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channel s are a diverse class of ion channels and have several critical
roles in cell function One role is in neurons, where K+ channels are

responsi ble, in part, for det erg@p}éﬁg-rf@h pPREXCESgbi ity by contributing to
menbrane repol ari zation follow ng depol ari zati on, resting nmenbrane

potential, and regulation of neurotransmtter release The Mcurrent,
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, or CH2CH2CHR GHZ{hig e AfoljeMiesiinn ab he eathBablkyhd owatep mixtwesabrsig the ed or
substituted with 1-2 noieties selected fromthe group consisting of OR7,

CO2R7, NeR7) (qREfion.CON( R7XR7), N(R7) COR7, and R8; or NRLR2 taken together are
Especially advantageous results are achieved where reaction promoters

of the phosphine or phosphine oxide type such as triphenyl phosphine are also
present in the propylene oxide forming reaction mixture.

To enable phosphines and phosphine oxides to be used in a continuous

25  chemical process they must be recycled. The use of phosphines and phosphine

oxides is prohibitively expensive if the phosphines and phosphine oxides cannot

be conveniently recycled for reuse. Unfortunately, a process in which methanol

and/or water are used as solvents renders most of the typical unit operations

unusable. As methanol is distilled, or stripped, from the reaction mixture the

30 phosphines and phosphine oxides precipitate from solution, thus fouling the

stills.  Furthermore, the phosphines and phosphine oxides are not stable

enough, or volatile enough, to distill overhead. Even if the water is somehow

distilled overhead, while keeping the phosphine and phosphine oxides in a

solution of PEG and other propylene oxide ring opened products, the separation



R3 is hydrogen, Cl-6alkyl, C3-7cycloal kyl, CH2Ar 1, CH2CH2Ar1, CH(CH3)Ar1,
CH2CH( CH3) Ar', CH(CH2CH) CH2Ar ', CH2CH2CH2Ar 1 CH2CH2OAr 1 CH2CH2SAr 1
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i nventi o areé( 1bEn of Formula | where X is a bond Anot her aspect of
the invention are conpounds GEUNIAARY @F ITHEBNENXTION net hyl ene Anot her
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promoters for recycle.
20 DESCRIPTION OF THE DRAWING
The attached drawing illustrates schematically a practice of the invention.
DETAILED DESCRIPTION
An especially preferred practice of the invention is described in the
attached Figure. Referring to the Figure, reactor 1 is a conventional reactor
25  useful for reacting propylene, oxygen and hydrogen in a liquid slurry of solid
noble metal on titanium silicalite catalyst to form propylene oxide. Propylene,
oxygen and hydrogen are introduced via lines 2, 3 and 4 respectively. Solvent
and catalyst are introduced via line 5. Make up solvent can also be added via
line 5 (not shown). Known conditions effective to form propylene oxide are
30 maintained in reactor 1 and the propylene oxide containing reaction mixture is
removed via line 6.
A key feature is the provision of phosphine and/or phosphine oxide
promoters in the epoxidation reaction mixture. These promoters are contained in

recycle stream 7 and may be supplemented as needed via line 8.



solubility or crystallinity The salts can be nmade according to conmon
organi ¢ techni ques enploying commercially avail able reagents Suitable

ani oni ¢ swbt2odenseEr1i ncl ude acetate, acistrate, besyl at epclinmsmiodes2iehl ori de,
citrate, fumarate, glucouronate, hydrobrom de, hydrochl oride, hydroiodide,
iodide, lactate, naleate, nesylate, nitrate, panpate, phosphate, succinate,
sulfate, tartrat é’hetr@sy‘tlcm mixtrA daRsasoTWRIR2CHYI t WBlliee SdPissRr@lisRZeNe &r s

i ncl ude ammpy éd—l s ﬂb lég}g%m Q@é‘aﬁ-?ﬁﬁﬂ'dﬁ% ey b, inedd ﬁioH@lwﬁh%N/élﬂ and

di et hyl am ne, ano rum megnesi um_ nmegl um ne,
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rel ates to aanersepassted overhbed siepiardlifoom tfe rengiéom IE:]UphOSphi nes and/ or
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of propyl enewf¥ieiieproy l‘éne%&td%fﬁro@uc@(ﬁe&;@fere@ oiérhead viatlinee20f THehsottoms

encouraging results V\%I ch have been achl ev As reﬁ)é%ted in USP. 6,005, 123,

propyl ene oxPlERAE SANIFNIRG RSFRIING §NY/a5 ek grﬁr%?ﬁ BIRENOtEIH RASTER NIR Wdr ogen’
in the pigsenge,obna ‘I'ZrQbh@reﬂfﬂ'@d st@éhnﬁ iig atﬁrhtuﬁbalvhﬂ'ﬁarﬁ @ppﬁipabteslﬁmrrﬁ)r@qe Pd on
TS-1 . Usuall%the solid catal IS slurrl ﬂ%&}{aé) rlate s%l ent
such as a mefh&fgrtiventp SeRBFEH ﬁtﬁﬂoép'?:m?? ﬁ@ Pﬁé’ PeRURT Gyid Eﬁﬁe@fe&] Iaf“
advant ageoussh@SHE herfe SRt iRYadainb e610eteadd Hegopsthatediakl the ph08ph| ne
or phosphi ne oxi de tyﬁe such as triphenyl phosphine are al so in the

propyl ene oxi de fBierPhgshhiar eNY/Ar RIGSANNE. 0X¢e @{glp)qiage rﬂ%‘é%?)%}”ﬁég‘ean Stk

phosphi ne oxifgs tf P%Né@% iR &eegéswmwh@f&ﬂn@a{e RIOHRS 36t Baentust be
recycled. The use of phosphines and phosphine oxides is roh|b|t|v§ﬁ¥
ly

expensi va0j f com@nph@@mﬂpﬁ@oaﬁaewdgprﬁqezéermfd%@md%nﬁn%d%@r%Méﬂ
recycled for é S8 L0d AL dcélel'éa&f%wenta(n Gfas. 1 n which nmethanol and/or water

are used as so vent's renders nost of e typical unit operations
The membrane separation employed in accordance with the present

invention involves the use of hydrophilic nanofiliration and reverse osmosis
membranes. Many such membranes are well known in the art, with the best
25 examples being poly(amides), e.g., Dow’s Film Tec membranes, and other, more
chemically stable, polymeric membranes, e.g., Koch's SelRO membranes as
well as others. These membranes can be employed anywhere in the process—
after the reactor and included in the separation train. One such place where the
membranes can conveniently be employed is during processing of the effluent
30 from the reactor, after the solid slurry catalyst has been removed, or after the
reactor if the catalyst is used as a packed bed. It is especially preferred to use
the membrane after the light gases, propylene and propane, have been removed
from the mixture as illustrated in the drawing. The membrane will permeate the

methanol, water, propylene oxide, and the ring opened species, while retaining



unusable. As nmethanol is distilled, or stripped, fromthe reaction m xture
t he phosphi nes and phosphi ne oxi des precipitate fromsolution, thus fouling
t he stil lwo 2bawdsbem nore, the phosphi nes and phosphi ne orcdas2@58327108 st abl e
enough, or volatile enough, to distill overhead. Even if the water is
sonmehow di stilled overhead, while keeping the phosphi ne and phosphi ne

oxi des in a thelphosphingfanPEbosRAING théstesph gplHtieR esosetanslaig. nd he pa@galsdoduct s,
the separati t i ; CL.S i ; i phi ne
oxi des canno | kna@@o%wgﬁge@%tlgﬁgﬁdl @P%g%r@ﬁgghﬁﬁgﬁ@%%ﬁﬁnﬁl | not
wor k. Conpoucwticrgtratae gadetiont hohdshingd ani ophdsphingt A i | D rsojudion haft
extraction t A LGl | rs i coul d
bt ai n the PSR peroains; s, Wiy Sid ik BREh pRPETs sHitied Bad0
product s,5 sotheembstot fatreusd.| Asoahavecintivetegh teppiefrrgblarndeibladsphisirg Be des

are mscible with the Li Letl i t u e
found whi ch @Smtbﬁa%ee'gee‘(%t?{]&gﬁ@ﬁgg%re{aggb F#k%%Shgrégﬁ?%érs]@gﬁbg;y}éﬁgsoﬁ(ﬁq% n}]ég/c‘)egi des
from t he ri nigeerpenesiesdtan itonstreédms Ipthis ease litlalal noeppapylenemxeledividtldd | at i on
operations in orldgg tko rtséxcelmgort he extraction solvent. SUWARY OF THE

| NVENTI ON ThECBFEL RPN for 10N provi des a process whereby a propyl ene

oxi de cont ai ni ng Meabtdnes whizh wre usadhn dse tseparafiondddbel imeEntiodiang wel USP

6, 005, 123 and cont aj ni n hosphi ne and/or phoesphjne i d ters can be
separ at et i nfPWY! %{r\?eﬁ‘{g Eﬁ&l BHBPS? of FSB%?@WDPB?Spﬁi@fc?’%&éﬁgﬁ%sep@qoepyI ene
oxi de fractigadé®fropr aduptopyrpeveride ahbieschaparsaluition in acaowianpt iveitretheby t he
use of nenbranes which function to all ow.gass e of the s@g%(g&\'mg}n%re
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propyl ene oxiY8MHN PHWPIERYSet 'EVRITE SMRAAMTTHEATH #1558
phosphi ne anghgle phoePpigieneXiod&r@ameabriestsd slich as yakidanESERIPAIDMeOF THE

DRAW NG The attached drawi ng.i| ]l ustrates schemat.i I ractice _of the
i nventi on. DE’YS@\?-L@ESEE*SQR‘P‘CFS%I' CARCRSFEECEA'F ep%@@ F%(ﬁnqﬁg%ﬁ %re'é(' 591 he
i nventi ofs i syResfrahd &steingd. hasalréme ha@rdpotslise menafrend isi@table fneude g e,
reactor 1 is a conventional reactor usef

| for _react] ropyl ene, gxygen
and hydr ogendeseriged i Huikir<Pirmey. SF”%'qpﬁgﬁolﬂ?ecﬁ%’f‘%l g%cgf‘?lgéi’un?%‘i” Zgl ite

catalyst to Eeﬁiah,p\r/&pyds,e@eemisq*ew%995)[ aNembaLe &NcRRE thysd @arAbad &
i ntroduced via lines 2 and 4 respecti vel é{wso' vent and catal yst are

i ntroduced vHsS.IRaients5,68 \Mhkkalgelypn ¢éneacalpo Be$8be added via |ine 5 (not

shown). Known Conﬁ%éirﬂeﬁqbﬁaﬁee%bw_%ﬂaﬁ KOG riRHOBY 1€ codifthsaihei@hytai ned
in reactor 1 and the propylene oxide containing reaction mxture i's renoved
via 1ine26. pradepinanseupieiersblyias IgashPP%i ofiihe phptrbipnantioaprspningHasdhi ne
oxi de prommt gr r%téiﬂ?& h?%hpepr%i‘érgiﬁé rEORE \lIeM Hhddofindd¥eSEr tRE QIBbRERe ar €
contained in recycle stream / and may be suppl enented as needed via line
8. The react i oxidaiaxt solyeptpassss through aspewieate {g sulisefder® segadipar at i on zone

9 where sol id catglkgtndn3REAEREEHoABAHICHYEMRT, Yh BrddritEsovaiaBesitnt h

sol vent and _
membrane composite is used which allows a substantial portion, e.g. 60% or

25 more of the propylene oxide and organic solvent and water to pass through,
while rejecting at least 90% by weight of phosphine and/or phosphine oxide.
The membrane separation is a pressure-driven process and in general the
pressure of the feed stream may range from a low of about 50 pounds per
square inch and to a high of about 1500 pounds per square inch. More
30 preferably the pressure of the feed stream of this invention is from about 100 psi
to about 600 psi. The “permeate” is the stream which has passed through the
membrane, and compared to the feed stream, the permeate is at a greatly
reduced pressure. Typically, the permeate is near atmospheric pressure to 50

psi. The permeate contains a greatly reduced amount of the phosphine and/or



sone reactants and reaction products to reactor 1. Filtration,
centrifugation, and the |like are appropriate procedures for this

separ at i ono 2bssmFEEepar ati on zone 9 a |iquid stream conpricsasabosnbyent
propyl ene oxi de, and other reaction materials together with the phosphi ne
and/ or phosphi ne oxide pronoters passes via |line 10 to distillation zone 11
wherei n, in phqspbiner oxideediberlvereit  the abuloue thegRfgami spivant agidcArogect

propyl ene angoBlaRaNGIA SSAFRRRALAE AKYeRdverd i b cdRidntigatdisnieract i on
| i quid. The bottons s{ream om columm 11 conprised 019 propyl ene oxi de,
ring opened eggayisimplyoehilecting &sisvadinidt heheheispiataestiea Ispraigshtiie oxi de
promoters | M3 RLELALI 6l ALACLRAEES BSREYs iR Lidifin 2af ol Stdil batd on
zone 2 1 wherel n propylene oxide proéhc s recovered overhead via |ine 22.
The bott oirs #rowsmheanerabranag Tpadeliehilate canthir thp oot the pbssriéneaiet er s
passes via |l]ne to.. i.n. thi t i X n
appropriate Pre?ﬁ?%gnr?eg)fﬂéggg P é’g g%\}gg gﬂge%é\?egf.e&?%gé ﬂgﬁggt%%%%?%n%%rg”ﬁ
phosphi ne oxodgslight loeeeitdatesstredhan fie feednattees ahd can beneaydied vaflvent , and
ring opened paterials. T i ne and/ or phosphi ne oxi de retendate
passes via Iﬂ%eox}dagl i‘kre?%&r@gget%%rg' 1 for reuse in the process while the
perneate, via |inéhdfllowmgsxemptifecunaciss éfdnainvesiiarati on neans for
recovery_ of propyl ene oxi de product aﬁ th% separation and recycl e of

sol vent % ot shown). The nenbrane sep enpl oyed in accordance with
the present invenpPigpylensviel reastetihia aisentfiudugdreaption incodeairofeddtarat i with and

W th the bostXEEtnANEaNEsIRY SO L ey el gt stiRdde; TG o Sl anes,
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nenbranes as wel| as ers. s ranes _can.be empl o in
t he process- d%?‘ir@egt'ﬂgj‘%]:égaoérﬂgngﬁﬁgm SP*ﬁ'”?H{éaE‘é’Q& 3??%%?{6¥%ﬁ!6/§01e

such pl ags WaesR rbhetidrnikire fSunCeonemrent |y be enpl oyed is during
processing of the effluent fromthe reactor, after t&e sol i.%sl urrey
e 'Red as

catal yst has beenlifEibiRastion mixiyre cnfRIning jplbisied; patalyat s, ingiawn

a packed bedieddiod § \BSPREI ALY iDrREEE &8l skBatst® ¢ hecamybr ane safvert ardie
| i ght gases, pro%l ene and propane, have been renpved n{ﬁmthe m Xt %e as

il Tustrated Ferycied tarraagtag! Vighien iRSISERRE Wil 3 refyFitesiicdm ReMmaPRRHBT [ wat er |

propyl ene oxigesn igmgck@ Jid e #pened species, while retainingthe phosphine
and phosphi ne oxides in solution as retendate. The perneated sqlution wll

go to tha0distil | Aaranepaatar & a Mg reration srxire sheamioeassed Yimine 1Phe

concent rat ed agliiid PBoRfarP POIRB! A93NANG RO IPLAErRH B08ERd 3B hutizon of
met hanol , propyl ene oxide, water and ring opened products is recycl ed back

to the react @ottbos franselumis 1hbbIE0Ihane T @siotrrssey sidingtdindisiGion
ot o e b AEgLSo hut e SFRESer B NRIEEqEORE08 iy,
no propyl ene 20x%itdeove lahdlieomeigycl ed back to the reactor. Menbranes which

are used 2i5n the S%%?tgr%gif%?n %Iutmrl%eZ‘li Bgs%ggiv?anlin%r 53 ¥\§|s<l.parator 14 at 123°C and

100 psig. A pump increases the pressure to 300 psi and the temperature is

adjusted to 30°C.  Separator 14 has positioned therein a hydrophilic

nanofiltration membrane, Koch SELRO MPS-44, which essentially retains the

triphenyl phosphine promoter while permeating the bulk of the ring opened

30 organics, water and methanol.
The retendate is removed via line 7 at 30°C and 290 psig and recycled to
reactor 1 while the permeate is removed via line 16 at 30°C and 20 psig for

further separation.



known in the art. For the purpose of separating phosphi nes and/ or phosphi ne
oxi des fromthe propyl ene oxide and sol vent solution in accordance with the
i nvent i orwo20@B5@WS Or reverse osnosi s nmenbranes are ewrpirageaswbiosh are
stable in the presence of organic solvents such as nethanol and propyl ene

oxide. Illustrative of suitaﬁ{e menbranes are the Sel RO nenbranes from Koch
Menbr ane Syst ens. TH&BOW &afed ofihe BRI IHRhBEMRECLS Fradng aFpiveRe" e

described i nidfibitgGduEH in p&iHéGleppBdl. @2 of Chemi cal Technol ogy”, Fourth
Edition, Vol. 16, pages 139-153 (1995). Menbranes such as those descri bed
in US. Patent 5,681,473 at col um 23,18%h1al so be used. The menbrane
separation is ,qfﬂﬁ hytr—at condi Ti ons Wher ghyad Ppredom nance, preférably
at | east 90% of__the phosphine and/or phosphine oxide is retained in the
retendate for fecycle, whil& a jprddom natfte|oB2t he %Y ogyl ehe oxi dé and
sol vent passes th'Hu h—as Py yEate to spgsEquent | SERy at T 158
menbr ane separation>of thi s Thvention, an orfgani ¢ sol'vent-resi stant
menbr ane conposi t AR usad Oviri ch al | owsO&1suibst ant D&M pod.008h,| ®BOG1T 60% or

nore of the propy!&rm extraesan G'qg"i":i e—sohyenrt—and—watier—to—pass—through,
while rejecting at F%%lst Qg%gw V\js'ght of phosphine and/ or phosphi ne |oxi de.
The nmenbrane separapion Ijs a-prlessure-{driven pro¢cess and in general the
pressure of thefeed stream may rangefrom-atlow-of-abgut 50-pounds—per
square inch and to e hi gh of~about 1500 pounds per square inch. Mre

preferably the [pregagse qf Lhe [feed stfream ¢f this invention 1s from|about
100 psi to abouyt_600 psi | The "lperneatle’ islthe streamwhich has passed

through the mefbidetbanaind ¢bhdar ed to (t47-3 dedOs{ riHm |t WP -Der mBA(E€ i|s at a
greatly reduced prggsuire.| Iggi calty, theg penmeate iganear 1g MoSpgeri g
pressure to 50|psi. The perneatle contagins ajgreafly reduced anmount off the
phosphi ne and/ gr phB&5hi nd 60iYe| di ssol|veB.9 n @%@ [bul k of the organic
sol vent and pr gduct grop’ I ene oxtde—Sard—permeate—canberecovered—in any
convent i onal memnep? ®©.9.| by sinpl’y callectilng il as a |liquid| The
retendate stream Calapstcgl | ed the "concentrate" ¢
i s the stream that—dees—Hot—pass—throdgh—t+herenbra

contains the bul k of the phosphi ne and/ or phosphi ne oxi de di ssolved in
organi c sglvent. Thgrigiingnstadsphisereamis typically only slight lower in
pressure than the,f ﬁed stregm and can be recycled back to the oxidation
reactor for reuse. THE PSFORIRY Exenplifies practice of the invention:
Exanpl e Propyl eneCl prdppRekettiden a continuous reaction node in reactor 1

wi th oxygen and h drogte_n in a methanol /water solvent m xture usi ré%l{_a
slurried pall adi uhf®n ths- exgmplesit \ganopePeepathaf Jag Rracesscel i dv et t he
process descri ' | ﬂ'(ggim I rgthesphi ne in anobunt of about
0.1 wm % of teﬁggﬂgaﬁi%%ﬁﬂ%g;ﬁﬁgﬁﬁ Bse as prodr%gter. Li quid reaction

m xture containing slurried catalyst is withdrawn from

r "non- perneate" strleam
F

FaY The - rotoandat
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reactor 1 via line 6 and is passed to separator 9. Catalyst and solvent are
recycled to reactor 1 via line 5 together with a recycle streamfrom

separ at orwd4ovdnissivii s recycled via line 7 . From separ atror/i$2@slosnus d
reaction mxture streamis passed via line 10 to distillation colum 11 and
a lights streamis separated overhead via line 12. Bottons from colum 11
at 1700C and d#B:psi g passes via line 20 to distillation colum 2 1 and a
product propyl ene, oxi S i r il 1200C
and 100 psig. Bot'ons%ffbh$%%gigﬁﬂgﬁi%ggggg%ﬁ3ﬁ§§§éﬂgﬁ%§ﬁFE Egﬁégg é% 14 at
123C and 100reasiian oApmpyienenoxygesesnd hgdnoges sureliqui SoRepisandmdierdir a

: g : : 1 e -
nyr ophi |1 ¢ WaRTTTE PRPL Anoine, 5508, Abfloick n WRRaR S, InRERERENEI 2,1
retains the tompissysepdretiyghiphesphioeoamel/omiphbsphies mxide mgompterbuvitt ¢f t he

i d i , A t [ . : i - i | i
7 00 S00C andeter; e (Ao IR0 S G RS, oSBT
removed vi a piopetds§ velile3R0GIt &8 aps ofpfopyleheaoikideranslegpaveat.i on. The fl ow

rates of the conpgnen of the variqus streans.are given in the.follow ng
Table 1 in pound§£perHﬁﬁuf¥m*§Bl8¥18?T3 #rw ﬁ%ﬂ}|ﬁ8héﬁﬁﬂ?%g fzinéﬁﬁgpopened
organi cs (3)pssppiHeene oxide Fromthis exanple it can be seen that the

process the inventign effective separates, the triphenyl phpsphine for
recycl e. % claim 2. | rﬂ“g BWB%%%nyC@/mt ﬁew FoHuLEi @ﬁm(?fé)rber b%?l @ﬁcgc}@ﬂ!l'(ge by
cat al yti c repaghdtitratioh prorytesemosixygeibrand hydrogen in a Iiquid sol vent
and wherein a phosphi ne and/ or phosphi ne oxide pronoter is used, the

i mprovenent which conprises separating phosphi ne and/ or phosphi ne oxi de
pronoters with a nmenbrane effective to retain the said phosphi ne and/ or
phosphi ne oxi de pronoters while permtting passage of propyl ene oxide and
solvent. 2. The process of claim1l wherein the pronoter is triphenyl
phosphi ne. 3. The process of claim 1l wherein the nenbrane is a hydrophilic
nanofiltration or reverse osnosis nenbrane.



