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HYDROGENCLYSI S OF GLYCEROL The invention relates to a process
for the cat alwe bwososs hydrogenol ysis of glycerol. |n pachrizpedeuns: t he

i nvention relates to the preparation of propylene glycols (1,2- and
1, 3- propanedi ol s) and/or acrolein by the_hydrogenolysis 5 of glycerol.
Propylene gl ycol s and acrolein are val uabl e chem cal s. For

i nstance, 1, 3-propanediol (PDO is an attractive nononer in the
preparation of polyesters and pol yuret hanes. It nmay al so be used to
prepare cyclic 10 ethers that find use as solvent. Likew se, acrolein
and its dimer provide gwabdplbersidds aaypeket for the

synthesis of chemcals used in textile finishing, paper treating,
and the manufacture of rubber chem cals, phar maceuti cal s,

pl asticizers and synfietinvengspnsreliies to Propydesse fgkytbescanal vickol ei n

may be prepared Bydao enolysxsvéf'@I%e‘%folpr@ﬁeﬁéﬁslcu&%&,e%ﬁgpiﬁv B%]r{my be

prepared by r of or ati.on of ethylene o or
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t hese processes Regubrezansddpilenl sndorsearelagn pol rithet haftirQ@enoly’*ms/e to be
prepared sgparat gkygi@idn .at considerable costs. Besides, the

starting chem cal s r¥¥63J1%%e05Tycols and acrolein are valuable

chemicals. For instance, 1,3-proparediol (PDO) is an
attractive monomer in the preparation of polyesters and
polyurethanes. It may also be used to prepare cyclic

10 ethers that find use as solvent. Likewise, acrolein and
its dimer provide a valuable starting point for the
synthesis of chemicals used in textile finishing, paper
treating, and the manufacture of rubber chemicals,
pharmaceuticals, plasticizers and synthetic resins.

15 Propylene glycols and acrolein may be prepared by a
variety of processes. For example, PDO may be prepared by
the hydroformylation of ethylene oxide, or by the hydro-
genation of 3-hydroxypropionaldehyde. However, each of
these processes requires chemicals as starting point that

20 have to be prepared separately, often at considerable
costs. Besides, the starting chemicals may find other
highexr-value uses.

The chemicals industries have realised that our
petrochemical resources are not unlimited. Therefore,

25 - they focused and still focus on natural resources as
starting point for their processes. For instance, US
patent No. 4,642,394 describes the process for the
conversion of glycerol to lower oxygenated hydrocarbons,
such as 1,2- and 1, 3~propanediol, by reacting glycerol

30 with carbon monoxide and hydrogen {(in a “hydrogenolysis”

reaction) in the presence of a homogeneous catalyst
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for their processes. For instance, US . patent No. 4,642,394
describes the process for the conversion of glycerol to | ower
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rat her than
temperatures and pressures. US patent No. 5,326,812

employs a catalyst containing ruthenium, palladium and
copper. However, glycerol is produced rather than
converted.

15 The inventors set out to provide a process for the
conversion of glycerol to lower oxygenated hydrocarbons
which avoids the need for these elevated temperature and
pressure conditions.

Accordingly, the invention provides a process for the

20 catalytic hydrogenolysis of glycerol in the presence of a
homogeneous catalyst that is kased on a platinum group
metal or a compound of a platinum group metal, an anion,
and a metal-complexing compound of the formula
0l02vo3 (1) or Qlo2MoMQ30Q? (II) wherein M represents

25 phosphorus, arsenic or antimony, Q represents a group
that is covalently bonded to bcth M's and having at least
two atoms in the bridge and ol to 04 are independently
similar or dissimilar optionally substituted hydrocarbyl
groups or ol and 02 and/or 03 and 0% represent similar or

30 dissimilar optionally subsituted hydrocarbylene groups.

Note that the standard textbcok "Advanced Organic
Chemistry”, by Jerry March (3rd ed., pages 392-383) in
respect of hydrogenolysis of alcohols mentions that "the
hydroxyl groups of most alcohcls can seldom be cleaved”.

35 Examples that do undergo the reaction readily are benzyl-



converted. 15 The inventors set out to provide a process for the
conversion of glycerol to | ower oxygenated hydrocarbons whi ch
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condi ti ons. Accordingly, the invention provides a process for
the 20 catal ytic hydrogenol ysis of glycerol in the presence of a
honogeneous catal yst that is based on a platinum group netal or a
conpound of a platinum.grou al_, . .an. aniqn, and a
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Exanpl es tlrbat do unoder 9 th L acftig Eeapfji Ia ate. benzyl - oduc
3 Lype BACEIRELE. STYCdRaPPAORt T GrFeEE Are ramisied as
bei ng especi al | y suséapthel|rrasenydpegehiclardps, tivmarezsls of the
platinum group are defined as the metals with the atomic
numbers 28, 46 and 78, i.e. nickel, palladium and
platinum. Of these, palladium and platinum are preferred.
~ 15 Examples of suitable metal sources are metal
nitrates, suphates, sulphonates, metal salts carboxylic
acids with up to 12 carbon atoms, or incrganic metal
complexes, e.g. with carbon monoxide or acetylacetonate.
Palladium(II) acetate and platinum(II} acetylacetonate
20 are exanples of preferred metal sources.

The anion on which the catalyst is based may be
obtained from sources such as acids and salts. The anion
may alsc stem from platinum group metal salts, in which
case both catalyst components are provided by the same

25 source.

Preferred anion sources in the catalyst systems of
the present invention are strong acids, i.e., acids
having a pKa value of less than 3, preferably less than
2, measured in agqueous solution at 18 °C. The anions

30 derived from these acids are non-coordinating or weakly
coordinating with the metals of the platinum group.

Typical examples of suitable anions are anions of
phosphoric acid, sulphuric acid, hydrogen halides, _
sulphonic acids and halogenated carboxylic acids such as

35 trifluoroacetic acid. Sulphonic acids are in particular



térti‘ary al cohols can be reduced by catal ytic hydro- .. genol ysis when
the catalyst is platinumbis(triphenyl- 5 phosphine)dichloride. It is
t her ef ore survps ssgiseey t hat gl ycerol, which is not aPoEmr04882pe

al cohol, may be converted into. propyl ene glycols and/or acrol ein.
Mor e- over, it is surprising that_the conversion of glycerol

may be controlled to stop at the stage where the 10 propyl ene glycols
and/ or the acrolein_are gro uced. I %he. resent specification
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ani ons are anions of Finally, gHEspRérFereiaf 28aPPRAUFRYE Riciv§edhydf ogen
hal i des, 15 Palrphenl sr atid smiandrbab pgedtailded aaachoxin icomdéndsisnch as 35
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In the metal-complexing compounds of formula (I) or
(II), (each) M is a phosphorus atom, in which case the
compcunds are monophosphines or bisphosphines. .
20 Preferably, a metal-complexing compound of the
general formula (II) is used. The bridging group in such
a compound, represented by Q, typically is composed of
carbcn atoms. Preferably the bridging group contains two
or three carbon atoms in the bridge.
25 The hydrocarbyl groups ol to @4 may independently
represent various non-cyclic or cyclic groups of up to
20 carbon atoms, preferably up to 15 carbon atoms, more
preferably up to 10 carbon atoms, optionally substituted
with substituents such as alkoxy groups with 1 to
30 4 carbon atoms, halogen atoms or (C; to C4 alkyl)amino
groups. Examples are alkyl groups such as ethyl, iso-
propyl, sec-butyl and tert-butyl groups, cycloalkyl
groups such as cyclopentyl and cyclohexyl groups, and
aryl groups such as phenyl, tolyl and naphthyl groups.



-4- : preferred, for exanple nethanesul phonic acid, trifluoro-
nmet hanesul phoni ¢ acid, tert-butanesul phonic acid,

p-t ol uenesul pivenbeseeci d and 2, 4, 6-tri met hyl benzene- pOUEPROMKE aci d.
Hal i de ani ons have been found parti- 5 cularly useful (in combination
wi th ot her anions) when water is applied as reaction solvent.

Al so, conplex anions are suitable, such as 1he anions gener ated by

a conbi nation of a Lewis acid such as BFferr], AlCl[err], SnF[err],
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conposed of Ling HBA AEDRRIPPRerBYBDI PUthe i BRT B iy PrisugTesReal ns
t wo or threeadanbgnosd ais twh h@e;ﬂndn@ge.iﬁSthe ring, shuh as
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vari ous non-cyclic or yCLlC Proups of up to

suitable bivalent cyclic é%oups are 1,4-cyclohexylene,

1,4~cycloheptylene, 1,3-cycloheptylene, 1,2-cyclo-

15 octylene, 1,3-cyclooctylene, 1l,4-cyclooctylene,
1,5-cyclooctylene, 2-methyl-1,5-cyclooctylene,
2,6-dimethyl-1, 4-cyclooctylene and 2, 6—-dimethyl-1, 5~
cyclooctylene groups.

The preferred metal-complexing compounds of

20 formula (II) are 1,2~bis(l,4~cyclooctylenephosphino)-
ethane, 1,2-bis(l,5-cyclooctylenephosphino)ethane and
mixtures thereof. For the preparation of these compounds,
reference is made to known techniques, for example the
method disclosed in GB-A-1,127,9865.

25 The quantity in which the catalyst system is used, is
not critical and may vary within wide limits. Usual
amounts range from 1078 to 10-1l, preferably from 1077 to
10~2 mole atom of platinum group metal per mole of
ethylenically unsaturated compound. The amounts of the

30 participants in the catalyst system are conveniently
selected such that per mole atom of platinum group metal
from 0.5 to 10, preferably from 1 to 6 moles of metal-
complexing compound ligand are used, and from 0.5 to 15,
preferably from 1 to 8 moles of anion source or a complex

35 anion source are used.



20 carbon atons, preferably up to 15 carbon atons, nore _ preferably
up to 10 carbon atons, optionally substituted W th substituents
such as al kowwocgrmegss with 1 to 30 4 carbon atons, halragemssiesrs or
(derr] to Jerr] alkyl)am no groups. Exanpl es are al kyl groups
such as ethyl, iso- propyl, sec-hutyl. and tert-butyl groups,

cycl oal kyl groups such as cycl opentyl and cycl ohexyl groups, and
aryl groups such as

henyl ,. tolyl and naphthyl groups. _
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the range of 5 to 100 bar are preferred. Lower or higher
pressures may be selected, but are not considered
particularly advantageous. Moreover, higher pressures
require special equipment provisions.

15 In the process of the invention, the starting
material and the formed product may act as reaction
diluent. Hence, the use of a separate solvent is not
necessary. However, the hydrogenolysis reaction is
conveniently carried out in the additional presence of a

20 solvent. As such, saturated hydrocarbons, e.g. paraffins
and isoalkanes are recommended and furthermore alcohols,
preferably having from 3 to 10 carbon atoms per molecule,
such as propanol, butanol, ethylhexanol-l, nonanol-1, or
in general terms the alcohols formed as hydrogenclysis

25 product; ethers such as 2,5,8~trioxanonane (diglyme),
diethylether and anisole, and ketones, such as
methylbutylketone. A particularly suitable solvent or
cosolvent is water. Solvents comprising or substantially
consisting of sulphones are also quite suitable.

30 Particular preferred sulphones are, for example, dialkyl-
sulphones such as dimethylsulphone and diethylsulphone
and cyclic sulphones, such as sulfolane {(tetrahydro-
thiophene-2,2~-dioxide), sulfolene, 2-methylsulfolane and
2-methyl-4-ethylsulfolane. Mixtures of solvents may also



1, 5-cycl ooctyl ene, 2-nethyl -1, 5-cycl ooctyl ene,

2,6-dinethyl-1,4-cyclooctylene and 2, 6-di nethyl -1, 5- cycl ooctyl ene
gr oups. WG 39/05085 The preferred netal - conpl exi ng conpounesr/efss@ids2
formula (11) are 1, 2-bis(1,4-cycl ooctyl enephosphi no) - et hane,

1, 2-bi s(1, 5-cycl ooct yl enephosphi no) et hane and m xtures thereof. For
t he preparation of these corrpounds reference is made to known
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used. examples, as described hereinafter. THe abbreviations,
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suitabl e. These gas8BPRmy= 1,2-bis(sec-butylphosphino)ethane
MSA = methanesulphonic acid

TFSA
Examples 1 to 5

trifluoromethanesulphonic acid

15 The experiments were carried out in a 250 ml magneti-
cally stirred autoclave. The autoclave was charged with
30 ml glycerol, sulfolane and water in the amounts
disclosed in the Table, 0.25 mmol of palladium{II)
acetate, 0.6 mmol of complexing compound and anions again
20 in the amount disclosed in the table. After being
flushed, the autoclave was pressurized. Subsequently, the
reactor was sealed and the contents were heated to the
pre~set temperature and maintained at that temperature
for 10 hours. After cooling, a sample was taken from the
25 contents of the reactor and analysed by Gas Liguid
Chromatography. Further details and the results of the
analysis can be found in the Table.
The calculated conversion rate is expressed as moles
of product per mole atom of platinum group metal and per
30 hour, (mol/mol.h).
Comparative Example 1

The experiment was performed substantially according
to the procedure as described above, however using 1.0 g
of a heterogenesous Pd on carbon catalyst (10% Pd on C,
35 ex. Janssen Chimica), 40 ml of glycerol and an atrosphere
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5° be present in equinolar or non-equinolar ratios, e.g. in a
ratio within the range of 5:1 to 1:5. The hydrogenol ysis can be
carried out a¥OAHYEat e reaction conditions. Hence tRGHRPOHE4%s in
the range of 50 to 250 [err] C are reconmended, preferred
tenperatures 10 being in the range of- g0-to 200 [err]C. Reaction
pressures in the range of 5 to 100 bar are preferred. Lower or
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or i n genBP&F ‘i%’r‘r?ﬁef‘hgaét c%lr§sPérﬁeﬁr%saJm¢dﬁGg§eﬁétysm sthgs
product; ethers Sakcleas 2,5, 8-tri oxanonane (diglyne), di et hyl et her

and ani sole, andcgﬁgéyg%iwesgggmgﬁe 3 and 4MEthyl butylketone. A particularly
sui t abl e sol vent™or psorvermt—Ts-wat er. Sol vents conprising or

substantial ly Thc?or‘?§P§F Pﬁa‘fofwasmPﬁﬁéﬂé@e%r%lbélts?&tqailhé agfarshing. 30
Particul ar pref ef? ethes grphedese ase defsatr ibranph esxathipdlekyl of US patesitl phones

such as di et byl syl phone 304 g Ll IHBRONE, menss5naATaEXgL1 © sul phones,

such as sul fol ane (tetrahydro- oxI de sul f ol ene,
2- et hyl sul f ol ane and® a4 OCI?V%éFﬁyF“ﬂrﬁ?%yW§%1ﬁ@l&ﬁel R 5@k of
sol vents fay al seyrrolidinone, 20 ml glycerol, 0.58 mmol Rh(CO)j

acetylacetonate, and 4 mmol H3WO4. The reactor is heated
to about 150 °C and maintained at 60 bar of 1:2 (CO:Hp)
synthesis gas. After 15 hours only traces of acrolein
could be detected.

20 When the Group 10 metal was replaced by Pd{Co) o
acetylacetonate, no products could be detected at all.

Conclusions

lthough not optimised, the examples according %o the
invention outperform the comparative examples. Other
25 remarks than can be made concern the metal-~complexing
compound. Thus, the preferred BCPE affords a catalyst
system with a higher rate than the one kased on BBPE. The
acidity to the anion source affects the rate and
selectivity to acrolein. The rate is also improved by the
30 presence of halide anions. Whereas the amount of water

allows some control in respect of selectivity.
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exanpl es, as desdgriped herefnafter.—The ab“Teviations, used in the
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Af ter being fllushed~ t heYaut actl avellwas pressurized. Subsequent!y,
t he r eactor—was—seat-ed—and—t-he——contentsiwere heated to the
pre-set tenmperatyre %rd mai nt ai ned at that {tenpeérature for 10
hours. After cooljing;:ja sanpl e was taken friomthe: 25 contents of the
reactor and analysgd'B‘b;P‘iGas“Li quitd + siGhrg et ogr aphy. Further details
and the results dfgtﬁE=N - amalysgis cgm‘bev1éhnd in the Table.
The cal cul at ed ccnveE§|on rate is expressed as Inf es
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of product per nole atom of platinumgroup netal and per 30 hour ,

(nol /ol . h). Conparative Exanple 1 The experinent was
performed sulye?2owsesal | y accordi ng to the procedur e PASEEHEBIEI§2bed
above, however using 1.0 g of a heterogeneous Pd on carbon catal yst
(10% Pd on C, 35 ex. Janssen Chimca)yg 40 m of glycerol and an

at nosphere of pure hydrogen gas (which should afford a
better yield). The results are also set out in the Table.

Conpar ati ve Exanple 2 The experinent was perforned
substantially according 5 to the procedure as described above,
however using 1.0 g of a heterogepeoug Ru on carbon catal yst (5% Ru
on C, ex. Janssen Chimca), 40 ni of glycerol and an atnosphere of
pure hydrogen gas. The results are also set out in the ] Table. 10
Conpar ati ve Exanpte 8 Riegess for the catatybiexpittioseneliass pef f or med
substantial |y acgdyeérgl in the pidsdnid® PEOEEWbHiyedRoclesestdegst rtianple 1

of US patent . , 64 t C [ | ove.

The aut ocl ave m%sc%%ér\%dec?%wgt ﬁlggﬁrﬁq“ ftrrgrg?hlg?%f O%g% ggﬂ%Af/r]tjr?&(;lcl?%I‘ibanone, 20
nm glycerol, 0.5B*#FotURIgrogponetal, an apaph| SREIEnated andew® imol
Herr]WJ 8rr]. Thempbace coipbeed et the formilnm aladmols50r] esr] C and

mai nt ai ned at 60Qb§2MéMQ3542(§E¥I£%Qrein M represents phosphorus, arsenic
or antimony, Q represents a group that is covalentliy

bonded to both M's and having at least two atoms in the
bridge and Q! to Q4 are independently similar or dis-

10 similar optionally substituted hydrocarbyl groups or ol
and Q2 and/or Q3 and Q4 represent similar .or dissimilar
optionally substituted hydrocarbylene groups.

2. A process as claimed in claim 1, wherein the platinum
group metal is platinum or palladium.

15 3. A process as claimed in claims 1 or 2, wherein acids
having a pKa value of less than 3, measured in aqgueous
solution at 18 °C is used as anion source.

4. A process as claimed in any one of claims 1 to 3,
that is carried out in the presence of a catalyst systenm

20 comprising halide anions as source of anions.

5. A process as claimed in any one of claims 1 to 4,
wherein {each) M in the metal-complexing compound is

phosphorus.

6. A process as claimed in any one of claims 1 to 5;
25 : wherein a metal-complexing compound of formula (II) is

used.

7. A process as claimed in any one of claims 1 to 6,
wherein Q1 together with 02, and in case of a compound of
general formula {II) Q3 together with Q4, represent an

30 optionally substituted hydrocarbylene group.
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synthesis gas. After 15 hours only traces of acrolein coul d be
detected. 20 When the G oup 10 netal was replaced by Pd(CO|[err]
acet yl acet onatvag somsospr oduct s coul d be detected at all. PCT/ECIROESSAS| ONS
Al t hough not optim sed, the exanples according to the i nvention

out performthe conparative exanples. Qher 135 remar ks than can be nade
concern the netal -conpl exi ng conpound Thus, the preferred BCPE
affords a catalys ) stemw.th a higher rat an the on based on
BBPE. The o PUPEGOREY t BN o s 8F AFFobEs LAt? af &

selectivity to actidteiis. ciheiedteull staksoenpgratvee by the Bdhge ofprsesence
of halide anions. \Wgeag the anmount of water allows sone control in

respect of sel ectéw ty. 9 err )
- 10 - A process as claimed in any one of claims 1 to 8,

5 that is carried out at a pressure in the range of 5 to
100 bar.
10. A process as claimed in any one of claims 1 to 9,
that is carried out in the presence of sulpholane, water

or a mixture thereof.
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'CLAI MS 1. A process for the catal ytic hydrogenol ysis of
glycerol in the presence of a honbgeneous catal yst that i s based
on a platinumgroup netal or a conpound of a pl ati num group net al
an anion source, and a netal- 5 _ &onpl exi ng conpound of the formula
QerrlQerrIMJerr] (1) or q err] Q Subkifdddiesct ] @ edajuary PPORher ei n
M represents phosphorus, arsenic or -anti nony, Q represents a group
that is covalently bonded to both Ms and having at | east two atons
in the br bdgesad rdreekhmp De d @ikl udkeof Ndepantent! y:iehm | ar or
dis- 10 sinilgétp ti Qal y Quq?tituted héprpcarb k groups or Qerr]
and @ and/or @B 8nd ‘& SepFaSent St MY &P 8 CdiesiGH MarFeT optionally
substitut ed hydrocar BfHeepacgnoups.solvent to2be Acgpdodesshaspreedsedfin claim
1, wherein the plagiNifention ma@l P4y MRhdk ok sapl Al ifBdMeQpe PR A UM 15

3. A procgis as claimed in clains 1 or wh aving a

_ _ 2, erein acids h
| essTEHANS3 PIAYASER Rpisingqhesuare 1ndicatdge fehntit 18 [err]C

pKa val ue

is used as anion semrce.of solvent dprefeabtessodse alseidied in any one of
claims 1 to 3, Thel Q%be{x&& rf1§d pQut i 406 B sgegﬁs 2 n—ali%ﬁtﬁbé“
system 20 conprising halrde ani'onsS aS soufce of anions. . A

process as clai net¥#TPlavy eAedescrimdrdereipagter. The abhheyeitiqrgach) Min
the Im%‘_t al - conpl exusen q&malun@labﬁis have tggh9§m‘t§3\i’v\ihlﬂﬁg- meanings: 6|. A pr ocess
as clained,in any ong af clains_1 tq 5, 25 __wherein a. netal-conpl exing
conpound gP fornul a %%T% is 172 bls"u§e8¥°loocpjlen??gﬂéﬁgb% @é?%i?eclained
in any one of clainsBBPEo 6,1,2-bis(diniserebutfJmraspitiageeheaneri th Qerr], |
and in case of a compe@nd of pethanesu1g@BgE&ladymula (I1) QB together with -

A,- represent an . . .
@h P TFSA = triflucromethanesulphonic acid

Examples 1 to 5

15 The experiments were carried out in a 250 ml magneti-
cally stirred autoclave. The autoclave was charged with
30 ml glycerol, sulfolane and water in the amounts
disclosed in the Table, 0.25 mmol cf palladium(II)
acetate, 0.6 mmol of complexing compound and anions again
20 in the amount disclosed in the table. After being
flushed, the autoclave was pressurized. Subsegquently, the
reactor was sealed and the contents were heated to the
cre~-set temperature and maintained at that temperature
for 10 hours. After cooling, a sample was taken Irom the
25 contents of the reactor and analysed by Gas Liquid
Chrematography. Further details and the results of the
analysis can be found in the Table.
The calculated conversion rate i1s expressed as mcles
¢f product per mcle atcm of platinum group metal and per
30 hour, (mol/mol.h).

Comparative Example 1

The experiment was performed substantially according
to the preocedure as described above, however using 1.0 g
of a heterogeneous Pd on carbon catalyst (1% Pd on C,
35 ex. Janssen Chimica), 40 ml of glycerol and an atmcsphere
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3G optional |y substituted hydrocarbyl ene group. | ot Loy
A process as clained in any one of clains 1 to 7, lLl carried
out at a tenpe elnth%hr}%%{ 20 19,2520 [err]§ ' 9. A
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