2 7 JUL 2005 1 METHOD FOR PRODUCI NG AN EPOXI DE The present invention

relates to a process for preparing an epoxi de (epoxidation). In gge ﬁ[)oms
of the present invention, the reaction mxture obtained in the r ct] n

an organi ¢ conpound having at |east one; CC double bond with hydrogen
peroxide in the presence of at |east one catal ytic active conpound and at

| east one solvent is worked up in such a way that the a-hydroperoxyal cohol s
formed as by-product of the epoxidation remain |argely undeconposed or are
converted into the corresponding glycols. The term epoxides is used to refer
to conmpounds which are forned by addition of oxygen onto the two carbon
atons of a double bond. In the customary processes of the prior art, the
conpound to be epoxidize enerallé a _conpound having at |east one CC

d
doubl e bond, is reacted WTHgD}‘ERﬁ‘BB‘ RUENGANEPOXIDES o vent, for exanpl e

met hanol, and in the presence of a catalyst in an appropriate reactor. The
general principles of this reaction are described in DE 198 35 907.1, 100
32 885.7 and 100 15 246.5. The epoxide formed is separated off at the top

t oget her w : un e xi di zed, . .0 n,.and, ot her
| ow- boi | i nght‘t;‘i/b%?%rgE{éfeg’?’tgﬁg‘d&&gn%gﬁlprg%%gﬁogrlﬁgfga I B iR AR, o up by
di still ati oln thEhprogesst of Itht ipeeseitoirtvention, cthe sieadtionf maxtmiex dbtaimed dnpthiesi ng

mai nly solv : , a d en er oxi i,gh-bai |l i ng

by- pr oduct sl.%gélthoe"\é\@r %E;no%@@eé%nz&%lﬂé lé)ae%}gegtc?%aapéﬁgﬁ'@%owgﬁ?gac%t ound to
be epoxi di zidirogengerafidein the peesence dftut deagi erescatal picoaitivt compowainandatposed
mai nly of s ent., rs ! n Y- d 0, esired
epoxi de in Eégr{e&#eo?%]@érﬁhlg g@%gﬂf&f &o%@h%%@pﬂg %t‘%-é'h%il%@ée?‘lf’)ﬁg‘tq%g%lgcol um
and the out ed rasnby-peoduact ef thee gprrodatimmerewsuik datgelp dndecdraposed g arost

i mportant bysR tSthR LR di i dati ons are oxygen and products
whi ch can b%onf gﬁ%@%y %ggkgﬁonnggggﬁ%bns of the solvent, of water or of
hydrogen 2 7 JUL 2005 2 peroxide with the epoxide fornmed. Exanples which
may be mentiphgemapexides is used to refer to compounds which are formed by addition of

oxygen onto the two carbon atoms of a double bond.

In the customary processes of the prior art, the compound to be epoxidized,
generally a compound having at least one C-C double bond, is reacted with
hydrogen peroxide in a solvent, for example methanol, and in the presence of a
catalyst in an appropriate reactor. The general principles of this reaction are
described in DE 198 35 907.1, 100 32 885.7 and 100 15 246.5.

The epoxide formed is separated off at the top together with the unreacted
compound to be epoxidized, oxygen and other low-boiling by-products and a small
proportion of solvent in the work-up by distillation. The distillation bottoms
consist of a mixture comprising mainly solvent, water, unreacted hydrogen
peroxide and high-boiling by-products. These can subsequently be reacted again
with the compound to be epoxidized n an after-reactor. This gives a product

stream composed mainly of solvent, water, epoxide and by-products.

To isolate the desired epoxide in pure form, the stream from the top of the
distillation column and the output from the after-reactor are worked up further.

The most important by-products obtained in epoxidations are oxygen and products

which can be formed by addition reactions of the solvent, of water or of hydrogen



al koxyal cohol s, glycols and a-hydroperoxyal cohols. If the solvent used is,
for exanple, nethanol and the conpound to be epoxidized is proqgmgn“EQmﬂs
nost i nportant by-products of the abovenentioned type are 2- v
met hoxy- 1- propanol and 1-nethoxy-2-progfnol, propyl ene gl ycol,
2- hydr oper oxy- 1-propanol and 1-hydropetroxy-2-propanol. Wile
. et hoxypr Opﬁé?%iﬁeaﬂﬁhpﬂﬁp}#ﬁ(ﬁﬂ@e gbisql. BXenpley wistiabhey el ecutiesd e

hydr oper oxypr opanol s are t ernally | abil e nﬁlecules whi ch tend to deconpose
to form f ustkeveralenholss slygels and 8-y dransriaplsaiSltte, acet al dehyde, propyl ene

gl ycol and hydroxyacetone. Some of these by-products in turn tend to be
converted into further, secondary by-products. Exanples.are f.qrnaldehyde
di met hyl acHtth¢ soly et rse 15&&‘&*&‘?18%@%@#@%&3‘? EOTP%‘FdeIBPﬁﬁP%ﬁVgngor
acet al dehyd@oﬁibﬁ@,t el nRselBbortE ehy-prodadi bfan@ BERdvewlendosidatypef aent-
acet al dehyde. " Sone of these secon&

ary by-products are tho ich _cause
parti cul ar | pegd@xyouBropprd sd s MEROR K- RIHPANR rPf%ﬁ%ﬂﬁ@YEﬁm ?ﬁﬁ%lpglc%ﬁi
m xture. Foq}j{ﬁggﬁﬁgi €nd PUR&LPLGRS-2-siBpdhos acet al dehyde and nethyl formate
can be separated by distillation fromthe mxture conprising the epoxide

only with great difficulty. Thus, US 6,024,840 descri bes a conplicated
process for wagRanfihdSpagahak dally grpyfehonalpiod it enrey axdbite niyecuwbanshof a

nunber of columms for "extractive or fractiopal, distillatiqgn ed in
series. Owi HYJTOBCIOREPTOPRIMS ﬁfﬁdﬁ?rmaély lﬂ?lfet IP?@J%BB]FF iwr%cthp‘(?f]ﬁﬁ% 8%(1“0%?%@%3(? f or mat e
and propyl fetﬁerm %&l@@,byﬁpﬂﬂﬂﬁs,wy %Ymhlehﬁreﬂsc@ildamla,r popglens ghickbwde o
necessary for separating, the Thys, U 170Q, 00 escCl.] , val o
net hyl for nﬁy%r%’i‘%t%‘?e%&m 'he§ﬁilhyéﬁﬂ)§“cg%§? 3“7"oﬁen§x§)hé¢1%§ﬁ‘réertsk ?ngn?éorser

whi ch only tfendrosedBidury By?&mtlsdEmdpibmm fomendehgde difimahyl eceiak fgmad
reprocessi ng of econpmi cal val yabl st - ) m xture
and their 1 ac8aimiRg fpes daet Bmee G AR iy R Kl i

t he need f oncideindtrhatylyacentpfrorn ataedelpplar at us because of the presence of
these by-products. 2 7 JUL 2005 3 For exanple, preference is given to

usi ng nmet hanol as solvent in epoxidation ) . .
Some of these secondary by-producis are those which cause particularly serious

problems in the further work-up of the product mixture. For example, substances
such as acetaldehyde and methyl formate can be separated by distiliation from the

mixture comprising the epoxide only with great difficulty.

Thus, US 6,024,840 describes a complicated process for separating acetaldehyde
from propylene oxide by means of a number of columns for extractive or fractional

distillation connected in series.

Owing to the close proximity of the boiling points of methyl formate and propvlene
oxide, a high outlay in terms of apparatus is likewise necessary for separating them.
Thus, US 5,170,002 describes the removal of methyl formate with the aid of
suitable basic ion exchange resins over which only the formate is reacted and thus

removed.

The recovery and reprocessing of economically valuable substances from the
product mixture and their reuse in the epoxidation has also hitherto been associated
with the need for relatively complicated apparatus because of the presence of these

by-products.




reactions. For econom c reasons, efforts are made to recover this fromth
crude product m xture, to purlfy it and to return it to the reaciibnulL 2[1“5
circuit. Problenms are presented in this recycling procedure by, in
particular, the presence of the by- prqducts frequently present in the
product m xture, e.g. acetal dehyde, acet al dehyde dinethyl acetal and nethyl

Tormate. | {ehasdlbe e BREN:NGG8E SN LOeBhoyss sompin tatedidpar at uses
to achieve virtu onpl ete réenoval of the bst ances.

e interferin
Thus, US 5 eael@elF@t pROBEMIG ERasepss SHOES 41 J@F@@ FREGPY T W‘%ﬁ%‘“ ‘55&?‘ i on of

al dehyde H@E}Q' OC@J} fgri { ¥nd® ?&ﬁﬂneivaﬁtttéyreeeﬁdna@taumepebwetms h@t i on
carried out f distillation coﬁﬁmws connect ed, i.n er| es. The

process desmesm@ﬁ ilrn )= IEQ}UDBQS%?PW'U‘I’@OPY t WeP A BT (the RTesEnSfephilie PYr mat e
from net han Iodhéts %gg])érﬁt]r 'ﬁfeseﬁpiﬁpttlbﬁe Al mt}tmﬂese na&tglmtyd@facahmepy@sent

invention t ans of the formation of such

by- pr oduct sdmﬂtbﬂ aetal dmfif methlyt f@r@%r]k hag hlthe@adsﬁeaatq%fr%aryr EREMPEHs i s
conpl etely 96’ 1‘}1&%410 q]\g%ﬂo 1 @i & e VithdTNBodiikeit hand¥ 0 I eme inteff@inged to

above in the scu55| prior art are thus also very largely
avoi ded. V‘éSLHBwe’lCtE&aund t hat thi s object is achieved by a process for the
epoxi dation of an organic conpound having at |east one C C double bond by

means of hydrogen peroxide in _the presence of at |east ane cally
active conpdbny BH§ 88,393 s4atcs Bk a selisfariery R & HheaSeRrRHoR © ﬁ}%wé %

conpri si ng gl HARALPXYRIERNBE SichRved BYUSSECHv ﬂgumudleaat]earm rieduci ng
agent. For the purposes of the present i hvent.i o anl %ﬁgﬁ havi ng

at | east onglurgdiy oisligsillationpeiugms cappectidgancret dﬂ ofss n at

| east one CI{uGRYP: for! the! &aRitidE eSS nfihil M rinarefibinometipmef és esirgarls gi ven
to using organi ¢ conpounds selected fromthe class of al kenes, which
contain at Femglicaet such group. In the process of the present invention,

particular preference is given to usi ng propene as al kene. As exanples of
al kenes, ms?tt 1|s%g o%?%t 8? th%%crjgseg{ 1nt\.ftc1nenc;cn 10 provlatg a procesé:| BJL n?e%)ssof Hhich the
formation of such by-products which are difficult 1o work up in epoxidation
reactions is completely avoided or reduced to a minimum and the problems
referred to above in the discussion of the prior art are thus also very largely

avoided.

We have found that this object is achieved by a process for the epoxidation of an
organic compound having at least one C-C double bond by means of hydrogen
peroxide in the presence of at least one catalytically active compound and at least
one solvent, wherein a product mixture comprising o-hydroperoxyalcohols is

reduced using at least one reducing agent.

For the purposes of the present invention, organic compounds having at least one
C-C double bond are all organic compounds which contain at least one C=C group.

In the process of the invention, preference is given to using organic compounds

selected from the class of alkenes, which contain at least one such group.

In the process of the present invention, particular preference is given to using

propene as alkene.

As examples of alkenes, mention may be made of the following:




et hene, propene, 1-butene, 2-butene, isobutene, butadiene, pentenes

pi peryl ene, hexenes, hexadi enes, heptenes, octenes, diisobutene, 7&%
trimet hyl pent ene, nonenes, dodecene, tridecene, tetradecenes to elcosene
tripropene and tetrapropene, polybutadi enes, polyi sobutenes, isoprenes,
terpenes, geraniol, linalool, linalyl 4cetate, nethylenecyclopropane,

cycl opent en@theﬁy%@p@fkene@maw bornene. lsomaieol&a%%e pii e C Y e ph@wane,
vinyl oxirane, vin yl cyci ohexené, styréne, cIooctene cycl ooct adi ene,

vi nyl nor bor h@ﬁ‘élesﬂ heyafignesy, étepmwr@ﬁtw&nénso #@mylrawhﬂﬁ@mene nonenes,

di cycl opent adiiRege, Hidtethe bRIZEAGNeC YS! &@%ﬁ@@”ﬁmloﬁéﬁ%' Qﬁ’(ﬂ)dl‘?:ﬁ rE) &R,
stil bene, di phen ’but adi ene, vitam n A beta-carotene, Vi ni/ i dene fl uori de,

allyl halidesly eﬁaéxews cPOISPRIEENETR LIFRNIENES, dHIPERGSde2eranifle HIsiasbutiaal! al |yl
al cohol, negphajby! rﬁétﬁﬂ@ﬁ’écyclggfcﬁﬂﬁ’é S, cRYS RGO S Cloﬁé’fén@Pe%%lﬁﬂérﬁl S,

pentenols octadi enol s, trid unsat urated $Steroi ds, ethoxyefhene
i soeugenol , CHeReRHNE, uridmyleyclehedanear bveyloxaangi d§1“§1§¢’ﬂoh%xeﬁéar ylsty&éneaci d,

et hacryl i ¢ caghshier! O ORidociGhe, MBHiRlIGoMBhne Y MHIARE! | RudfiointigRat ur at ed
fatty acids suc as oleic_acid, linoleic acid, palmtic acid, naturally

occurring farahMsmene; | 5. digyclopentpdistess ofipdbenzesent | sydadedsaene,

preference (ol Battiend!S! fibedkeKeARBenAOMh&LM NOyitanfil 2AL Obd@-GRRARN at ons.
According to. the present _invention,. the epoxidation of the abovenenfioned

organi c coNgyldere hEvpHde. at alh@asliahéﬁ% cretydoulaidsondngtBalbdy r¢hdendsut  usi ng

hydrogen pefcrdreSutent? RAIKParfcdhlBe Mieihagen BRoRpNi deuwsed, itudnediassible to
make recourse, for exanple, to the anthraqui.none process by. nmeans of whi ch

virtual ly tR¥ %li’ﬁnlt‘?“éd\ﬁ@ﬁﬁl @ENIERRIFU CRSLRFHENNNS, hAFESERM S S5RMERC] sSIETOMiced.

Thi s prgcesg%uoﬁ élﬁéﬁd iRuf é}ﬁ)ngﬁe@ﬁdt Mﬁsaﬁlﬁlﬁ%ﬂg@%@iﬂlemcﬂfs arthaﬁ% Bdﬁr@ﬁ%' none
conpound to orr ondi n ant hr ahydr o none.conpoun ubsequent
reaction of 2P ¥° Frﬁ Bﬁﬂj’a 010G ‘ilnm‘ﬂ?&rafyéeﬁmgg? nga”s‘mf'éje%mént
extraction atidt hechhydorgeaciperméidectdpatgitic atid mairalﬂgysc@myg lfeets iasd

conpl et ed bﬁ]rehydrogenatlon of the anthraqui none conpound whi ch has been
formed agai fn the oxidation. A review of the anthraquinone process is
given in "U Il manns Encycl opedia of Industrial Chemstry", 5 "h edition,
volune 13, RR9ke pff'é(:?esg of t%g present invention, preference is given to using alkenes

containing from 2 to 18 carbon atoms.

According to the present invention, the epoxidation of the abovementioned organic
compounds having at least one C-C double bond is carried out using hydrogen

peroxide.

To prepare the hydrogen peroxide used, it is possible to make recourse, for
example, to the anthraquinone process by means of which virtually the entire world
production of hydrogen peroxide is produced. This process is based on the catalytic
hydrogenation of an anthraquinone compound to form the corresponding
anthrahydroguinone compound, subsequent reaction of this with oxygen to form
hydrogen peroxide and subsequent extraction of the hydrogen peroxide formed.
The catalysis cycle is completed by rehydrogenation of the anthraquinone

compound which has been formed again in the oxidation.

A review of the anthraquinone process is given in “Ullmanns Encyclopedia of
Industrial Chemistry”, 5 edition, volume 13, pages 447 to 456.



2 7 JUL 2095 5 It is Iikew se conceivable to obtain hydrogen peroxi de by
anodi ¢ oxidation of sulfuric acid with sinultaneous evol ution of t'?/qr ?@EnmnS
at the cathode to produce peroxodisulfuric acid. Hydrolysis of the £Le
peroxodi sul furic acid forns firstly peroxosulfuric acid and then hydrogen
peroxi de and sul furic acid, which is thus recovered. It is of course also

possi bl et oyPLeRAEMYAAGERIPR! OYle sl BRI TB0 Ao LA 456 O

hydr ogen perOX| e process 0 tion, possi bl e
to free, f osulﬁnamdlé with m@mi@nmualdvylumaldfdbfldwgﬁydﬂ é]gfeﬁatb@@ﬁ‘om Hf@dﬂ@ﬂ ution

of undesira dsso t exanpl e,
t hose descB?r ea& fl{ﬂ% %@4@%@% %E if Iffe gér%galg%ﬁd\%sggi;aoégangs ff]f%y

li kewi se ppewixbidfuiioracat ah@dsn nweogsal pergrids end shiunheacidy whisliels thes oxi de
solution to_be er(%grmved fromthe hydrogen peroxide solution by neans of ion

exchange i n"An" par at us whi ch conprises at |east one nonacidic ion
exchange bed havi ng a cross- secti onal area through which flow occurs F and

a hei ght u a | ess than or
equal to 2115 EEE@ Ee %{E‘%g&fs‘l cu ad;j agéslg}t"{}ﬁ%ﬁloﬂ()%g&)sﬁgﬁeﬁ'et%lgg%rﬂfﬁtsm12 For the
pur poses of the present invention, all nonacidic ion exchange beds

Conpri St ng_ SaRyeNGANG8LS BOSLRE {ANhOMEXSHRRYRE SuBRR nfeniitr nEiDI © be

used. It is a i on and ‘ani on exc ngers e used as
m xed beds wbsdible t@free,|fonemmp1a,rﬂg®nbed'cwﬂmdaﬂlﬂﬁbéff bydr@@ﬁnem@aﬂmvtl@w t he

present 1 MyenhidabRo ¥ %ﬁabmﬁﬁ%dg‘&f@a@ﬁ&%ml@ameai9hﬁpg%rﬁpkw&@d

Furt her prePe asi c 1 on exchanger

particul arl ylemﬂé?i:érlabw QSMQB& BEiAM2 8% divdnefe W@ N/ NasHp- ﬂ)‘aﬁt likqwise | y
preferably i&n%ﬂ%@% b@Sik&st adﬂeo&]teél%gé}ﬂ%rtheTﬁ&%rég%ﬁ%ér@ﬂd@%ﬁfti@hnﬁx ho the
i

present inv the organic ounds havi ng a | east ,one C-C doubl e
bond wi t h hyemoygshirper i hb@fﬁme@%ﬂd%éomﬁoﬂﬂé’ @Fé‘!ﬁe%%—?“o?x‘%&?“gq a8t one

Cit F‘: yé' cal ![ gﬁﬁﬂl’s\ﬁﬂu&f) s af a9 BNEhdhacidit ﬁorpé}itcﬁh}’g%ttﬁdm at@odshose
skilled in

art are _suitable for the 0 0 i.nyention.
However, pré¢@iaaabaes s‘hg?“géﬁ"liléh femRyeyis ‘?rtcg ?’ P'af'lysé‘rf]}% tﬂ%ﬁ@?ﬁ? }H3¥ t he
present i nveRkhofndkeRanpe B¢l deRsHthh OF eqfal 2t5heF]ébmpmnmammthan or
equal to 1.5 * F“?. For the purposes of the present invention, all nonacidic ion
exchange beds comprising cation exchangers and/or anion exchangers can I
principle be used. It is also possible for cation and anion exchangers 10 be used as
mixed beds within one jon exchange bed. In a preferred embodiment of the present
invention, only one type of nonacidic ion exchangers is used. Further preference 18
given 1o the use of a basic ion exchanger, particularly preferably a basic anion
exchanger and very particularly preferably a weakly basic anion exchanger.

The reaction according to the present invention of the organic compounds having at
least one C-C double bond with hydrogen peroxide takes place in the presence of at

least one catalytically active compound.

In general, all catalysts known to those skilled in the art are suitable for the
purposes of the present invention. However, preference is given to using zeolite

catalysts,

Accordingly, the present invention also provides a process of the abovementioned

type in which the catalytically active compound or compounds comprises a zeolite

catalyst.




type in which the catalytically active conpound or conpounds conprises a
zeolite catalyst. 2 7 JUL 2005 6 The zeolite catalysts which cab'(bﬁj[ys@d‘j
in the process of the present invention are subject to no particular
restrictions. Zeolites are, as is known, crystalline alum nosilicates having
ordered channel -and cage structures anfl cont ai ni ng m cropores which are

preferabl y gnallteiite daansabokich c@n Be @Q@d ih@e 'ﬁ%dé@sr &t @t sprﬁééeﬁn #8lddhese I s built

up of Si04 and ALOX4 tetrahedra which are joined via are oxygen bri dges.
An over vi ewSHHeih@ nR RATcuky FesHiqGoBS may be found, for exanple, in W M
Meier, D. H dson and Ch. Baerlocher, "Atlas of Zeolite Structure Types",

El sevier, 4th Edition, London 1996. ZeoI ites which contain no alum num and
in which t héeeliies 9ae, jap it kieoven.|Gryssalling alﬂlmlﬁ@lhqagesmfmgyorﬂ@pda;b@melbynd| t ani um
as Ti(1V) afzﬁ’%eadtﬁfétd?@som comﬁl% tnhltca%bwwl gﬁgﬁehﬂ) V\%Bﬁﬁﬁf%ﬁHﬂnaﬁchuhose

havi ng a cré structure of preparing them
are descri b8&, MpoFheneiwsrkeof sush EF‘IIABSJISMI!IJI 9189f 8@45112!3&1%561@8&3 wipgkt from
silicon andafd oUW sWo)ﬁ%ﬁBhﬁLé RRYov L0 §F t]fe nssEt'uﬁg.Eés't 9{'9{:' um

el enent s su h as al um num conlﬁm tin, iron,

boron or nd, ferotkaeplefinf Wy dfi Meier, . Hh@l?.frneﬁi@r le Bafﬂk@bﬁer Atﬂéﬁ ofeolite
catal ysts Ui@@ln'e'i‘slrufcﬁﬁe ?W&;esl?lsélﬁeﬂ @@Eﬁﬁgﬁbﬂbnddw%%' on, the titaniumof the

zeolite can be partly or ly répl ace y vanadi um zirconium chrom um
or niobiumor a m xture of tvvo or nore thereof. The nolar ratio of titanium

and/ or Vananeél]nﬂes HHiGORI T noCAMAuETIARS inlvBRh YRR SRW)h% e RbeShikikeon and
zi.rconi um and/ or chriom um and/ or niobiumis

titani um and/ or &gﬁdl Hrayand/ or

general ly i }EB,{QYF HediydhrmumasIilY) age alsq knawe.ahieseriaasim gelites, pn

parti c]yl ar bmelah?ﬁbﬂghﬁuﬁ% )ﬁsb@ktglsésfrh@hw 8f QJIFrl %cNic\j/\gbﬁﬁbleaﬂ%s Bossi bl e
ways O preparin em a escri.pe ex | N

98/ 03394, T L R R S o 4 T 4% or %%Gged'qseq7§vant
contents ar éphtil ﬂrMnlsﬁli@j’npm’f(Btlfaduiﬂy dJueh enaaeds nfdyofuiier @dsrﬁ ﬁﬁttacmﬁﬁﬂacatl on.

It is known feh%t ti Cg élr]n zeolites havi n an I\/F[) stréﬁ;&j be identified
by means of °§ 8%&%‘5 UInE, ZHEGH PG 1 Olﬁorbéf’ dpi "28hs of a
lattice small amounts of fluorine. In the preferably regenerated zeolite calalysls used 1n

the process of the present invention, the titanium of the zeolite can be partly or
wholly replaced by vanadium, zirconium, chromium or niobium or a mixture of
two or more thereof. The molar ratio of titanium and/or vanadium, zirconium,
chromjum or niobium to the sum of silicon and titanium and/or vanadium and/or

zirconium and/or chromium and/or niobium is generally in the range from 0.01:1 1o
0.1:1.

Titaniun zeolites, in particular those having a crystal structure of the MFI type, and
possible ways of preparing them are described, for example, in WO 98/55228, WO
98/03394, WO 98/03395, EP-A 0 311 983 or EP-A 0 405 978, whose relevant

contents are fully incorporated by reference into the present application.

It js known that titanium zeolites having an MFI structure can be identified by
means of a particular X-ray diffraction pattern and also by means of a lattice
vibration band in the infrared (IR) at about 960 em™ and can in this way be

distinguished from alkali metal titanates or crystalline and amorphous TiO; phases.

Specific mention may be made of titanium-, germanium-, tellurjum-, vanadium-,
chromium-, niobium- and zirconium-containing zeolites having a pentasil zeolite

structure, in particular the types assigned X-ray-crystallographically to the ABW,



vibration band in the infrared (IR) at about 960 cm-1 and can in this way
be distinguished fromalkali nmetal titanates or crystalline and grﬂ)rjgl\logglg
Ti @2 phases. Specific nention may be made of titanium, gernmanium,
tellurium, vanadium, chrom um, niobium and zirconi um containing
zeolites havi ng a pent asil zeoli te structure, in particular the types

ALt OAEN, A0, R AR ARR o PP T alFO” ABR. RREVAFL AT ApC
éz[s)’ éFS|T AANy M—ﬁ ﬁeﬁﬁ ARCT APNT \ASTA\MTNAW\D ABBAATEI KT\BOGN (BRAWVBRE, ggld
EAB. EDI . EWA @JK THRE. BPES\BR%U@AP#C%AS%@ gég C% C@)Cﬁtﬁl FR 1SV,
:\/EE’ K/E}N KEbN L(é@b DlAEY, DDRODP%?DFFCMO}LTQOI\LM LENI, M@g | ERVEL, NEE’F
0Sl. PAR PRSJV BHO P FWISQW ER%%R]% &4&"%%@ é%" KEEE‘A%BS SBT, '
\?\EE $STG SQ@VS ?}ﬁctLﬁesL(‘ﬂTLgh‘E?Tﬂ HON, TR Z, Tﬁ?é SNEL MEP| MBR MPYSV, nDWrE,e
of the abovdHEhtYORedMOR: MPQr MLF, %ﬁg{qhéﬁ#yu@w Wﬁg:ﬁ‘&i‘oh&gﬁ’ﬁ% zeol i tes
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For the purposes of the present invention, preference is given to using Ti zeolites
having an MFI structure, MEL structure or MFI/MEL mixed structures. Fusther
specific examples of preferred catalysts are the Ti-containing zeolite catalysts
which are generally referred to as “TS-17, “TS-27, “TS-3”, and also Ti zeolites

having a lattice structure isomorphous with B-zeolite.

Accordingly, the present invention also provides a process as described above in

which the catalyst is a titanjum silicalite having the TS-1 structure.

Solvents suitable for use in the epoxidation are in principle all solvents which are
known for this purpose to a person skilled in the art. Preference is given to using
organic solvents such as alcohols, either individually or as a mixture of two or
more thereof. Alcohol/water mixtures can also be used. In the process of the
present invention, preference is given to using methanol as solvent in the

epoxidation.

The amounts of solvent used can be varied within wide limits. Possible amounts of
solvent used for the purposes of the present invention are from 5 1o 25 g of
methano! per gram of hydrogen peroxide used. The solvent is preferably used in an
amount of from 8 to 16 g of methanol per gram of hydrogen peroxide used,




organi c sol vents such as al cohols, either individually or as a m' xture of
two or nore thereof. Al cohol/water m xtures can al so be used.
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particularly preferably from 10 to 14 g of nethanol per gram of hydrogen
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Some reducing agents and reduction methods suitable for the present purposes are
described by way of example below. All reduction conditions known to those
skilled in the art for the respective reduction using the reducing agent chosen in
each case can be emploved. The reduction process chosen can be carried out

continuously or batchwise.

Thus, for example, the respective a-hydroperoxyalcohol-containing prodﬁct
mixture can be reduced using phosphorus(Ill) compounds such as PCls, phosphines
(e.g. triphenylphosphine, tributylphosphine), phosphorous acid or its salls or
sodium hypophosphite (NaH,PO,).

Reduction using sulfur(ll) compounds, for example H,S or its salis, sodium
polysulfides (Na;S,, x>1), dimethyl sulfide, tetrahydrothiophene, bis(hydroxyethyl)
sulfide or sodium thiosulfate (NayS,04), or using sulfur(TV) compounds, for
example sulfurous acid (H;SOs) and its salts, sodium bisulfite (Na;S»QOs) or
thiourea S-oxide, also leads to the desired result, viz. reduction of a-
hydroperoxyalcohols to the corresponding glycols.

Furthermore, o-hydroperoxyalcohols can also be reduced to the corresponding

glycols by reaction of the product mixture in which they are present with nitrites,
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t he present invention, the catalytic

An example of such a suitable compound is hydrogen in the presence of a suitable

hydrogenation catalyst.

For the purposes of the present invention, catalytic hydrogenation is thus the
reaction of an o-hydroperoxyalcohol-containing product mixture with hydrogen in

the presence of a suitable hydrogenation catalyst.

The hydrogenation catalyst in question can be either homogeneous or
heterogeneous. For the purposes of the preseut invention, the catalytic

hydrogenation is preferably carried out in the presence of a heterogeneous catalyst.

The hydrogenation catalyst comprises at least one active metal of group Vilb, VI,
la or Ib of the Periodic Table of the Elements, either individually or as a mixture of

two or more thereof.

In the process of the present invention, use is made of palladium (Pd), platinum
(P1), thodium (Rh), ruthenium (Ru), iridium (Ir), osmiuvm (Os), iron (Fe), cobalt
(Co), nickel (Ni) and copper (Cu), preferably Pd, Pt, Rh, Ru and Ir, particularly
preferably Pd.




hydrogenation is preferably carried out in the presence of a heterogeneous
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In the process of the present invention, preference is given to using hydrogenation
catalysts which comprise a composite of an active metal or a mixture of two or

more thereof and at least one support material.

The active metal content is, if the active metal is selected from the group consisting
of Pd, Pt, Rh, Ir, Ru and Os, generally in a range from 0.01 to 10% by weight. If an
active metal selected from the group consisting of Fe, Co, Ni and Cu is present, the
content is generally in a range from 1 to 80% by weight.

Support materials which can be used are all materials which are known for this
purpose to those skilled in the art and have sufficient chemical and thermal stability
for the respective use. Examples are porous oxides such as aluminum oxide, silicon
dioxide, aluminosilicates, zeolites, titanium oxide, zirconium oxide, chromium
oxide, zinc oxide, magnesium oxide, rare earth oxides, and also activated carbon or
mixtures of two or more of the compounds mentioned. Furthermore, all types of
support materials described in EP 0 827 944 Al can élso be used.

The composites which can be produced from an active metal or a mixture of two or
more thereof and at least one support, known as supported catalysts, can be
produced by any method known to those skilled in the art.
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met hods, t henedaghieedesdribh in PRAI2719a3{ g of the support is set via the
concentration of the active metal solution selected in each case. In the

catal yst precursors produced in this way, the active nmetal or m xture of two

or nore thelhecbfottcmt}hﬁisumef Bdsied Akt ﬁiemlltlsmxﬁlg%lf thOupAil US sQrvigaRe be _
present in }eIr co#:tﬁntratlon n.a, she In the present case, a shell is
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or more thereof can be uniformly distributed over the radius or can be present in

higher concentration in a shell. In the present case, a shell is an outer radial region

of the catalyst precursor (support) in which the active meta) is present in a higher

concentration than in the other regions of the catalyst precursor (support).

Impregnation or spraying can generally be followed by further steps such as a
drying step and/or a heat treatment and also a calcination step.

Supported catalysts can generally also be obtained by precipitating at least one |
precursor of the active metal in the presence of at least one suitable support
material by means of alkali or a reducing agent. The catalyst precursors obtained in
this way can then be brought into a shape suitable for the respective application, for
example extrndates or pressed pellets. This can generally also be followed by the

abovementioned further steps such as drying, heat treatment and calcination.

As precursors of the active metals, it is in principle possible to use all water-
soluble active metal compounds, for example readily water-soluble salts or
complexes of the active metals, e.g. nitrates, nitrosyl nitrates, chlorides, acetates,
formates and sulfates and also chlorometalates.
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For the purposes of the present invention, catalyst precursors comprising an active
metal selected from the group consisting of Pd, Pt, Rh, Ir, Ru and Os can be treated
with hydrogen at from 30 to 250°C, preferably from 80 to 180°C. Catalyst
precursors comprising an active metal selected from the group consisting of Fe, Co,
Ni and Cu are preferably treated with hydrogen at from 130 t0 500°C, particularly
preferably from 200 to 450°C.

The duration of the treatment with hydrogen at room temperature or elevated

temperatures depends on the concentration of the active metal or mixture of two or

more thereof,

For the purposes of the present invention, the duration of the wtreatment is
preferably from 0.5 to 24 hours, particularly preferably from 1 to 5 hours, in the
case of catalyst precursors comprising an active metal selected from the group
consisting of Pd, P, Rh, Ir, Ru and Os. In the case of catalyst precursors
comprising an active metal selected from the group consisting of Fe, Co, Ni and
Cu, the duration of the treatment is preferably from 12 to 120 hours, particularly

preferably from 24 to 72 hours.




Ni and Cu are preferably treated with hydrogen at from 150 to 500C,
particularly preferably from200 to 450C. The duration of the tzéatﬂ;ﬂanfﬂﬂﬁ
wi th hydrogen at roomtenperature or elevated tenperatures depends on the
concentration of the active nmetal or mixture of two or nore thereof. For
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particular from 40 to 80°C.

In a hydrogenation carried out in a fixed bed, the residence time of the liquid 1s
from 1 second (s) to 1 hour (h), preferably from 10 s to 20 minutes (min), in
particular from 30 s 1o 5 min.

Accordingly, the catalyst used in the catalytic hydrogenation of an o-
hydroperoxvalcohol-containing product mixture formed in the epoxidation
according to the present invention is selected from the group consisting of
heterogeneous catalysts comprising Ru, Ni, Pd, Pt, either individually or as a

mixture of two or more thereof, as active metal on a suitable support material.

Preference is given to using supported catalysts which are produced by one of the
above-described metheds and are used for the hydrogenation of the o-

hydroperoxyalcohol-contaiming product mixture.

The hydrogenation of the a-hydroperoxyalcohol-containing product mixtiure can be
carried out within the various process steps of the epoxidation according to the

present ivention.

The present invention therefore also provides a process for the epoxidation of an

organic compound having at least one C-C double bond by means of hydrogen
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het er ogeneous catal ysts conprising Ru, Ni, Pd, Pt, either individually or as
a mxture of two or nore thereof, as &adtive netal on a suitable support
-material. - | i MdS] et uhich..are
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hydr ogenat i 6R¢ 83lveewhich gpmptpasradkapal o fdlovanmsiapsi ng product mi xture. The
hydr ogenati on of the ct-hydroperoxyal cohol -contai ni ng product m xture can be
carried out within the various process steps of the epoxidation according to
the present invéhtiresstingle geesemompavehbaong tahéeast one Glsdoyplobvonkes a
process for the epoxi; L AR Qf - Argani hayi one C-C
doubl e bond by nean?lg]?}lh%géglggﬁ%ug @f]@%%%s%%e‘igf‘gérl%ﬂ gge i%%\talyﬁfgﬁ esence
of at |east one cat akxd eanpopndenivelessinpeusatieantd give k gastuct omausdtvent |

whi ch conprises at | : o3 ) i s: (i) reacting an organic
conmpound havi ng at I%@?#S%E? M&JJI%\({)\%%EC% glﬁ’d wi th hydrogen peroxide in the
presence of at |east one catalytically active conpound and at |east one

sol vent to give g:pr. L, Xt - P1 £ 51N = 0 y l's; (ii)
separating an ep ;fg%ﬁ?%%n%‘aﬁ‘i%osdg @é@% ilgnﬁilenges‘ataé%&/?fl)ﬁgélgﬁt %?q%érzreact ed
organi ¢ conpound havitregetad ofgsamt copmeudd Gadog bl lsahond G-Eclonblpbood fileth to gi ve
a product m xture P 2' r i e z : cohol s
formed as by-produc?liqfr{ litihtta0 gl\é\g?tlﬁgn%[ﬁlﬂgﬁgépp%iﬁs wé%ﬁ@wj?@gﬁé%é free of
a- hydr oper oxyal coholoshydrppargxyateeaeisdermred asrdroedp 1w1cn'emtlomear5&tcmﬁ%

reduci ng agent so thahpbhg 15 e]?%e%%%ﬁée‘f A$Lake converted into
correspondi ng glycols to gi v§ product m xture P1" or P3. The reaction in
step (i) can be carried out in a reactor, preferably an approxi mately
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under : . .
hydroperoxyalcohols are converted into corresponding glycols to give a

product mixture P1° or P3.

The reaction in step (1) can be carried out in a reactor, preferably an approximately
1sothermal shell- and-tube reactor, in which the reaction is carried out under

superatmospheric pressure without a gas phase being present.

The product mixture P1 formed generally comprises the by-product -
hydroperoxyalcohol, the solvent used, water, the desired epoxide, proportions of
unreacted organic compound having at least one C-C double bond together with
further by-products, for example oxygen and products which are formed by an

addition reaction of the solvent or of water with the epoxide.

After this process step (i) it is possible 10 reduce the o-hydroperoxyalcohol-
containing product mixture P1 in the above-described manner by carrying out a
step (111) in which the a-hydroperoxyalcohols are converted into the corresponding
glycols to give a further product mixture P1’.

However, this step can also be omitted.

If step (ii1) is carried out directly after step (i), the product mixture P1’ used in step

(11) 1s largely free of a-hydroperoxyalcohols.




super at nospheric pressure w thout a gas phase being present. The product

m xture Pl formed generally conprises the by-product a- hydroperozwaygghﬂmﬁ
t he sol vent used, water, the desired epoxide, proportions of unreacte
organi ¢ conpound having at | east one C C double bond together with further
by- products, for exanple oxygen and praducts which are forned by an
-addition reaction of the solvent or of water with the epoxide. After this
process step (i) it is possible to reduce the a-hydroperoxyal cohol -
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This separation in step (ii) gives a product m xture P2 or P2'. The
separati on n be carried out .b nmet ho nown to those..skilled in the
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preci pi tati dor thiaptiposs, for eximplet by diséHetial, sppropribreaprecipgntierrdagnond-or t he
pur poses of %tpgct%%e%rzﬁs inqé/ l_51113;]onermt(_lggonsepar ation is preferably carried out
by distillation. 2cérdi ngl'y, ¥ Ré presént invention further provides a
process according to the present invention in which the epoxide formed in

step (i) a”?b?ﬁﬁégﬁ%§?§Pﬁﬂg@é%@@ﬁﬁym%@HﬂgEBﬂmFﬁMﬁHQR&E?H&§§£ngﬁ%uFb doubl &

bond are separate rstiflatio e“separatioh by
distillatiofistlatige carried out using a distillation apparatus known to
those skilled in the art for this purpose. It can be carried out either

Accordingly, the present invention further provides a process according to the
present invention in which the epoxide formed in step (i) and the unreacted organic
compound having at least one C-C double bond are separated off in step (i) by
distillation.

The separation by distillation can be carried out using a distillation apparatus
known to those skilled in the art for this purpose. It can be carried out either
continuously or batchwise.

The distillation of a-hydroperoxyalcohol-free product mixtures such as P1’ does
not have to be canied out under any particular conditions. It can be carried out
under the general distillation conditions in respect of pressure, temperature and

residence time in the liquid phase with which a person skilled in the art 1s familiar.

However, if still a-hydroperoxyalcohol-contaming product mixtures such as P1 are
distilled, then certain conditions are necessary. The distillation is carried out in
such a way that it can be ensured that a-hydroperoxyalcohols remain largely, i.e. to
an extent of preferably > 809%, particularly preferably > 90%, undecomposed or
preferably completely undecomposed.

The present invention therefore also provides a process according to the present

invention in which the epoxide formed in step (i} and the unrcacted organic




continuously or batchwi se. The distillation of a-hydroperoxyal cohol free
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i quid phase with which a person skill @ inthe art is famliar. However,
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present invention therefore also provides a process according to the present
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for the di stdiht aldi@RioRifharhs B pr@8laBBNRgoW 7HEC Pard@®alyt fraRrblbelos i n the
bottom of this apparatus.” The residence tine in the bottomof the

di stlllatlo?pgpparatus is preferably less than 2 hours, particularly
preferably less than 1 hour, and the tenperature at the bottom of the

distillati on appar at us i s referabl bel ow 75C, part l.ar | ref.erably
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which is es@@@}hdtﬁjﬂaﬂ]d@f\am@spﬁdﬂclpaégsm under atnospheric pressure. The
distillation is particularly preferably carried out at a tenperature of 65
2C at the bottomof the distillation apparatus and a residence tine of

about 2 houThs diéﬁﬂdiﬁonfls(pmtichm]@}q:séféﬁﬁlyamﬁxdddﬁnanﬂitd:nh:&rajumeeﬁcﬁﬁed’)"@ gtani c
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solvent are also taken off at the top of a distillation colum. The bottom

product fr O([mg% 'Isor{lﬁQLé"Hés op& i A Gle | ﬁ(été‘(f %ré?ﬁjc E@Oﬁﬂﬂﬁ'}ﬁvﬁ inly of

sol vent, rogen per OXI and I hg and ot her
by- product sleast- dﬁpdﬁ@pé@lﬂﬂ@/hﬂ)@l@@ygnmmcbm berpresent lﬂlP\l poP1’, other Jow-

boiling by-products and a small proportion of solvent are also taken off at the top
of a distillation column. The bottom product from this column is the product
mixture P2. P2 consists mainly of solvent, water, unreacted hydrogen peroxide and

high-boiling and other by-products. a-Hydroperoxyalcohols are also present in P2.

The a-hydroperoxyalcohol-containing product mixture P2 can be reduced by
means of the reaction described in step (iii) to give a further product mixture P3,
with the a-hydroperoxyalcohols being convertzd into the corresponding glycols In

this reaction.

For economic reasons, it is desirable to recover the solvent from the crude product
mixture, purify it and return it to the process. To avoid the problems described al
the outset which occur when the solvent is recovered in the presence of a-
hydroperoxyalcohols, the solvent is generally recovered from the product mixture
which has already been r1educed, i.e. which is largely free of a-

hydroperoxyalcohols.

The product mixture P2 still contains a-hydroperoxyalcohols. For this reason, it is

advantageous for it firstly to be reduced as described above to give the product



The a- hydr oper oxyal cohol -cont ai ni ng product m xture P2 can be reduced by
means of the reaction described in step (iii) to give a further product
mxture P3, with the a-hydroperoxyal cohols being converted into thé JUL 2005
corresponding glycols in this reaction. For econom c reasons, it is
desirable to recover the solvent fromthHé crude product m'xture, purify it
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hydr oper oxy aindetratied td e [gotesent i s generally recovered fromthe product
m xture which has al ready been reduced, i.e. which is largely free of a-
hydr oper oxyal cohol s. The product m xture P2 still contains
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purified and returned to the process. The product m xture P2' is already
free of a-hydro oxyal coho he oIv nt, c ed of f
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The sol ventsoﬂ\sanprsqﬁaiembﬂ}yremmlxtcdxl ated. In the reduction of

a- hydr oper oxyal cohol - cont ai ni ng product mxtures, it is also advantageous

for not only the a-hydroperoxyal cohols to be reduced but al so any _residual
hydr ogen perloxthd ecguratoenit m—rhydllmgelpmm:lmholﬂvmwmg prodoel mdusedittip aliat er.
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for by-products forned in-the epoxidatidn process to be utilized in a
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This is particularly advantageous when the reduction of step (iii) is carried out only
after the separation of step (ii).

Both economic and environmental considerations make it desirable for by-products
formed in the epoxidation process to be utilized in a purposeful manner. In the
present novel process, the glycols (1,2-diols) formed by reduction of the a-
hydroperoxyalcohol-containing product mixture can be separated off as further
useful products and be passed to other processes, for example as starting materials

or solvents.

Accordingly, the present invention also provides a process according to the present
invention in which the glycols obtained in a reduction of an a-hydroperoxyalcohol-

containing product mixture can be separated off as further useful products.

The glycols can be separated off by any method known for this purpose to those

skilled in the art, for example distillation, exiraction or membrane permeation.

The giycols which have been separated off have a variety of uses. For example,

they can be used as starting materials for syntheses in the plastics industry or for




present novel process, the glycols (1,2-diols) fornmed by reduction of the a-

hydr oper oxyal cohol - cont ai ni ng product m xture can be separa
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starting materials or solvents. Accordingly, the present invention al
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art, for exanple distillation, extraction or menbrane perneation. The
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They can be reduced by neans of the reduction according to the present

invention tn bropyhene al¥Colyd YoRnePT RPBRGHO@ICs MBI ahis Geactive sepal-at e
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resins, waxes, dyes, etc. In the tood_industry, rPF l.ene glycol is also
used, for exappiagiolhwyhidicanhe 5$R?F3‘6‘$8ga§ﬁ u‘f‘l?%\%&g. I?gfl“(ft‘s al so enpl oyed as
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Propylene glycol has a variety of uses, for example as antifreeze, as brake fluid, for

producing alkyl and polyester resins, as plasticizer for vinyl polymers, as solvent
for fats, oils, resins, waxes, dyes, etc. In the food industry, propylene glycol is also
used, for example, as solvent for dyes and flavors. It is also employed as humectant
for tobacco products and in cosmetics, and also as carrier in various ointments,
creams and pharmaceuticals. If the optically active form is separated off, it can be

used as chiral building block in various organic syntheses.

Propylene glycol is also, quite generally, a compound which 1s very frequently used
as starting material in the synthesis of further auxiliaries or basic chemicals for the
chemical industry. Thus, after esterification or etherification of one or both
hydroxyl groups, it is frequently used as solvent, as plasticizer or thickener and also
as emulsifier. The polyaddition of propylene glycol also leads to further important

polymers which can be used in industrial processcs.

In a preferred embodiment of the process of the present invention for the
epoxidation of propene to propene oxide, propene is reacted with hydrogen
peroxide in methanol over a TS-1 catalyst in the form of extrudates in 2 main

reactor (approximately isothermal shell- and-tube reactor under superatmospheric




creans and pharmaceuticals. If the optically active formis separated off,

it can be wused as chiral building block in various organic synbheses.
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i nportant polymers which can be used in industrial processes. In a
preferred enbodi nent of the process of the present invention for the

epoxi dat i onDofwnptreqmend the maopenetooxitderespitiogepepiisng eacdee tbgaitieh wtkdr ogen
per oxi de in 0 ver - a st in the formof extrudates,in a
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| eads to a pko ] Xt ur 1), hi,s ...reaction, .from75 to 95% of the
hydr ogen peﬁgkﬁ%gggg}Ingéfg%L"ﬁggﬂé ngﬁ?tll?%§“Wﬁin reactor, the resulting
propyl ene oxi de together with unreacted propene, oxygen and further
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to at |east afiefereheipr ieprefeaaidy an aphrosumately ahatatic dnba mactopoperated under
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under superdt nospheric pressure an hout ‘a gas p el ng present.
There, the Dp&BSIR)@rlcaged WidRiorarewEein (poragseprdsdgai sten(Eorsieseoned to a
step (i) bebﬂgﬁﬁﬁﬂfied out again). This step produces a further product

m xture (PlI') which consists mainly of nethanol, water, propylene oxide and
by- products, including the a- hydroperoxyal cohols such as

1- hydr oper oX¥is? siep opadtdesandudhdty frodner exyruke (P1) which consists mainly of
methanol, water, propylene oxide and by-products, including the o-
hydroperoxyalcohols such as 1-hydroperoxy-2-propanol and 2-hydroperoxy-1-
propanol. In addition, this product mixture generally contains less than 0.1% by

weight of unreacted hydrogen peroxide.

After the reaction in the after-reactor, the resulting product mixture is worked up
further to isolate the propylene oxide and, if desired, the propylene glycol.

One possibility is firstly to reduce the product mixture (step (iii}) to convert the by-
products which cause problems (a-hydroperoxyalcohols) into propylene glycol.
Propylene oxide and unreacted propene can subsequently be separated off by
distillation (step (ii)) for further'work—up. This is followed by recovery of the
solvent methanol and separation of the further useful product propylene glycol

from the remaining distillation bottoms.

Another possibility is firstly to remove propylenc oxide and unreacted propene
from the product mixture from the after-reactor by distillation under the conditions
indicated above for distillation of a-hydroperoxyalcohol-containing product

mixtures (step (i), then to reduce the distillation bottoms (step (iii)) and to
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For the purposes of the present invention, preference is given to the following
reaction sequence (A):

1. an organic compound having at least one C-C double bond is reacted with
hydrogen peroxide in the presence of at least one catalytically active
compound and at least one solvent in a step (i) to form a product mixture
P1 (a-hydroperoxyalcohol-containing);

2. the product mixture P1 is treated with at least one yeducing agent in a step
(iii) to convert the a-hydroperoxyalcohols into the corresponding glycols 1o
give a further product mixture P1° (a-hydroperoxyalcohol-free);

3. an epoxide formed in the reaction in 1. (step (i)) and the unreacted organic
compound having at least one C-C double bond is separated off from P1’ in

step (ii), giving a product mixture P2’;

4. the glycols corresponding to the o-hydroperoxyalcohols and also the

solvent can now be separated off from P2’ in the manner described above.

However, particular preference 15 given to the following reaction sequence (B):



1. an organic conpound having at |east one C C double bond is reacted with
hydr ogen peroxide in the presence of at |east one catalytically a%%&¥ﬁﬂ:
conmpound and at |east one solvent in a step (i) to forma product am 2005
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with at | east one reducing agent in a sep (iii) to convert the

a- hydr oper oxyal cohols into the corresponding glycols to give a further
product m xture P1' (a-hydroperoxyal cohol-free); 3. an epoxide fornmed in the

reaction inli. (sahnecpgériﬁ ):ompdurtmbavﬁmg aa]emdmercgm@blszmmmsﬁehdt@/wng at
| east one C-C do [

ated off fromP1' in iving a
product nixture glgndrogg Ifeﬁ(%ma?y' {hg REEE cdndlh Agst QN hcéltg]ytpcagly deve!
a- hydr oper oxyal cabolppuaddnahsizasthee soblevieit a cap (How foem sepadadtagixaft from
P2' in the nanne&,qglﬁnibed abgﬁg 1. particul ar preference is given
to the fol | owi ng INeSCHYBHPERHHSIBE (((g?alm?g JUL 2555 21 1. an organic
conmpound having at [east one C-C double bond is reacted with hydrogen
B [ east ond sol JBRPORREdogpabin R Hashps o Sspatiaes Hodipiedgame o
(@- hydroper oxyal cohmpousdhbangianiphst che GIC épeie Bond arengegarakdtdie frogaRl i on in
1. (step (1)) anq g{gﬁﬁgrgﬂgﬁ eg?"g‘}%}‘gﬁ”‘?‘ffﬁ%’gnpounq' having at ]east one CC

doubl e bond are sepa tep (ii), giving a product
m xture P2; 3. the product mxture P2 is treated with at | east one reducing
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in the manner de elnv tron‘rs-r X7 at d by the exanples
bel ow. Exanple (Bl) Reaction of propene with hydrogen peroxide A tube

reactor (length: g Myi@®BlelrondRe" R W hiadpWbkihcaold Rda] Askahe and

solvent can now be separated off from P3 in the manner described above.

The invention is illustrated by the examples below.

Example (B1)

Reaction of propene with hydrogen peroxide

A tube reactor (length: 2 m, diameter: 45 mm) provided with cooling jacket and
pressure regulator was charged with 620 g of a TS-1 catalyst in the form of
extrudates (produced as described in WO 98/55229).

A mixture of methanol (1560 g/h), aqueous hydrogen peroxide solution (330 g/h,
about 40% by weight in water) and propylene (245 g/h) was passed through this
reactor at a pressure of 20 bar.

The temperature of the cooling medium in the reactor jacket was set (depending on
the catalyst activity, to from 20 to 50°C) so that approximately 90% of the
hydrogen peroxide had been reacted in the output from the reactor. The conversion
was determined by measuring the concentration of hydrogen peroxide in the output
using the titanyl sulfate method.



pressure regul ator was charged with 620 g of a TS-1 catalyst in the form of
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Comparative example (CI)

The output from the reactor in B1 was fed without further treatment into a second

continuous distillation column operated at atmospheric pressure.

In this column, the mixture was separated into a largely water-free methanol
fraction (top product) and a largely methanol-free water fraction (bottom product).
The temperature at the botiom was about 99°C and the residence time at the bottom
was about 1 hour.

Owing to the higher temperature in this column, both hydrogen peroxide and the o-

hydroperoxypropanols were decomposed.

The methanol fraction obtained at the top contained the following impurities (% by
weight):

acetaldehyde (0.1), 1,1-dimethoxyethane (0.2), methy] formate (0.602).

In addition, the incondensable offgas at the top of the column contained
considerable amounts of oxygen and has to be made inert by means of nitrogen.
This methanol stream can therefore not be reused for the propylene epoxidation

without further treatment.
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stream.

Example (E2

The mixture from E1 was collected and about 5 kg thereof were hydrogenated at
50°C and 10 bar of hydrogen in an autoclave until no more hydrogen was taken up
(about 1 hour). The hydrogenation catalyst used was a supported catalyst
comprising 5% by weight of Pd on activated carbon (10 g).

The crude product from the hydrogenation contained no peroxides and was, after
removal of the catalyst by filtration, separated in a baichwise distillation at
atmospheric pressure into a largely water-free methanol fraction (top product) and
a largely methanol-free water fraction (bottom product). The temperature at the
bottom was about 99°C at the end of the distillation and the distillation time was
about § hours.

The methanol fraction from the top contained no detectable impurities other than
water (about 100 ppm). This methanol stream could thus be recirculated without
further treatment 1o the process for the epoxidation of propylene.

The water fraction remaining at the botiom contained only the following impunties
(% by weight):



a largely nethanol-free water fraction (bottom product). The tenperature at

the bottom was about 99C at the end of the distillation and the 0%
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t hus show t datectede process of the present invention avoids the
di sadvant ages whi ch occur in the prior art due to the ct-hydroperoxyal cohol s
fornmed as by-products. It thus represents a highly val uable industrial
process for Duchw 8poxigadicanily digheoepowntistitravil myorleneeglycoloe e @adoubl e
pond, 10 WhilioRSnR cdreBidolfla LS BY ploduliNcde: BIBERP AR GRGR! ed out
according to the invention, the epoxide can be separated o in pure form
further usekadngmisglfeson.vi z. the glycols corresponding to the
ct - hydr oper oxyal cohol s) can be obtained and the solvent used can
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one C-C doubl e bond by rreanf %f hydrogen peroxide in_the presence,  of at
| east formed as by-products. It thus répresents a highly valuable industrial process for

the epoxidation of compounds having at least one C-C double bond, in which, as a

result of the way in which the process is carried oot according to the invention, the

epoxide can be separated off in pure form, further useful products (viz. the glycols

corresponding to the a-hydroperoxyalcohols) can be obtained and the solvent used

can simultaneously be recovered in a simple fashion using apparatus which is less

complicated than in the case of the prior art.



-one catalytically active conpound and at | east one solvent, which conprises
at least the follow ng steps: (i) reacting an organi c conpound havi ng at
| east one C-C double bond wth hydrogen peroxide in the presence of at
| east one catalytically active corrpoug and at | east one solvent to give a

product m xture P1 conprising a-hydroperoxyal cohols; (ii) separating an
epoxide fornmed in the reaction in step (i) and the unreacted org?QZc..;L 05
conpound M¥ekhgnat | east one C-C double bond from Pl to give a p utth £
m xture P2, where P2 conprises the a- hydroperoxyal cohols formed as
by-product in the reaction in step (i); (iii) treating P2 with at |east one
reduci ng agent so that the a- hydroperoxyal cohols are converted into
corresponding glycols to give a product mxture P3, wherein the epoxide
formed in stiep (iA paodst he ok aaadmomfgamgamompmndnd havihggt btastl@@st one

C- C doubl e bond a e off in t|IIat|o at bel ow
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and at a resi denC&]etdafmﬁQfany@asvetdwpoﬁndnemSt1eazstbhesommmmcbfcompases
distillation appar % rocess as clainmed in claim1, wherein the

sol vent present |Eﬁ Q‘ﬁsﬂle QUOSKIBESFRS pr oduct mi xture P3 after step (iii) is
whol Iy or partly separated off and, if desired, recirculated to step (i).

3. A process as cl.ai ned claim| erein r educin or
agents conpri se(@ r&f‘“f“@a@‘f OBrEIC BQ‘FBBW\A@% L gtw g dé (%ogge%t < ytic
hydr ogenati on. 27JUL®{th SydZ2dized. pe@ox}d@@mshe @seseﬂlcam oftdt leastcom natBlytivtlbr ei n t he
catal yst which is suitable for alytic n nat fromthe
group consi sting of acﬁ‘é’?&PB’é’@H’é‘bﬂ% %gslt)%l?g 8%ﬁr |%ﬁen§p@uéﬁkgﬁ%§q)l
ei ther individually empassingofiydtapesxgalcobads;or nore ther eof, as acti ve netal
on a suitable support material.
(ii) separating an epoxide formed in the reaction in step (ij and the
unreacted organic compound having at least one C-C double bond from
Pl to give a product mixture P2, where P2 compnses the a-

hydroperoxyalcohols formed as by-product in the reaction in step (1);

(iii) treating P2 with at least one reducing agent so that the -
hydroperoxyalcohols are converted into corresponding glycols to give a

product mixture P3,

wherein the epoxide formed in step (i) and the unreacted organic compound
having at Jeast one C-C double bond are separated off in step (i1} by
distillation and at below 80 °C, measured at the bottom of the apparatus
used for the distillation, and at a residence time of less than 4 hours in the

bottom of the distillation apparatus.

2. A process as claimed in claim 1, wherein the solvent present in the
respective product mixture P3 after step (iii) is wholly or partly separated

off and, if desired, recirculated to step (1).

(V8

A process as claimed in claim 1 or 2, wherein the reducing agent or agents
comprise(s) at least one compound which is suitable for catalytic

hydrogenation.



5. A process as clainmed in any of clains 1 to 4, wherein the glycols forned
in a reduction of an a-hydroperoxyal cohol -contai ning product mxture are
separated off as further useful products. 6. A process as clai medZi?nJlan,y?E{ﬁ
claims 1 to 5 wherein propene is epoxhdized to propene oxide by nmeans of
hydr ogen peroxide in nmethanolic solution in the presence of a titanium
silicalite havi ngA grodvkd astlbimedduinesiaim 3, wherein the catalyst which is suitable for

catalytic hydrogenation is selected from the group consisting of
heterogeneous catalysts comprising Ru, Ni, Pd, Pt, either individually or as
a mixture of two or more thereof, as active metal on a suitable support

material.

5. A process as claimed in any of claims 1 to 4, wherein the glycols formed in
a reduction of an o-hydroperoxyalcohol-containing product mixture are
separated off as further useful products.

6. A process as claimed in any of claims 1 to 5, wherein propene is epoxidized
to propene oxide by means of hydrogen peroxide in methanohic solution in

the presence of a titanium silicalite having an MFI structure.



