEIAGOPLENENEEd L ATO IR GHSERMRRATRIN BRRERIRE hi xt ur e
opt1 onal |V, 1290y sR! qhelibine Wehladhiife b6l AlistaiEpmol or 10

accel erate the reaction rate. ronot ers'1ncl'ude’” sources of nono-
and nul ti valleBt-bist({dli cyatliches ydfphesph irligs et Isrody as al kal i, -al kaline earth

and rare eart tgl. . sjlts of carboxylic acids., Exanples of alkali netal
‘salts that agéggézﬁ'fao Ad TeMetpie st e St PR ¥e, 10 sodi um

i odi de, pot assiyiksi(adied8v1nhed rpnlgqrpgo?, fd;t hi um acetate, potassium
acetate, cesium ace(t ate, yarlfg1 Igglrt I cula Iay sodi um acetate. Al so suitable

ar &9 i pophi L 8-piertgietsydpolspdino) paipanies [Fhostivhi wiplsadpisi mmid-3-
imparting BOUPSRHEPREPE RrdPEPeabRant i iy GE R RS et . By
"|ipOphi|iCéthénﬁﬁamt2LB§b(EH@y@&@ﬁék@ﬂp&%@@%ﬂﬁb)ethane: 1,2-bis (2~
- pyridyl, phenylphosphanyl)benzene; 1,2—bis(di¢yclopenty—
phosphino)ethane; 1,3-bis(2,4,4-trimethylpenty-

20 phosphino)propane; 1,2-bis(diphenylphosphino) benzene.
These groups R and R’ may be substituted with non-
hydrocarbon groups themselves. Both grbups R and/or both
groups R’ may also form a ring with the phosphorus
atom(s), such as a'bhoéphacycloalkane ﬁf from 5 to

25 8 atoms. Examples on 5-ring systems (phospholano-based.
ligands)_include 1,2-bis (phospholano)ethane,
1{2—bis(2,5~dimethylphospholano) bengene, bptically pure
(R, R), (R, S), (S, S) 1,2-bis(2,5~dimethyl- |
phospholano)ethane or its racemic mixture. The ring

30 _itself may be part of a multiring system. Exampies of
such ring systems may be found in the aforementioned ‘691

patent and in WO-A-9842717. In the former.phosphabi-

cyclononyl groups are described, in the latter adamantyl-~




remain in the organic phase after extraction of PDOw th water. Lipophilic
conpounds may include, but not be 20 limted. to, quaternary anmoni um or
phosphoniumsalts, [|ipophilic am nes,. @g arsine, and |ipophilic phosphine
oxi de. Such quaternary amoni um salts include benzylttehHay ni um

acetate, be fry I i . i.de, ' benzyl t ri met hyl ammoni um
hydr oxi de agé)klzeS dﬁﬁ‘%ﬁ%@%ﬁ?@ﬁ%&%&%ﬁ&ﬁﬁc PG MRS hose
avai | abl e updertitudatr ade dese rFBHAQUARphSEH iplees el i roOXddes i ncl ude:
tri phenyl phaosphi ne oxige rtributyl-,Bhosphine oxi de, _

di met hyl phedyPEREs FhPRE Bxi d8XTafd TingeMiiip kbepRhREPhOTES. atom are

Tri phenyl phesphcheeaxi dgel ;03¢ PREFeGHar u Sych _ar sijpes .i_ncl ude
tri phenyl arsi ne. and t(igthglargine. Di ne%%?%ggge%gﬁaﬁf%e%ﬁagnuéég W th
good r esul t $rRhprehakarprés [SuAndli 2ad/om TdbRe13.(nbhel) &Fhadé May 2006

pronoter w | el esent ,in an,apou within the range of 0.01
to 0.6 nDIeéhggggﬁ%?ég%fgggggl??’Cﬁ%?n@h@&ggnE?6P§Pp668répﬁéﬁrwﬂFP require
efficient djBuPePlipgasgdanat ahysbgheCcoueryinkkpeeS88pkyakhy conmplete 5

recycle of catalgst to the hydrofornylation reaction. The catalyst recovery
process may i nvBFiertiwrvrohdfehinepsigandgi ang ngommnericihdlgbove- descri bed

wat er extragyionspie. P c NEX| romthe, hydroforpyl ation
pr oduct mixture,  The o?%%%? g%ﬁaéégggﬁ egﬁéggﬁ%%% ?SetEEXYB 18" the
-hydof or ny| art oand ebise br , mek hbd opf | prapapat gen of s heayyripadsinThat portion

of the cata . Which.r LN | th the_aqueous product phase may be
recover ed a%%§%%29%?2%j%Fg#a€ﬁ¥%l?%?na%egﬁ%p%9$t?%ﬂ §cﬁ£ﬁe?1ﬁnc¥h§ing
thermal  sepes@bhOne (THdhds ahd Pra1séSse Oal Eé‘fﬂy'&xi&fz&@t%y“ 15 -
formul ati on decreases the volatility of catalyst - conponents, "al |l owi ng
recycl e wi tBReFRh R tordghabe themanher ndéscetovdr in separ a6ddns such as

distillatiqﬂﬁgén evaporation. The follow ng exanples will serve to
illustrate ‘the ED i nvention disclosed herein. The exanpl es are intended

only as a nmeandilndn illigetimmy itdte ancrEioull, Nale Bfre £OPSEA USL B8] 8L T1 Ng
Fecogni 76 TEHRLwaF) o 1o SR TRAPIE bl gmnib, i ahcekamsbey t bl rom the 25
spirit of tH]&adiih%CsJ:&%%ﬂ é%@@ﬂ@@es@?%@ '\éE%ArLti%xlaypclifﬁq&s-gﬁgine
ruthenium tricarbonYl compound, but it might.also be a
bis (tertiary diphosphine ruthenium) pentacarbonyl
20 compound{ Unligated ruthenium carbonyl is believed to be
anrinactive species, and the catalyst.preparation '
therefore seeks to ligate each ruﬁheniﬁm atom.
Where the ligand is a N—heterocyclic,Aarlarge number
of N-heterocyclic compounds havée been identified as
25 - suitable ligands for the one-step PDO synthesis using the
cobalt-ruthenium catalyst couple. Suitable types of
bidgntate and multidentaté‘N—heterocyclic ligands
include, but are not limited to: iazines such as
pyrimidine, pyrazine, pyridazine, as well as |
30 benzodiazines such as quinazoline and guinoxaline;
bispyridines such as 2,2'-dipyridyl (DIPY),
2,?’—bipyrimidine {BPYM} , I,lOQphenanthroline (PHEN} ,
di-2-pyridyl ketone, 4,4’ -dimethyl-2, 2’'-dipyridyl,



Bat ch one-step syntheses of 1, 3-propanediol (PDO from ethyl ene oxide (EO
and syngas (CO H2) were 30 conducted in a 300-ml stirred autoclave with
stirred draft-tube gas dispersion to iinsure excellent gas-liquid mass
transfer. Reaction m xtures were preﬁarlgd“l n an 0_2-fre24313(¥ OBox usi ng
02-free solvents and chemcals. - '18 - 24 May 2006 Preparation entailed
wei-ghi ng bétfeshine Usy lphkermanihnel bie, d cobdimethutphenapthroline,

trirutheniumgdecacarbonyl, ‘a catalyst |igand,(g,9,.bidentate,phosphine or
amne), a lbg%ac oh P Og“r%rlée’r T Q%PPE%H?%'m %%‘gt &t g) , dﬁﬂﬁrégyiéﬂﬁqem
sol vent m xiiltg s inBaded dcras@ fhectof fpyreagl-ortrimmssnko 150 grans.

M xtures were added to the stainless steel autoclave bodé} capped with
TEFLON st opld&TZ)andd 4§ s el &k - bf 2 t heo g obeabpdnret o2t Ke: Peadt or

i r
e

assenbly. - Ehfqg-i a 4 r-4ac K)ot ' ' r t QL (he ur ged

Wi t% ni trog}:(g-r%EF sléf)edr aét’esa%%fr?gé})nl#ﬂlmésk%g%hegﬁgdgt éatggrfi\gi%g)or body
rcontainingEt,rﬁ&da'jphenyﬂs-i-]t,i2/,64-r1£m:'cﬂiine;rrip@n:t@ineuch—hjadroxyppnidﬁnaying t he
stopper, the body and head coul d pe . connected under f] ow nitrogen, to
xcl Ude ai ARG IS0 0 P 5 Vi T et Webr Eo8tr BRARATBFBseyr od
three timgR Wivdy HAPGRIL -G 4.2TOMer AEWs I eshdUL rt 9XY 98N6-Jhei@ppLopri ate

syngas ratio for reaction was then established by pressuring the reactor
wth a targétimimesumuadf 42,2 foothionet-mhyeny ks suethglivnihohpyyhdage (CO 20

a HZ) bl en i the desi composition .Since a 'one.step’ synthesis of
oS T B Gl - P BRR oy e B et RREHRLEBL: "L hes: o
gas, to prewrdaine. maddhennlhet@eyilicydgasoahds hfogohsecChs

stoichiometric conposition:,; 25  Hydrofornylation: EO + H2 + CO -> 3-HPA
‘Hydr ogenat ildgangisqpRcluge 2, 2 3imxyigiek e( DBEHPA" 2 &' TREP BT BPEdERS pr opana
i nt er medi at fQr ia E£Q _hydyr r A _ati.on. , di ng makeup
syngas of t(%gys r?en%(riilgt/iz?f 46{;8 &%ﬁl{:%ndxln% tg%l?%%q%vgfg??g?,o reaction, a
const ant H2/ COIsyny&s deate ovhemd druisheminimntiss netlgafiéd weklctaon m xture was

e e i e S T S R e o) O
~catal yst speei e RGO i@ tidy nQuct ionaf (HREeR6IANG) dyragal |y 30
m nutes were allowed for preformng. The reaction .
1,2-bis(2,5—dimethylphospholano)ethane, 1,2=-bis[ (2R, 5R) =
2,5—dimethylphosphoiano]ethane; 1,2-bis[(25, 58)-2,5-
dimethylphospholano]éthane; 1,3-bis(2,5-dimethyl- -
phospholano)propane; tris[(2,5—dimethylphospholéno}f
methyl)methane; tris[(2,5—dimethy1phospholano)ethyl]—
amine; or 1,151—tris[{2,5~dimethylphospholano)—
ethyl]ethane. Particularly useful are bidentate,.
bis (phospholano)alkanes such as, for example,'
1,2-bisT (2R, SR)—2,S-dimethylphospholanb]ethane {BDMPE) ,
1,2-bis[ (28, 58)—2,5-dimethylphospholano]ethahe, a
racemic mixture of the two; plus 1,24bis(phospholano)—
ethane. ' ) | |

‘Porphorine ligands generally comprise four pyrrole—'
type ring moieties, arranged in a c¢yclic structure, that
may optionally also incorporate various alkyl and aryl |
substituents both on the pyrfole ringé and on the

connecting methine groups. Suitable porphorine ligands in




apparatus was equi pped with a pressurized sight glass 5 filled via
transfer froma small cylinder (0.5 kg capacity) equipped with dip tube to
allow transfer of 5-50 grans of ethyl gee.oxide to the sight glass, for
nmeasured dosing into the autoclave reactor. A nitrogen 263@% 3 of 0.5 to
1.5 MPa was_.mai nt ained on.the. EQ 10 cylinder,,and the sjght glass apparatus
was prepr es%llﬁ S A 15E aO:Fri ﬁ?ﬁnlrrb\ferb%so%n%}uﬁ?t?%’tﬁﬁ{fgg%"éh t hat EO was
transf err eqdssidr thdd CAregt dier PPl p OFpNBr i hds AVOS dwe I BOASESH&NI ch woul d
al | ow expl osi ve sel f-deconposition. (?oncent rations of EO in.the final
reaction modaFel werelaed|phthkaleeyanises han 15 wei ght percent, to avoid
regi mnes where | .QS{ -\ iflo ce I

t enper at ures. é’e;/ér%geaés)aslv\]/ég %géezgg}t)é?éplﬁfees%uée tﬂeeplfc‘ﬁr%ém%%gf%{f% tto g}l)%ss into
t hesr eact oredmltnitidtatacarb@ael | OICs (T0) 4pon, Zbtiackigh i thhe oforAQn syngas
was consuned per the hydrofornyl ati on and @grogenati on reafti ons descri bed
above. The ‘¢t rdEpotii %Lﬁ%é%%yitf“ﬁp? JRt B 19D e hERT t byl via a
pressure trgnsfd t&h AN EGRANHD Ia WaYE GRod 81 A PEES PLkEe gk 1 ni shed from
12 to 8 MPa, the 25 reactor was mandally refilled wth syngas. The reaction
was assunmed-econHE et eliglerspriossure. apt ake e nThishbek ¢ oprabgrilplplepr at es.

The reactor L fitted with a dip.tube which allowed _|jiquid sanples to be
taken at ddS gt S ST 30k (rRRTHak ef 97 31T PES T RPRL Y il e wer e
punged thrqiegh-1 e« Red e asserdd arhdn @I detol £l ©bdat BoRy BaNPAE be

representative of the stirred reactor contents. Sanples "could be collected

directly i Wenenafechiny TRAGLIV OF fa X g t| $PRTeRaP Y sABf
catal yst spegla. nNESS SREGHA Wifad OUW! dOs Ol TLgT entbyy5dabl e to
all ow anal ysis within m nut es “of® sanpling. Alternatively, the' liquid

sanpl e was'GeathefrulMond:iras tire drtdumiumg hs ant had 23'hal Sist angler -eVé&rkadg ut i on
chilled to_zerQg ecﬂreets centi ﬁrade to trap wunconverted EO This sanple was
shot. on a tNgnp@'rgt re * Y dgt capillary gas chromat ograph equi pped with

flage ionizati ghdetAGG s fOmAN MY Hreftirat9RctRd FpwBsdiRfetnod,

i nternedi ate, PDO product, and acetal dehyde/ et hanol 10 byproducts.
Separ at e | iwdpiicth sisany st asaresl arat yWied 48l f-aassembipauethedopyotlb ebnfirm

coba (- LA Anfl o a0 e )y SIRSPULAL | 208 T oLl o000l Y
detail in U.S. Patent No. 6,469,222. In the preferred
embodiment of this in&ention, the conditions and, in -

20 particular, the solvent, are selected such aé to favor
the formation of a ligated ruthenium, copper, platinum,
or palladium spécies, rather than a ligated cobait
species. . :

‘Whether generated by stepwise or self-assembly, the

25 preferred bimetallic catalysts exhibit specifiC'signature
infrared.bands, as discussed ih U.S. Patent
No. 6,469,222. The presence of.the cocatalyst metai—'
ligated species rather than the Co-ligated species may be
confirmed by, e.g., IR analysis. _

30 | The optimum ratio of oxirane feed to bimetallic

| catalystAcomplex will in part depend upon the ﬁarticular

complex employed. However, molar ratios of oxirane to the

cobalt within the catalyst complex from 2:1 to 10,000:1




personnel exposure to ethylene oxide and carbon nonoxide. 15 A CO detector
and fire eye provided nonitoring and protection. An electrically heated

j acket provided tenperature control for the reactor. Autonmated _
overtenperature shut downs were inclutded®for a thernocodpiMay2Q6he react of

jacket. A rupture disk or 20 EO-conpatible pressure relief valve was
enpl oyed t oapeogertertzld yr eatticrf st rgs s enitlty gl nstaoves psesseer. Table |

shows the final con tratigns of catal yst conponents tested via
prepar at i onéBi:br t%ﬁ’i g'%@é&n IngTRReLeF T&%ws a dilute |igand comparison of

the self 25 assenl yyaRed ratRRWa%S ofl SRR hPdet u M B 1
met hyl -t - but yl et her @E = di phgnyloet her ‘Ij"ﬁ = t-tbuut yﬁ% 0 %][ Y Z?Lnd 24 May
2006 00 m nprefezmbCym wililmimc@u@emaCalad-al-yBa@aduteC+tal) U1 + r-i 0 U)

0 VS'PnfZZ”E%EE&%@QE%”t%EAreaction rate. Suitable promoters include
sourcés of mono- and multivalent metal cations of weak
bases such as alkali, alkaline earth and rare earth metal
salts of carboxylic acids. Examples of alkali metal salts‘
that have been found suitable include sodium bromide,

10 sodium iodide, potassium iodide, sodium borate,-lithium
acetate, potassium acetate, cesium acetate, and
particularly sodium acetate.

Alsoc suitable are lipophilicrprométers such as
lipophilic phosphonium salts and_lipophiliq amines, which

15 accelerate the rate of hydroformylation without imparting
hydrophilicity (water solubility) to the active catalyst.
By “lipophilic” is meant that fhe promoter tends to
remain in the organic phase after extraction of PDO with
water. Lipophilic compounds may include,'but not be

20 limited to, gquaternary ammonium or phosphbnium,salts,
lipophilic aminés, or arsine, and lipophilic phosphine
oxide. Suéh quaternary ammonium salts include

" benzyltributylammonium acetate, benzyltrimethylammonium
methokide,fbenzyltrimefhylammoniuﬁ hydroxide and’

25 ethoxyiated'quaternary,ammdnium salts such as those
available undei the tradé namerETHOQUAb. Such phosphine
oxides include triphenylphosphine oxide, tributyl-
phosphine oxide, dimethylphenYlphosphine oxide, and
triethylphosphine oxide. Triphenylphosphine oxide is

30 particularly useful. Such arsines'includé triphenylarsine

" and triethylarsine. Dimethyldodecylamine was used with

good results in the examples summarized in Table 3. The
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prbmoter will generally be present. in an amount within
the range of 0.01 to 0.6 moles per mole of cobalt.
Optimum commercial operation will require efficient
dilute ligand catalyst recovery with eéséntially complete
recycle of catalyst to the hydroformylation reactiomn. The
catalyst recovery process may involve two or more steps,
beginning with the above-described water extraction of

PDO under carbon monoxidé from the hydroformylation

'product mixture. The organic phase can be recycled to the

hydroformylation reactor, with optional purge of heavy
ends,-That'portion of the catalyst which remains with the
aqﬁeous product phase may be recovered and recycled via
an alternate separation scheme, including thermal -
separation (distillation). Use of ligand in the catalyst
formulation decreases the volatility'of catalyst
components, allowing recycle with the bottoms phase from
thermal recovery separations such as distillation or
evaporation.

The following examples will serverto illustrate the
invention disclosed herein. The examples are intended
only as a means of iilustration and should not be
construed as limiting‘thé scope of the invénticn in any
way.’ Those skilled in the art will recognize many
variations that may be made without departlng from the
spirit of the dlsclosed invention.

EXPERIMENTAL

Examples 1-42

Batch one-step syntheses of 1,3-propanediol (PDO)
from ethylene oxide (EO) and syngas {CO, Hp) were
conducted in a 300-ml stirred autoclave with stirred
draft-tube gas dispersion to iﬁsure excellent gas-liquid

mass transfer. Reaction mixtures were prepared in an

Oo-free glove box using Op-free solvents and chemicals.
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"Preparation entailed weighing between 0.05 and 2 grams of
dicobaltoctacarbonyl, trirutheniumdodecacarbonyl, a
catélyst ligand (e.g. bidentate phbsphine or amine), a
réactionﬂpromoter (e.g. sodium acetate), and solvent, or

5 solvent mixture as needed to bring the total reaction
mass to 150 grams. Mixturesrwere added to the stainless
steel autoclave body, capped wifh TEFLON stopper; and
transported out of‘the glove box to the reactor assembly.
(TEFLON is a trademark). o

10 | - The fixed reactor head was purged with nitrogen. A
separate nitrogen line wés connected to the reactor body
cqnﬁaining'the air sensitive reaction mixture, such that
upon removing the stopper, the body and head could bé
connected under flowing nitrogen, to exclude air. The

15 | sealed assembly was then depressured and pressured three
times with nitrogen>to remofe any residual oxygen. The
appropriate syngas ratio for reaction was then
established by pressuring the reactor.with a target
amount of H;, followed by pressuring-with a'éYngas {CO

20 and Hs) blend of the desired composition. Since a “one
step” synthesis of PDO from EO was desired, a 2:1 ratibz
of Hp/CO was desired as synthesis gas, to provide for

| additional “make up” syngas of the‘correcf stoichiometric
-composition:| ,

25 Hydroformylation: EQC + Hp + Cd —> 3-HPA
Hydrogenation: 3-HPA + Hy —> 1, 3-PDO
where “3-HPA” is the 3—hydroxypropanai intermediate
formed via EO hydroformylation. Thus, by addihg makeup.
syngas of the same ratio as thét consuﬁéd by the overall

30 reaction, a constant Hs/CO syngas ratio could be '
maintained.

The reaction mixture was first heated to the desired

reaction temperature (typically 60-100 °C) under 7 to
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- prior to introduction of EO reactant. Typically
30 minutes were allowed for preforming. The reéction
apparatus was equipped with a preséufized sight glass
5 filied via transfer from a smail cylinder {0.5 kg
capacity) equipped with dip tube to allow transfer of
5-50 grams of ethylene oxide to the sight glass, for
measuréd dosing into the autoclave reactor. A nitrogen
pressure of 0.5 to 1.5_MPa.was maintained on the EO
10 cylinder, and the sight glass apparatus was prepressured
 with a minimum of 0.3 MPa of nitrogen, such that EO was

transferred under a protective blanket of Ny, to avoid

regimes which would allow explosive self-decomposition.
Concentrations of EO in. the final reaction mixture wére
i5 limited to less than 15 weight percent;'to avoid regimes
. where explosive decdmpbsition could occur at reéctiqn
temperatures. _ |
Syngas was used to pressure the EO from the sight
gléss into the reactor torinitiate-a reaction run. Upon
20 addition of EO, syngas was consumed per the
hydroformylation and hydrogénatidn reactions described
above. The corresponding decrease in pressure vs. time
was logged via a preséure transmitter and recording
device. As the pressure diminished from 12 to-8 MPa, the
25 reactor was manually refilled with syngas. The reaction
was assumed complete when pressure uptake diminished to
negligible rates.
The reactor was fitted with a dip tube which allowed
liquid samples,to be taken at designated intervals.
30 . 'Approximately 3 to 5 grams of sample were purged through
the dip tube assembly in order to obtain a sample
representative of the stirred reactor contents. Samples

could be collected directly in an infrared cell for off-
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rottled through an internal standard
solution chilled to zero degrees centigrade te trap
unconverted EO. This sample was shot on a temperature
programmed capillary gas chromatograph equipped with

' flame ionization detector for anaiysis of unreacted EO,
3-HPA intermediate, PDO product, and acetaldehyde/ethanol
"byproducts. Separate liquid samplee were analyzed by
atomic spectroscopy to confirm cobalt, ruthenium, and
ligand (P, N} concentrations. _

' The entire assembly was houeed in a hood to prevent
personnel exposure fo ethylene oxide and carbon monoxide.
A CO detector and fire eye previded‘monitoring and
protection. An electrically heated jacket provided
temperature control for the reactor. Automated
overtemperature'shut downs were included for a
thermocouple in the reactor jacket. A rupture disk or
EO-compatible- pressure rellef valve was employed to
protect ‘the reactor and assembly against overpressure.
Table 1 shows the final concentratlons of catalyst
components tested via preparations in this manner.
Table 2 shows a dilute ligand comparison of the self-
assembly and stepwiee preform method.

MTBE = methyl-t-butylether

DPE = diphenylether

TBA = t-butyl alcohol



- M
W.INOWOHG l
w & —_ o .
W OO0: ~O =
WH/OOO 1 Vm
w 'S a_
O3 OQ——g=>n _ ,
OEoanf..nmrﬁhw - Sscol 1679 oF g 06| 06| oz'o 9GIA| 8z'0 0E°0 0E° 0 5T
a B - .
Wml e Z0v°0 | Tog se| ¢ o8 . 08| otr-o C o ggmd| 820 S50 | . 0L'O A
S X g ee@N ss0| sse trf s 08 o8| oro ‘IEIN| 8z°0| ss°0| o0L'0| €T
W04 O = - . _ .
S w o LIEBO S P80 | ovior SH g 08 “os| oto 9IR | 820 55°0 |- 0L°0 Z1
>z momvov@ o| ‘tsto| ovrIt €2 g 08 08| ot-o ‘ 9EIR | 8Z°0 660 0L'0 11
omoooﬁhm w Ees 0l 09w op 5 08 pgl o010 94I0/YaL %0E | 8Z°0 §6°0 0L"0 0T
=0 OMOMm%.M - Mﬂl.o Sv'6 8¢ g’ 08 o8| o010 SELA/VELR0E | 82°0 5570 0L*0 6
WO.OOO o968 L Yzeo| Lot 15 G 08 08| oto IGIA/VEL30E | 820 §6°0! . 0L°O 8
. AP =S . : - ; . . .
WOOOM” o0 0 - S8°0( 69°TT| 691 4 08 08| o0z'o IHL/ZGINY0E | 2270 0E"0 0€° 0 L
©z ez ] SECICY IS ) I TS L9 g 08 08| OT°0| = EHIW/vEl B0E|{ LZ'0| -09°0 0L°0 9
o — P : :
Olo.\mwo &gl = mu| se6'11 96 . g 08 og| otro FAIR/YELE0E | £2°0 09°0 0L°0 g
SE £ o Oﬁw.b Uﬂmw o| oo-er 5T g 08 og | or'0| AGIN/YELE0E | LZ°0 09°0 0L°0 b
o .

WW EZd 06 @F w590 zg'TT 2z G 08 08| o0z'0 BEIN//AHLB0E | €€°0]  0Z°0 0E"0 €
0 © mMO oSE Q.ﬁHuwa o| 681 €€ G 08 08| 0T-0 AEIH/AHIR0E | 6€°0 05°0 0E°0 z
: +— 1 =z : .

-8 596" 0| zoor s¢ 5 08 o8| o010 ag90a/302%0e | eec0 |  opeo 0€°0 I

P O —~ e
Ee . mn; -zZ> Q/
E.ﬂrm £=- E—. g/ T/
EZdo rrW .
e — oad ITAT %
© E_o o Z : . ,
SOQP%;OLO%O “A3PT3S ¥aH e3ex | el oL ny A . 0D
FW mnvM%mmmu ' Z ¥aH +0ad uoTy 03[ wory|{ wxoz &IM ] : /pueb on| /asiouw
—_ o .
_ o~ MP o0 .NI%E - TeuTd —oeoy /CH | -oeay | ~o1g | [s1s] JuaATOg -1 /oy -0Ig “¥q
owoT oz — :
© Z 0o @) .
«— O — OO0 - o ,
ErnTZ0225°-8 ATqUesSY-3T9S eTA sTseyauds 0ad de1s-ouo puebTT 93nTTQ Yoleg 1 oTqeRL
o Z 0O0- > ,
oZ_
1OEN01Ob '
. — o0
2su=z8Tol2Ys%




HO 24 May

AfC IIN

24 May 2006

| SWAV CQHUI r |

U JJ HWNO Q7. -

-
} ih
armmH CerOm |

u
|

lv a4 NVI!

i mNv/NO Ct oOHO SuNcrti

A fTION T, |
as
- 22 -

N

970 [ €570 96 9% s| - o8 08 0T°0| V8L/36IW T:T oadI| 08'0| o09-0 0] e
000 #z'0| o0s'p PT g 08 08] or'0 VAL/IEINTIT0GT | 08°0| 09°0 90| it
S8°0| 29°0| 91°1 el s 08 081 02°0| (AHL/FEINTITIONAT |- €€°0| ©OE'0| qe'g| of
| *SE

PL°O| €870 pETTT| gy z| o8| _ 08| o10 FAINY/VELE/0AAT | . 1270  09°0 oLd| ve
€9°0 9z°0| 61'g 01 z 08 08| 0T'0| d3audo/valc/oad 1| tz'0| o090 oLg| e
90°0f oL0f wo's | ° os S 08 08| o010 s | szoo|l - og| - ovg| ze
TT°0| 080 P68 bp S| o8 08| ot'o FAIR | 8Z°0| "00E°0 00| 1t
BT°0( 8s'0l sive | e 5 08 08| or-o| WIN [  BZ'O| 0c°0 00°4| ot
Lol 68°0) g0y 9¢ S 08 08| 50°0 WK | 0E°0| 00°% 19°0| 6z
s6°0| 8ol se's | . gz s 08 08| S0°0 caama | oetd| 00'1|  wovel| sz
86°0| 89°0| 908 "1z S o8 08| 500 BWAR| 00| 00T 979 1z
S8°0F Tr'0| eb°1 v z| ser|{ - 08| o0z'0 dHL/33G%0€ | . 8Z'0| o0g£'0 g0 | oz
9€°0| BLO| 00°L | . €02 4 06 06| o0z°0 |WIN|  8z°0| 0€0 4| oz
20'0| 8vo| z9'6 05 b 06 06| oz'o| " FEIN | 8Z°0| 0E0 g0 vz
PS'0| ¥9'0| €0'6 A s 08 08§ oT"0 IR | Sz'0| 0970 oL'g| ez
S6'0 | 970 Tzt be s| os 08| 010 '~ EEIW| sz'0| o090 oLl ez
620 6L°0] €9 ov 5 SL{ oL| oto IWIN | LZ°0| 09°0 oLe| Tz
LL'o| 890 T0L vz S St oL| ot-o samd | 20| o090 aL'g| oz
16°01 <90 86t ST S 5L oL| orof . 38IN | LZ°0f 0970 oL'o| 61
26°0| 68°0| 15 €1 S 08 08! so‘o MR | 860 | 660 00‘0| 8t
66°0| 80| 89 0t s 08 08 5070 o dEIR | 9g 0| 5570 000 L1
+91

24 Nm

kd

.4i 010 OC TmroC -P.cl|

v NOOOOO o ON N vac-1
-

2006




14+ C

o
o
o
o
) .
oo
=S
1 < %
m o]
]
>
=
w,m <
= <+
o &
© O .
)
(@)
(@]
Oo
xX O
S
O
o
= £ | _
m -
N el o™
7 o ~ TayrstAuaydrp =~ m4q
« EE 1 ,
W mm - I9Y3d TAng=3=TAyteuw = IgIN
ZI ~ :
| mmm TouRING-3 = YHL
mmm ueIinjoIpAyerlsy = gyl
Mm. Z-N8d6d = puebrq
m ame 91B1300-BN = IdJOWOIJ
I x ,
Z
2:3 |
c -3 ¥ 0 L8°0 Z1°g 65 g 08 08| o010} d9IKW/004 30T LZ°0 09°0 L9°9 47
o @© : ) .
= g oL-0 650 ZL'9 1€ S 08 0B8] 01'0 J41W/00d $0T | 1Z°0 03°0| ° 1970 157
m _ Z9°0| 8¥°0 016 | 4 S 08 08 0T°0 q9IW/00d 20T | L2°0. g9°0 L9700 0b
L _ , : ) _
.GW "~ L¥T0 LE"O 00" % GE g 08 08| 6T'0| vEL/3dIW T:7 0a41 08°0 09°0 £9°0 6€
°_Z
M >
mo
o
™ o
c o
o
—“uno




w"a~~ 0°

N
(q\]
(q\]
R
<
[
g I
S =
p=
Vv <t
T c©
3L "Inoy xad sumToa PTNBIT o 183TT 1od pewrol wdH + odd Jo sweab se pesseadxe 8jex uoTIOBRI = Y/T/9
S , _
Q= _ ‘ TAuoqIeoe3003TRQODTR
U . .
Pm FO UOTITPPR Aq pemoTTOF ‘TAUOCHIERD UMTUSYINI y3Tts puebtr autydsoyd yo wiogsrd = dsag
@M ‘ asyzeboy pesurogyead g/ny/o0) = ITeS
I )
< L _ suey3s (ourydsoydAanqost~Tp) sTq-2 ‘1 = Adg9rad
2= . ‘

m & 800°€| 99701 | 6252 | BL'O]| L9°'ET ¥| TIE0}| 08B0 00'2 S8E°0|" 7O T'0| OVWOeN| 3T®S| Z-Ndded | 9
m ' TST %) BET"L| s8°rz| €970l ez 1T €| 1e'0| 08'0| 00'2 S8E°0| ¥vro| 10! ovoen| zTes RAEIAE | G
mm EVO°Z | L98°% | ET°TIS| OL'O| T6'9 T| TE'0]| 08°0} 00°2 GBE'Q P'0| T°0| ovoeN | deas| gz-Ndded | ¥
m zees| ¥10°s| o5'sz| 6v°0| peol £ TE'0} 08'0( 002 G8E°0 P'0| 20| ovoen| de3s |  =agIdd | ¢

W AUCT - g/

. . *8IH

~c 23 $3M _ 04d | svaH : puebTT | 0D/ Xd

+ W YaH oad | ys1/o « | +oga| ®%Fe tT] :ing| oD a3ey ng ! g3M | TejoW | wroa | puebTT |
M, . ¥aH | davw Xy -uspYe | w03y | on| -oxzg| -sag

sy SpoUlsl wiogsid eostmdslg 'sa ATqusssy-ITeg JoO uosTIRdwo) puebIq ajnyIq

8% | - | |

3 Z o1qeL

om .

o ‘o

S-o 9r-£y seTduexd
LT _

g

F —

g=o©




C O0..4r-1 10 10 ro4-1 .00 UN (1) 4) Or1 Hi r-1 0 4aN04 HIO () C O
.40 S 14-1ro4 Uri aCx at 00 - 25 24 May 2006 Water Extraction The
wat er extraction should be done at a regyiced tenperature relative to the
reaction step, and under CO pressure, to suppress degr #dPHA0EF net al

) I men hi s was
carbonyl 5 ﬁg{g{yﬁ%trEQEnge current batch experinments, t s

The water extraction should be done at a reduced
temperature relative to the reaction step, énd‘under CO
pressure, to suppfess degradation of metal carbonyl

5 catalyst. For the current batch experiments, this was
. accomplished via cooling the reaction mixture to 45 °C or
lower. The desired amount of water,(tyﬁically 1/5 to 1/10 -
of the reaction mass to effect concentration of product)
was then added to a small cylinder connected to the top
10 of the reactor and “blowcased” into the reactor via
application of syngas pressure. Extraction was
accomplished via stirring the water/solvent mixture (two
immiscible ligquid phases) ﬁsing the same autoclave
agitator as that used to mix and disperse syngas during
15 reaction. After stirring for 0.5 to 1.0 hours, the entire
| mixture was transported to a separator assembly
comprising a pressure cylinder (500-ml) with a bottom
sight glass sized such that the bottom 10 to '
75 milliliters of sample would be visible to allow visual.
20 " discernment of the interface between solvent and agueous
product phases. The separator assembly was maintained at
a température below 45 °C and at a pressure of at 1eést
3 MPa of72:l-syngas (minimum 1 MPa CO partial pressure).
Under these conditions, ﬁo decomposition of metal
25 carbonyl catalyst was observed. Aqueous product aﬁd.
solvent phase could thus be separated. B

The separator apparatus was equipped with a bottom
drain valve to allew draining of all aqueous products
(typically 10 to 40 grams) intd'a sample vessel. The

30 remaining solvent and catalyst could then be bressured
back into the autoclave reactor, to effect a second
reaction cycle, taking into account the loss of solvent

and catalyst due to sampling during.reaction. Five or




acconplished via cooling the reaction mxture to 45 C or |ower.. The, ,
desired anount of water. (typically 1/5 to 1/10 of the reaction mass to

ef fect concentration of product) was then added to a smull cylinder
connected to the top 10 of the reactor &md-"bl owcased" i2Atd2Y B eact or via
application of syngas pressure. Extraction was acconplished via stirring

the wat er/sgbyenicyBrdsic@lidpe IdFHTd] Sdidill L phaBesiveSiHgst e sane
autoclave agitator as that used to m x and di sperse syngas during 15
reaction. APPévesti pichgatalyrts prevend asb frurthdre emmimatidnxt ure was
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millilitersthe zanpicdesowod pheceesi hite at @ialdtam susl ys©20 di scernment of
the- i nterface between-.solvent and aqueous product phases. The separator
assehbl y waSOREPREZATd®at  a tenperature bel ow 45 C and at a pressure of

at least 3 pRanofe2: h7sygpgas (mninum 1l MPa CO partial pressure). Under
t hese CondiTTUﬂgT_nU*JECUhpositiOn of netal- 25 carbonyl catal yst was '
observed. Agueod@sspragscrfabdtchsekpentmphidse wasulabrichuestdik tsepar ated. The

separ at or appar at us S ui d.with bottom drain valve to all ow
drgining of8§W?n5g65§%ét goagp S 11EYy Bitc ¥ALP T F SV AE FAkSCIFHRD ' a sanpl e

vessel . Thep38dhetabAdn&esPienbrangdecataby thteaWst tham he ppssured  back
into the autoclave reactor, tao effect a second reaction cycle, taking into

acddunt t hevabss-Bissdbdensolygatcrhabpst due to sanpling during reaction.

Five or - 26 e, cycles could b ff.ected before cunulative
| oss of soIveﬁfh%ﬁ%eégggFg@EXBP%Geﬁ?QHr%EFéhgﬁ%é;aﬁﬁ%ﬂﬁ(9. m%ihX'ﬁally,
addi ti onal setwebttgaukdhbe andsH)t endl hews Ghane@fCleahdrpipraceed at a

di futed catal yst 5 concentration. @ Exanples 47-52 A series of batch
exper i ment sS9B%SRbndiet ER1EovadenBASHr 4t & OREMF & IGABR1ST water recycle to

recover | Prackiohy BROxERGKELC (OkoBILSLERORRLA VBl WA A dfetay

wat er - m sci bl e sol vent phase. e reactor ure conprise
metlByl - tercemienyt, eOhbd GNEBE) ofintrizu8hgnams dbdeidsazaiborsyl,sol vent. To

o St S faPatls®BE PhofBR2Lh pfaChRLLETERTENI e, SV GRS TE )
dimethyldodecylamine promoter, 0.1 grams of triethyl-
phosphine oxide (marker for nmr characterizﬁtion of

phosphine ligand), and 1.0 grams of toluene (organic

marker for reaction species). The mixture was charged to

1500 psi (10.3 MPa) with 4:1 Hp/CO.and heated to 135 °C

to preform active catalyst. _

The reactor mixture was cooled to 90 °C and .
12.0 grams of ethylene oxide (EO) were added to initiate
reaction. The reaction was allowed to proceed until gas
uptake stopped, indicating'virtually cdmplete conversion
of EO. An additional 10.4 grams of EO was added for a
second reaction phase. After gas uptake again diminished,
;he reactor contents were cooled to ambient teﬁperaturé
{< 30 °C) and 25.2 grams of deionized water were added to
extract product under 3 MPa of syngas. After 15 minutes,
the extracted mixture was transferred to the sight .

glass/separator (under syngas pressure) and allowed to




15 content, 0.54 grans of trirutheni um dodecacarbonyl, 1.50 grans of
"BOPBN- 2" bi dent ate phosphine, 0.4 grans of dinethyl dodecyl am ne pronpter,
0.1 grans of triethyl- phosphine oxide ggﬂr ker for nnr characterization of
phosphi ne |igand), and 1.0 grams of tol iéne (organic 20 2826400001 1 eact i on
species). The m xture was charged to 1500 psi (10.3 MPa) with 4:1 H2/CO
and heat ed PBa$85 SCParEtEreffiemrasuilid ngaralopiict. 1pyen Gf gramalr e was
cooled to 90 % and 11,240 £9¢ ﬂ]r’r%h%f S%k%éla%%% oxXi de (EO) were added to initiate
25 reaction. The reacti on was roceed until gas uptake stopped,
i ndi cating virt Thel yemadrphegeuppwellsyeﬁr wafs EQanAfeadadid ibawad t30.thegr ans
of EO was added for a  second reaction _phase. After gas uptake again

di ni ni shed, Te8f&Fe30CorebsATER EnE0e "Codine®tt § :dnBYasaS-e i M@Bur e 30 (<
30 @ and 2543i4r am® rehiydeori-Zed 1MaLek ‘é(ers%c%‘il:gle(}eta% 1 At fr oduct
under 3 MPa Of syngas. After 15 mnutes, the extracted m xture was
transferr edTb@St ﬁe“ogeght wagl agmtsamldatthnroallgﬁudér cyypigas prigds ures)alarsd
allowed to ho l ig gla 2006 phase separate. The resulting product |ayer
(29.3 grams‘)3 Was ar ﬁ a Fr’omthe separator. The remaining upper | ayer was
transferred back to the reactor and reheated to 90 C under 4:1 syngas. EQ
was again introduced to initiate a second reaction cycle. This process
was continued through 6 cycles, with results shown in Table 3: ro O - 28
24 May 2006 4J rn-vonfn 04J 1'-~nctrnw, ~04 4W XNTNNWN W 4-) U roQoPrul r 400
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While the net yield of PDO from EO reflects both
reaction selectivity and extraction efficiency for a
given cycle, an average holar yield of 88% was obtained.
Some catalyst was lost each extraction to the water
phase, but the overall reaction rates per mole of cobalt

remained nearly constant. The PDO product strongly

- partitioned into the water phase, whéreas the catalyst

preferentially remained with the upper solvent phase (see
Table 4, below). Importantly, the conversion of 3-HPA to’

PDO remained high for all cycles, indicating effective

. recycle of the hydrogenation catalyst component needed to

effect a “one-step” synthesis. Table 4 shows the analysis
of catalyst components leached into aqueocus product for a

number of the cycles:

Table 4
Cycle # Phase Co ppm Ru ppm P ppm
0 UL 2145 1650 1850
i LL 1100 1600 1600
3 LL 41 50 200‘
6 LL 71 6.4 65
3 UL 800 300 1000

LL = lower aqueous layer

UL = upper solvent layer

Significant amounts of catalyst components were lost
with the fi;st water extraction. This was consistent with
visibly poor separation (“rag” layer). Howeﬁer, given the
small ratioc of agueous phase solvent (1:7 HpO/solvent
extraction ratio), this did not result in significant
loss of catalyst. Subsequent reaction cycles and
extréctions produced clean aqueous/organic phase

separations with efficient recovery of PDO (Table 3) but
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24 May 2006 While the net yield of PDO fromEO reflects both reaction

sel ectivity and extraction efficiency-f® a given cycl & May 34&r age nol ar
yield of 88% was obtained. Sone catalyst was |ost each extraction to the
water 5 phapéw DessébeopverehlyteaghhpBnbates (Rah1B0Y§ Ofrneolall, 1 remi ned
nearly constant. The PDO product strohgly partitioned into the water

phase, wherRper hgotueatysayepreaer analgkby neénthrednd off tieaaipiper. sol vent

o nea- ni e rorebystE, SWis' PREEREDPRY o RostPabanEbadc POIANEE
hydr ogenat i tie cat b y541 coapanest aggdgdrioorabfiechaati@nenst ep” synt hesis.

Table 4 shows the analysis of catal yst conponents |eached into aqueous
product forceeihiphent ofor meliyeperongnbse (4ocyRie aPHadCHeP@IRYS PP ppm

0UL2145165Q&959u;H&$L99£§q9%§99.3LL4150200 6LL716. 465

Significance:

Recycle one-step reaction experiments demonstrate an
‘ability to effect a primary sepa:étion of catalyst and
10 - product via water extraction. A majority of product is-
extracted into the water phase, while a majority of
catalyst in active form is-retained‘in the upper solvent
phase and which can be recycled back to the reaction.
Ligquid extraction deces not entail thermél stress of
15 | high cost catalyst components and hence is an
advantageous method for recycle of catalyst during
commercial production of high boiling products such as

1,3-propanediol.




6UL8003001000 LL = | ower aqueous |ayer UL = upper solvent |ayer 15

Signi ficant anounts of catalyst conponents were lost wth the first water
extraction. This was consistent with visibly poor separation g"rag"

| ayer). However, given the snmall rat+a3Dbf-aqueous phasez4MiayanRes (1:7
H20/ sol vent extraction ratio), this did not result in significant 20 |oss
of catal yst. Subsequent reaction cycles and extractions produced clean
agueous/ organi ¢ phase separationscwth ef §4 @i ent recovery of PDO (Table 3)
but - 30 24 May 2006 | ow | osses of Tatatyst conponents (Table 4). The
final upper solvent |ayer was analyzed at the end of reaction. The

anal ysis shows fretention of a_sulhstantial.portion.of, the_original catalyst
and a favorgblegp%F?F?FSn% chﬁPEFEFEHta#6583%9c03ﬁ§ogéﬁ§§ PéoF%Ru, and P)
relative teaokpeisgeeous phase. Significance: Recycle one-step reaction

experinments denonstrate an ability to effect a primary separation of
catal yst an@) 10CerbagEing atwat EpMBRrphBrPoNitPIRRLBRI E¢NER FEeFuSO i s
extracted ipto eo h Ll 8;8K00) PLLt Y20 at al yst Jon\agtive
formis retg§n%§6in&?égaugpg?gggﬁegnglegggsghgngawkfc% cgn¥%é.5recydléd
bacls to t heanearirane, Lcgubdnembneaecfiden dadshgpdtogehai lint ker mal stress of

15 high cost catal fé conponents and hence'is an, adv ta%Fous net had for
recycl e of %%?%P?%% ¥ir PR “WEBﬁﬁ§W&FSFbE?088 VEBH of %gﬁh MO RNR] duct s
such as 1, 3,Ppeepanediel amoudt of k AcholferedftsMBYmé@BG1Lc A-process for

producing aliphatic 1,3-diols which conprises: a) Contacting at a
t enper at ur ehyilrafarnpéatingecktohysd cowprbeing angohagitesamenyilt hin t he

f 3 25 5 ' L ,
casont i al | y-RBROUAR cPu 2c - oPa tegPSE foFAT KETERE s taPe R OB, | 07"

amgunt of athenpgenpousnbisetiagl be rhyHeat ompytappetr,callaltystuncorpd sing a
cobal t carbonil conpound and a gocatal£st metal which is selected from 10
the group cB®biadiwg. ornfdurhéshukf ébdpperd PLabi Aulhidard selected

from the group consisting of a phosphine ligand, a
bidentate or multidentate N-heterocyclic. ligand, a
porphorine ligand, and a.phospholanoalkane ligand,

15 optionally in the présence of a promoter, wherein the
molar ratio of ligand to cocatalyst metal atom is in the
range of 0.2 :1.0 to 0.6:1.0, under reaction conditions
effective to produce a reaction product mixture
containing an aliphatic 1,3-diol;

20 b) Adding an agueous liqﬁid to said reaction product
‘mixtgre and'ext;acting into said agueous liquid a major_
portion of the aliphatic 1,3-diol at a temperature less
than 100 °C to provide an aqueous phase comprising the
aliphatic 1,3-diol in greater ccncentration thanithe

25  concentration of the aliphatic 1,3~diol in the reaction
product mixture and an organic phase comprising at least
a portion of the bimetallic hydroformylation catalyst:
c) Separating the agueous phase from the organic phase;

and




pal | adi um and which is ligated with a ligand selected fromthe group
consisting of a phosphine ligand, a bidentate or nultidentate

N- heterocyclic,ligand, a porphorine |igand, and a phosph Iangﬁégane
ligand, is optionally in the presence of3a promoter, whereMay mol ar
ratio of ligand to cocatalyst netal atomis in the range of 0.2 :1.0 to

0.6:1.0, undej repeibnaltondetiensngehiecbh¥e HLOoLB; e ction product
m xture containing an ali ghati c 1, I?::(-;-di ol ; 20%b)E Rg iggg%ar?%a(rqt&%ous liquid to

sai d reacti oREprBHEcPhagexcansaandngxceabelysy itot stea daaqueous liquid a
maj or, portion t ip hatic_1,3-dipol at _a tenperature |l ess _than- 100
'C to provi d%' an%%ﬁ%%%é%%agg Egﬁ‘bﬁhi%i Hgstfan Ef"ﬁpﬁSE:’iaétlFﬁ-’:HﬁoBWi n
greater concemtpahndnishan &bseRbis0ngenbratbareal cbbalal icQ!}%Foinglli 3-diol .

in the reaction lEl_:loduct m xture and an organi ¢ phase conprising at |east
a portion of PR° idetal lic hydr of ornmyl ati on catal yst; «c¢) Separating the

aqueous phasg frgmt ni . and . 2 2006, . - 32. g tionally
returning at | east agig%%g%nb%fgjg%séﬁs %r‘g’én?cwg ‘EgéncngaFﬁ?ﬁ )aggt)gal yst to
step (a). 2.1Thedimwbcessl pd-prapanddiderein the cobalt carbonyl conpound

is an essentjally nonligated cobalt carbony|l K conpound. 3. The process of
clains 1 or 42 \M?é}eeim:? A1 P oY cona,%fd%/%mm%ng 8opgopBAEALB| the. The
process of anmuyane 1 &S -2 WS £i . | b gag c | yst
nmetal nol ar ??ti ois in the lr%sn%gnéo%a 10 %égojt:%@bot %QOQQO?%O%@&@T%Z

prot@ss of dh2Zbre bftelGi4®: 1.0 4 wherein the cocatalyst netal is

ruthenium & T racess of any one of clajng 1 to 5 wherein, the
cocat al yst tr%'\e't al egpé:o Jalt° rﬁ)‘ﬁaa%/nlf at'to c?é ‘gjtaJrIE%Si tBotit WheEepnoBhe. 7. The

process of awea0nd aft atetid® ils teathdiidher conprising extracting residual
catal yst frogmthe aqueous phase and returning said residual catalyst to
step (a). 8°-Thdhsr peasesst afpherst off #lmims tb o whewkénedn the | east a

oL o0 o eI R O il ks ALV BRES nELED ()
1, 3LPDO prepPadéd Iby a process ' ' :
7. The process of aﬁy one of claims 1 to 6 further
comprising extracting residual catalyst from. the aéueous
phase and returning said residual catalyst to step (a).
8. The process of any_oné of claims 1 to 7 wherein at

20 least a portion of the organic phase containing catalyst
is returned to step (a). | ' o
9. A catalyst composition for the‘hydroformylation of
 ethylene oxide to 1,3-PDO prepared By a process |
comprising: :

25 a) forming a complex {A) by contacting a cocatalyst
metal compound, which is selected from‘thé group
consisting of ruthenium, copper, platinum, and palladium
compouﬁds, with a ligaﬁd, wherein the molér ratio of.
ligand to cocatalyst metal atom is in the range of

30 0.2:1.0 to 0.4:1.0;
b) forming a complex (B) by subjecting complex (A) to a

redox reaction with a cobalt compound.




conprising: 25 a) formng a conplex (A) by contacting a cocatal yst netal
conpound, which is selected fromthe group consisting of ruthenium

copper, platinum and palladium conpoupgds, with a |igand, wherein the
nolar ratio of. ligand to cocatal yst —ms?glhatom is in thed Mandl0ef 30
0.2:1.0to 0.4:1.0; b) formng a conplex (B) by subjecting conplex (A) to a
-redox reaction with a cobalt conmpound. - 33 24 May 2006 10. The
conposi ti onl8F &P& FPFPREdLdOR Checéapl © vhemsdindhes cabaddsential |y

nonl i gat ed Eggﬁbhnﬁaﬁgogﬁles%%%QQHEQy nonligated cobalt carbonyl

compound.




