PCT/ EP98/ 02421 EPDXI DATI ON PROCESS USI NG A" PHOSPHATE- STABI LI ZED
PEROXOTUNGSTATE COVPOUND AS CAT I OF THE | NVENTI ON Thi s

i nvention pertains to nethods oﬂMWﬁM@mﬂ'm olefins to epoxides in a single
| i qui d phase using hydrogen peroxid 5find a cat alyst in salt or acid form
conprising a species corresponding to f-PV\2013(-O-|)]-2. 10BACKGROUND OF THE

| NVENTI ON WO 93/303%  pat ent No. 5, 274,140 “discl oses a pr ocBSEEFE0248] ef j n

epoxi dation by reaction wi th hydrogen i cording to a doubl e phase
technique (i.e., a biphasic reaction Hmmm ﬂm’ml ni ng both an aqueous

phase and an organic phase). The catalyst, sysiem consists of a first
conponent which is 15 at |east one el enefit™el ected fromW M, V or a

deri vati ve thereof and?%g%:fg?ﬁgﬁﬁﬁg % i 'J one derivative
sel ected fromth i i c ratjo of the
cat al yst corrponeerlﬁTg\eéﬂl' XOTUNGS! TE Mm ‘\Té'-tygt"\-/veen 1.5

and 0.25. U S. Pat. Nos. 4,562,276 and 4,595,671 descri be epoxidation 20

catal ysts for olefinic compounds, both_ in a hom)&&neous aqueous phase as
wel | as i ® a heterogeneous phaddELBRF THEINMENTIEN respond to the formul a

BXWI24- 2n wher ei N L GRIAEBA hEr&inS 36 hthéds moavémag%néfmgtm efokidesi t her P
or As, while n=0, 1 or 2. The atomc ratio of WP, ere X=P, thus must be

4. The use of #RBainglertiguisinhasa ysing hydrogen petxidesand meatalyst insalt eeagid ant s

25are maintain ' I; j ' is not disclosed.

U S. Pat. No. %@@@”?@é@ﬁ%@%@ﬂ%@% ngg%)aggyi’r?dg@géd on tungsten and

di phosphoni ¢ aci ds which contain active oxygen atons and cati oni c groups

derived fromoniumsalts. S i atal yze ol efin

oxi dat i on{o(r)eacti ons in doubﬁégmawg@ﬁﬁmegmﬁ% cont ai ni ng both an

atoms and five tungster atoms and L hus have a b atom e rat o b2 2
an i ve tungsten . atons an y ave a c ratio q ;2.

Bi phasi c react Péﬁﬁeg“s%/'gf‘ ry]drqqgg W?}@%EWP&HQ& iarpaqq??g RR3RedREMIAYhed

patents have a(i@,@ﬁbh@éic%aﬁ:ﬁdﬁé%@ﬂﬁ&ﬂt&ih@?? Hothirah aghebiis psafeldriteas i n

| arge scal e comrercial practice, however. 1e need to use a Pha,se,transfer
agent cont ri buQEIANS pfiase).c e Fytalyst systerp Gapsists ob gdirstGopponent WHISH i$ 1 ansf er

problems gy e f LeYAGNEhY eRMTHIBERERR frétAWi N8| ©dria dHvalif Bidrdiéf ahdv®! ati | e
ol efins such as propyl ene. Additionall here are considerabl e engineering

, T
difficulties asscen tcemn_mtent wibishatsi ﬂbYQaﬁb omaé%(iwaéiaetsﬂ@t%drophé@%
separators. ThugriyddIES 8f P 3 ALC el RuENALIAR BHS bife CatllsY b le of
provi di ng hi gh Selec Ivity to epoxide during operation of a sPng e phase
10epoxi dati on fxbeteesn 12uNMdRY, IR preferably/iENmatesen 1.5 andRi2$. i nventi on -

Dot neoe sl Al Mk ABEEIH D SRPY] Yl Ui e
: 20 catalysts for olefinic compounds, both in a homogeneous aqueous phase as
well as in a heterogeneous phase. The catalysts correspond to the formula
Q,XW,0,, ,, wherein Q represents a cation of an anionic salit, X is either P
or As, while n=0, 1 or 2. The atomic ratio of W:P, where X=P, thus must be
4. The use of such compositions in an epoxidation wherein the reactants
25 are maintained in a single substantially organic phase is not disclosed.
U.S. Pat. No. 5,324,849 teaches a class of compounds based on
tungsten and diphosphonic acids which contain active oxygen atoms and
cationic groups derived from onium salts. Such compounds are said to
catalyze olefin oxidation reactions in double phase reaction systems
30 containing both an organic phase and an aqueous phase. The compounds
contain two phosphorus atoms and five tungsten atoms and thus have a

W:P atomic ratio of 5:2.



15 liquid phase reaction systemin the presence of a catalytically

ef fective anount of a conpound in salt or acid formconprising a species
corresponding to [PW013(OH)]2 for a tinme and at a tenperature effective to
form an epoxi de corresponding to the ol efin. 20DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The conpounds utilized as catalyst in the epoxidation
process of WAPES®Hvention are conprised of a species corrBSHBHA ! to the
enpirical formula [PV@OlS(C}D]Z This species is characterized by having a
WP atomic ratio of 2:1 and nay be descri bed as a phosphate-stabilized
peroxotungstate. 25 The conpound may be if acid or salt form The cationic
portion of the compound is not critical and may be any positively charged

speci es in an amount Bfgiw%bﬁ' ereacleogs PERIHAE Y i | tybeutaéd.wdoﬁnth?e

conpound. In one par pr rred enmbodi nent the i nventi on,
however, the co %mmemedrmtempmavea numbmfahsa(dxamyagps’mmhrmtm}emer ein

monocat | on, - and Dangsh  jeSEE g hferb iy @Bhcn, horgbel Ak dptdidise

suitably varied &hasparansfereaged |coahtnbstdsuhghnfcqmlyhtarmet®st of loperatlont he
conpound. kyl ns | | | e zation
of the sal :[A\lsl n tHe>g Prﬁa? SF&OE%FE‘ %ﬁiggﬁglﬁgaeﬂ%ﬁﬁtggenféﬁ&cé‘ﬂﬁg&oﬂélﬁ@e@‘uI tabl e
al kyl anmmoni um swlatnlesoleﬁnsasemh asgwopylend.i \Aadditionadly otheéraniare eorsiderabis es

havi ng at | east one alk P@ attac_hﬁg to nitr en. I\/%re pr ef erabl(}/ Y |s
a quaternary arm%’l‘ﬁ"[]ﬁ?'%%be ties as8908 "H@' PBe" agp EpRAtArsANd Ro

and R4 are the sphgsedepatdtbial mhhsetndreasan@euwa@ﬁtléﬁaﬁw%a@ykts%éﬁdmegrOUDS
Y may al so be a di quat emary ammoni um speci es  contai ni ng

tetrasubstitut edohPiovisihhigheladivity, toreroxids.dyring ﬁm@m ﬁ’gatswelq;emﬁeer
cations toﬁPV\EOé.%@-%}t BfBYedd ternatively be imobilized in a polyneric or.
inorganic matrix i's insoluble in the substantially organic single

| i qui d phase reaction systemof this invention. For exanple, a |ayered

doubl e hydroxide of the type degaiipes OE TI9E IRVENTRONLEtters, 8557 (1996)

may be adapted for use as 15 a support w th the phosphate-stabilized
per oxot ungst at e corrpo’[nlmslmvda’amn provides a pedaess fasepexidizinggn olefii ecomprisingng

Gt zea T sateigibs 0B feseBnel B il ok R gt BN o
conpounds dbe knand|phasbe'eacﬂorasykteraymuaespresm afed dayalyvtmpllymffeawee :
procedure such 20as, gor exa hods . cribed i.n Salles et al.

| nor gani ¢ Cheni sEMPUNEH Q??L 9@45 ' o7 e Mo LAMBIIENg  BnSR{YTS aci d

("H2W41') i's copdriréasbna (i ORYFFrfopg tinikeaK atlg témperalin® affeet@hor i ¢
acid (H3 POX4) to yield aﬁdrtgguyvs%gm letf?ernatlvel , HIP ge WL240] vy H20

(avai |l abl e from ¥femeRn %OW%&SPQG@HQ totheQleilnssen and Al drich Chenical -
Conpany) is treated wth phosphoric acid, then hydrogen peroxide, to yield

the precursor. The precursor is thereafter reacted with a conpound or
substance @8pable of pr ovD&Tﬁ@-Eﬂh@Eﬁfa?lPé'éDU@FJthsWVENT@M:h as an aI kyI

anmoni um hal i de or t
salt form The acid Pﬁ?#ﬂkﬁﬁeo@éﬁ%%@%%g%@tgﬁgt% |(l:Ha ¢ (ﬁt’éﬁ%r‘?&gﬁe sa t f orm
of the conpound lmndetlomamcbompmsed ofla epéwmrsespondlegrtn/thetdmplmatfdrmlamnl um
Heating the salt ound a 400C
(preferably, 54\&&@“@@;@)& CI9%F © ar[aicﬁ?é'g%?gﬂ’g}(ﬁ%gﬁwg@ﬁg%q % to 24
hours is gener al b/ 2¢f émtnatyebé Gésdribba #3ua phosphatesstibilizbd peroxotiriystateesence
of oxygen is typically preferred.
25 The compound may be in acid or salt form. The cationic portion of the

compound is not critical and may be any positively charged species in an

amount sufficient to provide overall neutrality of the compound. In one

particularly preferred embodiment of the invention, however, the compound

has the empirical formula Y, [PW,0,,(OH)] wherein Y is H*,

30 alkyammonium or combinations thereof, x = O when Y is a monocation, and



5 OGher materials having catalytic activity in olefin epoxidation may al so
be present in addition to the aforedescri bed phosphate-stabilized

per oxot ungst at e conpounds. For exanple, the catal ysts contai ni ng phosphorus
and tungsten described in U S. Pat. Nos. 5,274, 140, 4,562,276, 4,595,671
and 5, 324, 849 e utilized in adm xture with the catal yst 10re9uired by
the processVgP¥ ?@h? present invention. The ol efins mﬁ BB 2he

subj ected to the epoxidation reaction include, but are not limted to,
unsaturated al kyl, alicyclic, alkylaryl hydrocarbons such as ethyl ene,
propyl ene, butenes, pentenes, and in generql |inear or branched nono-and

di -olefins having up to 20 carbon 15 atons, cycl ohexene, norborene,

| i ronene, canphepg étw.sfé/eubettﬁ%el‘rféldéﬁﬁtYSWmayrmﬁtab Fivakibg feinfast t he

like; unsaturated aIkyI hal i des such as al chl’oride; dnsaturated acids

and their esterstheudgsirad selubjlity characieristies te&l?%/p@r@paemdj Ay pFpmeNiYE; d

oleic acid, net I I thelr
esters such as 2%/ aitloﬂﬁ ﬁw_} ghﬁeraﬂgge%@ﬁd ‘t’hgﬁ‘ gg‘ﬁg and@ptﬁé ﬁ%ﬁhﬁltﬁe §|ﬂ§le
unsat ur ated al deliqmiephamacmws@bmﬁ desitedarBLitabie alky@mmbeiug! sneonesﬁay be

substituted W|tha uy esired
epOXI dati on r eac? El%o Lﬁ)c%‘tgé&%ﬂ%@%x@w%%ﬁeg%géo%sha ogte%netglk‘{lpgq al koxy,
am ne, carbonyl, attambam'htthemsMere preferalely, Yois anguatéinangarnmpsiunPspecisef i ns
such as dienes (e 1,4- but rien her n ted or not,

may al so 25be su%‘tfge??f’mj'r‘? tﬂthﬁg Fgge% Wbﬂﬂ' ?aﬁk$e§“%%ﬁt%?ﬂ ?16 e 3 to
10 carbon atons gffgrei® HndParef @éné@tddffadmtcsecz4 alkyl grobps.epoxhalahiserbgmocess

of this invention is characterized haV|rgg a si ng{eér l'i quj gh se. That

i's, separate orgdANRteHRTY ARIBSULM %Rﬁé' RINg ubsiflited TFogeRh; | e
the singl eqhi qu &oméasm@ye&@@b@vmm@trecom c?a(i’ibﬁél% [ERONRORIT? i

conpri sed predom nant |y reater than percent) of one or

nore organi ¢ sol ﬂt&t’t\gtl\(ﬂly be immebilizegyinga m@&g@eqcsor W’H‘ht’““ﬁ[‘* Whighyigni c) .
While the olefin in
excess. rel at i ve PEOPDS BB EEAaNPUaaRIAAE g brass HERoh AT eter
addi ti onal or ganthis $olention. | Bopezample, arlayeved)aloubles bydronide 6f the type

advant ageousl y s Iec such t hat (
present), and oI %Fgf%iﬁ&%@iggﬁ’%géggg{éq%?qul aggﬁdéﬁgﬁ%n&fgoﬁbl ned
Wit hk_t he ongfmi Ca sed:pwmt withd die tmmsppamsiabulu\cl\-}]u cpnemhdtmmgmteeeompgmnqﬁ
speaki ng, relatiye ar _organi c_sol vents joh are msci h_wat er
and/ or hydrogen é%?%@gaeherﬁ %&texf’ﬁa'&ﬁrée%%wé‘?é'”gaﬂlé 5%%&# Q'F‘ 10
use. Such sol Venﬁﬁtctlét?dhwjﬁ:chfﬁAﬁméﬂWé RA-GLO@) ﬁtb?@lﬂﬂiﬁe(lﬁhzgd met hanol ,
et hanol , isopropanol, buty gri nat ed

al cohol s), C2- C3 n| tT'Fq %f§’eld§5‘a"beg£2‘8§ﬂ?ﬁt? P aL)@ dC%?fﬂx@E lgcREPQUARGS ¢
tetrahydrof uran, if tH 0 snd ﬁhgy Be Isyﬁ’th@ﬁﬁé& by Jﬁ&es@ﬁb}éed?bcécﬁtr@élﬂftﬁr abl y

a l'iquid under tﬁe epoxi datl on conditions and sh be non-reactive. 15The
epoxi dat i 020t enpas.fonexaniple.the mathadscdgscribed R Sfﬂ'és Gb@'t loergaeisthemisiie bei ng

i nfl uenced by, a tors, the reactivity and nature of the
ol efin. Typicall ggr]%oﬁé{/? 1d9§ ‘nmper at ures between 0C and 125C are sufficient

to achi eve sel ective Eomemraplen turfgstit edfcich (HEVWEQOX isdeombBinadt wibhh agieeus of
froma few m nut to a few hours, are I re al so
i s not cr;Nti ca:J ﬁ)ﬁ‘?’?ﬂ%gﬂm\ﬁdﬁﬁq‘ﬂpﬁ \nggrfr‘? @aé%ldey'; r#' béﬁ%“'e}i‘gggfgé%@ ehe it
\c/im | bg desi rat)l A{tématiﬁ?iw a-||3§F;WI 0% 0% HYO l‘a\ghaame ﬁsmmnﬂweroﬂsnmragstfmdte

esired concentration of olefin. in e ui e i dati.gn is
taki ng pl a@d. Prasdanssen@ndiidrgh a@?ﬁi’%‘ﬁﬂ'é#‘?clep@lﬁﬁg aﬁ%&*&ng&%’i‘% PF'g
general |y be suij rfehl@dgaet{e Wﬁé@&%qa Rid thRSreé@sENI THY preetfsor AhBranaf al yst

is used in quanti 00 and 1 g/atom of tungsten per 1 nol of
hydrogen peroxi desacied withratemabuyd sesubsiance gagakie #f proadigs dhe fesigkr 1

nol H202. GON tA?ﬁrH theys e
liquid reaction g%?‘ﬂ%t ig r%gt%c% ta?tgg Ivu t Bﬁ'gﬁ"c@ﬁ é%tclnotnh% 0 frgtr%q?t% to
50% by wei ght 30pygiedatdsywitiejield tlaeloeatptminﬂon spit dotnit.c diher acid dore @y ar | vy,

the concentgoat ! Oger?efetated by calcination of the salt form of the compound under conditions



6 hydrogen peroxide is not regarded as critical. One advantage of the
process of this invention is that it is capable of providing high
selectivity to epoxide even with the H202 concentration is relatively | ow
(e.g., 1 to 15 weight percent based on the total weight of the liquid
phase). Higher or lower 5 concentrations may be utilized, however, if so
desired. THEORYHPWgen peroxi de may be derived from any suPtHEPEOM3Lr ce such
as, for exanple, air oxidation of an anthra-qui none, secondary al cohol, or
the Iike. The hydrogen peroxi de may be either introduced as such or
produced by substances capabl e of generatigg hydrogen peroxide under the
reacti on 10conditions. For exanple, hydrogen peroxide nay be generated in

situ by reacti orefidctio¥geaenive thigdilig eamimdniuhe maﬁmgqheoéanafdsmn dfathee
catal yst. The oI efin and hydrqgen pe(ré)gm de &)re us n subsEantlaIIy

equi nol ar r at i osSOMpPUNdat adtemperaiyne i3 exesesof 4045 (prefs bt"qgfe%érlﬂ" t he
ot her of the reaédo@&t) fordQfe BPfror'n?beufgrﬁenerHbﬂ‘ﬁogn%ﬁ's'g%?len%‘ﬂgéfféétweon-_

Wi le olefin to 15hydrogen peroxi | e rati os of between 50:1
may be utilized,for s purpese. e@lpination indie n@sence of axpaen isitypicallyerefered.

EXAVPLES e %@EFﬁlﬁf&ammgﬁ%ﬁa a%ﬁ{nkﬁﬁ offi n?poxnd%ﬂ&? ﬁray%m 33,

Th
871-878 (1984) was use repare correspon
Bu4N) 2[ PW2013( OHhe . plEpeml dam addltubn atov he @f9redescfittﬁd rhogphatg- smqtdhw!en

per oxi de was gen rfor L0g R

eagents: 18 morergrelinfitatiRinelRunc  EBE, oA, e KRR, Sitaf @ﬂgan. c
sol vent (12g 18phrosphohdd @i, tutysisrydederibed imthiS) Paf. Ndse5,2a4/14854,662 27§r,st
Wher e propyl ene e follow.na.propprtions e utili

14g 25 (330 mo %gﬁrﬁ@gyﬁ“@ﬁé ﬁéﬂ%ﬁ‘fyatf?dm@b?%ﬁéﬁ ﬁD‘ﬁ“ﬁﬁ‘é‘? it the “eat?'Xi 62
nmol  H202) 100. 5greﬁQ;ré6> provaks oﬁtﬁefbaééérﬂﬁivenifdjie resul ts obt ai ned are
shown in Table The % epoxi de yield is based rogen ?erom

conversi on. R T P&Gﬁt%h'a@mpﬁaﬁ@ﬁ% t? éﬁ% %’%5!‘%@ IBH Jraction
selectivity t0 epeigde Hut é@h'navqﬂn@a td1e uRERGRIE %nkilh%nbyenenta@wnder
mld reaction conditions in 30both proti'c and aprotic sol vents hi s was

quite surprising ydiowrbmn@fsupheasr ethylen@o poenyirTe7 dntaneseamnienss: and: inat
vat er was pr ese“@\n rH?aF nﬁ] ddmraha%dlata &é\ﬁmsohé’\?lh efongo 8ot d-

Normal |y, water eac ate epox ation catalysts or react with
epoxi de t o1§eneratoes, nm@eb@eamdnblgbopenﬁjumene hafmmerwuwhwqquyneeducu ng

the yield of the r9 ?\'er ﬁgerﬂa ,%)ﬂb%ﬁe aﬁa_ ?IPA Iﬁ<e, unsaturated alkyl halides such as allyl
chloride; unsaturated acids and their esters such as acrylic acid, methacrylic

acid, crotonic acid, oleic acid, methyl acrylate, and the like; unsaturated

alcohols and their esters such as allyl alcohol, methallyl alcohol, and the like;

20 unsaturated aldehydes; unsaturated ketones and the like. The olefin may

be substituted with any substituent which does not interfere with the desired

epoxidation reaction such as, for example, hydroxy, halogen, nitro, alkoxy,

amine, carbonyl, carboxylic, ester, amide, or nitrile groups. Polyolefins such

as dienes (e.g., 1,4-butadiene), trienes, either conjugated or not, may also

25 be successfully utilized. Acyclic alkenes containing from 3 to 10 carbon
atoms are most preferred for use.

The epoxidation process of this invention is characterized by having

a single liquid phase. That is, separate organic and aqueous layers are not

present. Moreover, while the single liquid phase may contain water, the

30 reaction system is comprised predominantly (e.g., greater than 50 weight



A efin Oganic Solvent Tenp., C Run Tinme, hr. H202 Cony., % Epoxi de
Selectivity', % 1-hexene acetonitrile 60 2 15 87. trans-2-hexene

WO 98/50376 PCT/EP98/02421

10

15

20

25

30

5

percent) of one or more organic solvents (i.e., the liquid phase is
“substantially organic”). While the olefin being epoxidized may function as
a solvent when used in excess relative to hydrogen peroxide, in preferred
embodiments an additional organic solvent is present. The organic solvent
is advantageously selected such that the hydrogen peroxide, water (if
present), and olefin form a single homogeneous liquid phase when
combined with the organic solvent under the epoxidation conditions.
Generally speaking, relatively polar organic solvents which are miscible with
water and/or hydrogen peroxide, at least to some degree, are preferred for
use. Such solvents include, for example, C,-C; alcohols (e.g., methanol,
ethanol, isopropanol, t-butyl alcohol, t-amyl alcohol, fluorinated alcohols), C,-

- C, nitriles (e.g., acetonitrile), and C,-C, ethers (e.g., tetrahydrofuran, glyme,

dioxane, glycol ethers). The solvent is preferably a liquid under the
epoxidation conditions and should be non-reactive.

The epoxidation temperature is not critical, with the optimum
temperature being influenced by, among other factors, the reactivity and
nature of the olefin. Typically, however, temperatures between 0°C and

'125°C are sufficient to achieve selective conversion of olefin to epoxide.

Reaction times of from a few minutes to a few hours are generally utilized.
Pressure also is not critical, although with more volatile olefins such as
propylene it will be desirable to use a sufficiently high pressure to maintain
the desired concentration of olefin in the liquid phase where epoxidation is
taking place. Pressures of from atmospheric to 100 atmospheres will
generally be suitable for operation of the present process.

The catalyst is used in quantities between 0.0001 and 1 g/atom of
tungsten per 1 mol of hydrogen peroxide, more preferably between 0.005
and 0.05 g/atom W per 1 mol H,0,,.

The concentration of the olefin in the single phase liquid reaction
system is not critical, with concentrations of from 1% to 50% by weight
typically being selected for practical reasons. Similarly, the concentration of



acetonitrile 60 2 25 88 cis-2-pentene acetonitrile 60 1 29 86 cis-2-pentene
n-butanol 60 1.1 52 82 cis-2-pentene t-butyl alcohol 60 1.7

WO 98/50376 PCT/EP98/02421
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hydrogen peroxide is not regarded as critical. One advantage of the process

of this invention is that it is capable of provid ing high selectivity to epoxide

even with the H,0, concentration is relatively low (e.g., 1 to 15 weight

percent based on the total weight of the liquid phase). Higher or lower

5 concentrations may be utilized, however, if so desired. The hydrogen

peroxide may be derived from any suitable source such as, for example, air
oxidation of an anthra-quinone, secondary alcohol, or the like.

The hydrogen peroxide may be either introduced as such or produced

by substances capable of generating hydrogen peroxide under the reaction

10 conditions. For example, hydrogen peroxide may be generated in situ by

reaction of oxygen and hydrogen in the presence of a suitable catalyst.
The olefin and hydrogen peroxide are used in substantially equimolar
ratios. An excess or lack of excess with respect to one or the other of the
reactants does not interfere with the desired epoxidation. While olefin to
15 hydrogen peroxide mole ratios of between 0.1:1 and 50:1 may be utilized,
ratios between 1:1 and 10:1 are generally preferred.
EXAMPLES
‘The procedure described in Salles et al., inorg. Chem, 33, 871-878
(1994) was used to prepare the salt corresponding to (n-
20 Bu,N),[PW,0,,(OH)]. Epoxidation of a variety of olefins using hydrogen
peroxide was generally performed using the following proportions of
reagents: 18 mmol olefin, 5% hydrogen peroxide and 5% water in an organic
solvent (12g, 18 mmol H,0,), 0.09g (0.08 mmol) of the salt as catalyst.
Where propylene was the olefin, the following proportions were utilized: 14g
25 (330 mmol) propylene, 5% H,0, and 5% H,O in acetonitrile (42g; 62 mmol
H,0,), 0.5g (0.45 mmol) salt as catalyst. The results obtained are shown in
Table 1. The % epoxide yield is based on hydrogen peroxide conversion.
These results demonstrate that remarkably high selectivity to epoxide
is achieved by the process of the invention under mild reaction conditions in

30 both protic and aprotic solvents. This was quite surprising in view of the fact



35 83 cis-2-pentene 1,4-dioxane 60 1.1 25 88 crotyl alcohol acetonitrile 60
1 46 89 propyl ene acetonitrile 76 2.5 52 77 methal |yl al cohol

WO 98/50376 PCT/EP98/02421

7

that water was present in the same liquid phase as the olefin being reacted.
Normally, water will either deactivate epoxidation catalysts or react with
epoxide to generate ring-opened by-products, thereby substantially reducing
the yield of the desired epoxide.

Table |
Olefin Organic Temp.,, Run H,0, Epoxide
Solvent °C Time, | Conv., | Selectivity',

hr. % %
1-hexene acetonitrile 60 2 15 87
trans-2-hexene | acetonitrile 60 2 25 88
cis-2-pentene acetonitrile 60 1 29 86
cis-2-pentene n-butanol 60 1.1 52 82
cis-2-pentene t-butyl alcohol 60 1.7 35 83
cis-2-pentene 1,4-dioxane 60 1.1 25 88
crotyl alcohol acetonitrile 60 1 46 89
propylene acetonitrile 76 25 52 77
methallyl acetonitrile 60 1.1 Y 85
alcohol
trans-2- acetonitrile 60 1.7 50 88
hexen-1-ol
cyclohexene acetonitrile 60 1.1 47 90
propylene 1,4-dioxane 77 25 76 76
propylene t-butyl alcohol 78 25 54 77
propylene “n-butanol 72 25 91 60

! based on hydrogen peroxide conversion

The catalytic activity of the acid form of a phosphate-stabilized
peroxotungstate compound was investigated as follows. A 1 g sample of (n-
Bu,N), [PW,0,,(OH)] was placed in an oven at 500°C under a slow flow of
air for 5 hours. Elemental analysis and IR spectroscopy indicated that all of
the tetrabutyl ammonium counterion had been removed. The solids were

dissolved into 55 g of a 5% H,0O, solution (in acetonitrile or 1,4-dioxane) by



acetonitrile 60 1.1 31 85 trans-2- hexen-1-ol acetonitrile 60 1.7 50 88
cycl ohexene acetonitrile 60 1.1 47 90 propyl ene 1, 4-dioxane 77 2.5
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stirring at 60°C for 2 hours. The resulting catalyst solution was used to
epoxidize propylene in acetonitrile under the conditions previously described.
After 2.5 hours at 65°C, 90% conversion of hydrogen peroxide and 64%
selectivity to propylene oxide were observed.



76 76 propyl ene t-butyl alcohol 78 2.5 54 77 propyl ene n-butanol 72 2.5 91
60 based on hydrogen peroxi de conversion The catal ytic activity of
the acid formof a phosphate-stabilized peroxotungstate conpound was

i nvestigated as follows. A1 g sanple of (nBu4N)2 [PW2013(OH)] was pl aced
In an oven at 500C under a slow flow of air for 5 hours. El enental analysis
and | R spectPS¥WMy indicated that all of the tetrabutyl Gl
counterion had been renoved. The solids were dissolved into 55 g of a 5%
H202 solution (in acetonitrile or 1,4-dioxane) by 8 8t snEngHAL B8OC for 2
hours. The resulting catal yst sol ution mag?used to epoxi cdkreApeEDpPYl ene in
acetonitrile under the conditions previously described. Aiter 2.5 hours at
65C, 90@6convershﬂﬁdgﬁnhydrogen peroxi de and 64% sel ectivity to propyl ene
oxi de were observed. ’

1. An epoxidation process comprising contacting an olefin with
hydrogen peroxide in a substantially organic single liquid phase reaction
system in the presence of a catalytically effective amount of a compound in
salt or acid form comprising a species corresponding to [PW,0,,(OH)]* for
a time and at a temperature effective to form an epoxide corresponding to
the olefin.

2. The epoxidation process of claim 1 wherein the substantially
organic sihgle liquid phase reaction system is comprised of less than 10
weight % water.

3. The epoxidation process of claim 1 wherein the single liquid
phase reaction system is comprised of an organic solvent selected from the
group consisting of C,-C, alcohols, C,-C, nitriles, C,-C; ethers, and mixtures
thereof.

4. The epoxidation process of claim 1 wherein the compound
additionally is comprised of a cation selected from the group consisting of
H*, alkyl ammonium, and combinations thereof.

5. The epoxidation process of claim 1 wherein the olefin is a C,-

C,, acyclic alkene.

6. The epoxidation process of claim 1 wherein the temperature
is from 0°C to 125°C.
7. The epoxidation process of claim 1 wherein the compound is

soluble in the substantially organic single liquid phase reaction system.

8. The epoxidation process of claim 1 wherein the compound is
immobilized in a polymeric or inorganic matrix.

9. An epoxidation process comprising contacting a C,-C,, acyclic
alkene with hydrogen peroxide in a single liquid phase reaction system
comprised of less than 10 weight % water and an organic solvent in the
presence of a catalytically effective amount of a compound having an

empirical formula Y, [PW,0,,(OH)] wherein Y is H*, alkyl ammonium, or



THI'S SHEET HAS BEEN 9REPLACED W cl aim 1. An epoxidation process
conprising contacting an olefin with hydrogen peroxide in a substantially
organic single liquid phase reaction systemin the presence of a
catalytically effective anount of a conpound in salt or acid form
conprising a species corresponding to [ PA2013(OCH)]2 for a_tine and at a

t enper at urewngéoéﬁ ve to form an epoxi de corresponding t oPEHEPBOMR] .

2. The epoxidation process of claim 1l wherein the sybstastizal hxsgiEgan] ¢
single liquid phase reaction systemis conprised of || ess ridranctf wei ght %
wat er . 3. The epoxidation process f claim1l wherern the singhe
| i qui d phase reaction systemis conprised of an organic sol vent sel ected
fromthe group eemsirationgdthetedtlx £ aheedk 3, méRodalion] and k e3,wHeh Vs £t her s,
and m xtures thereo .. The_epoxi dggi on pracess of. claim 1 wherein

[ eof . 4
t he conpound adﬂfqait'eﬂétlayte@%@fh'fﬁ PERE & 1_ (,(é_fc?rcﬁ1 @ effqctive 19 M & gr oup
consi sting of H‘époﬁl:l@ébrré@ﬁ@ﬁiﬁb’ﬂo tﬁ@$t§@%b9ﬁfc'afﬂﬂ§1et. her eof . - 5. The
epoxi dation process of claim1 Wwherein tfe ol efinis a C3- Cl0 acyclic
al kene. 6. Thd0epokhelepexidatipndsecasssf claira OrwherginetheiGe-Ghgono-
tenperature is ; 5C. ' 7. The epoxi dation process of claim
1 wherein the Cfgkégg‘dggrépgll soluble in the substantially organic 'single
| i qui d phase reacti od1sysTkeepoxidation psoce$h of daim@ wheieorthpoogamicssabfent | ai m 1
wherein the conmpound .is_ i bilized in . a pal ri,c or_inorganic tLiXx.
9. An epoxi dat i b%seg‘?%‘ééé?%ﬁ&'?g? ﬁ%n%%mgaogt%[rg‘ %{&&glﬁlcg-gtvg‘p?sc@% ene
w t h hydrogen pgleethersiand migtusesigieredfi qui d phase reaction system conprised
of less than 10 weig % wat er anéj an organi c solvent_in the esence of a

a i

t
catal ytically effect H@e ahB&neP&fcatiodo 8 ALRRE &h B yal'sf%ﬂ mul a
Y2wherein Y is BligiansthéilnmPd8iBR cBfes¥nding to NR,R,R,R, wherein R,, R,, R; and

R, are the same or different and are selected from C,-C,, alky! groups.

13. The epoxidation process of claim 9 wherein the compound is
formed "by reacting H,PW,,0,,, H;PO, and hydrogen peroxide to form a
precursor and reacting the precursor with an alkyl ammonium halide.

14. The epoxidation process of claim 9 wherein the compound is
formed by reacting tungstic acid, hydrogen peroxide, and H,PO, to form a
precursor and reacting the precursor with an alkyl ammonium halide.

15. The epoxidation process of claim 9 wherein the compound is
formed by reacting H,PW,,0,,, H,PO, and hydrogen peroxide to form a
precursor, reacting the precursor with an alkyl ammonium halide to form the
compound in salt form, and calcining the compound to provide the
compound in acid form.

16. The epoxidation process of claim 9 wherein the compound is
formed by reacting tungstic acid, hydrogen peroxide, and H;PO, to form a
precursor, reacting the precursor with an alkyl ammonium halide to form the
compound in salt form, and calcining the compound to provide the
compound in acid form.

17.  The epoxidation process of claim 9 wherein water is removed

from the single liquid phase reaction system during epoxidation.



TH. ; ; 3 SHEET HAS BEEN REPLACED 10 conbi nations thereof, x = 0 when Y is a
nonocation, and x =1 when Y is a dication at a tenperature of 0OC to 125C
for atine effective to forman epoxide corresponding to the C3-Cl0 acyclic

al kene. 10. The epoxidation process of claim9 wherein the C2-Cl10
nmono-ol efin i s praopyl ene. 11. The epoxidation process of claim?9
wherei n t h&"QM¥6c sol vent is selected fromthe group coffSYEPHMMd2of C1- 4
al cohols, C2-C3 nitriles, C2-C 6 ethers and mi xtures thereof. 12.

The epoxi dation process of claim9 wherein Y is an al kyl ammoni um cati on
correspondi ng to NRIRZR3R4 wherein Rl, Rg1 R3 and R4 are the sane or
different and are selected from Cl-C24 al kyl groups. 13. The

epoxi dation process 18f C TRk BpBxidhtrEprocédscofCRFA®ANRerelh theCIET,, Biydligact i ng
H3PWL20401 H3PO4 and hydrogen peroxide to forma precursor and reacting the
precursor with aifeng iRPromieRshi um hal i de. 14. The epoxi dation process
of claim9 wherein e C J : &t i Wd,

hydr ogen peroxi de, tgrt?d Higg)%ﬂpgd%@rr;n@'ge%%e%ﬁ%@ﬂh }i%‘gmdg&% ﬁfe:thrg)recursor
wi th an al kyl aompounc isdidnl®.0001 to 1 gkiomTafdungsien ger inwole of bydeogeof cl ai m
9 wherein the cor@? nd is formed by reacting H3PW20401 H3PO4 and hydrogen
peroxide to f orHR g'ecursor, reacting the precursor with an al'kyl amonium
halide to formthe @ounpoThdepoxidation grocess ofiddincalvhieréimthetdrgamiosqieentd t o

provi de the conpound,ip_acig form . .. 16. The epoxi dati on process of
claim9 whereir tsﬁ’ﬂe"é S0hie g’°l”8r?ﬁﬂf'%'?gr%ﬁf&ﬁﬂ"féﬁ'@%’l&"cn"g&&qﬂﬂo ydr ogen
peroxi de, and higiepdrdlf O M-ButBhEICsESHIitandICBBitaRd, ACHtomitRs 4 /4Sdibxand,h an
al kyl ammoni um halide to formthe conpound in salt form and calcining the

conpound to pr dotralaydreiurary ghemandmixyres thereef. 17. The epoxidation
process of claim9 wherein water is renoved fromthe single |liquid phase
reacti on system during epoxidation. 11 18. The epoxi dation process

of claim9 wherein the C3-Cl0 acyclic al kene is propyl ene. 19. The
epoxi dati on process of claim9 wherein the amount of the conpound is from
0.0001 to 1 g/atom of tungsten per nole of hydrogen peroxide. 20. The
epoxi dation process of claim9 wherein the organic solvent is selected from
the group consisting of nethanol, ethanol, n-propanol,

i sopropanol , n- but anol, sec-butanol, t-butanol, acetonitrile,1,4-dioxane,
tetrahydrofuran, glyne, and m xtures thereof.



