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alumina-silica support having an apparent porosity of
at least 509%. The process has the advantage of pro-
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< (54) Title: PROCESS AND CATALYST FOR THE PREPARATION OF ACETYLPYRIDINES

e

er) (57) Abstract: Disclosed is a process for the produc-
~r tion of acetylpyridines of the formula (I}, by reacting
g AN O AN O a pyridinecarboxylic ester of the formula (IT), where
- l (l) I ! Rtis Cy.¢-alkyl, with acetic acid in the gas phase in the
- “c‘q-- I ( ) presence of a catalyst. The active material of the cata-
= N/ o ORI . yst comprises titanium dioxide and at least one alkali
O N or alkaline earth metal oxide and it is supported on an

ducing only small amounts of by-products {e.g., pyridine).




Recently a process for the production of 3-acetylpyridine has been
described in EP-A-O 352 674, which utilises a catal yst basdusg 2008ani um
di oxi de and an alkali or 20 al kaline earth netal oxide or hydroxide. Using
the nethyl ester of nicotinic acid and acetic acid and a catal yst conposed
of 98% t iWAAMM#di oxi de (as anatase) and 2% sodi um oxi dBCT/ERIGOESS| vi ti es
bet ween 54% and 60% were reported. Pyridine was produced as a side product
t hrough decar boxyl ation of the nicotinate in anmpbunts between 29 and 41 %
Var i ous Rrivhes an@ Cacdgst fawihe Peepardtiacei Aedvlppridinedo not | ead to satisfactory
results (of. 25 EP-A-0 352 674). The purpose of the present invention is
to inprove the selectivity of the state-of-the-art processes for

3- acet y| Theriirebintien reldiesto a\pedcdisTor the prodakitioh g atdodpyrihis of ¢arisiad by t he

formati on of |large quantities of unwanted side-products. 30 According to
the invention, this has been acconplished by the process of claim1l1., 28

June 2005 2 According to a IE rst gaspect of the invention, there is

provi ded a process for t payation of an acetyl pyridine of the fornula
O by reacting a pyridinedg (c ester of tH®:-formula O N ORt where RL
is Ct-6-alkyl, with acetic™g#d in the gas phase in the presence of a

cat alsyst whose active material conprises titaniumdioxide and at | east one
al kali or alkaline earth netal oxide, wherein the catal yst conprises an

al um na-silica support having an apparent porosity of at |east 50%
in particular 3-acetylpyridine. It further relates to a catalyst suitable for the process of the

invention.

10 3-Acetylpyridine is assuming increasing importance in the pharmaceutical and fine
chemical industry as an intermediate and a building block. Up to the present, 3-acetyl-
pyridine has been prepared using often multistage processes starting from nicotinic acid, or
from other starting materials which are not readily available (for example 3-ethylpyridine).
Instead of using a heteroaromatic acid, it is possible to use derivatives. This is particularly

15 useful when the acid is non-volatile and/or has a tendency to decompose at higher
temperatures. Thus ethyl nicotinate was condensed with acetic acid at 520 °C to give 37%
yield of 3-acetylpyridine (Houben-Weyl, Vol. VI/2a, pp. 632-633).

Recently a process for the production of 3-acetylpyridine has been described in
EP-A-0 352 674, which utilises a catalyst based on, titanium dioxide and an alkali or

20 alkaline earth metal';xide or hydroxide. Using the methyl ester of nicotinic acid and acetic

acid and a catalyst composed of 98% fitanium dioxide (as anatase) and 2% sodium oxide,
- selectivities between 54% and 60% were reported, Pyridine was produced as a side product
through decarboxylation of the nicotinate in amounts between 29 and 41%.
Various other methods have been described which do not lead to satisfactory results (cf.
25 EP-A-0 352 674).

The purpose of the present invention is to improve the selectivity of the state-of-the-art
- processes for 3-acetylpyridine, thus avoiding or reducing the losses cansed by the
formation of large quantities of unwanted side-products.
30
According to the invention, this has been accomplished by the process of claim 1.,



According to a second aspect of the invention, there is provided a catal yst
obtainable by (i) inpregnating an al umi na-silica support hadf ne20f8i ght
ratio of alumna to silica between 70:30 and 90: 10 and an apparent
porosity of at least 50%w th a solution of titaniumtetrachloride in
aqueous hydrochloric acid to obtain a first catalyst precursor, (ii)
drying, (iii) calcining, (iv) inpregnating the calcined first catalyst
precursor with a solution or suspension of a hydroxide and/or oxide of an
al kali metal and/or alkaline earth netal to obtain a second catal yst
precursor, 28 June 2005 2a (v) drying and (vi) calcining the dried second
cat al yst %eo%ws?r. |t has been found that in the gas-phase reaction of
pyri di necarBOXYE (% Lt Pt gF ihe Spawiios. theefis hrofitlel a pORSs Wherein R is G 6-al
1, wth atetprapaadoroita agitMpyraGRiNkiRMbLdines (1) the selectivity of the
titani um di oxi de-based catal ysts of EP-A-O 352 674 can be substantially

i nproved by enploying a high-porosity alum na-silica support having an
apparent porosity of ast,0 50% as determ ned by the Archi medes met hod.
Preferably, the procels ding to the i \jention is carried out with a
G -6-al kyl nicotinatel as-$tarting material“to give 3-acetyl pyridine.

by reacting a pyridinecarboxylic ester of the formula

X O
] (),
N/ OR!

where R' is Cy_g-alkyl, with acetic acid in the gas phase in the presence of a catalyst
whose active material comprises titanium dioxide and at least one alkali or alkaline
carth metal oxide, wherein the catalyst comprises an alumina-silica support having an

apparent porosity of at least 50%.

According to a second aspect of the invention, there is provided a catalyst

obtainable by

@ impregnating an alumina-silica support having a weight ratio of alumina
to silica between 70:30 and 90:10 and an apparent porosity of at least -
50% with a solution of titanium tetrachloride in aqueous hydrochloric

- acid to obtain a first catalyst precursor,

(i) drying,

(iii) calcining,

(iv) impregnating the calcined first catalyst precursor with a solution of suspension of
a hydroxide and/or oxide of an alkali metal and/or alkaline earth metal to obtain a

second catalyst precursor,



It has further been found that by enploying higher boi I'i ng
pyridi necarboxylie esters (11) the ease of separation of t28eJuneZé0% on

products can be increased. Lower esters of e. g. nicotinic acid have
boiling points sinmilar to those of 2tsthe desired product, which results in
separation difficulties in distillation if the conversion is |less than
100% Use of higher boiling (and nore stable) esters largely avoids this
probl em Exanpl e®) oflcyidg sdare the butyl, pentyl or hexyl (including the

I somers such as 4 sobutyl, sec-butyl, isopentyl etc.) esters of - nicotinic
acid instead of(kétﬁ@?%m@fﬁ@ﬁn%ﬁﬁgﬂﬁvpuéﬁ¥%@@Fmﬁhose boi l i ng points at

at nospher.i essure. djffer only by 3-4 K (ethyl) and 15-16 K (nethyl and
propyl@ﬁw?§?%£%PP€gF§F‘ § gFrPhpsrafeaction of puidinspapryliti asters Afferndil f er ence i n
boi li ng point between butyl nicotinate and 3-acetyl pyridine at atnospheric
pressure is 32 K. Preferably, pyridine carboxylic esters (11) having a
boiling point (at atnosp sure) exceeding that of the product
acetyl pyridine (1) by no 0 K are used starting nmaterials. The
preferred reaction tenpe s 350 to 450 C*Advant ageously, the
reaction is carried out i e pf¥sence of water and using an excess of
acetic acid. 28 June 2005 WD 02/066433 PCT/ EP02/ 01533 3 The weight ratio
of alumna to silica in the catal yst support is advantageously between

70: 30 GRsteRA U0 Iﬁﬁ@r n.75: 25 and.85:15. Preferably, the
appar ent por osi t ;51%0 t’r@mc%fg‘%ég?%s%‘ﬁ%%?e yipy \gég’ﬁ SB@C%H ofth, 5 The
packi nigfagiemsdipyidebated eataytaby EP-A0300 674 o Y sbaianlly ihQ¥eid gyhan 1000
kg/ 18, erﬂﬁf)ﬁug Brh?éhe—'\{)oargsli%r a?uei\ﬁi\rll\g—%l cg gl?pp%xq ] agigg azii g;/)prra?ént porosity of at ieast

50%, as determined by the Archimedes method.

Preferably, the process according to the invention is carried out with a Cy_g-alkyl nicotinate
as starting material to give 3-acetylpyridine.

It has further been found that by employing higher Eéiliﬁg pyridinecarboxylic esters (IT)
the ease of separation of the reaction products can be increased. Lower estersof e. g.
nicotinic acid have boiling points similar to those of the desired product, which resulfs in
separation difficulties in distillation if the conversion is less thaﬁ 100%. Use of higher
boiling (and more stable) esters largely avoids this problem. Examples of this are the butyl,
pentyl or hexyl (including the isomers such as isobutyl, sec-butyl, isopenty! etc.) esters of
picotinic acid instead of methyl, ethyl or propyl esters, whose boiling points at atmospheric
pressure differ only by 34 K (ethyl) and 15-16 K. (methyl and propyl), respectively, from
that of 3-acetylpyridine. The difference in boiling point between butyl nicotinate and
3-acetylpyridine at atmospheric pressure is 32 K.
Preferably, pyridine carboxylic esters (1I) having a boiling point (at aimospheric pressure)
exceeding that of the product acetylpyridine (I) by more than 20 K. are used as starting
materials. ‘

The preferred reaction temperature is 350 to 450 °C,

Advantageously, the reaction is carried out in the presence of water and IISing an excess of
acetic acid.



Preferably, the titanium dioxide content of the catal yst iIs 5to 20 wt.
percent, based on the  to weight of the support. The cat al V¥StJuray0B2
prepared by a process conprising the steps of (i) inpregnating an

al um na-silica support having an apparent porosity of at |least 50%wth a
sol ut i on W 02/866¢38ni um t et rachl ori de i n aqueous hydrochl BET/EPRSIF3It 0 obtain
a fast catalyst precursor, (ii) 15 drying, (iii) calcining, (iv)

i npregnating the calcined first catal yst precursor with a solution or

sus pensiThe\mélglardttjmbfmmmiﬁaami}i@rmdleiodmlysfsuaporaisladv:int@budlybaméanr al kal i ne

earth ta| cond recursor, (v) drying and (vi)
cal ci nrﬁ}ﬂ%@%cfpol dpr§’ ﬁﬁaréiét}ursor to obtain the final

catal yst. 20 The mpregnatlon of the support is not limted to the use of
titaniumtetrachl oride. Thus glther ot her sol ubl e aIt of titanium or

even a fhTkEraAply theiapBareRy ROFosity § m?l“?%?ﬁfﬁ?%‘ﬂge%ﬁ“ It is also
possiple to replace the hydroxides or oxi des of al kall or aI kal i ne earth
metal s by suitable precursors, e. g. salts of said netals which deconpose
on heat iﬁg:paglsna\d%ﬁr affbegatlyst spnzorfr iaprederehtly lawarithea 1080 gy amoten t he

support rgfeg%%‘%@‘ge&%og%ngggb@@ mi0, preferably between 75:25 and 85: 15.

The apparent e catal yst support is preferably between 60 and
70% . 30 Preferably, the titanium di oxide content of the catalyst is 51to

32/8%642%6%%#5%&?% gh &ﬁ’m@ gr}fﬂc‘)‘?/éaﬁa&q‘tlnon Qﬂr"{t %e%‘?enf?%a&fiég%% |1

i |1 ust r akeightod tersopeet of the invention and the preparation of the
catal yst of the invention. 5 Exanple 1 Preparation of Catal yst:
The catalyst may be prepared by a process comprising the steps of (i) impregnating an
alumina-silica support having an apparent porosity of at least 50% with a solution of
titanium tetrachloride in aqueous hydrochloric acid to obtain a first catalyst precursor, (i1)

15  drying, (iii) calcining, (iv) impregnating the calcined first catalyst precursor with a solution
or suspension of a hydroxide and/or oxide of an alkali metal and/or alkaline earth metal to
obtain a second catalyst precursor, {v) drying and (vi) calcining the dried second catalyst
precursor to obtain the final catalyst. '

20  The impregnation of the support is not limited to the use of titanium tetrachloride. Thus
either other soluble salts of titanium, or even a finely-divided slurry of titanium oxide can
be used. It is also possible to replace the hydroxides or oxides of alkali or alkaline earth
metals by suitable precursors, e. g. salts of said metals which decompose on heating.

25 - Advantageously, the ratio of alumina to silica in the support is between 70:30 and 90:10,
preferably between 75:25 and 85:15.

The apparent porosity of the catalyst support is preferably between 60 and 70%.

30  Preferably, the titanium dioxide content of the catalyst is 5 to 20 wt. percent, based on the
weight of the support.




For the preparation of the catal yst porous silica-alum na spheres are
utilised as a support. A 10 suitable material is supplied 28Junse0RBrt on
Chem cal Process Products Corporation of Akron, Chio with the foll ow ng
typi cal specification: Size and Shape: 4 nm O spheres Surface Area: 12
n2/ g Appad emissfar osity: 65% 15 Packing Density: 710 kgPGBEPDROEB3 Por e
Vol ume (by Hg porosinetry): 0.5 nug 4#A1203: 79-81% Si O2: 17-19% 20 An
aqueous. solution of titaniumtetrachloride (22% expressed as Ti 2, 0.21
nmol , 16 §he fnlewingmepdingidndyxaagits vgll 2Ristrat fedRo@ss & {Rlinh@itibn 0fid feCl 4 to a

m xture of 15.nil. of nceptrated. hydrochloric acid and 60 nil of

deni ner aP TREH RS qca?aﬁ%s??ﬂ:}fgrnvg Ption was stirred for several mnutes
and cool ed down. The above silica-alum na spheres (250 g) were inpregnated
in arotating glass vessel or 25 netal drumusing the wet incipient
techni que by spraying the Ti Cl4 solution at 25-30 C. The catal yst

precus sopxs@slequbsequent |y dried under vacuum (bath tenperature: 90-95 Q)
for 1 h, then at 120 C for 12 h and finally calcined at 400 C for 12 h
under a streamof air (500 m/mn). An analysis gave 7% Ti. The cal ci ned

spheres pgre gaisrphaged in a rotating drumand sprayed with dilute sodium
30 hydro%?%eagg'l uf{qaon 1.5 g NaCH as a 5% aqueous sol ution). The catal yst

was dried at 120 C for 12 h and then calcined for 1 hat 500 C. 28 June 2005
VO 02/ 068433, ﬂ?g&gﬁ%éf%%%%ly%t porous silica-alumina spheres are utilised as a support. A
10 suitable material is supplied by the Norton Chemical Process Products Corporation of
Akron, Ohio with the following typical specification:
Size and Shape: 4 mm O spheres
Surface Area: 12 m%/g
Apparent Porosity: 65%

15 - Packing Density: 710 kg/m®
Total Pore Volume (by Hg porosimetry): 0.5 ml/g
Al O3: 79-81% ‘
8102: 17-19%

20 Anaqueous solution of titanium tetrachloride (22% expressed as TiO,, 0.21 mol, 16 g) was
prepared by adding 23 ml (40 g, 0.21 mol) of TiCl, to a mixture of 15 ml of concentrated
hydrochloric acid and 60 ml of demineralised water. The final solution was stirred for
several minutes and cooled down.

The above silica-alumina spheres (250 g) were impregnated in a rotating glass vessel or

25 metal drum using the wet incipient technique by spraying the TiCly solution at 25-30 °C.
The catalyst precursor was subsequently dried under vacuum (bath temperature: 90-95 °C)
for 1 h, then at 120 °C for 12 h and finally calcined at 400 °C for 12 h under a stream of air
(500 mV/min). An analysis gave 7% Ti.

The calcined spheres were again placed in a rotating drum and sprayed with dilute sodium

30 hydroxide solution (1.5 g NaOH as a 5% aqueous solution).

The catalyst was dried at 120 °C for 12 h and then calcined for 1 h at 500 °C.



Exanpl e 2 Preparation of 3-acetyl pyridine An electrically heated tubular
reactor with an inner dianeter (i. d.) of 12 mmwas fill ed 285/upet2R035 ni
(12 g) of catalyst fromexanple 1.Over a period of 12 h, a mxture of 17.9
g butyl nicotinate, 32 g water and 125 g acetic acid was netered using a
preci si orw@ole43d the reactor operat| ng at 410 C. FronkQTerez/etdt i on

m xture, 8.9 g of 3-acetyl pyridine, 059 g of pyridine and 1.3 g of butyl
ni coti hate were obtained. This corresponded to a yield of 73%

3-acetyl By#malede at a butyl nicotinate conversion of 93% (selectivity 78%.

The i 0 spl&aGhiy, formation was 11% Conparative Exanple 1
Prepar at i oéré? # dé‘[%fcsg%c)? pé;trlgddﬂﬁe usi ng catal yst descri bed in EP-A-O 352 674

15 An electrically heated tubular reactor with an i. d. of 12 mmwas filled

with 15 a S par.ed cordi.n EP- A-0 352 674,

exanpl e '%Le% alg’)%egfefig'%g %aﬁg%emﬁ @f(ln‘glﬁzmﬁné’@ﬁ%@e (78 9),

wat ers ( 1wBh ¢y ndift2 @)aﬁrcatalyaxﬂdinéfaaﬁﬂ@l oﬁ?ﬁ@%ﬁﬁgzhughﬁg&?@(,@q@g ion purrpf
e reaction m xture g.o

to the reactor .0 n at 4
3-acetyl C[“d?qli‘é‘t ig&.ﬂﬁ@tl‘-‘a??gflyam@te@flumﬁpqecmogmnné@e wer e

obt ai nec*heréﬁbtoﬁoﬁ@ﬁﬁl:@%@@ﬂﬂ@ Fréin thereadidn xR %3@?9%&%@%@% 9"‘% a met hyl
ni coti nate cqQnversign of 88%(select|V|ty 5099 he se tivity of
pyri di néf fpéfF‘a’é‘F %‘ilﬁ/&s" bytyd nigefiiaisvere W@d&mr@mnﬂmletpamld oh of

3 acet yI gk BALAgIYSIA0 G KRborRS ColvBREby df OBV GaQugZs Bt oo el ectri cally

heat ed tubul ar reactor wt °15 m (c45 9g)
of cHt alspleetivitvegfaveding fomatiomyas BI%P- A- 0 352 674, exanple 1. Over a period
of 63 h, a 30 mxture of butyl nicotinate (104 g), water (162 g) and acetic
aci d (606 g) was netered wusing a precision punp to the reactor operating
at 405 C. Fromthe reaction mixture, 30 g

Comparative Example 1
Preparation of 3-acetylpyridine using catalyst described in EP-A-0 352 674

15
An electrically heated tubular reactor with an i. d. of 12 mm was filled with 15 ml (=15 g)
of catalyst prepared according to EP-A-0 352 674, example 1. Over a period of 60 h, a
mixture of methyl nicotinate (78 g), water (149 g) and acetic acid (523 g) was metered
using a precision pump to the reactor operating at 410 °C. From the reaction mixture,

20 30.5 g of 3-aceiylpyridine, 8.5 g of pyridine and 9.0 g of methyl nicotinate were obtained.
This corresponded to a yield of 45% 3-acetylpyridine at a methyl nicotinate conversion of
88% (selectivity 50%). The selectivity of pyridine formation was 19%.

25  Comparative Example 2
Preparation of 3-acetylpyridine using catalyst described in EP-A-0 352 674

An electrically heated tubular reactor with an i. d. of 12 mm was filled with 15 ml (=15 ¢)
of catalyst prepared according to EP-A-0 352 674, example 1. Over a period of 63 h,a
30 mixture of butyl nicotinate (104 g), water (162 g) and acetic acid (606 g) was metered
using a precision pump fo the reactor operating at 405 °C. From the reaction mixture, 30 g
. of acetyl pyridine, 3 g of pyridine and 26 g of butyl nicotinate were obtained. This




of acetyl pyridine, 3 g of pyridine and 26 g of butyl nicotinate were

obt ai ned. This 28 June 2005 WD 02/ 066433 PCT/ EP02/ 01533 6 28ctwe@8fdnded to
a yield of 43% 3-acetyl pyridine at a butyl nicotinate conversion of 75%
(selectivity 58% . The selectivity of pyridine formation was 5% 5 Exanple
3 Prepar W0OM0@#333- acet yl pyri dine A tubul ar reactor w tkCERPO2/01H3 of 23.5
mmwas filled wwth 270 ml (227 g) of é&catalyst from exanple 1. A m xture of
butyl nicotinate (30 g/h), water (54 g/h) and acetic acid (210 g/h) 10 was

fed overcomBspoN@aas alyRld 6543043 acdtfppidindat byl hicofiduee donbersdn of 858t or heat ed
by a salt bath. A small flow of n!tre?tgglrll I Ilhgé guaranteed the transport

of the Vgestividy S8hb The gelerdivily of Byrishn 410 C. The reaction

vapours were condensed in an aqueous circulation system After a total
running time of 35 h, the reaction solution was collected. A portion of
this solution corresponding to a total of 710 g of butyl nicotinate was
vvork%d ]Egggﬁﬂég isolate the product. 81 % of butyl nicotinate was converted
to give g of 3-acetyl- pyridine, corresponding to a selectivity of 75%
and a yiReparation &f3-addtglpgatet i vity of pyridine formati on was 4% 28 June
2005 WD 02/066433 PCT/ EP02/01533 7 Cainms 1. A process for the
preparation of an acetylpyridine of the fornula Om

A tubular reacior with an i. d. of 23.5 mm was filled with 270 ml (=227 g) of catalyst from

example 1. A mixture of butyl nicotinate (30 g/h), water (54 g/h) and acetic acid (210 g/h)
10 was fed over an evaporator using a metering pump fo the tubular reactor heated by a salt
bath. A small flow of nitrogen (1 I/h) guaranteed the transport of the vapours. The
temperature of the bath was 410 °C. The reaction vapours were condensed in an aqueous
circulation system. After a total ranning time of 35 h, the reaction solution was collected.
A portion of this solution corresponding to a total of 710 g of butyl nicotinate was worked
15  up to isolate the product. 81% of butyl nicotinate was converted to give 293 g of 3-acetyl-
pyridine, corresponding to a selectivity of 75% and a yield of 61%. The selectivity of

pyridine formation was 4%.



5 by reacting a pyridinecarboxylic ester of the formula O (Il), OR 10
where R is Cl-6-alkyl, with acetic acid in the gas phase 4P June-20P8sence
of a catalyst whose active material conprises titani um di oxi de and at

| east one al kali or alkaline earth netal oxide, wherein the catalyst
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| east 50% 15 2. The process of clainMi1l, wherein the acetylpyridine (1)
prepared is 3-acetyl pyridine and the pyridinecarboxylic ester (Il) is a
Cl- 6- al kiglaiag coti nate. 3. The process of claiml or 2, wherein the

pyri di necarboxylic ester (11) has a boiling 20 point at atnospheric
pressure which is nore than 20 K higher than the boiling point of the
acetyl pyyi qli;ﬂsce(;éi)oraﬁ;prMﬂ%@mmegﬁpﬁqﬂmwme%nﬁhai e 1 to 3, wherein the
reaction tenperature i's between 350 and 450 C. 25 5. The process of any
one of clainms 1 to 4, wherein the weight ratio of alumna to silica in the
catal yst support is betwean 70.50 and 90: 10, preferably between 75:25 and
85:15. 28 June 2005 8 rocess of any one of claims | to 5 wherein

t he apparent porosity atal yst suppdP% is between 60 and 70%

5

by reacting a pyridinecarboxylic ester of the formula

| an,

10
where R! is Cyg-alkyl, with acetic acid in the gas phase in the presence of a catalyst
whose active material comprises titanium dioxide and at least one alkali or alkaline
earth metal oxide, wherein the catalyst comprises an alumina-silica support having an
apparent porosity of at least 50%.

15

2. The process of claim 1, wherein the acetylpyridine (I) prepared is 3-acetylpyridine and

the pyridinecarboxylic ester (H) is a Ci-¢-alkyl nicotinate.

3. The process of claim 1 or 2, wherein the pyridinecarboxylic ester (II) has a boiling
20 point at atmospheric pressure which is more than 20 K higher than the boiling point of

the acetylpyridine (I).

4. The process of any one of claims 1 to 3, wherein the reactiop temperature is between
350 and 450 °C. -
25
5. The process of any one of claims 1 to 4, wherein the weight ratio of alumina to silica in
the catalyst support is between 70:30 and 90:10, preferably between 75:25 and 85:15.



7. The process of any one of clains | to 6 wherein the packing density of
the catal yst support is between 600 and 1000 kg/ nB, pref erdédunelddbeen 600
and 800 kg/ nB. 8. The process of any one of clainms | to 7 wherein the
titani um di oxi de content of the catalyst is 5 to 20 w. percent based on

t he wei ght of the support 9. A catal yst obtainable by (i) inpregnating an
alum na-silica support having a wegght ratio of alumna to silica between
70: 30 and. 90:10 and an apparent porosity of at least 50%w th a solution

of Lt AL YRABL ARl AL, ARUCRUS AL Qe o S Aol 0, gpLai n a first

cat al yst precursor I ng, fnating the
cal ci nedprartis becatalogsnd Fo¥cur sor with a sol ution or suspension of a
hydr oxi de and/ or oxide of an alkali metal and/or alkaline earth netal to
obtain a second catal yst precursor, (v) drying and (vi) calcining the

dri el gae pfuﬂaeﬁsaifaahy%hc Pr ElaMsSIOn 6 breihR: fkAloWRhsiBf ofthla@igs wher ein t he
wei ght ratia alunmna to silica in the su port is between 75:25 and

85: 15. S4PPOTiFH e%%?%ﬁ@%?“b“”@ﬁﬁﬁﬁ]Qﬁ@ﬁﬂﬁwbeWW@ﬂépﬂaﬂﬁéﬂ%hﬁmrent porosity of
the catalyst support is between 60 and 70% 12. The catal yst of any one of
claims 9 to 11, wherein the titaniumdioxide content is 5to 20 wt.
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9. A catalyst obtainable by

(ij mpregnating an alumina-silica support having a weight ratio of alumina
to silica between 70:30 and 90:10 and an apparent porosity of at least
50% with a solution of titanium tetrachloride in aqueous hydrochloric
acid to obtain a first catalyst precursor,

i) drying,

(iii) calcining,

(iv) impregnating the calcined first catalyst precursor with a solution or suspension of
a hydroxide and/or oxide of an alkali metal and/or alkaline earth metal fo obtain a
second catalyst precursor,

(v) dryingand

(vi) calcining the dried second cafalyst precursor.

10. The catalyst of claim 9 wherein the weight ratio of alumina to silica in the support is
between 75:25 and 8€5:15.

11. The catalyst of claim 9 or 10, wherein the apparent porosity of the catalyst support is
between 60 and 70%.

12. The catalyst of any one of claims 9 to 11, wherein the titanium dioxide content is 5 to

20 wt. percent, based on the weight of the support.

13. The process of any one of clajms 1 to 4, wherein the catalyst of any one of claims 9 to

12 is used as catalyst.



