Abstract: Disclosed is a process for the produc- tion of acetyl pyridines of
the formula (1), by reacting a pyridinecarboxylic ester of2&Jwef2§Paul a
(I1), where RL is Cl-6-alkyl, with acetic acid in the gas phase i-n the
presence of a catalsyt. The active material of the cata- |yst conprises
titani umWP8KPEE3and at | east one al kali or al kali ne eaP€HEPBHOE33 oxi de and
It Is supported on an alum na-silica support having an apparent porosity
of at |east 50% The process has the advantage of pro- ducing only snall
anount s Brfocésy apd aiitedys férecthg Pregaratich ofdcetydpyridines 2005 WO 02/ 066433

PCT/ EP02/ 01533 Process and Catal yst for the Preparation of Acetyl pyridines
The invention relates to a process for the production of acetyl pyridi nes of
f or mul a THe ifNentiopaldtésat lhptocdssAorthy bioytdtidh D€ acekflpfritindiof forabat es to a

catal yst suitable for the process of the invention. 10 3-Acetylpyridine is
assum ng increasing inportance in the pharmaceutical and fine chem cal

I ndustry as an internedi ate_apd aduilding block. Up to the present,
3-acetyl - pyridine has bee ‘ ed using often nmultistage processes
starting fromnicotinic ad from ot her st®rti ng materials which are
not readily available (for>ey 3-ethylpyridine). Instead of using a
het ersoaromatic acid, it is possible to use derivatives. This is
particularly 15 useful when the acid is non-volatile and/or has a tendency
to deconpose at higher tenperatures. Thus ethyl nicotinate was condensed
wi t h acdnpartigdacB-acetBpnridine & fuyithes redates to picatalysipfuitable far e poscstiofiibe
(I—|0uben-i}{$e¥&i IlVoI. VI/2a, pp. 632-633). Recently a process for the
production of 3-acetyl pyridine has been described in EP-A-O 352 674, which
utilises a catal yst based on titani umdi oxi de and an al kali or 20 al kaline
eartfh Mol Rl oSt ietindls aD A asid bl s B iben 20t Y B Ot 1 i € aci d

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.,



acid and a catal yst conposed of 98%titani um di oxi de (as anatase) and 2%
sodi um oxi de, selectivities between 54% and 60% wer e r epordGedinelRA0bdi ne
was produced as a side product through decarboxylation of the nicotinate
in anounts between 29 and 41 % Various ot her nethods have been descri bed
which do not lead to satisfactory results (of. 25 EP-A-0 352 674). The

pur pose of the present invention is_to inprove the selectivity of the
state-of-the-art processes for 3-a%ety|pyridine, t hus avoi di ng or reducing
the | osses caused by the formation of |arge quantities of unwanted

si de-products. 30 According to the invention, this has been acconplished by
t he process gé.ckaip11., 28 June 2005 2 According to a first aspect of the
i nvent i on! “THhere " M5t B0TaeLhg ipFyasdetdr provilel ppepas &ti on of an

acetyl pyr thdiprpaatiod dfewnhedpdidd orb) 8@ | Ng a pyridinecarboxylic ester of
the formula O N ORt where Rl is C-6-alkyl, with acetic acid in the gas
phase in the presence of a catal yst whose active material conprises
titani um di oxi de and Oone alkali or alkaline earth netal oxide,
wherein the catal yst S an alunina-ﬂ?lica support havi ng an

apparent porosity of 50% Accordi &’to a second aspect of the
invention, there is proWded a catalyst obtainable by (i) inpregnating an
al um na-silica support having a weight ratio of alumna to silica between
70: 30 and 90: 10 and an apparent porosity of at least 50%w th a solution
of t1tanbymdahd A6H AR ABokli AN R WEfoCN! oric acid to obtain a first

cat al yst precurso

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,



(ii) drying, (iii) calcining, (iv) inpregnating the calcined first

catal yst precursor with a solution or suspension of a hydr2&xuse 2803/ or
oxi de of an alkali netal and/or alkaline earth netal to obtain a second
cat al yst precursor, 28 June 2005 2a (v) drying and (vi) calcining the
dried second catal yst precursor. It has been found that in the gas-phase
reacti on of pyridi necarboxylic esters of formula Of \ (ID. ORS wherein
R is G 6-al 1,(vW dtyimcetdi c acid to give acetyl pyridines (1) the
selectivity of bﬁg |tan|unbd | de- ba ed catal ysts of EP-A-O-352 674 can
be substanti al | n%’tl glag tydu ?ﬂﬂqq L PegRS5or osity al unina-silica

suppor an nt porosity of at |least 50% as determ ned by the
Ar chi mtg%lé ﬁ%r?ﬁdﬂdﬂﬁgf’é‘f $ GITRhase 1saction of pxrdisgredonitivgesters dfffermiutyvent i on i s

carried out wwth a G -6-alkyl nicotinate as starting material to give
3-acetyl pyridine. It has further been found that by enpl oying hi gher
boi I i ng pyridi necar boxyl i (11) the ease of separation of the
reaction products can belfi ed. Lower estzﬁ? of e. g. nicotinic acid
have boiling points sim tNose of the desi’red product which results
in separation difficultiexNTin dftillation if the conversion is |ess than
100% Use of higher boiling.(and nore stable) esters largely avoids this |
probl em Exanples of this are the butyl, pentyl or hexyl (including the |

| SOmer hedn e 8s d %fl | sopent ters of nicotinic
acid instead of not Xhﬂ?ﬁsﬁ Q?&X; V?mxgﬁgFéhm%higésﬁ tﬂ“ﬁ@ nts at
at nos pliferiven dipxide-daged calnly&tenfEmA(-(}szb*?z#cdﬁ HeRhubithntiaBy finddveliyK (et hyl and
r opyl veI at . acetyl pyridine. The difference in
boi 1 rimeib R SRty b on Gt o T o abpacont porosity of a eas
20%, 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 Ediliﬁg 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 (1) having a boiling point (at atmospheric pressure)
exceeding that of the product acetylpyndme (1) 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.



3- acetyl pyridine at atnospheric pressure is 32 K Pref erably, pyri di ne
carboxylic esters (11). having a boiling point (at atnospherd8clupe@88ar e)
exceedi ng that of the product acetylpyridine (1) by nore than 20 K are used
as starting materials. The preferred reaction tenperature is 350 to 450 C.
Advant age®U8t966433he reaction is carried out in the presBAbEPBINGt er and
using an excess of acetic acid. 28 June 2005 WO 02/ 066433 PCT/ EP02/ 01533
3 The weight ratio of alumna to silica in the catal yst support is

advant agﬁmméightbﬁiwﬁ‘mhnniﬁﬁ)tdﬂ@lim tie@athlyst mppdreisaidiantdpedvebebetw&en?25 and

85:15. Ryefer , rent sity @f the catal yst support is between
60 and 7 éoem-@%ﬁg, qﬁg %550 dt%}éél%t:at al yst support is preferably

| ower than 1000 kg/nB nore preferably between 600 and 800 kg/ nB.
Preferably the titanium di omﬁe com{ent of the cat E‘é{{ I,s 5 to 20 wt.

per cent , Pisieably, G aprrrentRoToplly ghihe SRIAHSUBRABHS petwegme0 nd %5t nay be
prepasred by a process conprising the steps of (i) |rrpregnat| ng an

alum na-silica support having an apparent porosity of at |east 50%w th a

sol ut i onThsfpacking derisityrof gec ppRst is predeyeldy Losvas fiand @AP ke/hc. eefed to obtain
a fast koD drying, (iii) calcining, (iv)

i rrpregn?gé{a%ﬁ}hbe&ga clélroﬁe ?lédrié catal yst precursor with a solution or
suspensi on of a hydroxide and/or oxi de of an alkali netal and/or alkaline

R s e e e i

cat aloy stweight of it supforegnat | on of the support is not linmted to the use of
titaniumtetrachloride. Thus either other soluble salts of titanium or
even a finely-divided slurry of titanium oxide can be used. It is also

possi bl erteQafa8it MaLbS Prepitvd bPK peREssebmvditete 8fcpfbi@ impRignatiigahi ne earth
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.




netals by suitable precursors, e. g. salts of said netals which deconpose
on heating. 25 Advantageously, the -ratio of alumina to sil id8alung 2088
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% . 30vWpeXws4dl y, the titaniumdioxide content of theCEERIANIEE is 5 to
20 wt. percent, based on the weight #f the support. 28 June 2005 WD

02/ 066433 PCTI EP02/ 01533 4 The following non-limting exanples wll

i 11 ustr aTke bHewingaoedinitfg étaenplas wéh ilhatratatie frivess diBpiavaition Aindfhet he

catal yst_of the invention. Exanple 1 Preparation of Catalyst: For the

pr epar atPrg%ar%tfont@ec%?&aﬁq}g{aﬁbﬁr%%nsi | i ca-al uni na spheres are utilised as a
support. A 10 suitable material is supplied by the Norton Chem cal Process
Products Corporation of Akron, Chio with the follow ng typical
specification: Size and Shape: 4 mm O spheres Surface Area: 12 nR/g
ApparentgRgagisitt y: 65% 15 Packing Density: 710 kg/ nB Total Pore Vol ume (by
Hg porosinetry): 0.5 nmug A1203: 79-81% Si Q2: 17-19% 20 An aqueous sol ution
of titaniumtetrachloride (22% expressed as Ti2, 0.21 nol, 16 g) was

pr epar edpy, ¢4 il (40 g, 0.21 nol) of Tid4 to a mxture of 15 nil
i Tt

of concen ochloric acid and 60 nil of dem neralised water. The
final solution was stirred for several mnutes and cool ed down. The above

gir lica-ahyd '?ﬂe%e&a?ﬁ%n%% &gezc%%l)%g povl\'glgsesiﬁcg}?ﬂu%%gg gp%%re.s Qreautitii(s)éda ats ia régp;%lrta} A> vesse |
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 Os: 79-81% ‘
S8i0y: 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.



25 metal drumusing the wet incipient technique by spraying the Ti Cl4
solution at 25-30 C. The catal yst precursor was subsequentd8Wuiei2865 under
vacuum (bath tenperature: 90-95 C) 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
anal ysi s WavzEess#s3Ti . The cal ci ned spheres were agai n plREEEPRMAISAS r ot at | ng
drum and sprayed with dilute sodium 80 hydroxide solution (1.5 g NaOH as a
5% aqueous sol ution). The catalyst was dried at 120 C for 12 h and then

cal ci nedEx#pple hat 500 C. 28 June 2005 WD 02/ 066433 PCT/ EP02/ 01533 5

Exanmpl e gpd ?ﬂ%ﬁﬂf&egflﬁnﬁﬁgtyl pyridine An electrically heated tubular

reactor w h an 1 nner neter (i. d.) of 12 mmwas filled 5 with 15 n
(12 g) of catalyst fromexanple 1.Over a period of 12 h, a mxture of 17.9

but I I wat e 125 aceti C was netered using a
gr eci s?/on p%%ic%hg; ﬁe{aﬁeé%‘i’&éaéf {05 f?‘ g’tamﬁtfﬁfc?) ?&&H"F‘W@Srﬁé‘ﬁ gtion . )
i xt uf e, wih 95 gﬂcgrz Brdeatiyksitn d:ta!i’@le Q @vegapeﬁommqlﬂ Qﬁm&&@oh@s»% of butyl

ni coti hat obt ned. Thi correspo ded to a yi eld o 73%
3- acetylabd§¥ B’G‘F §t%°ﬁ%‘t”éﬂ ‘B?ﬁﬂ@?tglieéﬁﬂesamm@u@@tw vity 789 .

The io Sﬂibﬁ&biopreyatﬁfg awmh: 'F?oxﬁﬁiéf@&dti@ﬂxﬂ&@tﬁrelﬂr% of@oaeagip?ﬁalg gggmple 1
Preparatl on a‘@cetyl yr| di ne using catal yst déscrib 352 674
I

15 An el % SYtyl pisefngte W@a@b@meddw eonreppongded tgfayieﬂ_dnm was filled
with 15 734 Bra&éywndzﬁé a%@lé%ﬁ'oﬁﬂﬁt@@%v@glﬁco?%f (Qneg?chg tﬁ’g«@ Gn392 674,

exanple 1, Over a period m xturé otlf"nate(78 g),
wat el ( 154@cgw@mf@md@mfmaosdwg@m g) was netered using a precision punp
to the reactor operating at 410 C Fromthe reaction mxture, 20 30.5 g of
3-acetylpyridine, 85 g of pyridine and 9.0 g of nmethyl nicotinate were
obtained. This corresponded to a yield of 45% 3-acetyl pyridine at a nethyl
ni coti Ngt &, 5oRv:el ion Pf
emparative 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 mixfure,
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




88% (selectivity 50% . The selectivity of pyridine formati on was 19% 25
Conpar ati ve Exanple 2 Preparation of 3-acetyl pyridine usi n@8chingl208%
described in EP-A-O 352 674 An electrically heated tubular reactor with an
i. d. of 12 mmwas filled with 15 mM (c45 g) of catalyst prepared

accor di ngvoe2ade438- 0 352 674, exanple 1. Over a period oPCBBPR/01F330 m xture
of butyl nicotinate (104 g), water (¥62 g) and acetic acid (606 g) was
nmetered using a precision punp to the reactor operating at 405 C. Fromthe
react i oizoffbspoidedto 89iel ofofi3vaTatatiippydiheiitadutyd ngotiataiyonivelisios o Mse26 g of
butyl nicotinate were obtained, Th),s 28 June 2005 WD 02/ 066433

PCT/ EPOApaiertizty 58%) dbe acdertivii af pwidine founafiog™ag a¥y 3- acet yl pyri dine at a
butyl nicotinate conversion of 75% (selectivity 58% . The selectivity of
pyridine formati on was 5% 5 Exanple 3 Preparation of 3-acetyl pyridine A
tubul ar reactor with ani. d. of 23.5 mmwas filled with 270 ml (227 g) of
cat alsyst :Ia exanple 1. A mxture of butyl nicotinate (30 g/h), water (54
g/ h) an(F cetic acid (210 g/h) 10 was fed over an evaporator using a

met er i nPrppaativo of Bracdtyllpytidiner eact or heated by a salt bath. A small flow of
nitrogen (I |1h) guaranteed the transport of the vapours. The tenperature
of the bath was 410 C. The reaction vapours were condensed in an agueous

ci r cul atA abubyshatt wilh et dacft23t Salom wafilled withrAF0 ofl (8B27g) of batalystefina on
solution was, collected. A port.iaon of this sqlution, corres i to a
total ofexgupled. Hrnixiwsof hytyl siqofngte q(kaggh)a\m’ti?’éﬁzl fé]) gpd pestie %Bi?ﬂj é}ﬁ)e pr oduct .
81 %n0f IR ovek GOLVARAafor (iR § ARYATE PilmbAo Ge bubl eaGtophealeddoed sl pyri di ne,
corresponding to a selectivi of 75% and a vyi elg of 61% _The selectivity
of pyrimﬂméwﬂrfmqfnn@wnﬂ/lvfh}z@ﬂwﬁéd%wm% $he088A4S 1T/ EP02/ 01533 7

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%.



Claims 1. A process for the preparation of .an acetyl pyridine of the fornula
Om 5 by reacting a pyridinecarboxylic ester of the formA%un®200p), ORI
10 where R is Cl-6-alkyl, with acetic acid in the gas phase in the
presence of a catal yst mhose active material conprises titanium dioxide
and at | eWOW02/66¢d33al kal i or al kaline earth netal oxide, PGREPEINSHBhe

catal yst conprises an alum na-silica Bupport having an apparent porosity
of at least 50% 15 2. The process of claim1, wherein the acetyl pyridine
(1) prepelasgdsi s 3-acetyl pyridine and the pyridinecarboxylic ester (I1) is
a Cl-6-al kyl nicotinate. 3. The process of claim1l1l or 2, wherein the

pyridi necarboxylic ester (11) has a boiling 20 point at atnospheric

Pr essur 1 Wl ifods (o Rioréfitioa e ks Riefigridian tilTarrkh | 1 ng poi nt of  the
acetylpyrldlne (r). he process of any one of clainms 1 to 3, wherein the
reaction tenperature |s between 350 and 450 C. 25 5. The process of any
one of clains 1 to 4, wherein the weight ratio of alumna to silica in the
catal yst support is betyleénn70/30 and 90: 10, preferably between 75:25 and

85:15. 28 June 2005 8|p. rocess of anyDene of claims | to 5 wherein
t he apparent porosity t cat al yst
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.



support is between 60 and 70% 7. The process of any one of clains | to 6
wherein the packing density of the catalyst support is bet2feémes85and
1000 kg/ nB, preferably between 600 and 800 kg/ n8. 8. The process of any one
of claims | to 7 wherein the titaniumdioxide content of the catalyst is 5
to 20 wt. percent based on the weight of the support 9. A catalyst

obtai nable by (i) inpregnating an @lum na-silica support having a weight
ratio of alumna to silica between 70:30 and. 90: 10 and an apparent

por ogi t t % . W |ution of titaniumtetrachl oride in
aqueg'usmﬁ g?%(g: ({ﬂ%%%) negmg{? optc())gst%lger{elél ik ar%]éf’%‘iofléf Oétg%&ﬁ?'éfﬁtr, (ii)

dr yi ngsupgoart is becaieniofiiang 70%i v) i npregnating 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

pr ectir dte prdodys ditayly e anelaifns 1) to GakkdeEth Mgk ﬁ&ﬁn%rdcﬁgtysﬁctf?@&tfﬁ% al yst
precursor. 10, The catalc}/st of cJaim9 wherein the weight ratio of alum na
to sil FEROIS Priaeen pRdrrd [0 kghp warshedly bsivasd 666 206800 ig/mThe cat al yst of
claim9 or 10, wherein the apparent porosity of the catalyst support is
between 60 and 70% 12. The catal yst of any one of clains 9 to 11, wherein
t he. &i ThaPiosesicd ey encoflams 1its 75viteoein B tittniupaticadt cobas eflthen t he wei ght

of theca?éi@%’c%%to %ém-jﬁ%?%@ﬁé?%g‘?%‘?%“%néﬂf%rﬁﬁtfg%ag%ﬂi nse 1 to 4, wherein the

cat al'yst any one catal yst.

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.





