0050/ 45645 0050145%5epar ation of epoxides by neans of aroma'tic.

per oxycar boxylic aci ds 5 The present invention relates to an inproved
process for prepar- i ng epoxides, in particular alkylene oxides, from
correspondi ng starting compounds, in particular fromthe correspondi ng
ol efi ns, by neans of aromatic peroxycarboxylic acids. 10 The
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found that this object is achieved by a process for pre- 30 paring an
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epoxi de, a of ca ically F? ogehat’i'ng the renoved aromatic
carboxylic acid to the corresponding aromat- 35 ic al dehyde, and a step C
of oxi di zi nowaver a|thenpathoflt is depgeRuitahle forxpreprridia gPAKkdeyon a

m xt ur e bacRatget hecadregnatince peheopproxycarimsgplliccaaid dif msedeinsgtdior
prepari n@oaghepmEtfic amouhBs PAndIGihel fesaliny RarBogPlidacii@okhdi €8thd N st ep
A. Prefer engkpéfisived ‘f‘é@eh@r&ié‘é 'HyS reBEE ol 3fifth RPar &Gt peltdRigee

el ectron- attracti'ng Substituent directly on the doubl & bond. Particul ar
preference is gi ven to olefins w thout electrgn-attracti Q%rSUb-

stituents oftt id HFoARIEHRE. Chs ARFEERLINYRIUEOR 6P PTHEAY & Pracess £9% or
branched C2Prapabirg jalkylppe pex¥ides by epoxigationepf nalefins yithcarematic
ol ef i ns, 2bupkresyearbdxyldéc pcijenwhich- permits 22shimplep,safe iasdbetcerami-
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ic acid without use of hydrogen peroxide.

We have found that this object is achieved by a process for pre-

30 paring an epoxide from the corresponding olefin by means of an
aromatic peroxycarboxylic acid, which comprises a step A of epox-
idizing the olefin and removing the resulting aromatic carboxylic
acid from the epoxide, a step B of catalytically hydrogenating
the removed aromatic carboxylic acid to the corresponding aromat-

35 ic aldehyde, and a step C of oxidizing this aldehyde with oxygen
or an oxygen—-containing gas mixture back to the aromatic peroxy-
carboxylic acid for re-use for preparing an epoxide.

In principle, any olefin can be epoxidized in step A. Preference
40 is given to olefins which carry not more than one electron-
attracting substituent directly on the double bond. Particular
preference is given to olefins without electron-attracting sub-
stituents on the double bond. Examples of useful olefins are lin-
ear or branched C,—Cy¢—-olefins, in particular C3—Cys—olefins, or
45 cyclic olefins, such as ethy1ene} propene, l-butene, 2-butene,
isobutene, l-pentene, 2-pentene, l-hexene, l-heptene, l-octene,
2,4,4—trimethyl—1—pentene, 2,4,4-trimethyl-2-pentene, l-nonene,



2}414_trinEtﬂQ??{?BgﬁFene, 2,4, 4-trimethyl - 2-pentene, 1-nonene,

0050/ 45645 _ 2 1-decene, 1-dodecene,
1=t et radecene, 1-hexadecene, 1-octadecene, C20-ol efin, C22-ol efin,
C24-ol efin, C28-olefin or C30-ol efin, cyclo- propene, cycl obut ene,
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preferably Cinffawiedromtélc W&kmﬁmﬂ acids afe NP PAktisSDeY G-,
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25 where R! to R3 are iﬁdependently of one another hydrogen, C;-~Cg~
alkyl, Ci3-Cg~cycloalkyl, Ce¢~Cis—aryl, C;~Ci-phenylalkyl, halogen,
C;~C¢—alkoxy, C3-Cg—~cycloalkoxy, C¢-Ciq—aryloxy or C;—Ciz—phenyl-
alkoxy and one of R! to R3 can also be a further peroxycarboxyl
group or a carboxyl group.

30
More particularly, the substltuents R! to R3 have 1ndependently
the following meanings:

= hydrogen;
35
- Ci;-Cg—alkyl, preferably C;-Cs—alkyl such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec~butyl, tert-butyl,
n-pentyl or n-hexyl, in particular methyl or tert-butyl;

40 - C3~-Cg-—cycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl,
.cyclohexyl, cycloheptyl or cyclooctyl, in particular cyclo-
pentyl or cyclohexyl or substituted C3;-Cg-cycloalkyl, in
partiéular_l-methylcyclopentyl or l-methylcyclohexyl;

45 - Cg-Cis—aryl such as phenyl, l-naphthyl, 2-naphthyl, 1—anthry1,
: 2-anthryl or 9-anthryl, in particular phenyl;



péntyl or cyg?%ﬁsﬁsor substituted C3-C8-cycloal kyl, in particul ar

1- met hyl cycl opentyl or 1-nethyl cycl ohexyl; 45 - C6-Cl4-aryl such as
phenyl, 1-naphthyl, 2-naphthyl, 1-anthryl, 2-anthryl or 9-anthryl, in
partlcular phenyl ; 0050/ 45645 3 .
- C7- C12- phen¢hrzficybhenylnlkyll such as -l-melbyy+ btphenyleshyyl benzyl,
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2,4,6-tr|nethylperoxyben20|c acid, 4-tert-butyl peroxybenzoic acid,

2- met hy!| 1,;]%% éEePéHéé'b is EuP@ﬁé?B‘ SBACLS éfd ogatl% peroxycarboxylic

2,6-d
4- et hlylngteroﬁﬁbgﬁ |w(§”'§%‘ Qeroxr}é ng"g’ﬁ;‘g’é;@ﬁﬁ?eWF vl grcf%’?o??b%‘h%ﬁ’tt aci d,

4- (1- et hy| 89t RetCyR) per oxyben20| c acid, 4- phenyl per oxybenzoi ¢ aci d,
3-chl or oper oxybenzoi ¢ aci d, 4- met hoxy- or 4-ethoxy- peroxybenzoic acid,
4- met hoxy- Bramplel eifhusyfﬁl Gaxbneetibyperesxyosdrbozxgl ic aadidis Brepi oxypht hal i ¢
acid,  mon aﬁﬂeﬁm&t RRkbgyBénsbicd aea] 2 MR PeRakyerieie 2y mono-
- peroxyterep B d‘?l ﬂlc' éci 2l3Sfe Eﬁigé dpxyEQnHéfc &Wr(ﬁig I%;iédi%lc

aromatic perox acl
¢ nd

parti cul arI gerox;itfe °}-\c Tc%q‘ue(p'lp858§¥£% UG, &¢
i nvent i on | e@ﬂq"é’é(&PFWbe‘!‘}?é’llcl peide Rk s tFé’@%?‘!i@-Hﬂ?@"XBBWQF&ﬁ i on of
ol efins. Thecxd chherdabibylperaxybeoabiy acid, ddmethylrd-fterkobrtyl-
25 peroxybenzoic acid, 2,6-dimethyl-4-tert-butylperoxybenzoic acid,
2-, 3- or 4-—ethylperoxybenzoic acid, 4-(1l-methylcyclohexyl)-
peroxybenzoic acid, 4-(l-methylcyclopentyl)peroxybenzoic acid,
4-phenylperoxybenzoic acid, 3-chloroperoxybenzoic acid,
4-methoxy- or 4-ethoxy-peroxybenzoic acid, 4-methoxy- or
30 4-ethoxy-2,6-dimethylperoxybenzoic acid, bisperoxyphthalic acid,
monoperoxyphthalic acid, bisperoxyterephthalic acid and mono-
peroxyterephthalic acid. It is also possible to use mixtures of
the aromatic peroxycarboxylic acids mentioned. o-Peroxytoluic
acid is particularly preferred.
35
Step A of the process of the present invention is described in
the literature as regards the epoxidation of olefins. The
epoxidation is typically carried out as follows:

40 The aromatic peroxycarboxylic acid, dissolved in a suitable
solvent, is made to react with an olefin. The molar ratio of
olefin to peroxycarboxylic acid is within the range from 0.8:1 to
100:1, in particular from 1:1 to 20:1, especially from 1.5:1 to
5:1.

45



40 The aron%??%’ﬁ%?ﬁ?ycar boxylic acid, dissolved in a suitable sol vent,
i.s made to react with an olefin. The nolar ratio of olefin to
peroxycarboxylic acid is within the range from0.8:1 to 100: 1, in-
particular from1:1 to 20:1, especiall$# from1.5:1 to 5:1. 45
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filtration, feomriicttiooR00¢ afiespirefarred. TempeXatuxes HfArpm 45 hyelrédgEnareéon of
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Surprisingly, at the relatively high temperature of 45°C or

higher, the olefin is converted much more rapidly to the epoxide

than any aromatic aldehyde still present from stage B is

30 converted to carboxylic acid.

The aromatic carboxyliec acids formed in step A from the aromatic
peroxycarboxylic acids I are separated from the oxidation
products, in particular the alkylene oxides, by customary

35 methods, for example by filtration, extraction or distillation.

The catalytic hydrogenation of the aromatic carboxylic acids in
step B is preferably effected with hydrogen in the gas phase in
the presence of a lanthanide/zirconia catalyst. Such catalysts

40 are known for use as'hydrogenation catalysts for converting
aromatic carboxylic acids into the corresponding aldehydes from
German Patent Application P 44 28 994.4 (2).

Step B of the process of the present invention is advantageously
45 carried out as follows: : ' :



t He bresencgogpléﬁ%rﬁ hani de/ zirconi a catal yst: Such catal ysts 40 are known
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further addi 3%SP3° B%r“ e Ve?@lbfgﬁnufnz ¥§f ;&# gﬁl SUCh

vary within i H@nera}lrifnecfsfe&ﬁﬁdly W&FF?ngﬁnz?rrFBnl% 9?727"& waEf%ﬁ']é’o
from 20 to solusdon®/(aquesugaer|algaholiicynefiCthey lapbhavides. 35 Cat al ysts of
this typesre produced in a conventional manner, for exanpl e by

saturating pamef eaasﬂym&:ra?eadsiemlays 4EB1ade ERirkabS, dopar® 1(&.8(,
extrudates, HrbnPgmanttdid!l GEPLEn, hafnium, manganese) in amounts from
0.001 to 10% by weight. Preference is given to catalysts without -
such further additions.
30 .
- The BET surface area of the zirconium oxide can vary within wide
limits and is generally from 5 to 150 m2/g, preferably from 20 to
150 m2/g, in particular from 40 to 120 m2/g.

35 Catalysts of this type are produced in a conventional manner, for
example by saturating preformed carrier elements such as pellets,
balls or extrudates, drying and calcining."

The preferred supported catalysts are very active over a pro-

40 longed period. Deactivated catalysts can be regenerated by
treatment with gases containing molecular oxygen, e.g., air, at
temperatures from 350 to 500°C.

The weight hourly space velocity over the catalyst is held in
45 general within the range from 0.01 to 10, preferably from 0.01 to
3, kg of aromatic carboxylic acid per kg of catalyst per hour.



'I:Fl'e breferreoaoss%gb%%%d catal ysts are very active over a pro- 40 |onged

peri od. Deactivated catalysts can be regenerated by treatnent with gases
cont ai ni ng nol ecul ar oxygen, e.g., air, at tenperatures from 350 to
500[err] C The wei ght hourly space 6el oci ty over the catalyst is held
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0050/ 45645  aromatic carboxylic acid is in generaP withife th¥dFHQRN from 2:1
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I
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Preference i& %i%psnbed reactipnwithfa £ixedohedeeptalystioforcexampdet hB an
sel ectivity,ubfigw oduddenfifou Iprobgsis pgenaisi anfluidizexd bednpearctdlonowdtls, can
be recycl ed twd @atagysy Nidadies £1udiddhE stlakB . Boexdidreiicst Us egivedntal 8heg t he
aromatic diggygﬁ, aP2$RES pedV th or without prior purification into step C
where it IS advant ageously taken up in a suitable solvent and oxidized in
t he | i qui d_phase with oxygen or an oxygen-containing gas_m xture to t he
cor r espondi n@)mw BRe SRISCRITIEY nYTPTPARSES O FPPRETESNStABRe at
t enper at ur estor @Rampdecalgabals,108n be jmEcyFded xinfen ther syAthesisr essures
fromO0.001 to 100 bar. DE- A-25 15 033 (3) discloses that p-tolual dehyde
can be oxpdimes step B 8£Ht AMiktuek)t étadiningathe droidticaatideiydeqr pakseout
cuch b o yi S %ﬁ“’ﬁgﬂﬁpﬁﬁéﬁeﬁrﬁ%ﬂﬁ?’@ﬁ“' fet e vl and
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normal |y 35 Ligyid. phage with QXYgeR.or an oxygen—containing gas mixture to

the corresponding aromatic percarboxylic acid. This is preferably

25 done at temperatures from -10°C to 100°C and oxygen partial

pressures from 0.001 to 100 bar.

DE-A-25 15 033 (3) discloses that p-tolualdehyde can be oxidized
in acetone solution with air at 28°C and 30 bar without catalyst

30 to form p-peroxytoluic acid in a yield of about 80%. However,
such high yields are only achieved with highly pure p-tolu-
aldehyde and anhydrous acetone.

Step C of the process of the present invention is normally
35 carried out as follows:

The concentration of the aromatic aldehyde in the solvent can be
from 1 to 75% by weight. Preferably it is from 5 to 35% by
weight, in particular from 8 to 20% by weight.
Oxygen or the oxygen-containing gas mixture can be made to react
with the aromatic aldehyde either in gas form or as a solution,
under atmospheric or superatmospheric pressure. The oxygen
partial pressure is preferably from 0.01 to 30 bar, in particular
45 from 0.05 to 5 bar. '



The concent Pg?%ﬁ58#5t he aromati c al dehyde in the solvent can be from1
to 75% by weight. Preferably it is from5 to 35% by wei ght, in particular
from8 to 20% by wei ght. 40 Oxygen or_ the oxygen-containing gas mxture -
can be made to react with the. aromati’c al dehyde either in gas formor as
a sol uti on, Theuodidatbionmpcphebe ccanriedpenatmmepheri diphassisdye. STheabdeygen
partial presgdétors forcitheahndyopHasicOpPdcéss Iebohies i in pdithcal selutEiohr om
0.05 to 5 bk the arond3®/ 424y de can be reacted w1th solutlon of 7 The

~oxidation C%Q gn,cal{r{de?rdagﬂgn%i? actors for
S

t he nono bcess .are. o 0 u%gl on Phe’ romat ic

al dehydep ﬁxB'E i afi TRaGE %rtﬁ |9F| ﬁo%c?ef stax ggnta'ﬂﬁde% %i’)]s?)herl c or
super at m)spFr'GPFE°ﬁ? ekoxthe diphasicopEABeSES taNFUFer Eherrualy §a§‘r'1%‘{1‘b’&jed
stirred tankdxi®y; tsuslhe as bublble modufins (wicthdiogphwithoyr sbiyddingswalds or

t hor ough gapabkihg celemefiits) Nostinield aanks bipprionklIysedusippedowith tspaitig-

di vidi ng waljhg Qéltatcﬁ"%c khA%ost RRNLS) arsdndd dst @Nkssdadyl 8Rattdci@aqui pped

Wi th spar s and optionally arranged as a cascade) or
trickle fg) 8own %\v/vat%eag%%)grgs The reactlon tenperature is preferably

fromO to 60[err]C, in particular from 15 to 40[err]C._ 15 The reaction
tinme is cho%éa g@;a%i@qrbtpmgqm@@n ig| peeferakdonfcem 0 tosi6@nCwi #thi n t he
range from fartbcdDi¥fremelBrema®’cs given to reaction times producing
an al dehyde conversion within the range - from60 to 99% Particul ar

preferenag ifiedky, ta;,{% jggﬂ/;ﬁdfg‘asso Prfl gbaﬂcé‘rh@aqﬁgg?“on MRS on

h h
\(I:Mo?rplr |nste g rgange +tl§€"d‘d| aange s"‘trgﬁﬁ flpz*é?%r or tggeg%lfe&gfcéfng i 3"%. d

product, e. §eaction W&ﬁopyaﬂﬁlmq 78, aldehyds) CAPYeLRQp fithin €he range

2, 6-di hydrO)fyn!!tﬁQ/ItO 99%pyPautxmlla2‘5pref®tﬁrt%bllé givemite Fenpgtion timesst ep
C are ket onggofecing amc alldabyde cdmveanbor withiar théutatigenfirbyl 7k etd9sgk..
esters (epg., nethyl or et hyl acetate or nethyl benzoate), nitro

conpounds ( #ng ox{ldein mangacimamghg'éslﬂﬁqgéeae;teﬁ‘ OWRAIGE e or

hydr ocar bons trichlo

chl or obenzef& glglzecrarfﬁggé{‘s %L caré?% Jh |a°&gr85?é1! eS €aPas derivatives
(e.g. t 8rPEFEPRAUINa e, sgmlenégt%q@ OF AnpTthydrogymethylrt hy|

phosphate oPYhéﬁmm-t hyl phosphor am de) or al kylaromatics (e.g., benzene,
tol uene @5 xylene). Preference is given to ketones, in

Suitable organic solvents for step C are ketones (e.g., acetone,
butanone or tert-butyl methyl ketone), esters (e.g., methyl or
ethyl acetate or methyl benzoate), nitro compounds (e.g., nitro-
methane or nitrobenzene), halogenated hydrocarbons (e.g., di- or
30 trichloromethane, 1,1,1-trichloroethane or chlorobenzene),
carbonates (e.g., dimethyl carbonate), urea derivatives (e.g.,
tetramethylurea), inorganic esters or amides (e.g., trimethyl
phosphate or hexamethylphosphoramide) or alkylaromatics (e.g.,
benzene, toluene or xylene). Preference is given to ketones, in
35 particular acetone and tert-butyl methyl ketone, and esters, in
particular methyl acetate, ethyl acetate and methyl benzoate.

" The aromatic peroxycarboxylic acid can either by ‘isolated (by
precipitation, for example), or else be re-used directly in
' 40 step A without isolation (i.e., in solution).

It is surprising that o—tolualdehyde_ié faster and more
selectively oxidizable than the isomeric m- and p-tolualdehydes.

45 The process of the present invention has the advantage that the
aromatic peroxycarboxylic acid is regenerated without use of
hydrogen peroxide after the oxidation/epoxidation. The aromatic



35 particul HORABAS and tert-butyl nethyl ketone, and esters, in
particul ar nmethyl acetate, ethyl acetate and nethyl benzoate. The
aromati ¢ peroxycarboxylic acid can either by isolated (by precipitation,
for exanple), or else be re-used directBy in 40 step A without isolation
(i.e., in sopetoyitarboxylid¢ dcidsaepsi onlig ashah oxydeniardasyele dgentaahdr and
nor e sel egd 'r\éﬁi Yotshfed Y AnyhpPadtiEod1S @RRERE. MheBRoRch LomEr9C B dERe
45 The procegseof lb%g Pégéeig mseggt&g& has e hgglgfé/ Jy.age that the

r € 0

aromati c per A | C_ acl enera ut use of hydr ogen
per oxi de aft%f f Fdﬁﬁhoﬁ?eﬁﬂ%?ﬁﬁg?dﬁ‘ & 4 %matic 0050/ 45645

8 per oxy®arboxylic acid acts only as an oxygen transfer agent and S
not consunedAtxeanbiopr achéma|foax that epStiglattion chs e tany agbmatic pegesyal |
process is i@catbtxyldecadid epeaaydbki OIlustrelteti as HdPRowsk?2 - > al kyl ene oxi de
+ H20 5 A reaction schene for the epoxidation using an aronmati c peroxy-

carboxylic acid | may be illustrated as foII%ws:
[err] cH
10
02
Cc
15
C-OOH
R
_ (1)
20 R

Ri

25 )ﬁfﬁ>é: >b==d:

Examples

30 Example 1
Epoxidation of l-octene with p-peroxytolulc acid ln acetone

50 g of an 8.3% strength by weight solution of p-peroxytoluic
acid in acetone were admixed with 4.6 g (1.5 equivalents) of

35 l-octene and stirred at 40°C for 5 hours, when the conversion of
the peroxyacid was about 90%. The octene oxide selectivity was
about 80%, based on the peroxyacid, and >95%, based on l-octene.
The reaction temperature was raisable without significantly
reducing the selectivity. At a.reaction temperature of 60°C the

40 peroxyaéid conversion after 2 hours was about 90%. The octene
oxide selectivity was unchanged compared with the run at 40°C.

45



Ex“arrp'l es 30°E§3|4ﬂ‘|5§4f Epoxi dati on of 1-octene with p-peroxytoluic acid
I n, acet one 50g of an 8.3% strength by wei ght solution of p-peroxytoluic
acid in acetone were adm xed with 4.6 g (1.5 equivalents) of 35 1-octene
and stirred at 40[err]C for 5 hours, whéh the conversion of t he
peroxyaci d was about 90% The octene oxide selectivity was about 80%
based on the mampx¥agi d, and >95% based on 1-octene. The reacti.on

t enperature i L1 d ctivity.
A b roaot | oREPRAAEEE BepBfthe M L paRkiol B MEL I BB Y er
hours was about 90% The octene oxi de sel ectivity was unchanged conpar ed
with the rdh3 949Fe"1“F]9C4% stremgth by weighy srgagion of p-peroxytoluic

9 Exanpl écid inReedcdet were cfhangedennihialiyp tpeaoX§tml gilaesacawtdn
acetone 5 Fagepl2ah S.of%psbpengt(3 byuieaDdritsyolveire oinjfctedpeand yind ui C
aci d in acet QRALYRES Wt Sedridh tdtldofct fot £ Rbubhk 2SEhed Peoxyacid Beh- 2. 4
9, 0F Bronene yetsfh! Wil Glse) rHE! Sy REL CGini G beBBrivi 6 HaBlisoo

stirred at_ 6 eroxyaci d con- sl on was Yo The
propyl ene JtB<|98§°§§?‘é{:‘? iWAS; ﬁggESed on the 10 peroxyacid was >95%

Exampl e 3 Epoxi dati on of 1-octene with o-peroxytoluic acid in acetone
15 100 g of &xahpl&98 strength by wei ght solution of o-peroxytoluic acid
in acet one wepexadatiaifl of tthodfere with d-~péicaAoldieoadiMb-in ackeshe) and

stirred at 60[err]C After 1 hour the peroxyacid conversion was 92% The
oct ene oxi CLiVvit 7 S Y Ql |

Bxanpl ¢ 4 & 1@ §a§% ta{% EY N ﬁu/&nag(‘%%l %grt 8?1 f?eso(iﬁ éon oé 8%0?%‘{29&\11%
Monocl i ni ¢ zA&3 ‘ﬁmcgeﬁ?e%fk“ ﬁ t e°‘f equiva-

lents) and stirred at 60°C. After 1 hour the peroxyacld conversion .
was 92%. The octene oxide select1v1ty was 97%, based on o—peroxy-
toluic acid.

20
Example 4
Preparation of the catalyst for the hydrogenation in step B

Monoclinic ZrO, (BET surface area: 40 - 85 m2/g) in the form of
25 tablets (catalysts A and E) or extrudates (catalysts B, C and D)
was saturated with an agqueous solution of the lanthanide element
nitrate (or lanthanide element nitrates) by thorough mixing and
the mixture was held at room temperature for 2 hours. The cata-
lyst was then dried at 120°C for 15 hours and then heat-treated at
30 from 400 to 500°C for from 2 to 4 hours.

The catalysts thus prepared had the following lanthanide
contents:
‘Catalyst A (surface area: 67 m?2/g): 3% by weight of lanthanum;

35 Catalyst B (surface area: 46 m2/g): 3% by weight of praseodymium;
Catalyst C (surface area: 46 m?/g): 3% by weight of cerium;
Catalyst D (surface area: 46 m2/g): 3% by weight of lanthanides
(distribution: 48.2% by weight of CeO;, 26.4% by weight of Lay0;,
5.7% by'weight of Pr;03 and 19.7% by weight of Nd,03);

40 Catalyst E (surface area: 53 m2/g): 3% by weight of lanthanum.

Examples 5a to 5i
Hydrogenation of 4-substituted aromatic carboxylic a01ds

45 Per hour, from 4 to 8 g of aromatic carboxylic acid, without a
solvent or dissolved in tetrahydrofuran (THF), were passed into a
vaporizer (<300°C) and carried from there by 100 1/h of hydrogen



25°tabl ets (99?9(§‘§§§5A and E) or extrudates (catalysts B, C and D)
saturated with an aqueous solution of the |anthanide el ement
| ant hani de el enent nitrates) by thorough m xi ng and
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| ant hani de
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roomtenperature for 2 hours.
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120[ err] C f othitbudiour0d gndft batalysat ihr aatweitkdle d6whflow.4@Get gaﬁékﬁ{serr] C
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25 2) jin solvent (THF); 100% by weight indicates pure carboxylic
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40 Catal yst E (surface

acid, without solvent

Example 6

Hydrogenation of 3-methylbenzoic acid

Hydrogen at 100 1/h was used to vaporizé 8 g/h of 3-methylbenzoic
acid (as melt) and pass it at 360°C in the downflow direction
through 100 g of catalyst E. The gaseous reaction effluent was
condensed in cold traps and analyzed by gas chromatography. The
yield of 3-methylbenzaldehyde was 92% (conversion 99%).

Example 7

Hydrogenation of 2-methylbenzoic acid

Bydrogen at 200 1/h was used to vaporize 8 g/h of 2-methylbenzoic
acid (as melt) and pass it at 350°C in the downflow direction
through 100 g of catalyst E. The gaseous reaction effluent was
condensed in cold traps and analyzed by gas chromatography. The
yieid_of 2-methylbenzaldehyde was 93% (conversion 99%).

area: 53 n2/ 0 ght of lanthanum Exanples 5a to 5Hj
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nmet hyl 10 350 77 99 78 59 B H
igg 3239 substltaént in poEQQJ.on 4 &5th30ca:5$bxy11ccac1d' R—'< >—COOH



si- © p 0050/@5645 - ., 360 97 99 08 1)

substituent in position 4 of the carboxylic acid: R- [err] - COOH 25 2)
i n"solvent (THF); 100% by wei ght indicates pure carboxylic aci d,
wi t hout sol vent Exanpl e 6 Hydr ogkhat i on of 3-net hyl benzoic acid 30

Hydrogen at 100 1/h was used to vaporize 8 g/h of 3-methyl benzoic acid
(as nelt) angx@msred 8aato38§C in the downflow direction . through 100 g of
catalyst E & EaSERAP bt LEaRiL QD a%iah#@éﬁ With alrcw%m%eg Mt raps
and analyzed ¥ gas o rgnatograp y 35 yield of 3-net beenzaIdehyde
was 9296(conv8 % ~. Exanple 7 Hydr ogenati on of 2-methyl benzoic
acid 40 H?drogen at 200 1/h was used to vaporize 8 g/h of 2-nethyl benzoic
aci d (as nel d)sahitions ofj arepatggpaliahydre dOnstoongth &3t wehght ith@eggh 100
g of catal ystofe) Tes gxidbzed neizht adn af fi0feninwasfour-nenkefibask iequipped
traps and angiygeshd¥indas €lbe,Riig8~8pbed HUBch s¥iedel,0fa thermometer and

2 rret hyl benz gl P@f%ﬂ?c\éﬁaeﬁ'ééf(GLg{éV?EJ?bQ#‘ac%.%)/‘)conéént ation 0Qae/ &éﬁé&%med

aromat I.c._a

per oxycar ggp Yi %oé‘omeg:ﬂ’ a soFlhe%ccé’f“gﬁ’ gengs RO g’% u??'é‘hmblfnﬁ g%%% l?ljc?g'ﬁ%ae
(10% st r engt BEBRMNafher Feduckion of ohks RerOXIRFHM AEHEhrAPYEYL Rhosy C in a
f our - neck fl| pbkteluilhecdldehydash uged am ¢thet riesulhs (pres summarbeetinstirrer,
a thernonet erablel 2. a reflux condenser. The peroxyaci d concentration was
determ ned 10 by iodonetry. O her conponents can be determ ned by gas
chr omat o- ?ﬁﬂ% hy (after reduction of the peroxyacid with tributyl phos-

The a yde

“phite). s used and the results are sunmarized in Tabl e 2.
15 Table 2 Ex. Al dehyde Reaction tine Conversion of

Per oxyaci d Ex. |Aldehyde ‘- Reaction time | Conversion of Peroxyacid
No. ) aldehyde selectivity

' [h] [%] [%]

20 782 |benzaldebyde 2 34 77

8b |p—-tolualdehyde 7 84 83

8c |m~tolualdehyde 6 90 . 82

ﬁd o-tolualdehyde 4 80 93

25 | 8e |p—methoxy- 1 37 72

benzaldehyde
Example 9

Oxidation of p—tolualdehyde in methyl acetate
30 ' '
Example 8b was repeated with methyl acetate instead of acetone as
solvent. After 7 hours of reaction the aldehyde conversion was
62%. The p-peroxytoluic acid selectivity was 69%.

35

Example 10
Oxidation of o—-tolualdehyde with oxygen under superatmospheric
pressure '

40 » 10% strength by weight solution of o-tolualdehyde in acetone
was oxidized at 5 bar and 30°C with pure oxygen in a magnetically
stirred 10 ml glass autoclave. After 1.5 hours the aldehyde con-
version was about 80%. o-Peroxytoluic acid had been formed with a
selectivity of >90%. The rest was chiefly o-toluic acid. By-prod-

45 ycts such as phthalide, toluene, o-cresol and o-cresol formate
were formed with a selectivity of only about 0.2%.
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No. al dehyde selectivity

[ h] [ % [94 20 Ba benzal dehyde 2

34° 77 8b p-tol ual dehyde 7 84

83 8c mtol ual dehyde 6 12 90 82 8d
o-t ol ual dehydhe oxidatich could also beB@arried out in §@r@Scorentpated hoxy-

1 solGtions. The oxiddtion of a 20engedeiRtHdBy weightX3oRbeidn of

ch('t ﬁatﬁ:;ﬂyff oL@l 3'0""c e el BRpEEH 2 33@iours Ei‘é’dH&%n%ﬁd@)s ife‘i%éaed

egga? acq.% %E’Z‘B‘/oa 1Ve%t v:.g?(t & a&,ﬁ?_%ﬁ

reaction th %Sgﬁégéonv Tol®N°C act d
selectivityg e ?ﬂ?versEQBnp hﬁ Ckldatlon of o-tol ual dehyde with
oxygen under superat nospheric pressure 40 A 10% strength by wei ght
solution of o-tolual dehyde in acetone was oxidized at 5 bar and 30C with
pure oxygen in a magnetically stirred 10 m glass autoclave. After 1.5
hours t he al dehyde con- ver si on was about 80% o-Peroxytoluic acid had
been formeg,with a selectivity of >90% The rest was chiefly o-toluic
acid. By-prod- 45 ucts such as phthalide, toluene, o-cresol and o-cresol
formate were formed with a selectivity of only about 0.2%

0050/ 45645 ' 12 The oxi dation
could al so be carried out in nore concentrated solutions. The
oxi dation of a 20% strength by 'wei ght sol ution of o-t ol ual dehyde
(30terr]C 49 bar oxygen, 3 hours reaction tine) yielded t he _
corresponding peroxyacid with a seI ectivity of about 93% 5 (al dehyde
conversion: 90% . 10
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| | E"”mﬂﬂ“! l!fl Aprocess
f of preparing an al kyl ene oxi de fron1th@ corr g olefin by

means of an aromati ¢ peroxycarboxylic acid,
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We claim:

1.

A process for preparing an alkylene oxide from the corres-
ponding olefin by means of an aromatic peroxycarboxylic acid,
which comprises a step A of epoxidizing the olefin and
removing the resulting aromatic carboxylic acid from the
alkylene oxide, a step B of catalytically hydrogenating the
removed aro-matic carboxylic acid to the corresponding aro-
matic aldehyde, and a step C of oxidizing this aldehyde with
oxygen or an oxygen—-containing gas mixture back to the aro-
matic peroxycarboxylic acid for re-use for epoxidizing an
olefin.

A process as claimed in claim 1 wherein propene is epoxidized
to propylene oxide. :

A process as claimed in claim 1 or 2 wherein the aromatic
peroxycarboxylic acid used is a compound of the general’
formula I

\

C~00H

(1)

Rl

where R! to R3 are independently of one another hydrogen,
C;—C¢—alkyl, C3-Cg—-cycloalkyl, Cg-Cis—aryl, C;—Ciz2—phenylalkyl,
halogen, C;-Cg—-alkoxy, C3—Cg—cycloalkoxy, Cg—Cjis—aryloxy or
Cy—Ciz-phenylalkoxy and one of R! to R3 can also be a further
peroxycarboxyl group or a carboxyl group.

A process as claimed in any of claims 1 to 3 wherein the
step B catalytic hydrogenation of the aromatic carboxylic
acid is carried out with hydrogen in the gas phase in the
presence of a lanthanide/zirconia catalyst.

A process as claimed in any of claims 1 to 3 wherein the
step C oxidation of the aromatic aldehyde is carried out in
the liquid phase in a suitable solvent at temperatures from
~10°C to 100°C and oxygen partial pressures from 0.001 to-
100 bar. .



0/4
wi ch comr ORROLIED A of cpoxidizing the ol ef IR "

of catal ytically hydrogenating the renoved aro~neti ¢ carbdxyiic acid
to the correspondi ng aro- 10 mati c &4dehyde, and a step C of oxidizing
this al dehyde. WX Iprocess axyajerimed im angy @dnclaimsinitog 3geseraiet whe back to
the aro- r@éd:ﬁdaewxyfs?trd&&ﬂéa%wudl faoBolwentse for epoxidizing an
olefin. 15 2. process as clainmed in clalml wherein propene is .

epoxi di zed yl eng £s S din aim1l
or 2 wherei n thé PI cas €1 ‘-"‘ﬁg %]aarjtl)“ox f'lR%Pam h%seﬁo’?lmlc%l agénd of
the genera? 20 the pidation o ]al dehyde’a gocarrifd PutRin th ag;g

i ndependent | y ofsadvengmot her hydrogen, Cl- C6- al kyl, C3-C8-cycl oal kyl,
C6- Cl4-aryl, C7-Cl2-phenyl al kyl, hal ogen, d -C6-al koxy,

C3- C8- cycl 0 koY prodes dadelsDibdOLn cla:.m G7whdZefth ih¢l 3bkeesayt aipdgong of
Rl to R3 can al Sél:eti:%n@ fﬂé{m acetate §,fal_r Qf_)é,gétég.roup or a carboxyl
[ n any

group. 35 4. A proceds as claine alms 1 to 3 wherein the
step B ca {’%I ti c hydrogenation of the arorratlc car poxylic acid_is
carried out E?r/vl t P BFOCE5Enas (PiBedadn fHil 3nvhpgein the ppEQRyRAFhoRY3ic
| ant hani de/ zi r cagisl wsed| s to-peFoxygoluic pﬂcedess as clainmed in any of

claims 1 to 3 wherein the step C oxidation of the aronmatic al dehyde
is carried out in the liquid phase in a suitable solvent at ,
t enper at u&gs fro -10C to 100C and oxygen partial pressures from
0.001 to 100 bar . . 0050/ 45645

14 6. A process as clained in any of clains 1 to 3 wherein the

epoxidation is carried out" in a sol vent.
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7. ‘A process as claimed in claim1 wherein the epoxidation and 5 t he
.oxi dation of the al dehyde are carried out in the sane sol vent .
"8. A process as clainmed in claim7 wherein the solvent used is
acetone, nmethyl acetate or ethyl acetate. 10 9. A process as clainedin
claim 3 wherein the peroxycarboxylic acid used is o-peroxytoluic
aci d. 15 Prepar@tion of 2poxides ¥ means 3f aromasflc peroxyearboxylic

~ acids .

5 Abstract

Preparation of epoxides from olefins by means of aromatic peroxy-
carboxylic acids comprises a step A of epoxidizing the olefin and
removing the resulting aromatic carboxylic acid from the epoxide,

10 a step B of catalytically hydrogenating the removed aromatic car-
boxylic acid to the corresponding aromatic aldehyde, and a step C
of oxidizing this aldehyde with oxygen or an oxygen-containing
gas mixture back to the aromatic peroxycarboxylic acid for re-use
for epoxidizing an olefin.
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