WD 01/ 70658 PCT/ EPOL/ 03277 PROCESS FOR PREPARING A 1,3-DICOL Field of the
I nvention The present invention relates to a process for preparing a

1, 3-di ol Ry dirgegoenating a feed conprising a 3-hydroxyalgghyseos;t he
presence of a catalyst and a 5 hydrogen source, wherein syngas is used as
hydrogen source, and the catalyst is a heterogeneous catalyst conprising
copper on a support. Background of the Invention 1,3-Di ols have plenty of
uses, particularly in the 10 synthesis of polyners. For instance,
"CORTERRA" (trademar k) PR&CESS prsiRy eRRRARIFM AL (F-D103- pr opanedi ol (PDO) and
terephthalic acid, which polyner has outstanding properties. Substituted
versions of PDOmay find simlar wuse. Commercially attractive routes to
prepare such 15 1,3-diols are therefore highly desirable. One of the nore
i mportant routes for preparing 1,3-diols involves the hydrofornyl ation of
an oxirane, followed by the hydrogenation of the internediate

3- hydroxyal dehyde. An alternative process involves the 20 hydrati on of
acrol ein or higher honologue, again followed by the hydrogenation of the
resul ting 3-hydroxyal dehyde. The hydrofornylation of oxiranes (epoxides)

is described iHididbwfSyitehelziventitdn Car bon Monoxide" (Springer- Verl ag,
1980), pp. 131-132 and i n varjous WD 01/ 70658 PCT/EP01/03277 2 patents in
t he name of Shell Sty | Y IH b dlades to a process for

preparing a 1,3—d101 by hydrogenating a feed comprising a
3-hydroxyaldehyde in the presence of a catalyst and a

5 hydrogen source, wherein syngas 1s used as hydrogen
source, and the catalyst is a heterogeneous catalyst
comprising copper on a support.

Backaround of the Invention

1,3-Diols have plenty of uses, particularly in the
10 synthesis of polymers. For instance, “CORTERRA”
(trademark) is a polyester made of 1,3-propanediol (PDO)
and terephthalic acid, which polymer has outstanding
properties. Substituted versions of PDO may find similar
use. Commercially attractive routes to prepare such
15 1,3-diols are therefore highly desirable.

One of the more important routes for preparing
1,3-diols involves the hydroformylation oann oxirane,
followed by the hydrogenation of the intermediate
3-hydroxyaldehyde. An alternative process involves the

20 hydration of acrolein or higher homologue, again followed
by the hydrogenation of the resulting 3-hydroxyaldehyde.

The hydroformylation of oxiranes (epoxides) is
described in “New Synthesis with Carbon Monoxide”

(Springer—Verlég, 1980), pp. 131-132, and in various



have, for instance, been described in EP-A-0478850; and in US-A-5463144;
US- A-5463145; US- A-5463146; US- A-5527973; US- A-5545765; US- A-5545766;

US- A- 5545V@ %1/70658 US- A- 5563302; US- A-5576471; US- A-5585528PCUBPI/(B8B4214;
US- A-5723389; US-A-5770776; US-A-5786524; US-A-5841003; US-A-5945570; and
US- A-5986145). The conversion of the 3-hydroxyal dehyde is typically

carried out by hydrogenation thereof w.th hydrogen s in 10 the presence
of a honpgenB8li§™5P &E&‘Sg@ﬁg‘&u?fcﬁ’zﬁ%t&yﬁgrogqqg‘% -OTh \RIF ¥¢fea®F on of
3- hydr oxypr o I o 1, 3-pro i R 1 —tfhﬁ e of a
het erogeneouggggfa%?gf\lpssltg?lggl'ogee%hl %%%gy&(yfgg%)l?}n t eﬁ’r%lr?dart
descri bed i nihhus-neterenae.; Tki-2 -safenance ULs malsue Iesey | bes the i nportant

criteria of a suitable catalyst: high activity and selectivity with a
smal | vol unBSoR-8aRdPyst, Uﬁoﬁg%ﬁéﬂéﬁioﬁﬁﬂ“‘s&aﬁiﬂéqﬂ f&S -FarfcP 4 5 Eabonabl y

priced. Howeyer ch_catalysts .| .ac I BYIRAY /or Q stability
in slPghtly ﬁgrérgggﬁéﬁﬁmﬁgn%s ,5%?&3‘/7&' Fjﬁs_%ﬁg"%tépsrggs%ngybﬁ"%%$%i&'

monoxi de. Thgkeh0E@p33B0t BBLRALYY 0 7a%l T aatine Jadroge Sl idpd he form
of synthesis gas ("syngas", a blend of H2 and CO) is not used. The present
i nvention ai Us-nes5pabBl7de eatialgshsSolatl4asay be used in 25 the preparation
of a 1, 3-diol by hydrogenation of a_  3- h¥ldroxyal dehyde in the presence of

syngas as hydrog&he SeBVeEsip® Rénthenddlyfrexyiedids B (@ isddiet of a
UL L0, P BSEESaIREL ), SYORBRLBLYBE0 il SR x4
10 the presence of a homogeneous or heterogeneous catalyst.
For instance, hydrogenation of 3-hydroxypropanal (HPA)
into 1,3-propanediol (PDO) in the presence of a
heterogeneous catalyst is disclosed in WO-A-98/57913 and
the prior art described in this reference. This reference
15 also describes the important criteria of a suitable
catalyst: high activity and selectivity with a small
volume of catalyst, long operational service life, and
reasonably priced.
However, many such catalysts lack selectivity and/or
20 stability in slightly acidic environments, and/or in the
presence of carbon monoxide. Therefore, a potentially

attractive hydrogen source in the form of synthesis gas

(“syngas”, a blend of Hy and CO) is not used. The present

invention aims to provide catalysts that may be used in
25 the preparation of a 1,3-diol by hydrogenation of a
3-hydroxyaldehyde in the presence of syngas as hydrogen
source.
As mentioned, 1,3-diols may be the product of a
multistep process, wherein syngas is used in a step prior

30 to the hydrogenation, i.e., in the hydroformylation step.



WO 01/ 70658 PCT/ EP01/ 03277 3 In such processes a catal yst capabl e of

hydr ogenating the product of the preceding hydrofornylation step in the
presence v osyegas woul d be particularly attractive. It weSTER&w®sRDre an
aimto provide a process for 5 preparing a 1, 3-diol by hydrogenating a feed
conprising a 3-hydroxyal dehyde in the presence of a catalyst and a
hydrogen source, wherein the catalyst is capabl e of _handling syngas as
hydr ogen soufBeSUGRIPHREEERE St Re CAERIASfs Capsdrle Ife idBiagmmatiisiedche

i mportant criteri 1 of..t he .l nvention - Accordingly,. t resent

i nventi on p_rgﬁ’g%gtaogr g(%g;?%Fgﬁltﬁlrgeﬁl ;&irr?gtoéf“?f]?% it SDQ%FKQ&JF Bzgjéd'r?ati ng a
feed conprigiagencd- BYdegxyaldehyde b2 thetRiesenas Aftdratatal yst and a
hydr ogen source, wherein syngas is used as 15 hydrogen source, and the

catal yst is a helerwgentbeseloakealaystioomor pgiovg.deoppercaess dauport. The

feed to the process of the_present invention preferably conprises the
produdt of aR*BRAFARE ahwr’»aﬂ&ﬂ%ﬁ%{t TR OEERa tim R #&di.&ownar&saa 3

20 hyd | d h f | i tal yst.
ydroxya QEHgSEﬁ;ycg?gglg}%fe and .3, g@%@%&%@ugfe%g{agcagy% aldpn, catalys

Sai d honbgeneou ation catalyst pr i'ses a Co-based
and/ or Rh- baggdrbydnokenmykat whikrednakyst caMarne gy dfercaiablea)ofn oXirane
is hydrofornylated by 25 reaction with syngas in the presence of a
honbgeneous h&pdt bhgr ayhaasoRsc AYALPSEnas@uacsol waxsk whiegiedionghe 3-

hydroxyaldehzggaiggg,mgggs the aforementioned important criteria.

10 Summary of the Invention

Accordingly, the present invention provides a process
for preparing a 1,3-diol by hydrogenating a feed
comprising a 3-hydroxyaldehyde in the presence of a
catalyst and a hydrogen source, wherein syngas is used as

15 hydrogen source, and the catalyst is a heterogeneous
catalyst comprising copper on a support.

The feed to the process of the present invention
preferably comprises the product of an oxirane
hydroformylation step, which product comprises a 3-

20 hydroxyaldehyde, a solvent and a homogeneous
hydroformylation catalyst. Said homogeneous
hydroformylation catalyst preferably comprises a Co-based
and/or Rh-based hydroformylation catalyst.

More preferably, a) an oxirane is hydroformylated by

25 reaction with syngag in the presence of a homogeneous
hydroformylationycatalyst and a solvent, forming a 3-
hydroxyaldehyde feed, and
b) the 3-hydroxyaldehyde feed is hydrogenated in the
presence of a catalyst and syngas as hydrogen source.

30 Preferably, hydroformylation step a) and the



b) the 3-hydroxyal dehyde feed is hydrogenated in the presence of a

catal yst and syngas as hydrogen source. 30 Preferably, hydrofornylation
step a) amaot/mess8\O 01/ 70658 PCT/ EP01/ 03277 4 hydrogenat i pOT/EP@p3R)7 ar e
carried out in connected reactor veskels or, in a single reactor vessel.
More preferably, the hydrofornylation step a) and the hydrogenation step
b) are carried_out similtaneously in a 5 single reactor vessel. The

present invehY@6ﬁ9§P§81BPo§F€§Sk§ Br6c S8 G e day iGgRectesl al kanedi o
by conversio LI [ . r c ri.Si rof or myl ati on and
hydrogenatiog?géaﬁ?cﬁéégggg ﬁgyl%p%igggéﬁf %ggfgﬁgﬂgfé %1§inultaneously,
10 in a single reagti pre¥esselly, Thaephesiediroritiyaation istegfesqr ke dHe
respect of the preparation of PDO the preferred enbodi nent, by way of
exanpl e. Dethytizdodsstippt s6rpob)t Beel weantiedh ovs Fhiaugitgeessisdfy tie a

pr esent inventiog congrises t he _hydrogenation of feed conprising a

3- hyd? oxyal deh§dte TPagtoy ¥S/S6dnd of the general formula R2C (OH) -C (R)

2 -CH=O wherein %gg%ﬁggepgﬂqemc%{ﬁmstsseg%ok}m@ggan?%%@s%r £cR0

(jointly) be a h on group t I's substituted o unsubsti t ut ed,
and/ or al i phatépapingr amat, BealkaakdgpiupyRcommercidapefdent bxivamne iim si ze,
for instance, from1l to 20 carbon atons, preferably from1 to 10 carbon
atons. |n a@ddP¥Pensst ReYPKayipgahyerefermysas 1ouh et hyhreIsarddcay

which steps may optionally be conducted, simultaneously,
10 in a single reaction vessel.
The present invention is described in respect of the
preparation of PDO, the preferred embodiment, by way of
example.

Detailed description of the Invention

15 The process of the present invention comprises the
hydrogenation of feed comprising a 3-hydroxyaldehyde,
i.e. a compound of the general formula

RoC (OH) -C(R) ~CH=0

wherein each R independently may be a hydrogen atom or

20 (jointly) be a hydrocarbon group that is substituted or
unsubstituted, and/or aliphaticlor aromatic. Each group R
may independently vary in size, for instance, from 1 to
20 carbon atoms, preferably from 1 to 10 carbon atoms. In
addition, they may bear one or more substituents selected

25 from hydroxy, alkoxy, carbonyl, carboxy, amino, c¢yano,
cyanato, mercapto, phosphino, phosphonyl, and/or silyl
groups, and/or one or more halogen atoms. The preferred
3-hydroxyaldehydes are those having in total from 3 to

12 carbon atoms, more preferably from 3 to 8 carbon



25 from hydroxy, al koxy, carbonyl, carboxy, am no, cyano, cyanato,

mer capt o, phosphi no, phosphonyl, and/or silyl groups, and/or one or nore
hal ogen avenv7063he preferred 3-hydroxyal dehydes are thoserCharémg2in tota
from3 to 12 carbon atons, nore pref®erably from3 to 8 carbon WD 01/ 70658
PCT/ EPO1/ 03277 5 atons. The nost preferred 3-hydroxyal dehyde is HPA, i.e.

wherein each Ris a _hydrogen ataq Synthesis gas .is._a blend of hydrogen and
car bon mno%FBE‘?-IFp‘FyBP%&I P Sits s by vioral dednits tho iy, al - &-

petrol eumfe ia nga EQQQ%{'S drogen and carbon nonoxide in
an H2/ CO ratﬁgeggggvgggbOk %%ngﬁzlmnt elr]'a%%ig'er H2/COratio, e.g. up to

10. 0, and hi gher gyfisjiebés paepdred by chde ocFohgaldoedinairel @adshi ft
reaction, and such gases may al so be used in the process of the present 10
i nvention. OronABigehed th&N®1ced liys ign nadeamyade i alh congrusdeimn e ent i on
that Lt may cope with carbon_nonoxide- rich _gasses, .at H2/ ratios as | ow
as 0.5 The BREFelPbE TRERCOTPRIES Hace WHAto S o A S RO o
preferably fag%énoﬁaﬁoé-iae_ 1% A% mdiceatedid kg aalaly . eRARd S5 @ppper

on a support, which is believed to“be at least partially in a netallic

state under QpglghbRrIncged +hens, Eh%.cﬂlbmt)bﬁlo.mﬁy‘a@ﬁi%iﬁ@}iﬁtﬂaﬁﬂtﬁé’

catal yst wherein"the copper is part of an alloy, and/or erein the
catal yst CO”Efé§§§eaob%d@!htel gbalcalnedmber BRlAlshi fRUideltg Al ey i ncl ude
metals of Goups 8 to 11. Suitable pronmoter netals include netals of
G oups 1 to Zuchogewrer, maydiedsoy be used in the process of the present
10 invention. On the other hand, it is an advantage of the
present invention that it may cope with carbon monoxide-

rich gasses, at Hy/CO ratios as low as 0.5. The preferred
H,/CO ratio hence varies from 0.5 to 10.0, more

preferably from 1.0 to 5.0.

15 As indicated, the catalyst comprises copper on a
support, which is believed to be at least partially in a
metallic state under operating conditions. The catalyst
may be a sophisticated catalyst wherein the copper is
part of an alloy, and/or wherein the catalyst comprises

20 additional, promoter, metals. Suitable alloys include
metals of Groups 8 to 1l1l. Suitable promoter metals
include metals of Groups 1 to 7. However, ordinary
catalysts, based on coppér as the only active component,
have been found to be quite acceptable.

25 The nature of the catalyst support is not essential.
Suitable supports include inert carriers composed of a
metallic or glass sponge, or based on an inorganic
carbide, or oxide, or carbon. For instance, the support
may be based on oxides of Groups 2-6 and 12-14 metal and

30 mixtures thereof e.g. Zn0O, titania, alumina, zirconia,



catal ysts, based on copper as the only active conponent, have been found to
be quite acceptable. 25 The nature of the catal yst support is not

essent i alwo oBuiss@abl e supports include inert carriers conpPEEREPE032A77
metallic or glass sponge, or based onéan inorganic carbide, or oxide, or
carbon. For instance, the support nmay be based on oxides of Goups 2-6 and

12-14 nmetal and .30 m. xtures ther.eo . ti i alumna, .zirconi a,
WO 01/ 70658 EP0EF G35 7 Zeboquﬁeel%:ae%%dg%%%o%é@géﬁ%r% erlr:%%lg’uBB rts

are resistantg 49 akiGidinfedmal UBuRHRBO| Lo &EBE tiBahaVBeb8EACAER 8Med
W th copper on ZnO on silica, and on Cr203. The support nay be used as

fine powder eritdhapgdemtan ZBGwudrdisigsi cachamd, of ofrgRanpl e, pell ets,
granul es, or extrudates using nmethods known in the art, such as those
descri bed in US- Bh&364@brtAintass a ivadd as heingippovdenagr deapadt hetehape

of a honeyconb, _.a foam a_.sponge_ or sim]arl rge nmonolith. 10 The
amoun® ofycoﬁ‘ﬁéﬁldtwsalséi?h/%%/gvg%l??a%ie' |%§jt€%€ ’ ?ﬁ%n‘&%%f)eroﬁay be

present on e SUPRAIL, Ik W‘%&Y ofh 1 K0 426, PLalgrabl yndlet 0 50

WY nore pre%era y elative to the support. The synthesis of
the copper cakalySbdds GPUSBR-138wd 984 101yttt 1yelny ot e ngubpbért may
co-precipitation of copper and support precursor. Optionally it can al so
be prepared bg igopieg shags dfera MANEYC@pper EeAWt | nSPeBYei A ng t he

| oaded carrier,, ,and_reducing the s at elevated tenperatures under H2.
Vari ous suppél"f“égaE&Hpgf‘r é‘f%cflft@'

10 The amount of copper may also vary widely. For
instance, the copper may be present on the support in a
quantity of 0.1 to 80 w%, preferably 10 to 50 w%, more
preferably 25 to 35 w%, relative to the support.

The synthegis of the copper catalyst is conventional,
i5 typically involving the co-precipitation of copper and
support precursor. Optionally it can also be prepared by
doping a carrier with a copper solution, calcining the
loaded carrier, and reducing the same at elevated

temperatures under Hy. Various supported copper catalyst

20 are commercially available, e.g. for use in the
hydrogenation of esters to the corresponding alcohols.
Copper containing catalysts are also described in
US-A-5096688, in a two-stage process for converting
synthesis gas into higher alcohols. This document

25 describes its use for the hydrogenation of undesirable
non-alcohol oxygenates and the conversion of water and
carbon monoxide in hydrogen gas and carbon monoxide.

The supported copper catalyst may be used in a

continuous process, a semi-continuous process of a batch



20 are commercially available, e.g. for use in the hydrogenation of esters
to the correspondi ng al cohols. Copper containing catalysts are al so

descri beavdn1/70d88 A- 5096688, in a two-stage process for CcOPUBREPIING277
synthesis gas into higher alcohols. This docunment 25 describes its use for
t he hydrogenation of undesirable non-alcohol oxygenates and the conversion

of water and carbon npnoxi de in dr ogen %gs and car bon, nonoxi de. The
supported coBBefeEdt alst Prgy SF& St aRTE T %xﬂﬂQQHﬁkﬁérﬁQxﬁﬁﬁQle of

seni-continugHg §£8Eg§§e§L§@F?%E ﬂ@odgggyyggajﬁgyéﬁﬁgégﬁg77 7 process.

The preferred manner is ed In respect o the preferred enbodi ment

di scl osed herei n'bﬁéow?fd’r'bgemadri@ﬁlerm@ﬁiddmim@diatria)mtaweamtcr\deﬁ;caﬂr.i tical.
Typically the carbonyl feed is hydrogenated at a 5 tenperature ranging from
anbi ent to 1BPpCraplef ehgbloprbongih 4&ech ig0 hgdragerates messure rangi ng

from atnospheric to 15 MPa (150 bar), preferably frqm4 to_10 a (40 to
100 b&r). | nteRBeEaEETES ré&&%ﬁ?‘%?ﬂ@é@és,to I)61'5c?ui ?thEFF?@Bnge
velocities of 0.1 to_10_h-1.are_L10_preferr n p sses, reaction
times varyinérOWr6h16918po %o ﬁ%ér%Eagepgﬁsggg%e?gﬁgggﬁl%ggﬁn bat ch

processes, tQEmSé#aﬁEHE FRY 188 Mised 1i5d 33Y-)SUidralied-aARp Wom rang ng from
0.1 to 50 W preferably from1.0 to 10 w¥% of catal yst calculated on the

wei ght of thMPal%40atbonylo benpourdch thee gasef erfr evbrdninivee Mramgdses t he
hydr ogenati on of aqueous HPA sol utions, for instance sol utions nmade by
ligquid hourly space velocities of 0.1 to 10 h-1 are

10 preferred. In batch processes, reaction times varying
from 0.1 to 10 hours are suitable. Finally, in batch
processes, the catalyst may be used in any suitable
amount, ranging from 0.1 to 50 w%, preferably from 1.0 to
10 w%, of catalyst calculated on the weight of the

15 carbonyl compound.

The preferred embodiment comprises the hydrogenation
of aqueous HPA solutions, for instance solutions made by
the hydroformylation of ethylene oxide (EO) in the
presence of a cobalt- or rhodium-based catalyst. In

20 principal, any oxirane may be used, leading to the
3-hydroxyaldehyde mentioned above.

The process of the present invention is particularly
beneficial in the multistep preparation of PDO from EO,
which ordinarily involves the removal of the hydro-

25 formylation catalyst prior to hydrogenation. Thus, it is
known thaf many cobalt-based catalysts require the
presence of carbon monoxide to remain in solution. Since
in the “conventional” HPA hydrogenation process only
hydrogen gas is present, any remaining catalyst

30 precipitates and pollutes the reactor. In the process of



t he hydrofornylation of ethylene oxide (EOQ in the presence of a cobalt- or
rhodi um based catalyst. In 20 principal, any oxirane nmay be used, |eading
to the 3vaydrwszyal dehyde nenti oned above. The process of PChEP@rEssent
invention is particularly beneficial8in the nultistep preparation of PDO
fromEQ which ordinarily involves the renoval of the hydro 25 fornylation

catal yst prior to hydrogenatiqn. Thus, it i no that ma obal t - based
cat al ysts reﬁbler @rﬁ*?‘@n%pﬁé’sveq{‘%ew&f' @é}%hjyr%ﬂ%%@\éﬂtaotjr%ﬁ??ﬁy§w ution.
Since in thg_ oGoRKe rlgiéatl b RAMAL IR G IR a8 ogen gas
is present, glﬁﬁar gl}/r)a:ltr?: g catal yst 30 giragelci pitates and po rtlﬁé(;is/&%he
reactor. In the puepessiolglW) GL/ HGS SOl /ERELNMIZL titht hthdresamdr

i nvention, such hydrofornyl ation catalysts need no |onger be renoved prior
to the hydrogupmersed cobegiisdi f@y hvidragenaiee AR Jtidversmdamt wpeXopper

supported catal yst .can hydrogenat.e HRPA w t.h. synga nd condi tions

t hat conpl et 8P§‘ 6 SO (%’r?\}:en qmg)&aqte&yo%) 183-0% Cgrjel}%ﬁntﬁ]lyog’g%lggghra?lil%n .

catal yst. Fupther ekl tRRIrdeRRRAH-RATet L3t Y Hurfe ot esgid during the
hydr of ormyl ati on of the oOxirane, thus substantially reducing the fixed

equi pnent cosbppeln bialsedrustt adryesfte mead BE) merdsstimehtsindiitthawul d lead to a
"single step” productiqgn .of PDO (or simlar

1, 3-al kanedi ol) from EO (or
cor r espondi n§YE¥PLLFEY Lafiem ks iRieton G Isl"&ﬁtradltezfji]:i’respect of
the hydr ogenggidagi%fg %h%' @iq{e@(%ﬂﬂ%%% (A?Fs%)s .urlqlerthe most preferred

10 embodiment, this would lead to a “single step” production
of PDO (or similar 1,3-alkanediocl) from EO (or
corresponding oxirane) .

The present invention is illustrated in respect of
the hydrogenation of a 3-hydroxyaldehyde (HPA) under

15 syngas, comparing the process of the present invention
with that of the prior art using a ruthenium-based
catalyst. The present invention is also illustrated in
respect of a “single step” PDO process.

Examples
20 In the Examples the following hydrogenation catalysts

have been used:

Cu/Zn a ZnO/alumina catalyst containing ~40 w% of Cu
Cu/Cr a chromite catalyst containing ~37 w% of Cu
Ag/Al an alumina catalyst containing ~14 w% of Ag

25 Au/Ti a titania catalyst containing ~2w% Au

RU/foam an alpha-alumina foam of 40 pores per inch
containing ~2w% of Ru
Prior to the reaction, the hydrogenation catalyst was

reduced at 300 °C for 11 hours under 0.5 MPa (5 bar) Hj.



15 syngas, conparing the process of the present invention with that of the
prior art using a rutheniumbased catalyst. The present invention is also
i 11 ustratvedoi/mess espect of a "single step” PDO process. Er@mvBP@#3220 |In the
Exanpl es the foll owi ng hydrogenati on €atal ysts have been used: Cu/Zn a
ZnQ al um na catal yst containing -40 wwof Cu Cu/Cr a chromte catalyst
containing -37 wof Cu_ Ag/A an alum na catal yst containing -14 w% of Ag
25 Au/Ti a t$¥€ﬁFém@8Paﬁyst containing -2W% Au  RU f oam an al pha-al um na

f oam of 40 porestpe o] 2W% Qf Pr action, the
hydr ogenat i on catglé1 : cai g%% H%tntéoéo %Ofo?rrhl § gﬁl%ﬁﬁva{seo 5 MPa (5
bar) H2. VW)@&é&@55ﬁlEETﬁEEbe@3%ﬁBunQSEbﬁeblmyﬁrogdnhﬁidnﬂmaﬂﬁlyst
experinment, a 300 m autoclave was |oaded with various anmounts of a
hydrogenatloﬁh@a@at9§iaveTWéSaGh6@léﬂélﬁﬁkwﬂﬁﬁ1kﬁqIm%jQ§t4ﬂ:ﬁHP@ﬁu%f an

5 sol t % HP. t t _45 C
and SSWPa. ( oBbEFToRRBRte  RRas( 53 o) NEingae Cror el G b il
hours. Resul s a@daﬂas_@umsao;ggé e ) catabystos MRy e donRst)i GakRks QW G and

Ru/foam 10 The results in Table 1 below clearly showed that the - based

cat al yst masH?c@Dyengdgévggég hydregen but al nost inactive under syngas.
By contrast, The Cu/Cr catal yst

Regults and discussion A

Two catalysts were investigated; Cu/Cr and Ru/foam.
10 The results in Table 1 below clearly showed that the Ru-
based catalyst was active under pure hydrogen but almost
inactive under syngas. By contrast, the Cu/Cr catalyst
showed a good activity under both pure hydrogen and
gsyngas. It will be noticed that acetals can be formed by

15 condensation of HPA with PDO.



showed a good activity under both pure hydrogen and syngas. It will be
noticed that acetals can be forned by 15 condensation of HPA with PDO WO
01/ 70658 WRCo1/HBSX./ 03277 10 TABLE 1 HPA hydrogenati on unBET/ERyINGAL

hydr ogenati on HPA tine yield catalydd PDO acetal PDO+ acetal exp. nane
[g] [mmole] [h] [nmol e per 100 nole HPA in feed] Hydrogenation under 9 MPa
(90 bar) H2 (65 C) 37 Ru/foam 49 206. Q@ggﬁz 21.0 5.0 26.1 1.5 37.1 5.1
42.2 5 85.9 5.2 91.1 66 Cu/Cr 20 167 21. 0 9.0 30.0 1.5 43.9 7.6
51.6 5 91.5 7.8 99.3 Hydrogenation under 6 MPa (60 bar) H2 and 3 MPa (30
bar) CO (65 C) 38 Ru/foam 49 185.67 0.75 3.8 5.3 9.1 1.5 4.05.3 9.3 5

4.4 5.4 HE3 § DS e fmdadEs 8 6.3 23.1 1.5 29.4 6.2 35.6 5
87.1 6.5.93 6 \\D 01/-70658 PCT/EPQ1/ 03272 117
hydrogenation HPA time yield
catalyst PDO acetal PDO+
acetal
exp.# name [g] | [mmolel [h] [mole per 100 mole
HPA in feed]

Hydrogenation under 9 MPa (90 bar) Hy (65 °C)

37 Ru/foam 49 1 206.00 | 0.75 | 21.0 5.0 26.1
1.5 37.1 5.1 42 .2
5 85.9 5.2 91.1
66 Cu/Cr 20 | 167.80 | 0.75 }| 21.0 9.0 30.0
1.5 43.9 7.6 51.6
5 91.5 7.8 99.3

Hydrogenation under 6 MPa (60 bar) Hy and 3 MPa (30 bar)

Co (65 °C)
38 Ru/foam 49 [ 185.67 | 0.75 3.8 5.3 9.1
1.5 4.0 5.3 9.3
5 4.4 5.4 9.8
85 Cu/Cr 20 { 153.81 ] 0.75 | 16.8 6.3 23.1
1.5 29.4 6.2 35.6
5 87.1 6.5 93.6




Experinment B Experinents have al so been carried out to illustrate the
"single step” PDO process under syngas. The experinments were again
conduct eav®n/z206390 nml autocl ave 5 that was | oaded wi th 15PCTEP@i03277MIBE
m xture, containing 685 ng CO02(CO) 8,11300 ng N, N-di net hyl dodecyl am ne and
7.00 g EO, and 10 gram hydrogenati on catal yst. Then the autocl ave was

pressuri sed &'thrSégggsBM: 1 H2:CO to 8 MPa (80 bar) and heated up to 75
C. The autoc kept at 8 MPa (80 bar) by adding' syngas (2:1

H2: CO). A sanplgxpasihakes @wekY alzombBEhesattuhieldolfte thi Ht uieYsrand
every 30 mnutes for the remaining tine. The yields are expressed as nol e%

based on EO tkedsReglikt stepd ADSCpsocessBubBeTheyngsd.t §hef t he
experinments are suymmarised in Table 2. ACC(f)irdi ng tao Tahle 2, no HPA and

PDO are for n2tPeF AMEBhBal’&t v 8984 Pe FPRENES SthaP 80308t Mds 8UESSEEds

hydr of or myl at y a ot .- ppar t.ed ro I
cat al SL’/st (e%ﬁgﬁl"z‘g?g hfééhspegléﬁ'g% 1%:‘6 glg (%22? %&%haﬁgxgggghcg%gﬁ%ggggﬁl&ted
met al hydr ogesatigncosatal gst 3alol aias N, e dfi merhl/l dpdetyiBAiwet Bnaar gi nal
production of PDO (exp. 132). Upon addition of Cu/Zn or Cu/Cr to the
Co2( CO) 8- cont apmi igESy shad BDOgranf aydedgenastibat aatizdlyst25 Themu s (exp.
127-128, and 120-121). Proper dosing of the anobunt of copper and C02(CO) 8
catal ysts al dewschbaget vasniyerisyEicrd réthacysaast (PDO Whi:CO)nt@ @ sing the
formati on of acetals (exp. 120). WO 01/70658 PCT/ EPO1/ 03277

MPa (80 bar) and heated up to 75 °C. The autoclave was

10 kept at 8 MPa (80 bar) by adding syngas (2:1 Hy:CO). A

sample was taken every 15 minutes during the first hour
and every 30 minutes for the remaining time. The yields
are expressed as mole% based on EO feed.
Results and discusgion B

15 The results of the experiments are summarised in
Table 2. According to Table 2, no HPA and PDO are formed

in comparative experiments that do not use Coj(CO)g
hydroformylation catalyst nor any supported metal as

hydrogenation catalyst (exp. 122). The presence of
20 Cos (CO) g and absence of supported metal hydrogenation
catalyst allows the formation of HPA with marginal
production of PDO (exp. 132).
Upon addition of Cu/Zn or Cu/Cr to the
Coy (CO) g-containing system PDO is formed in substantial
25 amounts (exp. 127-128, and 120-121). Proper dosing of the
amount of copper and Coj(CO)g catalysts allows one to
maximise the formation of PDO while minimising the

formation of acetals (exp. 120).



12 By contrast other Goup 11 netals such as Ag/Al or Au/Ti do not lead to
significant formation of PDO (exp. 125-126). WD 01/ 70658 PCT/ EPO1/ 03277

13 9] fwatt6S8 O ONLONM + ~ OOMNHHNHNN HMEPIH0320 W a)
HOOOCAMHNNOOCOOHOa)leIUOOHNHHriOOOOOO OO0
Orl a~400rl MG+ Ili COCONHLfI HM NOOrIONrIMdirOO

anNCONanNH I | Ln Ln
In I L1 i o Y Spntmes Prpe Rragf b e e qddit a5 AL U R
Au/Ti do not lead to significant formation of PDO

(exp. 125-126).
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d, ag fwd( EH-H o.uup(d U O~1 LnIDH, HH -x 4J 0 WO
01/ 70658 PCT/EP01/03277 15 CL Al MS 1. A process for preparing a

1, 3-di ol W hydéssgenating a feed conprising a 3-hydroxyalpdgm@eesri7t he
presence of a catalyst and a hydrogers source, wherein syngas is used as
hydr ogen source, and the catalyst is a heterogeneous 5 catal yst conprising
copper on a support. 2. The process of claim1l, wherein the catal yst
conprises netallic copper on a support. 3. The process of claim1l or 2,
wherein the carrier is conposed of a clay, of a netallic or glass sponge,
or 10 based on an inorganic carbide, or oxide or carbon. 4. The process of
any one of clains 1 to 3, wherein theSfeldledsfri ses a 3- hydroxyal dehyde
of the general formula R2C (OH) -C (R) 2-CH=0O wherein each R independently
may be a hydrogen atomor 15 (jointly) be a hydrocarbon group that is

substituted ory, ungsubsdiéssedorapdbparahbphali ¢-giodr BYBhi/8rogenating a
feed comprising a 3-hydroxyaldehyde in the presence of a
catalyst and a hydrogen source, wherein syngas is used as
hydrogen source, and the catalyst is a heterogeneous

5 catalyst comprising copper on a support.

2. The process of claim 1, wherein the catalyst
comprises metallic copper on a support.
3. The process of claim 1 or 2, wherein the carrier is
composed of a clay, of a metallic or glass sponge, or

10 based on an inorganic carbide, or oxide or carbon.
4. The process of any one of claims 1 to 3, wherein the
feed comprises a 3-hydroxyaldehyde of the general formula

RoC (OH) -C (R) 5-CH=0

wherein each R independently may be a hydrogen atom or

15 (jointly) be a hydrocarbon group that is substituted or
unsubstituted, and/or aliphatic or aromatic.
5. The process of any one of claims 1 to 4, wherein the
feed comprises the product of an oxirane hydroformylation
step, which product comprises a 3-hydroxyaldehyde, a

20 solvent and a homogeneous hydroformylation catalyst.
6. The process of claim 5, wherein the homogeneous
hydroformylation catalyst comprises a Co-based and/or
Rh-based hydroformylation catalyst.
7. The process of claim 5 or 6, wherein:

25 a) an oxirane is hydroformylated by reaction with syngas

in the presence of a homogeneous hydroformylation



5. The process of any one of clains 1 to 4, wherein the feed conprises the
product of an oxirane hydroformnylation step, which product conprises a

3- hydr oxy@lgdaheés, a 20 sol vent and a honpgeneous hydr of orpayil@doh 05077
catalyst. 6. The process of claimb5,esherein the honbgeneous
hydr of ormyl ati on catal yst conpri ses a Co-based and/or Rh-based

hydrofor vl atl Q9. eabekySing T OO0 flng! 21 i3 Bokya MEKFRY’ £2842)

an oxirane is ated b y reaction w th syngds esence of a
honobgeneous hydnaf or myl ati on WO 01/ 70658 PCT/ EP01/ 03277 16 catal yst and a

solvent, form ng a 3-hydroxyal dehyde feed and b) the 3-hydroxyal dehyde
feed. is hydrofeénatée |3rrthﬁé %ff@@iaﬁ%lfwr%%a@la‘é @&ydr ogen
source. 5 B. The rocess f_cl step a)

th h | t
and the hydr ogBAEEEEN step *b)” araenl]yf:satrrl esé'[]r%gasea q’r’}’ic?%cfl?e;@?%? vessel s

or in assinglegreaghar pMesels of9.c1HIg Pr,0GRES O ARl MyBrIeFR)yTat i6n
hydrof ormyl ation step a) and the hydrogenatl on step b) are carried out LO

si mul t aneousl yskrpaasi mgide tteadtywirogsssdiion Gted m)ocaasss daprriz@pant njna
1, 3-al kanedi ol by conversion of anﬁ rane jn a process conprising

hydr of ornyl at i SHn&ﬁS’tﬁ@d%q oS TIPS tiEpS _ Ipty Y ‘B%Ssel
conducted, simyl tapgauslyeddy 381G &5 ARAIPINESR - roformylation

step a) and the hydrogenation step b) are carried out
10 gimultaneously in a single reactor vessel.

10. A process for preparing a 1,3-alkanediol by

conversion of an oxirane in a process comprising

hydroformylation and hydrogenation, which steps may

optionally be conducted, simultaneously, in a single

L5 reaction vessel.



