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WO 2008/ 020811 PCT/ S&007/000245 |1 Recircul ating

reactor Technical Field The present invention rel ates
woOaom/meair cul ati ng reactor and to a nethod foPCUSGR@7/000245

the reactor. 5 Background of the Invention

Conventional ly, nmobst asymmetgic reactions involved

batch processing. Flowtype reactors have nunerous

advant ages i ncluding nore on-streamtine, |ess

mai nt enance, | ess Cah%é‘.?éul%hd;‘.{;tﬂe%t%?d | oss, nore

consi stent product streans, an ess sol vent waste.

Despite these benefits, tTeclnibaMEiebken few accounts

of _.continuous catalytic systems.with 10 ipnobiljz .
b perert ugsriion apiey fo SEETR e aPEay TPy orhFf fypine the
redcorapply to a ,continuous flowtype systemdue to

reaction inhibition by side-praoducts or gaseous

by-products. In parBackgraund @fshgdp¥eniiomg catal ytic

r e‘r(\fotnlvgﬁl&ngﬁf, ﬂggta%gﬁlme%ﬁ% tedibR AveRREITAHRAUSobdseiNe. Flow-type

reactor, a he gasés give rise to disturbances in and

reabéars haveainserons advhuntagestintlyding mdzeon-strearo ttingm dess fgintenance, less
oduce. si de-products that .inhibi.t .t agl i
e LB P P, PR LBl RTS8 sty wase
Dowpirk thasd beneffitsy itiege hivedetw fdvoustouptsadicontintony catalytic systems with
. catalyst deactivation . These side-produc and, gases ..
i GhRR P 581 o B BT R 5 BN PQPHBNT Aygntinuoss
flAntyRf dykehedie foeReétiANNRILALRSSy sidejpesductf ort fi8eous by-products. In
Invention It is the object of the pres?nt_ |({1venti on to
pastidydara gas-aeneyatimgeraidrie gractieny awsnot ell sHErd & & eongRrous flow
refor 5 §hbadel gi\?é’ﬂyeetcﬂﬂﬁﬁﬁl‘fzﬁﬁéﬁﬁﬁﬁnd QUIBBENoObS tHeCcatalysts. For
nventionon Irst aspect of the invention there is
repations dhed paoduee isidetpreductigthrembitdt thearpatiosikigtics,-a gontinuous flow

re%cﬁgr%i%q(? é]%e% %Wg{knvg/&gtg%@ﬂ%ﬁgee fr% ]%%g#%gh%th\gﬁ'bagg rclgt% e% &hctivation.
Tlasel side phaduesy anduiak@t shoaldtheXdmovad fieai theubatirauickyys teeanhieve an

for recirculating liquid fromthe chanber outlet to
effipjgnt TepCtiBO958Y- et ; wherein said recircul ation 'system

conprises a separator HgjectaifdhatintentioRy- product from
the liquid. The catalyst may be in a_form_in which i

) ) It
i s [edpdbe eobixict 5 the treseat davenfian i lgesybsiaptialyh ovggome or at least
r : ' nmeans to retain the
atﬁ%?’?\%}ggﬁgﬂﬁ?ﬁegﬁﬁ%g%%#% a éegr%g' (e.g. in the chanber
body). The catal yst n@ymipeary gbthedlnygntionst or nmay be

in so t her aor.m _Th at al . I L e
su p]% &rfrgﬁasggqt a?lf %}getlpveﬁ-glgg élg ré F's Sﬁéﬁ%ﬁg'@x Begc?lgﬁlra{lﬁg rédctor comprising:
het er ogeractith catey séntaihingrmyatalgstpsdid ecaatipm chancher @bmprising a

catal yS(EHamfbgrr bo%/?ggllla?nb%r inlet and a chamber outlet; and

— a recirculation system for recirculating liquid from the chamber outlet to the
chamber inlet;
wherein said recirculation system comprises a separator for separating a by-product from
the liquid.

The catalyst may be in a form in which it is capable of being retained in the reaction
chamber. The reactor may comprise means to retain the catalyst in the reaction chamber
(e.g. in the chamber body). The catalyst may be a solid catalyst or may be in some other
form. The catalyst may comprise a supported catalyst. The catalyst may be a
heterogeneous catalyst. It may comprise a particulate catalyst, for example a

microparticulate or nanoparticulate catalyst. The catalyst may be insoluble in the liquid
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m croparticul ate or nanoparticul ate catal yst. The

catal yst may be insoluble in the liquid WO 2008/ 020811
weeHis®aExIN7/ 000245 2 used in the recircul ati ngCT/SG2007/000245

reactor. The catal yst nay be capable of catalysing

reaction of a substrate to produce a product and the

by- product. The reaction may optionally conprise

reaction of the substrate with a reagent. The

by- pr odugct I ki it i: .
B PO D S0 KRB o 8B i o
subsatoeroducp ai rodict gnd theSbydpmdhity ahe ragctitre me toptigeallygromprise

of, reducin he capacit f..the catal yst to prduce . ..
relioh ST bkl SARICLL O B SRLALY e RS Rhioiing e
redYioR 0P GE Subsithie t6 @RebRIdatL. MBhab doneapiple bexapslabpeisoning or

t he gaseous by-product fromthe I|i %w d. '[he [ %lél d tr}rlay d
deadivpiing the gatabisy enet redycing thgcapagity of th fagplysto prodyes,the product.

THYRSodt ﬁnefgﬁg@ g %%T s By PHRELL AR sbPirafol endyaRCidapted tb lseparate

may conpris utioh, suspension, emul$ion or )
thel gapensbyprodiict fremsthb digrih dhe Aiquidsoly epmpHEe 8 gpkvert or a carrier
ligquid, 10 Once. |t e Cti :
i UGS AR PR PO I RS RAEH s compri
sofutiod Usispenaion, emylsainsa digpetsiimofithe sdrstmierie acholvent enetraet liquid.
suhstrate, upre ed reagent and , .the by-product. The . .
Oncedt f‘%?&aé%qdéﬂr%‘%ﬁ ﬁlﬁﬁeﬁﬁﬁf’ Fe 13'?;?5 Pg%ﬁ» ?lgetolgq%ﬁﬁ gy ontain the
pro&ilt A hAy albd Eont&i@HARYr MEbrk o uhfbabted sulishate; hareheted reagent and
outlet to the chanber inlet. It may conprise a punp
tha Byperdugleci r cul ating the liquid through the reactor.

Theppung; ﬁétiPx? ﬁ@%?l RaPf c&ﬁﬁ%uﬁbﬁjo?ﬂatﬁhﬁiﬂili{%%ﬁing etc. for
prior to the [Tquid entering the reaction chanmber. It
conmgyingligaig dbine thuf clvanbst nytletitndhe Fhpmber deleh dsmay spwgse a pump

the.reactiQn,ch t i &l . .
o IR B8 CARCRRG L TSl B8 12 g prssrin
the digaidymior by theHéquiy epetidg die. reddtmnsehpmbat. dt mappecopghlé sbcausing

a_degasser, .in the event that, the byzpbroduct isS a,gas.

o S o PO B e A WORSTEE £ o i ecrnse
orthBhiRt HadcBvatidrf ofithe cAi¥lyRigdne bylpfodacsol i d, or it may

conprise a selective absarber, an_evaporator ﬁ)ré, sogns )
ot Hlte seppratosfmaregorBRrisa A fegiseer, Mothe ¥ RRVNAthe fy-product is a gas.
T : %Pefl}‘r' i EQPRAth:S ¥ RS ARk & Pbolid, or it
A{f%rggtg\%g}gglfecsgg}@t{zae e%%sg%n?; C%Eﬁ&[pr i se an yg{f?l et pqr? ' i o
mhy compriseva nejecitvel abastben apovepantopior sprae qbhesdnipe of doee suitable
t he reactaq or .for~renmvi I : j .
for Femag @8 %{}’f}ﬁ%dlll,c .a’l(“:l%eos?p-)ari@g Im%ty So %?Jsef' gneg(gr{ Ijg{)%rl%fﬁﬁeesg Bévices.
pr omluc teactbh endyea@hipriseray oatlstopard figr fegeovamg atltthiast @portion of the

port for addi ng suhstances, .. the substrate.. .the
profghifepm ﬁlerféﬁfdg’hf’f W&F@PV@EWE I3t B RVRE L “‘t“’oflil‘ﬂé from the reactor
inf 8&!t8 obtair thedto iR Orid Ao QY alsb Tomipeivé he dddition port for adding
recircul ating reactor conprising: - a reaction chanl‘gl)er
substaneisnt- ghasusitie, dadigrds e ,reagslilgfoﬁnf‘@éefh% substiRfgdlp the reactor.
co ra{nsénﬁ%dﬁnfxﬁ ﬁg@gg fs,;%@@ied Ar&liefghe fak®t céffridng:

chanber outlet; - a recirculation systemfor
reci r ctd atactign| clopmlkrf coriting ehsotisereatalirstesaifloreapiéon chamber

GegnsscPmRiRuEdt e Bufs o Bl THF A GoRlel SL: dha
cat al ysd R@irt€lagsd Systedh fer muibatlatateeliquid firond teectamber outlet to the
chamber inlet, said recirculation system comprising a degasser;
whereby the solid catalyst is capable of catalysing reaction of a substrate to produce a
product and a gas.

In another embodiment there is provided a recirculating reactor comprising:



product and a gas. |n another enbodinent there is

provided a recircul ating reactor conprising: WO
waQes/a@d811l PCT/ SG2007/ 000245 3 - a reacti onpPchasher /000245

containing a supported silica catalyst, said reaction

chanber conprising a chanber3body, a chanber inlet and

a chanber outlet; and - a recirculation systemfor

recircul ating quuid fromthe chanber outlet to the 5

chambe L, r at i 0

Gegasserictuly gfhfhn SELEEMETY ABoPHE! SAZFREYS, JAid reaction

capabl ehafibec abmlpylsurlggi chaadter bndypfa ehasaies inlett andt Chamber outlet;

produce & product and a gas. |n another enbodi nent

there P%provided a recircul ating reactor conprising:

- an agdedifantipn fsilstérﬁffoﬁﬁéﬂlﬂdglaﬁng l]JﬂQﬁidr ﬁkbrﬁ theidhamber outlet to the

optionally one or aliq a rgﬁgent and

ot her &hasRhesitels Sacl%rqoﬁféu Eﬁ%ﬁlﬁtem CO‘ﬁp‘F%’é\%Fl Hamber
wie Q'sﬂﬂpﬁteﬁ%ﬂﬁrc{a@éjﬁ stiib icgabtababMmalysing dbsbtibf aFtd Qibstrate to
chanber conprising a chanber body, a chanber inlet and
preaduchambetucband agas. and sai d supported silica catalyst
bei e
Dot g%ogggge%g)%d%e fdd %garegidm?éeéeﬁlaaﬁg tdiior tééiggﬁglag
for r erzmmdahgon bert Ffmoazﬂsﬂmg 1 sld:rstrah:eandemubmll;y cnecbr-meye of a liquid,
recircul ation ulaélng liquid fromthe

g}tx bs oS It?lc Cto
chanmbed TERAEEPRANGOGY K& %nﬁ:g e tHRCEr “sai d
reci rcyl adatith SH&HBM COMpPinig Ag s@pp@ﬁg@ﬁl&fa tatalyat, said reaction

| east artially renoving th as f Ii i d
a secoﬁgalﬁ'%%é@fn%‘lsmﬁr?echmiﬂoaﬁ 1R qréelﬁ ﬁié?HarBQer outlet,
met hod 4f@ rsalﬁ%ﬁﬂﬁd'rﬁédr@h@ ca@ﬁyﬁl&iﬂ% adpable®faRiydiiCieaction of the

con‘prl sing: - providing a recircul ati ng reactor
conpri §ubﬁgrat?t©@§&uﬁ3@ﬁpmﬁhh%@1d &8t aining a catal yst,

said r A
sal d LRG0 1B REIo SATRE A, BB ATRAEOR AR
recireul mlrm“tﬁ’yﬁy et for fe@mu*atmg dtqﬂmbfrbmqlhﬁ dhaﬁmbq:n outlet to the

the ch nl et

a
recir CL?F“%Pt; Lf‘;‘%sfaé f%%l}?bl}%%gﬁﬁg Ste%c%ngfésﬁ%ﬁ gt %elga§ser for at least
Sepafa&hﬂﬁﬂ@r&ﬁoﬁﬁ@dﬂ@&s%&@ﬂﬂkhﬁmhiQUId - adding the
substrate to the Liquid in the reactor; agsi.ng the .
subBta scend asask of ﬂeﬁnnaremﬁ%ﬁ@ﬁe BT idsd  BiSthonang gpnverting a
Sugg%@an%&gﬁgta&ﬁﬂ fgiddhe substrate with the catalyst so

as to convert at |east a portion of the substrate to

t he pradenidingridresirgwatingonaetor c@OpLising AsedcHgn ghaphefs¢ontaining a

gg;; gtr%gfr%iys{ 'Lg db%aa{o%déﬁ%}nt}‘ef Q&]nkﬁﬁng 'a%ﬂa&b%b&@ tah&lamber inlet
and a chamber outlet; and a recirculation system for recirculating liquid from

the chamber outlet to the chamber inlet, said recirculation system comprising
a separator for separating a by-product from the liquid;

— adding the substrate to the liquid in the reactor;

— passing the substrate in the liquid through the reaction chamber, thereby
contacting the substrate with the catalyst so as to convert at least a portion of
the substrate to the product and a by-product;

—removing at least a portion of the by-product from the liquid using the
separator; and

— recirculating the liquid through the reaction chamber.

The recirculating reactor may be according to the first aspect of the invention. The

method may be conducted in a batchwise or a continuous manner. The method may
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- recirculating the liquid through the reaction

chanber. The recirculating reactor may be according to
woheosfoeesat aspect of the invention. The net ho#CIEG2E/000245

conducted in a batchwi se or a continuous manner. The

met hod may WO 2008/ 020811 PCJ/ SG007/000245 4

conprise the step of renoving the product (optionally

the liquid conprising the product) fromthe

recircul ati react
cofBite Fiotre ) ERgveds Pl Bb R Ry, AP HaBf copprisig theproduct
ﬁoﬁﬁ)d'(hdo ﬁedheﬁbaﬁhg de%dtmﬁ Cl‘@b? tpln@ilrce agdyobe fdon?mdélzbyenbnnﬁ’led diom the
and then ved therefro e, step, of . a t he
reasifBs P HieclTHd MR s RAYEIcH oegﬂﬁln LG 08 @A ptiod and then
reradhIRe ALk &Fom € MUk Sdétéy iof gad?l'ir_lﬁz e rsubsteatélits Pe Shidqigd they comprise

substrate in the |i e substrate rmy be added
dlslsgltvumswendlngoﬁpuhﬁ&mgm} othgiwiseedinprIsing fhe pebstrate in the liquid.
Th%%ﬂpgtfa?ée rr{agdt%' 4 %th?&ns@%%oﬁ%t@ CG%e Iﬁ&ﬁo@fﬁ@?ﬁls‘é @mprise
are) necessary for converting the
adémgsdmabe tharet hé)spncm*.u dor. eTmaplsubseagent thal ibdarphgesgsary for

co%{r]e{riﬁg%ﬁlg ﬁstba&%g StELF é)ro t? I;fgl)%( ugﬁ[ﬂ%?%m%&g)g%%sg& Iﬁ?&éghsthe reaction

ch%ﬁﬁerllfﬁbf.@b %ﬂéat?rqﬂﬁlﬁi a‘;]rf[dS@héﬁﬂ gre@ﬁuré,l fow éxampleebatywséreaboray0.5 and
e sufficiently high.that not all e .sybstrare .
b g TEgeiate b ALEE o Bk P st g ol A of te

sub AR {si BRSetdd %Qﬁ@ﬁfo@h&rlﬁ a siisle @ﬁﬁ&&iﬂéﬁﬂﬂ&foﬁdﬂhﬁhzﬂ@f fethperature
the reaction chanber. The flow rate may

ang (pr¢ssetiearertiaiping ghthetrﬁqﬂtlop Kwaambefy a"lhglfgw gfte may be sufficiently high
thft%@#dh@%&&n oftRE s RAY €S tHe Wa)r u%@ Sredtbdfad R BN Bingle pass

ass conversion, e maxi mum si ngl e pass
convarsien,s whnra ﬁledmfaxnmm angl @ammmmmlqrs indhfiesdapy ghe maximum

acﬁ%&%ﬁ% %hr?\geﬁﬁﬁ%gl ng & sryggf: ﬁa&aéx?orﬁ’glﬂctgﬁ gFI{lE qgacﬁ@ﬂ%hamber using the

satn@N@RIdaions cofattthpRfA%s Udnd. pletsurdli b dimtoentext, tthe conversion of the
[ substrate is taken.to

f ot h
SIS B o % RS i o s Kot Sy Rmgred om

re&f&l‘iﬁt {3 cadtSIC TR %@a@éh' Jiﬂraﬁi%ﬁcﬂﬁroonlf&s@nhﬂﬂllo& ﬂi@%ﬁﬁlﬁm@ﬂf product
he conversion w | he amount of product _renov

rempwd fiom theaeacser @vviedé)cr thy ameanhabephstraie added {4 ﬁleereactor Ina
co?ﬁﬁll?ochs chdtfon BRC {:(ﬂ{versid?ih@ll? e AR LLRUNUR: f 8f bﬁﬂiuct from the
€ conversi oh W rate of renoval of pro uct
refigtarmdivided bgattioratal |of|a1ﬂdmobyof Isebstrate toftheddadtororCapmonly the
subst r at the r nl
co PR ik b SRR ad Par T age op sty L firiRrsion may be

exphRs& ]@S/ arsblan cFﬂ%rdilen (e rfog Sﬁﬁdplaanaleg@gaiuct oemevredi dimided by
i.e. or exa e nol €s roduct A
mlsh S4Bt SO Aot 5 FORLETOhey DR CBAUPEY BF ShERfignty high
thbd QW c()ﬁ't/ﬁ‘sﬁﬁ)bf tlﬁe §L5’Jsfrht%|t6 Mhé ?rd@l'ugpls?& 16386594 BRater than the single
conversion of the substrate roduct i's at
paBYegrEstien (expeaysedns spageiagepddhe Sileepass sﬁn‘(eé%tgr)egg%g‘ow rate
m?? b& sﬁ%cﬁ:ﬁﬁ@%%btﬁgt tfl??}’ ?H&%&:ﬁd&%ﬁ%ﬁ ﬁgﬂlﬁéﬁhf)&@creag@ﬁe activity of

thbatatyat] Uin thlel oestextot'signifjeantiyd zdmﬂeysedamy edegdotdeereasing by not more
activity o t he cat J,n this context,

thaig POyt £ /bé’ﬁPPtymo éﬁ%%%@ ?1%{? refer to decreasing by
nOtTlli@fe%lrcﬁllaﬂﬁ% ahgWe RYosufflcidh®tinfdf@ dthedst abe ehatb Volumes to

30 The recirculatin efor sufficient, ti
pasa Hypughyihe seastipa £h qp%:pelgr}gg is gontext a chamber Volumqudeﬁoned as the free

volume of the reaction chamber containing the catalyst (i.e. the volume of liquid that can

be fitted into the reaction chamber when the chamber contains the catalyst).
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pass through the reaction chanber. In this context a

chanber volune is defined as the free volune of the
woeemstoeerl1 chanmber cont ai ni ng the catal yst (i.ePCri862007/000245

volume of liquid that can be fitted into the reaction

chanber when the chanber congains the catalyst). WO

2008/ 020811 PCT/ SG2007/ 000245 5 The nmet hod may al so

conprise the step of renoving at | east a portion of

th@r %&H{grﬁnaf b%ﬁ{gﬁée %er E@ bt %ﬂl&ng%rap%ést Q9380 of the

pro om-“t e react or
prafiict) stptingally wh lthee liguidt tmnpremng the ptqduﬁ, $ipsn dhe seackos. Tbis may

coglgwe\r/ %él?%]{lg%asg\g?slflgﬁ? regg?l,agt}o L h{%gl ?olqééll}g 5&58% étl'fgast a portlon of

thd h¢uid Rk recti@lasion @thﬁguddei@d ﬂ)lqtudmmmﬁlsng therpyoduct The
be continuous. Thus the v

|
rerRGHiRE QR P RisTESS orramb e SRt (IR o el m be opened

co}n fugdr ¢ sforé%%trgﬁo{@ 3R sPhntially afl lof MRY1iQEd fRAR tHeadehdtor, or it may be
ened, so that proportion of the |iquid entering

patt yxfoablwé pasthak mvmrmcrlbﬁ the Hquideentarivg thayalye is removed from the
reef?:qu n@‘B%(%rﬁoﬁ ?ﬁc %’q%krag? Thhis RlbositeR0 nglﬁ%{azntlal n% all” refers to as much

ers to as nu
as cmay emm/nnﬂegttly enmmoerdd It willl be bendersterds tthasd fqlhmmg removal of

BTN i MR RO T B T,
resMideRl of l’d&Squ{ﬁ@Sarﬂfthé ldesifi ﬁwyd),e satigl tHah éd@dsle@’f the\catadyst etc. may

BTN N RO TN TN T —

frdh tHeRadtbd %egeﬂuaﬁ @nbﬁe A&IBV6The k] *k%bﬁt@ﬁ@ill@/l’all” of the liquid
Dependi ng on |ﬁgn of "the sy stenb% substanti a
at'er

mayf teferdo gﬁa@rlﬂiwth@ut %p, progtepter BiagsaP@rd% ﬁén%t%&r '9%9% of the

11qt%g(f/°Th%r ?r%ggﬁléﬁr ﬁﬁuste?lo S0 %? 'to 9&% 169g angé%c al%go{?oﬁtfersmn to
e proportion nay eajuse S0 as

pradiftt.€lte @opartiogphabbe ad;uﬂteé rseithat the ratprod d@mbval'ﬁfélqmd from the

roportio t the ra
cefTRERe U i Pt SR e FadoPl bl SETR B reactor
thflgh theoaidadonpdrt(sy. The mmddamay alsea@fipkise lseapmtmgehe ploduct from
to the reactaor through the additiaq 0 S’%f’d’&-rhe
therig e go seoveds Ehe Biosess SerysOparise PH@R’EI&’E the PEAYEE £ r om
t ey | nOdthich SR eheiBMER prili@ed HREE ngfm'i/degoa[rﬁ{dt}ﬁﬁl for converting a

purifying the product.” 20 In an enbodi ment there is
supmwajprpﬁ@qt,ecqn@rmngn ded a method for converting a

S UbSt r %#&113191 % I%El?ﬁﬂ&t&l’lg 1%8&'8{ b(ﬁi’l 1n a%eﬂ:\ﬁ'og' ﬁ&nnger contalmng a

reci rcil ating reac onprisin action c
cont ai sblid catalysplshid readtmhys};mmb&acdnprmag a@hamh%rrhmdw a chamber
conpri si

ChanbertBUtTLE SRR 2o P At gfr gy D ety B fechoulating liquid

recircuton it dhafbesl odfietf (0 Ahd hﬁmﬁhanhﬂét auid edcircwlatibre system
chanber inlet, said reg@r cul ati on system _co

si.ng a
separ atcgMPHSINSSSERAAIT ] SEPBFIRE HR: broduptfiom ihe 1%@% d;
- addi %adﬁlg%éa%&at@&@t&ql Lhe liquid; - passing the

substrate i'n the l1quid thr ough t he reaction chanber,
t her eb;passanmtﬂm:tsubﬁgratmm shebligvidt threughntheneeaefinn ghamber, thereby

cat al yst, S0 r t ti.o t
the subst §d8 1% ﬂ% gﬁ%{r%o bt@tth‘L %gﬁ% %ﬂz}é?ogaa[:stéo Borbt at least
portlon of the substrate to the product and a by-product;
—removing at least a portion of the by-product from the liquid using the
separator;

— recirculating the liquid through the reaction chamber; and
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- renoving at |east a portion of the, by-product from
the liquid using the separator; - recirculating the

woOi2opsiodoginr ough t he reacti on chanber; and WO PCT/SG2007/000245

2008/ 020811 PCT/ S&2007/ 000245 6 - renoving at |east a
portion of the product, optignally of the liquid

conprising the product, fromthe reactor. |In another

enbodi ment there is provided there is provided a

met hod_for .co [ . . - o
corprt &g ER 18k b poidh SRS iR, b RichaB RIS tiguid comrising
conpr i Sepgoduct,drat thereadtanber containing a solid

bl i SSRGS P R NaSE 0 PBUIRp AL B convertng

a sUBSHtES| Afrb @Rt osipeRiniger recirculating liquid from

t he chanber outlet to the chanber inlet, sai d]? ..
reci rcifoidion 2 g5atBIAing gRIPSIMRPE gD EFLE S} © %?be_r contaimng a
separ atngcAa Py B{iﬁ%‘foﬁoﬁ RAb A onlgidind a dmbea®dtiPda chamber
the substrate’to the liquid;, - passing the substrate
i n t heidlétunidch ¢Hantbgy hutl¢ie andca eeditshlatipa sirdem fomeacapylating liquid
cont act.i ng .t h t i l.i6.catal :

o conyiart s SpEHBR' GG I S LR i S8 ek BRI system
pr oductcompssiag byeparaoitfot separatengonb yrproduct|fimas thediquid;

portion_ of the -product. fromthe liquid using the

i s sepafdipgihe SpB%@E‘?PCtEF Py the 1iquid through the

r eact L @hsstlpafiResubstrate EifDeNBqilld thRAgh the poddtioanclainbichethereby

product, optionally of the |iquid conprising, the

pr oductcontaeting theesubaizate gyith thes solud gatahyst ?‘h@g (P S@OYert at least a
fromt Q4 ; arPa By-Bryduétyi ng the

pr oduc?sﬂlloﬁqglﬁ%t %g?&%g‘gdégl?r%ﬁh@% her eblll gﬂ{glr o%i ded there,

i s provéndedng atrdedsdch Portiogonf dre birgroduck finse rthe diquid gsing the
pr oducté a(%é)[grlpri sing: - providing a recirculating

react or I?:orrpl”i sing a reaction chanber containing a
Supportredircalating thedijuid ghadughsthe ebaceactliambechanber

conprising .a chanber body, 25. ¢C an‘ser i nl nd .a .
chanbéFeIBngp%F‘t, fegfid np %%Pf@‘ﬁlpé?‘?%ﬂ Spheally ‘ffgf“e fidond bomprising
reci rc%@lgﬂoagct,l firSiditke feaotgr;t he chamber outlet to the

chanber inlet, said recirculation systemconprising a

degas seepargingsbparodurtigon thplawd sefamayed) andui d; -
addi ng . to the liquid; 30 - passing the
SRR R,

substrate I quid through the reaction chanber, )
t hdnebyther embodiment there is provided there is provided a method for converting

a substrate to a product, comprising:

— providing a recirculating reactor comprising a reaction chamber containing a
supported silica catalyst, said reaction chamber comprising a chamber body, a
chamber inlet and a chamber outlet; and a recirculation system for
recirculating liquid from the chamber outlet to the chamber inlet, said
recirculation system comprising a degasser for separating a gas from the
liquid;

— adding the substrate to the liquid;

—passing the substrate in the liquid through the reaction chamber, thereby
contacting the substrate with the solid catalyst so as to convert at least a
portion of the substrate to the product and the gas;

— removing at least a portion of the gas from the liquid using the degasser;

— recirculating the liquid through the reaction chamber;
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contacting the substrate with the solid catalyst so as

to convert at least a portion of the substrate to the
wonrosweesiand the gas; - renoving at | east a poPCTSG2@H7/000245

the gas fromthe liquid using the degasser; -

recirculating the liquid thrgugh the reaction chanber;

WO 2008/ 020811 PCT/ S&007/000245 7 - renoving at

| east a portion of the product, optionally of the

l'i quid LS

separ af o TRe! Bt S RFif! OEME rod el Dol DR RO iguid comprising

- puri fdwprgdtlcrc pmdlkmsacto The invention al so provi des

a produyct 1

i nvent |Sg%aravwglrg1n%$% %gé'tfﬁr |ﬂ§)e:1]1§ %(E%grﬁq);a% elr}{lgls Preferred

enbod%—@iﬁﬂfﬁng)fhetﬂﬂ@imf esent | nvent| on vv| Il now be

ripbed, .b ., an_exa Wit h referen
R ELUT alg) RV RS B Had vt b TR0, of the
m@énggﬁ.am show ng the exper| nment al set up for a
circulating fl ow—té reactor using a HPLC punp
system with an i nBdef Basciipiion ofiithh Dra¥Hings cati on SEM
(s f
pAaARhER BRI O 6 SEPRT PLRIPIRYe Esaibed, by wey o
anFeixgupke ¢hly,svith @f@tpm:eéh Bwi avgop i Sdranings m&her%n 'excess)
tr EAER TR o A shecigpiyefiah AR R o frcbtatng fow-type
refy@l wiin® paiRLC gungl syssdy, reitte ah ringet chowingat high magnification SEM
flowtype reactor using 1: ). in.a packed bed of
QA SRR AT DR rﬂ%‘%’ﬁ @?f wnh%ﬂggoﬂﬁ@%&%msg%%ﬁﬂulaf foam
(M) Qtal anmount of reaction mediumof 18 ni for
runs #1-10, 14 m for runs #11-20; Fi gure 3 is
di dugumiscueinph shaviag Je cr HentipIsEe eeaﬁeSﬁ)ofor&A) trans isomer and
n
CRES ey B Al B6p, g6 (RE FRAP TR cyglopropanation of
stxramminsg/sir@xhtingeﬂmwmma@tw usengal :Gluglp i gtpgvkqdd)ed of dimensions 50

con S| for in | osi
%f%ryrpmd | mﬂl 235/' %%aéaq?% agﬁ @'lqrg% W SfI ?Qctlg{l medlum of 18 ml
fopﬁﬁlk#(ﬂ Hﬁd4rnelalbfﬁrns#$l-lt@ MCF- supported Grubbs Hoveyda
cat in packed hed of di nensions 50_.m n
8 iy Do ST 55 BETEPIER St Bt O gl g How-type
regct&‘ %tdiﬁﬁﬁ‘l\ﬂl@%ﬁ 0 Grists-Ha6dyda BtaWst finS s Pk Enp system;
concentratron O. Mfor runs #2-4 and 6; 0.075 MTfor
andyns #1, 5 and 7:; O. 15 M for runs #8-11. Detail ed
qu r@tf-'l qg‘ a %r hﬁesh&v% E&%}%rs'?&?qgf 'ﬁ!f\ksgl-ﬁgecl&ﬁﬁgs ?rﬁttathesm) of
|nvet|on es ar C|rcu ating react
dietbply d:etl]yhgalangq bigt patisculating flow-type packed bed reactor using MCF-

supported Grubbs-Hoveyda catalyst in a packed bed of dimensions 50 mm x 4.6 mm LD.

with 200 mg catalyst and reaction conditions: 2 h at room temperature for each run with
substrate concentration 0.05 M for runs #2—4 and 6; 0.075 M for runs #1, 5 and 7; 0.15 M
for runs #8-11.
Detailed Description of the Preferred Embodiments

The present invention provides a recirculating reactor for converting a substrate to a
product. The reactor may be particularly useful for conducting a reaction in which the
substrate is converted catalytically to the product and a by-product wherein the by-
product is capable of deactivating the catalyst used for the reaction. The reactor comprises

a reaction chamber, a recirculation system and a separator.
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30 product. The reactor may be particularly useful for
conducting a reaction in which the substrate is
woamsaesad catal ytically to the product and a PCT/SG2007/000245
by- product wherein the by- product is capable of
deactivating the catal yst usgd for the reaction. The
reactor conprises a reaction chanber, a recirculation
system and a separator. WO 2008/ 020811
PCT. SGQ20 7/0 0 [
cathy yerc o s hobli, CREE GICURRBRTY B0 body, 2
charibeetinlan ﬁindaa cchamberr owlet.| Bte. caTdiEston:t}abeygt arfalyn wdhi¢hniszcapable of
formwhich_ is capable bei n ai
beingaEping s BB mASE BmPhOF Hotp (P of 2508 a pproys sotid a
pafRuRSsobia] & ﬁncr@parﬁ@ﬁlhte%éhatoe afg@l b1da rrﬁxtm‘eﬁdsfd}wi)r dri rﬁoﬂeaifehese It
solid or a or a mxture of of th

mayt ba:,arnﬁg,caggqu\tﬁd @ﬁ@b}ﬁgm &t %e@gpg}lyg S?IE;P g‘ata]é(ﬁt or ‘an encapsulated
l1qﬁﬂcc,%?13x}§|t€5 %Qtaf??ilt 1 & 3t @é)a)fﬁ'fg oRla RPp&i ¢RI ApAtlculhte@blidor on a

ytIC ayer or coatlng on a support
highesugfacoarea syhmtraieg 1 ctalytioipiediesin and/qr oni ATk p¥ B ewy be in some

tl%rgte sr%}tsblibs%or at @%cgﬂ% SY%L:)T%“[ saB? Cl§fixl PhadNEdcAr i mp@nchently, be

her sSuitable for

cr;fsaill&iey q:brtlaislymmstalhaa abr rmmrph(ousagrhe aatalyst mupypeoroine| 3/ supported
parti al

crystalline, I'.i ne. or .anoprphou
Cat?ﬁ’ét' {-it 2Ry sfontEtecd rﬁ?ﬁl?i Zi%\és B AP aIIchf()p%F culate  or
nafiSDArERIIAE ca8lyst. Pahhy Sdth}%is% @@le&&t}’csiurfaf:é) FT}&%@IHM@ naiy comprise a
m'croparticulate or nanopartlc te C alg/ riras\{ "
catebikisr 818w BURPRIES! PO andlinggieationh &catoaabg?gﬂ fl% a catalyF suppo
Th%oé‘apa{l%s?g ?%orF MBI Y bf iH5EHRCSY o8 Gn Vg8 /s@ppdrf) It May be a

attac or "bonded to, a catal %(st support The
cerzattial Wpom@qomnay rbayabeoraws isnpPQjhnios exAspde ta gresgporous and/or

mlﬁgo%gp%% I,as SP nano cﬁus@é*;&‘? I?ma&%%ﬂﬂ;hge STHRERIs mesloEelﬂﬁé{“ foam. It

SUp exanpre a nesopor ous and
md;Bhamecar 1apor 16111‘6 s df bretwean (ab(mt(ﬁ,lmdsahmpbﬁﬁ)nm ot bﬂtu\y;‘en about 10 and

dragape T o 51 T gdat o, SO bRl and somm,

an@%é’ﬁ%e%kiﬁé&l pefe 826l abdfd 10105, 2002830, 39, 4&11452)95012@ ‘Bhlcatalyst
50, 30 and 50, 40 and 50, 20 ‘and_ 40 or 20 % nd 30nn}i 1
suppeit may chmpasesilien or pardalsprmsisharidg or mixed mefal ggde. The meta

m be finvex He‘irrbno it ) z&é@ﬁm‘ﬁ?&aalﬁﬁﬁmuﬁu RO Eﬁpﬂ?ﬁ&ymay be a foam,

rrprlses ica, or a neta or a netal oxide or mxed
forrwxahp]@xopm, célled ft@tralorzmayniyz sjatefesy ogpgpggw@m pepus. It may for
t|t n Zzirconi u r T pQr b .
by fns%}ce%ggawsf%cn]gglen%{): (Mwo%mﬁﬁ}ﬁﬁ)ﬁaﬁ %es@ﬁ‘ﬁ/ed fn Schmidt
WSrhl&l ef gid Seiendd, hBPWS@l@ pettou s al, tLangiyuiﬁ’pZOOOe)lé,r‘@ﬂ% dnd Fan et al,

il FDU- 1 .
’Zé@?lc(r:&%é?ﬂ ?}%S%%ﬁ 23}{)? r& %g}lg E[ ay §8I gnﬁlﬁba ifé@@’ according to
P@fv@GZb@SK)O@\lSeII (BlMesdeRNEIAE | foam?2 1016%8) 31%9 kontetisFaf which are
al, Angew. em_ Int. Ed., 20 42, 3146. It qaty Pe )
maorgmratqglahqr@arhYa&f@rﬁm% gThFcPazﬂé‘/SP@WrS@zW%/ gulate, for example
m{crcg@af‘@&lﬂté Wy q{ant) Lfﬁgtret e}> hatvd8 BER 6P haxBhuhpBficle size

I ncor por at e r el h ference. The catal yst
betwpgoatoutrd P0fre gmerdbiooti2e0 aucrbm Tgb@amyql@e size may be between about

s AL S o2 RRRRF L USSR, 33 2,100
2610 QUind 200, Masd 60%r 1 HAE 10ahictak @r detmeemayoltel Obﬁnlvm]dnl OO microns,
1(2(1%8? &@?&%Qggg%éggaa%c gglgzsrmi 8 5&(?}31‘1\/\6 ecli] la}ll'cl)fc):%n : c‘? may be about
100, 200, 300, 400, 500, 600, 700, 800 or 900 nm, or about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190 or 200

microns. The catalyst support may have a narrow particle size distribution. There may be
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30 200, 1 and 100, 1 and 50 or 1 and 10 m crons or

bet ween about 100nm and 100 nicrons, 100nm and 10
woiersgnes11 100nm and 1 micron or 500nm and 1 m eCOSG2@a00245

may be about 100, 200, 300, 400, 500, 600, 700, 800

or 900 nm or about 1, 2, 3,94, 5, 6, 7, 8, 9, 10, 20,

30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140,

150, 160, 170, 180, 190 or 200 mcrons. The catal yst

B O AL B T e o

(gredtanthat «mﬂesS @y thepmedn pardslelsingi ogtharepany be less ghaneabout 45, 40,

35?&(;%5 ?ﬁ’el ﬁg pdi e{{gf rf%gltétlc ‘?Sg‘ba““%»? Pﬁr& sm@aﬁgr%rtlhhﬁ 8% different

frobhae n@«f&ﬁ%ﬁfb& sidd) and By b%l(hboﬁ’tSL 2284, 45,0, 15) 26 2590083, 40, 45 or
articles aving a p tJC e Si
50t ¢ BAtislEs DAVBRRINE GR84S %Qrﬁtﬁ%?@ zdé%fhfgﬂbflfﬂ’ay%s mean particle

sm@b% /pé.lrtlclgs o§th@ cabulyst Quppbet maP forldxampldy cotdpristGelldfkeGhesopores

articles having a particle size nore than
comma@edu s wimdaws fof @ramatler miEanTpraratioctfdhe gizg ©f they@esopores and the

s1ze%rfttllleclvﬁrcdoaffs Iﬁ%}ﬁl?(ecﬂétwe&’? bhGHABOY Encf%u{ @rS F)&?%E{v@een e%bout 10:1

nprise cel’l res connec by 'wi ndows
andiZslr;r&Dil&mdél Zé: 1 a?i'rhbl pt Bd all 1tFié, 31’1@9(1 aﬂ artfel mégommay be

B0 IS oSt oy e SER. £Rs, Aay e

soﬁh@ d)tlﬁ:r kati® rllleép’zh&lcles':_)oﬂthe Zathlyanhsuphokt: rhay bave sontk Gthér siructure. It

sh@ali bggm@erst,ggog aﬁlat WE;%Q ?‘gfgl:‘[e%c% ?solggq_e toozdi’g “gér%’fiz%” (]é;f sqéléﬁlilterials it

ref@fs (FBhe REfectBRMPOrOLNE! i.&.8ht Qize DFEhd Adkdvedse pofiontdFer flow channel
cat al yst support may have sone other structure. It

throhglulthe teteiatidites gock sthturgiremprismer ehdike mesppaeest gpnnected by

wﬁ@fw {))1% ﬁnzﬁie‘? glze Ghe Sﬁ‘(ﬁ‘g s%" b3S the sﬁze df ?ﬁee\;vﬁldt)@st Jh% not to the

pore size e Size of the narrowest
s1zxecuf tthamesmpoms fT}mmaq:ﬂnaeErnahy ha\m opeh volumertetwednadboutih§sind about

ructure conpr cel | pQr.e
Scirpiengi B0 By 5br RAbIS B et B R Z00 SR 1 papd 5.3 and
ori #A"3 &Y L d ndayi Hire Sipbee O8lutnedetvdgabeut @Rd, N, 2 0.5, 3, 3.5, 4,
the size of the nesopores. The

rtlcle haye
4.56F & l%ikheranaleba Cab 3ol 1P tng, o DBYSEE 2D8KnE) g° Bhiit 90%, or

be%%’anhcﬁﬁﬁt D ﬁﬁir’ﬁ) %@laHH‘?Ob% W?d’i@() m&i 9@ 05 ﬁ%d%S"/@ a"ﬁd may have

5, 5 d and
a dee/omp@pé ab@ltuﬁﬁﬂe 55e60»e@51 dit 89, 855 01198% @hen maZ’ kave a bulk

ofoptiton b B T AR 94 1,02 a0,

0.batdvednd.akhadD.350.3zmd 079 pr 625 and O'BGg/n?lOamfmaﬁbaVQ}ObdhdlenSity of

o33 B8 BB TS o LS ADATRCE R 005
%ﬂl Krhedafagjst Mlpgf)rtbﬁy\Whﬁb@pﬁobﬁh é’up@ﬁﬂ a@ Mydiqﬁhdbcd support. It

t ween about 5 and

may oraprisedygrophoiC gHRPDS, i ingsiha amolp F S ‘Fhag catalyst
ang%x ?h@ca@él&éf Og}gﬂ?ﬁi ﬁlX% gt 1ns%ﬁﬂwé 1th3 11q19d %§ed 1@1 tﬁe r&n@@latnég reactor.

The. <91Ialfmt m:aydxe capatig pfn:atalymg mpaoly gf a @-Lbéb@iptto pepglupea groduct and

dro C
o SHERREE P B BN SRR SRR spicn of o
subﬁtmli@ﬁo the préduet, S)pflﬁla?aib/ inThepeadnek p b reagent/ @rmodeghan one reagent.
yst suppor

Si?lﬁltaﬁwe thereagtiqn tg?l{gﬁléteaelgc{%orleggl?ﬁ érllagzafa%aygtsﬂ#ﬁﬂe 68ac(z1on that is

ca‘foﬁlﬂ@ Bk Beiff cEtﬁlt dt/@y e daRdt. IPMaphe @ reddsh kit Brddaces a by-product
roduce a uct ‘and
cagable of at least part1a11y deactivating the catalyst with respect to the reaction.
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a by-product. The catal yst nay be any catal yst capable

of catal ysing conversion of the 30 substrate to the
wonromweesiioptionally in the presence of a reagear/sero07/000245

nore than one reagent. Simlarly, the reaction

conducted in the reactor mayjgoe any suitable reaction

that is capable of being catal ysed by the catal yst.

It may be a reaction that produces a by-product

CoRRP B oy bIEBIA] ) L8t ARLiTB: A . 1

coﬁﬁﬁéﬁ%@éﬂt@ﬁﬂ@ﬁﬁ suﬂ@raﬂé‘@r Ithecp@ao:ilqms &dnaynbe hpiepemelt wn-aqueous.

ma co ri se a,solven Qr,. rei iquid.. |t .
e BI85 BB a5 B n B stven
e.g. @ AGHIoRAboh (arbRYtiO6r & aﬁu 8r flicydhe); agueay sn ethblt, ark’&y)nb@r some

pol ar, non-polar or o er medl ate ol ari m?ﬁ/
ot}@g, ﬁfgapgcesob\f@nb (05 & MUK TUERP ‘fents r@ay @Céé \@Bhfo e substrate

ancﬁ/@f1 ?W{Hecﬁ)(r‘aﬁucﬁl PRy 'cSm%ﬁs@H&¥ %dncbne Shbsemk& It 134y comprise a
et etone or sone ot her orggnlc sol vent, or a

solutign,Lauepankionotelsios or ﬂtspnaa;nncqfrtbe puhstrated a\pehent arcaps liquid.
Onicy kftslgats gsedq}rﬁ%ﬁglgt e%a(,ttﬁﬁ c@ﬁﬁg&cét 1ealst oﬁ'&y tﬁ'éqff]gle ﬁ‘ﬁg contain the

an one
pradisneithénin sohlmnh,smcmspms1dn,s1p€armlsnn of othhemsm dspmﬁdethﬁmln and

AR G reRaes PO R kP P e abieedRRABRE | 4 o

MayThe @RArdbé Hode maytedpible 6f Whﬁitamdingﬂieliﬁﬂemal pﬂeBBures used in the
suspension, in enulsion or otherw se ersed

reachgr &1 AOYah capRiey WILAEANdENR 4R niHRA PRI Bt dsh bout 1
atrg{?sgﬂa%ab} ¥t 184 Qb&lﬂ negcl efl 10e8E St oreloD. atrhBs§phehA MR @ay be capable

be capabl e’ of ‘W't hstandi ng the interna
of pwég»@ud@g apsiterial preveure oé detvnen abpuiny apé abaigaliiMPafor between

ab}g'tt(l;@t A NPs Ay F) eﬂ]tﬂl ébo%?cfgée%%%é}b ljea%gtloag%ﬁ Slor 1 and

m)sp ereé, "or a
3M)Pa B30 aqﬁm&ph:énabemt 0l%, o Y.7H6.8; Pab) kS, 23f2 i3t Bt drdb.fg 6, 7, 8,

o SpelhG 1l BE e Bt mehalnfob is ol §f Filiflanding such
pr@sﬁwgreg- »andl Wiidh Iinert t@ Ak skBstateed THqi0, substdte, I‘éagﬁht &tcanﬂed in the

3 g. a pressure of about. 0.5, 0.6, O. 7i i
regeiay. 'Itlmax for exampje he mp egaf@taugrlessdrstgel a1 sq;ne 9 herg meta}, ¢ may be

mgcg\%?r{l ﬁll stmtﬂﬁlé elﬂglggaﬂ‘% PSR éeﬂ@ﬁaﬁlrg' o%l tht Radurd Sf thaR@RMces used

st andi ng pressures, d which is inert to
mtthfere@gtbstﬁmcmbet @hd quﬂ@t to éhmsqacmtechmiﬁg@?ﬁy by 9izgd gpsasgto permit

th% ?esn‘e ﬂo%vela asé t&mﬁ%ﬂ tﬁeo e cecf%%r%[ poe made of

alnress s er nme or may be 20
nadﬁefremm(e%.l nltearkehmoarrgnankelr)lngr mrqsisepor befwertivith, oretaining

G L S 1 S AR S, S Ry ot

lo&RePSedrD oP EttdH tto, theeoudies bf &tk fdaoMon ah@nbed amdﬁﬁ ﬂép’eﬁ&@@ on the
t he reactl on chamber. The r eact or the re

nagra o & 9 devige anshps the catabyst e *r}l%tt%f&ﬁmaﬁtwracl?aé% nﬁlr‘gnafure of
thé Eéﬂrir%ﬁllg &%[hclregﬁ%’eé\i}%p@ﬂd b %&ﬁl{y@ic‘éﬁﬁathx% Jtfike Ea@ﬁ §t! BMnay comprise a

ce may be °| ocat ed at ocate
ﬁlmaor frgrorfroreusdmeterialt gresingoned anatefialt Qresorr@auhﬁdnemsafﬁﬂé@vent the

ok S TRl B, B ASHL POy s

Thba&dﬂzﬂ?smﬁay béién b Ebrdi than greﬁlrem!ﬂs G'efrnmye)dm@ﬂné reactivhehamber during
S|cal nature of the c ise a.

hF apest TesoRiive e HATGa estblalish ey 14 ARG comprise a porous

catdifd fn@és @4t 8 WBicRinf§ larBB BRSitli 1rwé1§élﬂfé‘bf padl§ing through the chamber

outlet, or it may be associated with (e.g. attached to, bonded to, coated on or retained by)

a support (optionally more than one support), or incorporated in a porous matrix, that is
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catalyst fromexiting the reaction chanber. The

retaining device may conprise a sunp. 30 The catal yst
woayoslmeodin a formthat prevents it from exiti ngCrise2007/000245

reacti on chanber during the step of recirculating the

l'iquid. The catal yst may forjjexanpl e conprise a porous

catalytic mass that is sufficiently large that it is

| ncapabl e of passing through the chamber outlet, or

o
heemyrte Hehaowadrtgf mﬂpp@rdu)a,tlngrhqmnﬂc dihp mc'talnertg deviee oy ba éﬁ/e chamber

that is WD 2008/02081 / 009s1,0

Ouﬁgf T&%h&rg?ﬁcl’ IR Bed Y ¢ °u81§ r%alcﬁgre?l%n g%pa%f%ﬁéfl istd bed. The
redeB6S chanidd medigbe b HRvE hﬁﬂiﬁgelrre@ctﬁdnecthamber sutlpas aheaxffuidised bed.

be noved by the reci rcula(ti tﬂf%t ﬁ}%u i d. .The, retaining
Theespaeier may BETPHE ahHgse ropRiin SHRTEY Mgy pumprise a
ﬂuﬁﬁéd%dthrwgh reactor, such as a non-fluidised bed.

reaction chanber may be a flow through reaction
chalb eeqction sharaberamap fe forigniefl sitherbarizogtatlyorrsgéqally or at some
| T

ot R 0L O F 11 L 35BS P 1 10 WEDRAE U SRR BGLL T about
60bK0 ozt dheetwieen nbart3dl dnd 90, 3eartdi 64145y awst 6@ior SBramd 45”7 to

ﬁtaql;}} %i’?&w feaeetlog]e{: qthetr é%glm ﬁgﬁ%o%gala%gu]? UIégn%}p flow through the

chﬁlﬁgérgfﬁd’iﬁo dle, 318%r gﬁi mnah@gmande@ ﬁ@ndtlhetmgflee eahth thO]owids end.

an or and 45 to orjzontal. |If the.reactian
cha®Baractign BAmbs asohg é?tecp aﬁP‘&BFf&%fxO’ﬂfO& 1 Guitgter or @
co%fe{e in! {)}ﬁ@p% chh@s Eﬂeetehﬂ)\éfarturg nehtitia thB Geitidheshagivedr @6 a desired

rom-t hi gher end to the | ower end The reaction

teroperntoer: Theydesized fanpreasatiiie; Inay be aRp@PEINGIaE FafigLfargonversion of
g ufsuRebMk Thodcr 2. £ B8Ron sbfu ¥ SR10DT, @ Beliien a0 and 80,0
antlempelaﬂdl 40,60 ankh20,desid HY lt)emﬂdﬂa,tiﬁmmw 5@ aad 100, 10 and 50, 10

w8735 o S ke OO 00 B 2b 30036 35,045, 0,5

60189Go, 95, EtIEtS‘ﬁB@m BhgutootT, aﬁ?@oﬁa@ otier aﬁlwbﬁi@ten@eme%peﬁdmg on
and 20, 0 and 10, 10 and 100, 30

100, 5 d
tha patarwio e Tarstionyidael IhgCHNyeHen oF the raighyp By b é’foduct The
degljgéw%en@peréurelgrayllgb s@@r tl%@ theggon\?e'i_’sml{l(}ate"r@f s@fétrat%&o product is

, or 100C, or sone

acs‘tptatdb hight aeldﬁh¢ demwatlm@‘éthe |swgstr@w bt the byaprasiect by anﬁ@tably low
(p{e% er‘:l%7 n%gh% Ie). thf%}ltegcétgﬁa&}ah%@{ {n%g nRfa stutﬂtﬁbl%%%é/ %}t asb% w1thstand

desired t er at
the Ip&tssxirlasa octhine@mbown It atag fof esanysle |’oat ce'hndrlpﬂloh uBdy bs elongate It

ac ta hi gh a tlvatlo f_t a
m ﬁ‘[“% Eﬁgﬁr@dﬁ%’f‘eﬁ%m&@c‘gﬁ g‘ﬁ?‘ip Jglgprélf ergg?(%i 8:%ubout 1:1
arﬂescml 1,0 Ph@) abto'ﬁhQOJ{lﬁ@?tdngrabtﬁdri]tallﬂﬂErl Trad ﬁﬁ)LIﬁZlSll,l llt)ﬂbind 100:1, 20:1
e SO as O W St an € pressure 0
o, B+ S, So ot g 2h1° e % SBRHNEE, Y, BIEd a0, 51, 61,
7% £49a4€q '1t11ffa¥2*1a\r’s‘flamn95m Q@ldwllremn Bﬁll §0:0f 45:1, 50:1,
‘et ween’ abolt : about’ t 1, or about 1:1 25

and
60, 70;:1,18011, 206l ab w@ 12@hqvolmm@ Cefﬁhe E9stien glgamber pyill d&n@ld on the

degge&ljhgw r%t\a tlieggcﬁao%g \fggh JWﬂl %Q% dift %gxf %Q?h%defﬁgg %%M?smn rate of

substiate 40 ﬂxrodﬁc::tl Th6 vblume/iky b8 fdr, e)&mp,le béwken 2o, 10Qﬁlmf’ and about
1(%% %r between a out IO 20 :;Lancg %m 10%o 2 an%El(}L, 1%8mn’13 4% I]L, 100mm?
and 100cm®, 100mm? and 1cm?, 1cm® and 10m®, 1L and 10m®, 1 and 10m®, 1L and 1m’, 1
and 100L or 10L and 1m®, e.g. about 100, 200, 300, 400, 500, 600, 700, 800 or 900mm’,
1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800 or 900cm’,
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60:1, 70:1, 80:1, 90:1 or 100:1. The volunme of the

reacti on chanber will depend on the desired flow rate
wohaessgésiough, which will depend in part on thecusszeewd00245

conversion rate of 30 substrate to product. The vol une

may be for exanpl e between ghout 100m®B and about

10n8, or between about 100m8 and 1nB, 100mm8 and 10L,

100nn8 and 1L, 100mB and 100cn8, 100m8B and 1 cnB, 1

dgl 0 n Hooango 600,

LA 88 obvar Dot ama e o 8 Mot 100500, S00."
70@,0@0 &OMOL6@0], 2230 4, 806, dr 8, %Omiﬁr,n ,30r may ¢ Sql@e 02](1.)3r volume as

BB R S B o 00 882 %0 chume

voldfabs §@&Qﬂt@@)@%ﬁveeﬂ. 2bdyt 2and310,4, arfl, 5,6, and, 208,109nd PO, or 3 and 6
20 30, 40, 50, 60, 70, 80, 90, 100, 0 0
O origing dragon 295 194, 49%, 980 489, 75 5.5,
9, @5010 19B), 1971418, 18 1501% 10tR 00 HAhbER oBfnes TRE Hifigd.
he desiréd flow rate t may conveniently be between

aba?h@ reachiprticlzmber smeyeptiofdly e agas NPl 835 Uk e arpviding
%Q%SH ﬁgnnggsgﬂerclzo 2 2 A08krP atro ngZQ) é}fkoreﬁ&ﬁ)nzglaﬁ{beg g may be

nes per mnute, e.g. about 2,
use’qum tli(;: cme Shat She @teﬂystﬁi;he@e@tloﬁ or Vhe@ro@ct goranoreghargogz of these)

is VSFIUWE go ?)15 Pr %Xﬁﬁ{% LeLFhelx?esnF: d atni;o sghgrg 'rnalj_}fgbeofror g)Qan‘f}n@ TRBon dioxide,

niteidleh Cediluty nbéy argi)ngﬂ& thixiet of Emiy ’amga:smomt dfeheSbon some instances

rovidin a desi i,ner.t
o e ShmSh e oS sl P AR B o el B hyves the reacton

oftésgésuw,lhnthb habease $liabld baes ah ahiSihstahdtemag ot iepimple include
€ product (or nore than one of these) jo1Is

OXE@QﬁlsQTtSpmé ofhest gpy depending garthe maered $hewactiopspher e may
be 14,05 §XAMRbE s rﬁ%]a g@éﬂ 3¢ recn‘&hfaﬁﬂ@ Huid HﬁJn‘l B chamber outlet

neon, argon or g m xt ur any two of nore of these.
to Ith[e dmrn?oer mﬂEtaﬂ“heS'emmutaémntsyvtemammD@ptwrlée Appyopyiate pimng, tubing

etc or c%)égg bﬁ? 1&1‘111 ﬁré) «%?n%x[ | o ¥ {I#%Eaﬁg& ihRAY e%bmg, piping

€ gases Int
etd. B8dyAPE 8izB@ Yo fagrto eadhphiblel dfqialssiﬁg tlx yeg@ired flosorate of tignid. The

gas_depending on the nature of the reac
requEcHl Ao ISHILPIB Ay COPUISE & éaeqrsvlavg%ﬁiﬁpﬁt?ﬁodxgﬁ the reactor,
anll A4 He cbRIMICRA SNRAFRARISOME B ink® t6 e GlRMAGEs (IYfuld, substrate,

The recircul ati on system may conpri se_ appropriate
reqgiept, fyy;preditst alg.) used Or Prssert a syicagior. iIhaiymprBAY P disposed so as

to gél%ﬁ'igecfle q#]tél cf“tthrtoﬁ%ﬁ Rfe ;J?@iﬂge?u&ﬁ% %ttcb e Shhﬁ ' Hﬁ? be capable of

0 as e Ca
prexasissing t}teHElur(bpmprrte dhef lllqmd entedngthel rc@gtmotj chamber. It may be capable

recircul at,i ri e [
oflpé%s‘:sy%%ﬁl%%l}eﬂbquﬂ(xg ?trTags? r%uég%i éhe & ag{)%r ’108 ('Sltrgcr)]%)heres (i.e.
abﬂﬂbkl)o beogo 0811; K)Lﬂ;tled eforgmmra)abfs béﬂmén abeuti MEmhd tabotthEOMPa, or
subst ances i d, trate ent, -pro t
B eenohaSES JP iy B H B -3 HE oaiatl: DG gty band S or 1
ﬁ'3§m§%qgt §9re%§urebt>am A bs, bl4qg|5dotsho oumB, ¢.9€1,piP2nY.s, 3, 3.5,
tubing e be’ capabi e of pressur|3|n

4, 3,i6q 8, qurdrORlRa tIhe pmmayém PRt of [rausuesm e ligid to pass

R RR hig#hdl catalyst
t og%g?ﬁ? iéegétﬁong%%aﬁ%ﬁ 8@% ?l?flﬁlegp I‘a{&g 3 gjsfﬁflg%t' Jégcta\g%io catalys
byathobgredues of iat £ suffibieabots that the cOn@rsiGn df the sBhstrbte 12, thg product
is greate?\{ﬁ the maxfrenu\,\n/g.e glrrllgfiebgéjsts cgnéergigrq ﬁ?eoﬂgwlra e r%ay Ve sufficiently

high that the conversion of the substrate to the product is at least 5% greater than the
single pass conversion (expressed as a percentage of the single pass conversion), or at
least 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45 or 50% greater. It will be understood that this
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bet ween about 0.5 and 5, 0.5 and 2, 0.5 and 1, 1 and

10, 2 and 10, 5 and 10, 1 and 5 or 1 and 3MPa, e.g. a
wonremsgaesa1 of about 0.2, 0.3, 0.4, 0.5, 0.6, 0.PCTB8G2007/000245

0.9, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 7, 8 9 or

| OWPa. The punp may be capahke of causing the liquid

to pass through the reaction chanber at a sufficient

rate as to inhibit deactivation of the catalyst 30 by

raté Qfu %X%&docgluﬁxte’r}?‘ﬁfre %g g c?éét:&va%oﬁr}kacftl%hethte haturt B8 the by—product

conversion o strate to produc reat’er

thet deanret dfetheroatatysty Hiendjirengiass of dm/eqasmmn charhleerfan%v@qsanbby other
be sufficiently high that the conversion of the

1Cﬁ"%‘ﬁ%strate to the product is at |east 5% greater than

t P?h% %d&hl@fl@@§§ste§iﬁ) MG T O Pis )elxppassoadai}a&, whilﬁrm?nﬁgg’e‘on as a
of the single pass conver sl ) r at east ..
serpratanpy alsoipea epous: vastio 7y pradieo o udvEpetLy Soppe from the

r t dddtairldpingay VM2 ARRiOR @8 4l addition port, enabli
thST &l é%%%%’goﬂg%ﬁ@%“ d:g)ﬁrafl;lte WIy|V¥Ps deper}d on tﬁe lr:glltl po oRanIng

sulisanchie sadhant nealind, FéiticomeazeNecatQbe aded fig the reactor. The
recl? uﬁ{lgﬁl %ﬁéte %ﬁa@(ﬂhb’ﬁ yoctr &lﬁ?ﬂ Q@E@I X I‘ISE rliese arate separator for

reac ron c er an pOSSI y ot her
rel'fl@\ﬁhg) rasby-ﬂ'ﬂmducteﬁra)mdhd: acaicon. Hythe eeactiay of dhe pubstratgrprogogs more

Lont gi ner functlon as r
n&%yn%rogugq é’@{ﬁ}? € \9 SF%*F?H‘? ge%ara Qr %o r %%%33 clf)ﬁ% g{oduct or
onf %Eﬁdr@tbi‘ Yna@fsﬁaﬁﬂﬁ'e frhex thine oné Ibg#.prddudn Ah teaBteamd of theThyeproducts
open cont ai ney al so function as an addition port,

shad be F%OV%’LPO@?I% SEALOERY 28SPAFALOT | qui d, substrate,
reggente Ipﬁfa@or {0 aipr@rded sbrdth 'ﬂi?ba%yqj'rodu-Eh &rom the liquid. The

recirculation system may additionally or alternatively
sepmsattpr perwesptosat ﬂgqsgp@'tlg]éb 5aqvsrthe by-pre \ﬁo%thg liquid so that when

the M%LHEI t%%?ycl hter}ga&%ﬁ%%%{ib%rl fnhtllglﬁo ?ﬁpr heiy &E. dr Wﬁe catalyst in

ces nor e one OdUCt t here
thmmacm ah:ﬁelpmnatmiwab adlaivertofthe siteativn ingwhigh fthe by-product is not

one .s r.at na [ h
B k0 S BRI P TR T B R v
yléIG @%@r@dddﬁ Abhiakh @xfefd eedife Y tie c&eﬂ)@t ay at least fabout 20%, or at least
arator is adapted for separati gﬂ%f5§¢§>§0 60, 70, 80,
abp\ato}ﬂ 59, 10Qu7 % 80T R or 1Q07a (ier gxam &bp s
90P 266 | Aol f()@g’BVﬁl ﬁllihecd%}(exp Em%tofftﬁ@aﬁtﬁls}ﬁ ﬂldt}qb'é defifed as the time

when IQUI I S reCéw he reactio
req:thmibﬁxr the reetibity |anthe potabyshita geaeqe. bbfabpweSQ;ét é“lhysltaﬁilrﬁ of the

segar tof SRR ée%%n& %?1 ahﬁ% 'of qﬂ& gg é)"r&iﬁﬁ | Ve Ee&aﬁlﬂ& may comprise a

tation n whic 'S not
de@hﬁsSr farreapving &gaseasmb HyhprotlucfteTbef de¢gdasser atay| best vacuunnﬁpgasser a

rai se the overall r t
iR yreB% Batrn | TR Bioet (el Brietonny e, FPRILF s spmerise o
r’e’& atf 024 filteRst a nitBiine3parkfdr 0dQ, ceﬁﬁhfugeﬂfor &eparamg;a solid by-

100% (for exanpl e by about 2 3 0, 60, 7 80, ..., -
prg@)uogo'[gt mRycompsiye @rspgqggq@pthnﬁ?y mlgl & g% A lp Wi g ey \%gv 6($ﬁblhty in

tht :}}guﬁabﬁl’v}‘tﬁta %?Yhf Qoéeldt '&%Qctﬁfﬁtettﬁg cﬁthﬁ@% Tt 8ty doBfHrik@h selective

activity e catalyst to reduce by about 50%
ab'ﬁbubenadz gr enonbsctrp’eon mbmratzm affinity ohepbrIcoPr Bhdom srghanger for

regaé)aglgsae&?ésﬁ\éer }é— g ngIt;ﬁ%gécgﬁoﬁésew%@g%gdtr?)‘?_?ﬁiéstlllatlon column
(cgtoesised fiBiorae distiiation m)ldﬂmalfsﬁfemcwingm ritotadidle by-product. It may
cog&%%fa ;s{r;),e Sorre t? itigvgcreas&tp Eleot{)r c?vsir?ge e b-gfr-]groduct. The separator
may comprise one or more devices suitable for removing a by-product from the liquid.
The separator may capable of separating only a portion of the by-product from the liquid.
It may be capable of separating a sufficient proportion of the by-product from the liquid
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25 precipitator or a filter or a nmenbrane separator or
a centrifuge for separating a solid by- product. It
woaysgaosali se a sparge (optionally with a gas 8€TISG2006/000245
very low solubility in the liquid, or with a gas that
does not deactivate the catajgst). It may conprise a
sel ective absorber, e.g. an absorption colum, an
affinity nmenbrane or an ion exchanger for renoving a
[ - 0
thl 0 %%t‘éﬁ@t ?s‘/g@récl ﬁ“ftcantgﬁod?&mtv&g% @%a@?@gtﬁf{ mﬁ)eﬁdlﬁ)é on the
nat]hres of the deaaivatod, uhm }uﬂiolenfr wnpmtlng nzanks! @tledseabout 80%, or at least

abg%/h f(gggg oF o9|9%, e%.viﬂ??él? 8%3/ bro du&{’ Ib%frﬁtéygg,pgé g:ioervw:g% The
selb'@a/tof)ﬂfdiﬂrd Esica@ﬁﬁle@f réfsEng ehel lesrodut thaind theflouid withwmitmgmoving

by- pr.odu omthe I|i The separatar .
st &gt Tisdigarhts fns i jodingerdiefy-BOOPHR® By L Hif et physica
forh %n hb eprbalgzwa@kd/orlt% RYsbstraanall® @t SHRAL Afi fesdt). In such
i cient proportion of the by-product fromthe
ethdun@tw\@lezg rmemyﬂmfeg@zg%w rbysieal means g tdegpsing (if the

bybégg’l.lléf 25[ Fe?s %gitthé gg&iucjc 51%11 bEBRELS ﬁ’o@%‘gis)t%réclﬁﬁtatlon filtration,

nature o
cedteﬁungaltmatatm Gif tlieebﬁpfdducu s splid ot ti desohbye fxe tha liquid and the

pr%c?ud:’? gﬁ?ﬁt@ggt%)slé noé@ soiljg%ﬁ@ds abo&lu%% 911 %51‘1%@{1)5819 ﬁ/% some other

ph?%cﬁ‘éfne% e(ij the Q)?tb(aiw rarhxﬁfﬂlﬁ ghishtdaee araﬁﬁMmﬂmf phiysival/ lfcrrgl to the by-
t he r Qauct romthe L1 qu out re

prodsty i STHGCRSATY K99, ChPR b PSS IBHEY s 6 Rinove the

BEQdutesd Smhy Rrdiekd@pientolpys GalectiveOradsdptibhe(e.g. affinity
ySpr&(())duct ané/or ?o trhe sul!k;)strate and/or the re@(?ent( %

chperagegrephy) lon dstivatisadem e MsHES, reprEalyyagsnbdn O dehelyT B’éﬁmple to
pr%cgﬂig%fg % AR RV %'f‘fl?é b)nﬁ%'aﬁ tSwilich %aﬁﬁh g? rérhbvdd r115?y physical means

uct 1s a gas a he product and/or substrate
asidssambbdabcg&s) preci pi tat| on filtration,

| s l]r;?lsrg:ﬁc%tgp éﬁ'c?t r?%%lﬁeértsl ﬁlha li Eey fo od Iu X ugc'r %aﬁ gfo%luc% 7)1%1 Srtoduct or

mé&téhbd ahe prédudgte. @ B03,i 4ot hﬂire itlsan m?fﬁ)d)diimkﬁ It fnatyf}ﬁ'oduce one by-
l'iquid) or by song ot her %siac | neans

PTRFYSH GE tofh iy ORg BEPFOSuEh £t P tbm/ 4 sareofystsy The by-
rBﬁth h& A?Xeasp&%jHPEhe Hyt-pl{?aﬁ’ctéJ End}CEHIABIRI Of 1ﬁl‘ﬁbi€ﬁ1§ the reaction of the

em cal SI co- ¢chem cal” néans to renpve th

substrate selbep pro hfé%)eltrm%b’ foo exasmplepp éamab%ﬂﬁﬁ npsoginERrdepetivating the
cagaqfs? F 85490 }( ghn}% caﬂgrflhﬂl'b{tythe %Q{a ggmg rthe reactlon The by-

vat sa usi n rmva rea
produtey or ftlat b:yeprq@lluet of ¢hdss bmmdppﬂs athet ared @apabéﬂ |0f @nbibiting the

t b r.oduct ch I
rebions ek g oo SR dofE e P in MBS e may e
sebﬁlﬁbl‘élmﬁﬁ fiad Bqi® by liﬁeam o thétsepﬁ'ytolﬁ r Anlecanple@f prsoitabde reaction is

o eGUATTR of SOREGE iR aUBEEishE BT RridevpPRpRE e RaR ot (he
pI‘Bﬁl?ctPB/ RLOSBHCSS etﬁ%lghaz%ace%ate fthe FeagBht§ it thdprésence of MCF supported

by- products roduct, or at |east one of

azabispragdlint @u(Ihﬁhe @aiplalsﬂ) eInélflls icaieithe by-pEpdukieis metmﬁenowh!@h may be
re%vg%ségg : SSSELQ h hl?ls Rhd Hg{é%;l%e sufficiERY f tofﬁ Phe 8@?%% %0 comprise

poi soni ng ot I vating
arD6pént cdm;neﬂhysem{/dly fionhivhich thé mtumealcystescfapemother example is

catal ysin i.on. The b d t t hat
R oS S sy ROELFL iy g cnc 1. -
dichaBbRy1hte 'Mletsﬁ@strate) in the presence of MCF-supported Grubbs-Hoveyda catalyst.

In this case, no added reagent is used, and the by-product is ethylene, which may be

removed using a degasser. In use therefore, the reactor of the present invention may be
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reaction, may be separable fromthe liquid used in the
recirculating reactor. It may be 25 separable fromthe
woOizopsiodosay means of the separator. An exanpl e B8ETAG2007/000245
suitable reaction is the conversion of styrene (the
substrate) to ethyl 2-phenyl gycl opropanecarboxyl ate
(the product) by reaction of ethyl diazoacetate (the
reagent) in the presence of MCF-supported
ca@ﬁﬁig ?% %ﬁ@e@ﬂléstﬂg b%!)éeur?@ ta%?/ qﬁtn? HeS {)a)calygrt glr%’{%egtlgqaﬁd%at little
or oie glasaﬁzlatmﬂ of thh lcstablaiscmcursl; amhyf mmwufgfsuﬁﬁ(&m of the 1tty|=qe:r0duct that

egasser, t r se cont ai ner, or r
WP G HUERS TR POIGa o da PRt Sherg Fisriealed St fonteins
suffitEer@lgMibE Dyditodict dhattlile ot Hédcﬁﬁétwﬂ%ﬁth(etdaalyst occurs due to
substrate) to diethyl cyclopent-3-ene-1,1-
regyickodrtyoRigfiette (the substrate) in the presence of
MCHT1R URRSHd:£ Qna? wobs- s’t‘@g&)ﬁ)@ﬁﬁealteﬁéti/oﬁlt or rhﬁ‘y tridk SheC @&Beospecific,

no added reage s used, "and the by-product is
depetijngoe theskdteh ofdle prtalyste ﬁf)ﬂ@olsubstra’qg and epigslEof thgyreagent (if
prgs%gt)therefore the reactor of the present invention
be WO 2008/ 020811 PCT/ SG007/000245 15 capabl e of
S\Néléf(el rmg:tdnhﬁajoyerpplms:hmt ovﬁt\]lﬂ)poftr am & alve 4¢.gl a/3tway valve), a tap, a
sufficiently ra little ,or.no. deactivation
tliote it af AVPE ST AURLS Tomrrist i i EER e it order to
obtdig thy pRydag athe tdndikt MQﬂaﬁcdslﬁmyaﬁioatesMﬂeam tircelatiomagstem or
to the reaction chang

the re estreamcotalns
widh the reretipn ghambet. @uaym pHSERYeR t i) ilﬂun‘% gonfaanigg thg product may be

reﬁ%@&f fr&ﬁ&t hOReffioh RBarfBralYBdm %Qﬁﬂé i URitHiR th&reEﬁGMﬁﬂlﬁfj system.
-product. The reaction é@ge a stereospecifi

Theeawﬂqt mrtomayrdpy lneated so ghatr e dpwid 19 cemOV@ddEm thg regstor before
re&%@al”o%‘ % S?/)y-g)fr 4\%@ tl?egéligclerxn t%tr (alﬂ%; 1 af ld? mer %gro;ﬂggtctthgﬁefmm. The

opt i ona prese
addmonqﬁﬂpmiayen aome uircemstpocds, ale. @rveaayﬂievmltl(eemﬂ far removing the

tigichap skt 52or BIPR or R o PPoim ¢ HEeP Buey Gptainer, the

11c1ulild ﬁ{a?%bn&{ally(b@fréhavédhﬁeﬂ@ﬁ@ﬂuCt The outl et port may
conmmuni cate with the reC|rcuIat|on systemor wth_t

he
r ealdiei T6FFHARD AP A 3dditisancat 105 3d¢ing suhsipgices, €& the Substrae,
th@ﬁ il Bl eﬁt Wr%%%uﬁ@%&? to 3 TBMEH. ﬁ@f@tcirbﬁatlon system may

ctlon er or from sone p0| nt wthi
comimsc munratthmnor@)@pb radditipheposiutl way womlpnﬁ%lyepl@@w aéditieq ports for

adlciln ! aﬁ‘}’eré t su:\bgt?.ﬁéeg fosﬂ{ee??i\éﬁg fl"flg r%d‘ﬂﬁft‘)n ?Ire rtlpcﬁfaﬁaﬁion ports

enova thererromo
1ndqm’1daitlyofn titiee ebgntpthadmh:tt réedvtorehasomord hban a)deli ddddtion port, may
ort .may i ONE. Ci r cunst ances r
ocBvEa 31 R FeeiEHBR S TS o FRang onI o paFE 154} spch substance
(lighidt Rebaed, tl‘e@g“bnp (&d) (ﬁﬁiypﬁh@@‘én@dﬂlﬂ P%B added apaRabksctor via the
cont ai ner, the i quj d ptiona ﬁ be renov
C

regif@Hationg fysteh eorr é’é@‘%tb’r 11#8yﬂ’@oFﬁ§P‘i“§’e ﬁnlé"c’[dﬂfheoﬁg%?lf port may

bR Shalr, a <Pnnl® th
coﬁjﬂ{qw Sfﬁil g&fle gent and/ or 0 %elr ubsf ances tao ? r some ofer
suutelalctizype of resldrtimmi meamhsatli onaysivstcémahhy optiowndlyi se@lalptﬁr eor may be
ne such, ad e t

e orglr 208 i hePClby e 0B AR D ERRB PR, B order v
coh@at tiy rateThlﬁi/@d@khblhtﬁrbfmmﬁtmmbf t kebaddetto ahe p&kctos. The metering
device may for example comprise a peristaltic pump, a syringe pump, a gravity feed
device or some other suitable metering device.

The reactor may also comprise a mixer for mixing the liquid with substances added

thereto (e.g. the substrate, the reagent, solvent, carrier liquid etc.). The mixer may
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i ndependently in the event that the reactor has nore
than one addition port, may comrunicate with the
woeaisroeeiat i on system or the reaction chanber. PTIS62007/000245
each substance 25 (liquid, substrate, reagent etc.)
may, independently, be addedigo the reactor via the
recirculation systemor directly into the reaction
chanber. The addition port nay conprise an opening or
coﬂx@ﬁgé ygtﬁrrer?ﬂaf‘ﬂ.@é,%%tagﬁﬁop&' $ofne dglaé{‘%ﬁﬁ of hiv&PSMUMAPEomprise more
Sonme other’ suitabl & type of addition neans. It ‘may be
thanl amaif] theseo fitanbé Hispesed Ivebiie theorecieyjativm systemrderesiample in the
tuoggn..ThetgddifiqnapOE{.%p&wq%ffitted with a netering
RgR% PLRPIE BTt OB 24N H5T%M e rate and/or anount
of Taddichdton dedcribed hibsliantg beo ahheesiagicsate. IThey be a microscale
meterin device may for ex | e.conprise a .
regsiag; QR HIDPRIGH RIS PSR G ISh LS EAgiPE i £ procdugtion seele reactor.
It H8Yibe&apible %K‘?r&fu@ﬁl@ tB8! biodltieat FBieS HoRd 1 fi@XHoGLto FBWRL 1 tonne per
reactor may also conprise a mxer for mxing the
hopt eiumarenFeohexamme hedusedustioe mie.tasaraess Peehepr, may be between about

L 0 SR e ALYl . 1 o

106gnpd il stenze, Skirandrl, tobad, fl08kg aach | dginteat grndrl Okprie adhike, 1 and
orm of . m. xer ,, ~or conpri s r h
b 105 10Ging BN TP 781 R SPLE Gl 1. 5. 1050,

109y81500g, If, 6f 1@XPO@ot S00kiaer 1ttoiea)@r atay fhiemnorg thdneabeot 1 tonne. In
AT AT —

thENtEBiAS C fdaBtio® ch@@B&Ochadberdidl@bMPlboaty, 36 lagditieRGio?t and other
or a pilot scale reactor, or a production scale

phyeigalt ajiributestof g repetor slpatlsl Be st asperdingln dateraination of ppropriate
pafimdtds ?reﬁﬁ@héo‘gﬁ{pﬁ 4 dsthoBlBWh nteth@iye per  hour or

nore. For exanpl e the production rate, as a nass per

houPhe imegntive det preeidesboutthod fy convertiog @, subsitate bwia pkegluct. The

[ing and.100qg, .L.mg and lg.,. 1 and 10 I . .
met iR eoRPr 8 g e gk s PR AOBguigngng adding
thé QUbKEratd & @Rdlididn the réweebr] Tie liuah ebithOthé GAbstrate dnthen passed
th@@lglooh.gk h’ eo{t_ﬁa%tggr? g}?ang_]}%?,kt%ér’egy %@@2&?#%@%&}1@%&%@1@81}6 é%gly(s)tr So as to

conV&t 8 1e2QAKDr@én df the B trafto TRY plo@usiing altiasrodk@UAftdr the liquid
tonne. In ‘order to achieve these rates, the addition

witlathe sbsisatpdes aessed guensh thy rectionrchpipber, at jeastsq pargiopof the by-
Pfé%-?ﬁt tel%J ?éf{{%’eedag : tﬂlhg nrlllqgloaerlﬂg?t IZ% gleg %%g%%rb E;f}é quggflpg then recirculated
thetuigh itheuteestionf chiatwber. eact or shoul d be set accordi ngly.

Det.gr m nat i on,. of . app iate .15 .parameters j. eadi .

ac C’Jce]}?pﬁt‘?ps?\% s Sﬁ?ﬁg%we tr?etﬁ?l Lgud eg(gﬁn%résﬁtdﬁ%ﬂfvg’?gg Sﬁ%endmg’
enUlOYifle &r atrlllﬁﬁﬁib@dirs]f)égﬁing Seveubbtialg irﬁthsgiqaict This thay @quire agitation,

pr.oduct. The nethod conpris roviding a .
Stk SEBiCARTHEF FUBR RRDIRHASY i e et Ot RUPSHAGaRRY baddsd batchwise

or2GitiRGoustyNat $HRSEd AddRd trdpitileord slawl THE dubStrdte q&idDindependently,
The liqui'd wwth the substrate is then passed throug

oth¢resubsanedsorddsh dabibe readher) anay berdded ppy ahia salpian spgpension,
er}é:ﬂ(l)l%i?}ltolg %1%%{32(!11" %l%fé%?ﬁ?lé)%%gg& HABE %Hdé?it toggﬁgﬁ or%separately. Thus,

on o e su the product a ]
fobyxampldLic b redifeheis added d weli ds thaistibsttabe thease staydtegréraiced prior to
a Scheg)nt h][rgr;tj gr, wgoﬁa yCitnI & Qol%ehngtl,ngre {Heyar}laylr §& %Ilde% separately to the
reactor. The rate of addition of substances (substrate, liquid e.g. solvent, reagent etc.) to

the reactor may be equal to the rate at which liquid is removed from the outlet port. This
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product is renoved fromthe liquid using the

separator. The liquid is then recirculated through
woheosroeesat i on chanber. The step of addi ng the BabDSGR@TM00245

to the liquid may conprise dissolving, suspending, 25

emul si fying or otherw se dispersing the substrate in

the liquid. This nmay require agitation, stirring,

soni cation or some conbi nation of these. The substrate
s (Rl L REH PO B o Oy BRIGH HIOHEroaciy, TRAARR the quantit
ofﬁqddﬁmﬂﬁﬂamﬁgﬁspuﬂhabbsuhs&adﬁ@gwadded to the reactor)

y..be d neat ar in,.solutian
e G e S8p G i it draiore SHRRARER 30 cagm reagent or

a @d@t@@sﬁ AgeiQke)0feceSpRl Rk ebitveriligithe saBstfads tceﬂarmbdnct i This will

deg‘@{dfﬂ%gtﬁg ;Q%tlli}rsegﬂafqg?e gqaggor\gﬁrélpg ﬁ%ﬁg{]%n’ts ﬁg}s, i)égéﬁea@ e cl)}e}eactlng)(mth the

sub¥plateiRRhd éreée?w@o?@ﬂe\éﬁﬁﬁyst Ry prbfi¥ th&yrolectadd Qlﬁ’e by-product.

separately to th reactor.” The rate of addition of
s uBde anbsizat¢ surys be apassed, fhyeugh thegreagtinn, shamberenientgreater than

at1§\1és%h%n«% ?res & 1k ?r?agf %;%?%/ : omLthﬁL{ﬁé rd tl&lﬂ Ehdib & aﬁta Dresgure of at

I's'r out port.
leagf)@lﬁstBZOﬁ&ﬂnbsﬂfEfd SE2003s00684 2, 317, 53109@0t pQ wir 00 yatmospheres. It

i3l HE SRR SuF PR RS ERpAFD St sbou

10M1§e‘ of B&lwen Abcit stsezam;tf)s i{lﬁtuﬁﬂ 2, The andel hbd?dmo Tanpll, Seand 10, 1
I n one or nore supbs nces, r a a. reagent

a3 S or] Sad R §t & DERERICR ale%ﬂtg)Sf R, Bds iy 0Pk 1-5:2,25,3,3.5, 4,

4.£0n¥ef g Hg fhgrpaubstrate to the product. This will s
depehd 6n the nature of the reaction. Thus the reag

mayThsaate @ Aben dfe system may baseltictently highdhatmet all Pﬁthew&bstrate is
cogr egf?'eg;{i& gl}e 0%8{1: & i %tsﬂ% (%]gats ('Pﬁrr(ﬁ%J dithss BE ?ﬁﬁaﬁ%dand pressure

e may e passe ou g
petthiningeiache m’acndmadﬂ}mnbannlﬂ maygre%uffémelttha soneeriniesythen pleout 80, 70,

oA e o RSB I Kot 35, gy 0,20

to G 10l t629% amlétsuastra@e (e4g aboutl,2, 304, £, dr 8,1@,_010, 15, 20, 25, 30,

at nos Eheres capable of mfthStaﬂ%%ﬁg an b
35 ler aﬁodﬁbé@qug%ﬁ)Béﬂ%k@W ugoiita pnsleRass Wqrate may be
suiﬁ@élﬂgp%lgﬁ QBéﬁ'etﬁg r@%’dﬁuc@ c@e@'ﬂgt §1gnﬂic§ntgyn Qe&eas@ tﬁe @B@Vlty of the

0, 5 or
cailfze, Indhig cortexts ‘éeégluﬁear@ky” d@@f@@seonw refer 60 d@Pf?aSHEg l&’ not more than

abfa?/é%, o;l‘.]ho;) mo%e t lfo?ﬁ‘t 63 75’8 9 or 1098: TRe st@g ’reﬁrovﬁlgoét least a

fatée o ow fn’the system
p(ﬁﬂ(ﬁlf o€ nmw-prdalugmnmyaiompmse allegassﬂngtthe hguidstor ®wVest gassous by-

prg %e %e}‘?fgt glf tc @Hﬁ,@) dug” 1%1?113 t§ Irrn \e/? glas Elélul{})éﬁrnold%lhte passmg the
hc? tHr6@h 4 SlectivaAbSrber] budii ahors i dhatgeedn Affinito Ia]stl@trtatography

ess than about 80, 70Q, .60, 50, 40, 30 or 201{ opof th
colWBs OF SPES OB AFEHAVILESPHeB(T TR SELEC e hegrempyl process,

Ol‘tlg j Qorﬁggse 4 Qorﬁgin%orilgf fv&b gprﬁbfg sdcﬁ%r@déb@% r?ﬁeestéﬁ oﬂremovmg at
le36 a pmmomﬁ thg by—pé@iucvmagﬂélggv@ attlgast hlgo% Bg%ju&]prqoﬁ og at least about

g f b bout
Sfﬁg bfhgfgé pro ué%Pg%és ’not ééd%] %%ﬁ%%%ggggre%ggh&nea ou
80k ehaedfl wi hl)om)fSSI o@ 91canad3y, a4, 95,n9(i I9|7$9&,(ﬂﬂ, 6215, or 99.9% thereof).
T}Hqs)%eg{;ye{: Jlg,layg HXSI glgje(%lcsroeaasStc()e rgn? Vera% a%rprcgp%a ee&BSé" 101 nof B'Ye by-product,
said appropriate proportion being dependent on the level of by-product in the liquid in the

reactor that does not substantially reduce the activity of the catalyst.
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about 5% or not nore than about 6, 7, 8, 9 or 10%

The step of renobving at |least a portion of the
woye@roactact nay conpri se degassing the |iquid POTISER@NM00245

a gaseous by- product, filtering or centrifuging the

liquid to renove a solid by-goduct, passing the 25

l'iquid through a sel ective absorber, such as an ion

exchanger, an affinity chromatography colum or sone

Ot ITﬁE; ?&%c%ﬁa‘ﬁhé qn%pﬁé) %}esru’fﬁaénmew n‘éﬁ t%r@laﬂﬁaele(/olumes to

onprise a conbi nation of two
passrthmnr@ macrhaqmlonocélambsr, o‘r’hﬁ lsase ($, A0, Rendli HY, aX00, Ilﬁ%&tor 2000

B PR r b P BTGB SO s g 2

20862 9% 100, 2%Ad 596, 2 98d 100, Dawd SR 8% t10)e0emitl 000, Hhynd 5000,

1oB ST SHOBEE wat s a8 S0 AP 38 g0 e 00 am

806"“@%@63“405 1avkex6lesi gpesk, 0, 28, 300 60.£7086, 20, 100, 150, 200, 250,
opriate proportion of th f oduct

30@5p%ﬁ(b|§00,a45é), pPG PGPt PUh 688 Y 6é§e$ﬂﬁeﬁ§0 S0 %O I@Q@I 1340, 2000,

258y thdl)dlé%f),: Bodd)Sashi Wt SbdoNcihdioer "RAGKRL th s QRS N0 khamber

substant a réduce the activity e catal yst.
vomisamﬁaadam/f@@z@m@mMBeacmn thanb@cnontawm thq:gcatalyst (i.e

5o e o T, Y L AL e OB e e

coh@astth® catél@st 3Pthe 2Btuall¥umb @ ; thelélﬁﬁlb@f 1298 vobimaerbthe catalyst,
vol unes, et ween about 2 a ut .5000_.chanber

whgt Hifcslugs : ob g R08° gt g??dvoi%?) of POt socatalyst, if

prése@f)d 100, 2 and 50, 2 and 10, 10 and 5000, 50 and
5000, s 100 and 5000, 500 and 5000, 1000 and 5000, 500
andhzouchodowy akd coomuise thestep afepmosow; atdeast a portion czf the liquid

o 58 138 o R g B .«

vab/dn tﬁé&cué’lﬂﬁhon?@@tenf} 380 ,as %ﬁ:mcsmoa,t 1@50a paion of 1}501(1)1u1d from the
2500 00 4500 .0r 5
reGEARIAOR SRR, AP FaBtSniaie CRIRHEPE (Ropanies CRepryige may be
baBhwidte of hes BeotoniBuds. hheaﬂeﬁa@telo@eraubﬁ,nﬂhe liqaizinis aecrycmgi through
t he catalyst (|.e. 10 the VOLH |d that can be 1
the Teacder fart & RO WHBRU PR AMSA b h e Aghon, commonly

suﬁﬁgﬁng«ill?rs?ﬂ he tﬁé‘thﬁ{ﬂﬂsfs reRlovEd SroA¢ ttl&@fea&t% UBcdbinb\® operation, a

ess the volune of the catalyst, where the
propirtion offthe Heuid ds atrpeveddesmsinponsly aed thecbalanse iy F%Yéleéf Thus the

Ve gy b Le %Qleedc h@ﬁé{@gbsd %s topreﬁl%%*sﬁbstﬂﬁellﬁﬂ %?%%1d from the

I Se t renovi n ast a
readtor, loe 1tImawbajpartlﬂl}cmpqued,sﬂortgattdmopmmdu of tlferlnmld grgering the valve

. reactaor rise ad ustin exi t r
s 550Vl froph RS reRFI L P ORPEG L oYl { B praariRd hyt is recycled
mée BB \u@jited| RA& todadbvel dNacebptable dolnqetlsﬁbnftb qm)ddm The acceptable

recircul ati on system said renove
copﬁ@rswpdg@éfiepepﬁémr Bse5en ]ﬁa&@tlglé o? rgtg an o1 ﬁléeyg@éluct and

otﬁ&%&t@i-éo ‘Tﬁﬁ abdd pa%f&éﬁﬂvéﬁlo%ﬂﬁéﬁ‘%é Qﬂlea§trb%oﬁt' 309%,Cbr a$ least about 60,

recycl ed rou the reactor  for a period wtho
70, éﬂoQ@,l%oﬁ SPQ%J,LﬂUd maybe tfcrreqxaalp&mahqubﬁo %iaréﬁnﬁiay70265 80, 85, 90,

DRSSO Lt o Loy 9, 470D HEIEARA 0 S
adjlllﬁw sb that the pay eflretrmval of logsd froanﬂhetrbm:td:rahaichﬁs thesrate of addition

((sel(libstr-gtréu?eagent liquid etc.) to the reactor through the addition port(s). The
proportion may be such that the proportion of recycle (i.e. the amount or flow rate
recycled divided by the amount or flow rate out of the reaction chamber) is between about

0.5 and 1, or between about 0.5 and 0.99, 0.5 and 0.9, 0.5 and 0.8, 0.5 and 0.7, 0.5 and
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val ve may be opened conpletely, so as to renove

substantially all of the liquid fromthe reactor, or
woroesmwgosae partially opened, so that a proport POWSGR007/000245

the liquid entering the valve is renoved fromthe

reactor and a proportion is yecycled. The proportion

that is recycled 25 may be adjusted so as to achieve

an acceptabl e conversion to product. The acceptable

f
o YRBIELS Y FFRERE L0 LGS B 900Gy S i
abalmtc(bﬁ),t (215)5 .60 &7, dh75my8 kﬁ38fat0 9,60%], Qﬂﬂ;l@t9750%8 @J99a1r 1. The

meléﬁa }_13 a ggag%gée segagra%ggt 8%%0}% %1%161 Ved eparation
mé&BodsOthat Yay Yo, ub&l afe/ .wedB n&9n D9t Qft, %ﬁd 9ﬁfnluﬂh efor example

ortion that_ is recycled maybe 30 adJ ted so that

crxaﬁeéfosa&p@ 8YADOEFH A MOBSOIVERI PRECR BT (55 1 P’Eﬂ"e‘i’?a{“éﬁ gfomprise
pu?l!?ﬁné Qﬁee%)&ﬁu&d Ghig e%@m ﬁﬁfa¥ ‘E@tatcé‘(gmﬁl%l}'lgé Ak &l kh&de atkhods. These

1'qur d reactor through thé addition

ingade (r@)rystalthaanopr dp@ﬂaﬁl@n figejiopd digtitlatignatchrqmeatography (ge, hple,
ti I

prlsbBReL i hehisk SN Firtotfc b SoFVERY et G TR} Shgod may

cormpaist |separa:thmmmém)reacsedaeuhsﬁeua alddurtunréackedaredgent fomm the removed
en about d099 5 and 0.9, 0.5 .

o 15,368 S55es s TP e SpmPE S Bl PP e s SR agsiate andlor

uni&c&d@eagénﬁsoaé’éﬁaﬂited% theawstbtdr, 0. 95 and 1 0.99 and 1,

0 Bégtae?gptg(elgygorgzgidltépgngﬁggthgnggcblcgg{a@%gr oué’l qiq?lid using a
per&@ sefaratdn, whetth i ppStivet se%ara?d}QOrnﬁ@zl ?ﬁ@' of%)é r@g@ﬁ’ng system. The
nprise separating the product from liqu
nattafﬁrmfethe ;@@cSmtasppamtor rmltlnmgnd Ivat theeatye afsthg pipducheand of the
su{%]tpa BE for l U AR oL % ?ﬁzH‘th%s Sptionally a fractional
Crys ’al I°i sat’i on, evapo lon, non- so

digflatiopi dppiatatus, ed qperviiperaion CEyBratesy moﬂntpaﬁesre appanatufsylang affinity

seﬁ%g [ oduct: Iy-l—ﬁ églgatlver?gg%fagre 1. acqsglgégi cfc’rhsg)gF %her ultable type of
seflaraiok| T}ﬂat o sephra®e ndyNRbardiehé by-peodudt ahihe Ii%di@f ﬁ@ﬂi’l}/{he liquid

h preparatlvetlc aff|n| y.chro
inghe reacgsa {reiies eheer Rlloene SpRratPROhTEs Péﬁd’f?ﬁgf? %ﬂ%ﬂ%/rgéuct the
pro&iRa hi} 'b‘é@e A FRAC R by SHORIE BY StafEHl QbpioRaEREues.

reagent fr the renoved 10 liquid. I'n sone cases, the
net&v@t@bmod;mjhatsmay be made hy using thaweaeter efths presentdmyention, or

th%lr?étﬁ(gd of & ?%sgﬁic %13?\?(?0@ cﬁucfeepﬁlg aa'ig % ! %{&1&3 %Z%ﬁfr&lr products,

eérnatively or a oha
pdpeda‘.sv attufs, cmnndsrﬂefs; pulythens i pigmaacqmnodu uttem@ﬂmtest dine chemicals,

t he uct. separator fornms a part of the
a@@E%FFﬂI?“Q?@?Z’W fh%m{%%]a"teﬁgeé‘tsq ‘the product separator
W | Th adlepeyodimént tiepragdnt sgeciffcatibie dgyodiblercd ciadithtidiy fldwetybd packed
substrate be for exanple a distillation

beép‘i%‘?"ﬁ’f with R?é@lil%ﬁﬁ?q-wpawt?daeatﬁléfﬁféi Thejreacior jig ppigiqularly useful for
Péaeﬁonsathgte n| : %ﬁéeg D8RP R{RLY+Sduds fHat irtAbit @ reactions. A

paratus an a separation apparatus (i.e. a
ciselatiog flev-ayisopaked chedangs@mb eas) deseri ergivh epn geinpublgases and

voA%tﬁE Isl%g l})&?ﬁ%gsgc%{lﬁ%y E;la rg]a (arb?rfcﬁﬁﬁﬂé ?l‘gw T%ngﬁ{%? ﬁ{ea(fgli‘taalﬁib reaction

rom
syi‘s&ﬁﬁinﬂlbh ndofe tffictent. dBtds rdactol avdyrige &gmﬁedﬂas athybfid bfie batch reactor

roduct and the oduct, the duct
eng s o eoRr g o GtneRe 566 et e aiifighcontinuious
168 &MU AUKSh as more on-stream time, and less catalyst attrition/loss.
Conventionally, most asymmetric catalytic reactions involve batch processing. In

contrast with a simple batch processor, a circulating flow-type packed bed reactor has
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Sui t abl e products that nmay be made by using the
reactor of the present invention, or the nethod of
woheospresaent i nvention, include (but are not | PaTSed007/000245
to) chiral products, peptides, drugs, nononers,
pol yners, pharmaceutical intgynediates, fine
chem cals, agricultural chem cals, dyes, chem cal
reagents etc. 25 In an enbodi nent the present
sfa'de%ftég%g gﬁé&‘lflé beSe %nCS!tlre%l tthé Neks ﬂl&’i‘ﬁ’fe‘h)ﬁﬂ’c% Hﬁ)?é‘ 86hsistent
d reactor ous silica-supported catal yst
prérduet steamatspless solpmttwatstﬂ and yesa sefalyist atmtlonélaﬁsalT)hemrculatmg flow-

d/
R e T s G S A R

anPe ke idaddtifiesadé-produas. descri bed herein, can renove
gases and vol atile side-products qU|ckIy via rapid
Exampled ating flow. This makes the catalytic reaction 30

Es¥siem much nore efficient. This reactor may be
re%arded as a hybrid of a batch reactor _and

c orftdafiusnrezdlinghwies aeensred by theaenoriesd wethad H. t"%@ner R. Vicha, A.
Gllgsqglﬁfd)t RS OF ? d Wehh ﬂ)O@oQS%' n]]l@ggg) le{hO\ﬁﬁd'd%f‘a% Qfield. It was

s noré on-streamtine cat al yst
deptotoriatddoedsilpswith @odnuanhydm@d liry tetrﬂbsdmﬁs?mﬁﬂl’f‘),c and the resulting
catal yti c act I NV tch [QCesSS
o S S b L B SRR B 08, pygonsne
azﬁdb%ﬁz}bﬂlﬁe)p?(@k@d Sbeﬁeer gacy. OTYni@S IMﬂoBﬂQatlﬂxiQﬁlﬁlsoxazollnes onto

PCT/ S&2007/.000245 0 nunerous ant a n i ng ..
Sifiggous Mesesaliukamopms foy Bt Grie ﬂﬁﬁ?% ot @fgiqpal sBE
CRALHES orsBloRAGRecr Ifagsa?ldsl@éﬂb%ﬂln%?* %mg’d@@ré Sept. Q@@éﬁ'b})ﬁ S. Lee,

attrition/loss. The circulatin packed bed

J. Me Xéup  remabidizaiorbel Epgxazehn%cﬁn %laﬁ%quy &X@OF@E@{ Fenas (MCF) for
Aé@éﬁetﬁ@”?&a@r@g&@n ANGHO NG eAfn@%beﬁ’f td%zggsm 8001ety Meeting,

ples anpl e oxazol 1 he)
Caman,quxmoedIuhy 2008]r épimebmj nmsbtﬂilﬂlla(r Hfoamé (VEGE) Rrecapped with

TR M deths: v, e o B ol Teat aivDs)

(0eR@iloy) t6i MOFSQ@) gmdsy@lfdeden tdludref kil atsommz fohkd¥ Jof TMS/g of
and the resulting ani on. was cted wit
MgiFe cheo Hrﬁﬂyifén?tlﬂné 1?&5&9%@@‘&9’&‘79@ “3 yas 1mmo ilized onto MCF and

paItleﬁlyl W@%ﬂgabﬁé@lk/l@egy h&ARE R BNREPbdeSRhehé fl? S. S

mobi | i Zati on of Bi soxazolines onto
S| I i ceous I\/lesocel | ul ar Foans for Asymetric

Cycl opropanation,” 1st International SBE ~Conféhce
on Bi oengi neering and Nanot echnol ogy, Si @lo e, Sept.
2004; b) xS, S. Lee, J. Y. Ying, "l mmbl l'ization of

Bi soxazel on SiNaHgenesc Mesocel | ( MCF)  {Pegpapped MCF
15 t Cycl,apL.0Rafadke on, " 18kh hj\lo AIer i canroluene, 120°C
Cat sis Sotiety Meeting, Cancun, /Mexi co = June

2003] \ Siliceous mesocel lular foa ) p?ec‘apped

with trinmethylsilyl (TMS) groups was synthesized by
addi ng hexamet hyl di si |l azane (HVDS) (0.4 mmmol) to MCF \<

0 _Qos endein tol uene, yielding about g8yl
of S/ gﬁ%i?f) I\f&F\ The T-silylfunctionalized e M
azapf-sexazol IdJ\()N was | mobilized onto MCE&ndsiCH,), o\<
N OM
M—o 7) ve N\</ Vapor-Phase Reaction M —O, @_/N\(
cl_*~ < > ° HMDS, 75°C Cl o S
F F
—OM —OMe
Zh Z
Z—OSi(CHa)s ZJosicH);
P
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20 partially TMs-precapped MCF by heating in tol uene
(see Schene 1). Si(Ow)3 r1 \ | H O-N~O 1. NaH, THF,
woQmsNzod1 ecapped MCF  NJ Tol uene, 1200C N N~ BCT/SG2007/000245
Silane, THF, 600C Nj_OSi (CH3)3 j_OSi (CH3)3
-0Si(CH3)3 0 /-OHo NNW N MO "I~ Vapor-Phase
Reaction MO/ W NC OO HWS, 75C C-0'Si OF F Ow
Ok -0Si(CH3)3 -0Si(CH3)3 1 WO 2008/ 020811
i s of
e§G§g‘9r é%%géglgfbﬁgxazol [ ﬁﬁ OX%X&%\/A%?support ed
aza( bi soxazol i ne) 1 was reacted vvlth Cu(Orf)2 to give

. SREP onGRltr At Bl doub ERUERA Mty EibHIbh 1o give a conver

cofrfpﬂexlt, lfv&ﬂ&r wao E’@i‘u):ed 1)) g.hlu(ﬁ)allﬁuﬂ) Sshb‘at:dl hlgh7e’a‘1/aﬁﬁ()semm:twlty (93%
excel lent recyclability. int y tri e s
cecifE| BopRmmst: of aibfﬁaeﬁ%rseﬁ’élo( G an] exerliep| enpyplspifity in the
{ihi igml Oy RB2GOP t N PhNHNH2 + +
o anhCyg%ﬁﬂﬁa n i e@lﬁgme g.ODAsyrmetri c
cycl opropanati on of styrene io Recirculating reactor:
The re |rcul(§rt|ng & gq limld@d in Exanple 1 is shown
in Fig. ZE g Fi, g , T cul ating
re 1.0 cor@;ﬁtr e H\pﬂ:@(?é' " %>A<CO =t
Ul at an syst effhddNHReact ipan chambier 15 gpnt ai nsH

I\/CF-spport ed cat al $bCI2RT which conprises catal ytic

met al _ conpl exed bi soxazoline_groups. In this exanple,
Scheme2- Mynr.%memc cyclopropanation of s%yreng P

Recirculating reactor: The recirculating reactor used in Example 1 is shown in Fig.

1. With reference to Fig. 1, recirculating reactor 10 comprises reaction chamber 15 and
recirculation system 20. Reaction chamber 15 contains MCF-supported catalyst 22, which
comprises catalytic metal complexed bisoxazoline groups. In this example, reaction
chamber 15 is a packed bed reactor (column) of length 50mm and internal diameter
4.6mm. Catalyst 22 is capable of catalysing reaction of styrene (substrate) with ethyl
diazoacetate (reagent) to form ethyl 2-phenylcyclopropanecarboxylate (product) and
nitrogen gas (by-product), as shown in Scheme 2. Inset 25 shows an electron micrograph
of catalyst 22. Reaction chamber 15 comprises chamber body 30, chamber inlet 35 and
chamber outlet 40. Recirculation system 20 comprises open container (reservoir) 45,
which is capable of functioning as a separator (degasser) by allowing nitrogen to at
escape from the liquid in the reactor. Container 45 also functions as an addition port,
enabling solvent, substrate and reagent to be added to the reactor as needed. Reactor 10
also comprises inlet tubing 50, for conducting solvent, substrate and reagent to inlet 35 of
reaction chamber 15, outlet tubing 55 fitted to outlet 40 of reaction chamber 15 and
recirculation tubing 60 for recycling solvent, product, by-product and unreacted substrate
and reagent to container 45. Reactor 10 also comprises valve 65 which is capable of
directing liquid from reaction chamber 15 either through recirculation tubing 60 or
through outlet port 70, which is provided for removing product from the reactor. Valve 65
may also be adjusted so as to direct a desired portion of the liquid from reaction chamber
15 through recirculation tubing 60 and the balance of the liquid through outlet port 70.
Reactor 10 also comprises a pump (not shown) for recirculating the liquid through the

reactor.
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chanber 15 is a packed bed reactor (columm) of |ength

50mm and i nternal dianmeter 15 4.6mm Catalyst 22 is
woapmbkesiof catal ysing reacti on of styrene (suBeriSar@)y/000245

with ethyl diazoacetate (reagent) to form ethyl

2- phenyl cycl opr opanecar boxyl-at e (product) and

nitrogen gas (by-product), as shown in Schene 2. I|nset

25 shows an el ectron n1crograph of catal yst 22.

PSPPI O PR SEogRa 18 A, I o

ﬂoi&Oreacmp rEI$emtad>jme : @mﬁﬁ)ﬂ"@z rveas packskeintoa sinall Bmpey Hcheplumn (50
ab t i.oni n

o ¢ SRR o ot B 1o Culih, . CFRE bl ¢4 GERRE RED pl Sotution

in IC@RC04nd aisbRitiod 5n WISCLf weet ¢anisuassipmigaetaid dowly flowed

port, enabling sol vent, é)3,traﬁi .and rea%% (fc,)o be tom ¢

mta@@@ekqddoe@ﬁeacﬁ@aww Q¥ e B P 5i06 § 115 Pump system to

‘Hgg%l? ESnveRi&l. THibiAsicA0senbitedCO A WE hitRikes @b ‘eiQﬂ'tproduct which

trate and reagent to inlet 35 of reaction chanb
waldd stawtn gte teagpn fpraslong timed This weeliedtingbe spi¢ éaé%lt/ﬂdiﬁ’actlvaﬂon

w1ﬁlh1§lﬁ')%frle:gd§ dloaﬁco'il@&'s 8ﬁgl<a§db{§]a Ueglaﬂﬁos@ggﬁﬁ'f < 700/é ge for trans

rec uct an
1scﬁm.EhI}5 tevedt mth amuieasedigﬂnmﬂuumnmfrst}acrme(lstya&e/ﬁiééﬂ H}) 10

aoco rises. val v bI i
R GREAZRET L SR Ly 71, v
cu&ﬁl@teﬁ&ﬁio@@h@lﬁb gwétb? BedOeavtor at hrlﬂglgﬂowufa;ee(ts rpbhnlln)7ﬁhd then EDA
Ich 1S provide renpvi.n t from.th
KPR Ry T
refdb¥ &€ ?&trc%el‘iI ‘%%ﬁd’k@)ﬂr ok %‘ DBligftyt Hl%h'ﬂa@lélﬁesfsﬁ&n% 86@04 4®MPa). The

chanber recircul ati on tubin and the
cigplating eﬂ@w-tm neaqgri chowed ugpeebent| @@rfgm%ncv,o achiging e same

b B EEPIS 835 P4, Bk OB Sy A D 2

cyBIed /(E@&OZ?)/ A6 2dstioR hn@opqvauyalel WaEs ﬁx@hjpt@luged fﬁh@ min for higher
rted catal to.a ont:no
pr%&vpgé&wfﬁ 9 otfnes %}PQF%?H flP ?ﬁ}z 6%1“?:2&% e in 4 Oalﬂc% 1ieactor (420
m%l Sm{deh ﬂlﬁpﬂeﬁcthﬂl?llLﬁnﬁobféu ﬂ’?:l ?&Gh rﬁdit}tdr 4726 rmi()c,edf tol ’Vi)\m;i similar
y reducing Cu to oacet D
engmqwieeﬁw}f (93%-ediep traptisengy éﬂé ¢ &Z%ﬁ”?fﬁ a@?@é%’% «d
paC ﬁgédéﬁﬂﬁtﬁ(l:\y tﬂ%e"t%%t%a? bewkeh 44 '9 iBbdtWeén @ batch reactor

reactor with a flow rate of 2 m/mn by

andsi qgltmum@omwt@y‘énabmtm@ed ghRa pvantagges of @dmtémsq% rflow-type
This . r t
re%%;orp s u%st frlg%q ﬁlg alicpfeséj Eat?lhgeg eﬁggfg)tn?debss The large pore

sizeodfgMICFnmadeTthiss sysees bbssdale Wlthhelatlapiydowahaak pedssure. Scale-up with

ea tion wt eadi anver
rof R G AR AR GG R, ot toi e SR YRRy Bore size, or
by SHEMY coRMRicidl gdroisMliasepteparativaHPLCON of styrene
(styrene/ EDA = 1I§O) 10 Inventlve Exanple 1: In a
E ed system styrene solution in CH2C12 was
C' rgaERLEN 4T GHARs IR keeh1 g d wagaat@Fedatusthghi IOF-supported
| ow ra% % M eﬁ&ct hen§)£§DAal was added sgho Wy PP
Hovﬁyda figand; IWhLQh was mtgn@nhm thrpuglacrbgimatel lisker group g¥chisme 3).
m/mn was used to renove nitrogen quickly, giving a
slightly high back pressure (up to 4.48 MPa). The
circulating flowtype reactor showed excel | ent
per f ormance, achi eving the sane



10

15

20

25

15 enantiosel ectivities (93% ee for trans isonmer) and

hi gh yields (up to 80% during 20 cycles (Figure 2).
wOoheosroeesati on time per cycle was greatly reducedTisG2005/000245

mn for higher productivity: it was 5.6 tinmes shorter

than the typical reaction tige in a batch reactor (420

mn). Wien the reaction tinme of the batch reactor was

reduced to 75 rri n simlar enantioselectivity (93% ee

for tra and yield (82% were al so)aghi eved SIOES
20 Thb uI atﬂ oP Mo P& r eactor mayo O
hyb o- ween a batch reactor and a con us feow

react or that retai ned sone adv of a contl nyous
fI oWt r acto such as t?%f}@amtl nme, gnd
$§?.\tfltl0n and | osser. JJ\ arge pore si ze
i

s system possi bl e"'vvlP Feor el=aki vel y | 7N,
back p Scal e-up Wit h-. reduced baq,e\/\/s.—xMCF
coul d I5e 5tt nedo \/nvrse,aﬁcﬁg Y the pe par—t—(cl e=/si zep and
pore size y using the commercial porous
silica fon pr epara ive HPLC. Exanple 2 Heterogenized
Grubbs- Hoveyda catal yst was derived using

MCF- supported _Hoveyda |igand, which was i nmobilized
Schimg dg RyrhesburfaYIE T SuRReTehE B toyRRdcalystno

209@69’ ?%7% fﬂ/&@l@@?&oﬁ&%&%&&d h%eg'!il gxam\ple/ 21 1Ns sl{'lov}zn in Fig.

3. \W]lth leeren%\to &g 3pyeciggujating @eaNmFIOO cpm@vmpryaqglon@hgnber 110 and
re%;%&ug%en Syst; nfﬂb@%e%gt%n % ?H@@%ﬁ;ﬁ&n@M@F uﬁgé{ﬁé’dj@atalyst 2. In

ecireculating reac e recircu
thfs&aamhpre teaeiibn dhafmbarbl kis2 paskehiatrenctofcglumig of Wugth 50mm and

i Bet chpponCRRbRbS H1oang o8 FRBREgeian of dietyl

dl%g in8Ivhdtd Qsubdaae) itd fofh &H&ﬁﬂd Hidoea B @n6d,1-dicarboxylate (product)
supported catalyst 2. In this example,

andresitene aafdby«@r%iuﬁac%ﬂm@umr s (I%%Ptmﬂﬁhaa%qber ghg,lcﬂmpnses
chggl'ﬂ'@bw 1f3'0n bt e £d haRPG oﬁ@étqu}?j SRedrdufation system 120

capa catal ysing reaction of diethy
cothipasksy Opeanl @it ((msbsrprr)itl &3, which dv eapabletafyfnctioning as a separator

cl opent . 3- ene c
(dg%/ar§§/eirg ﬁg aggW1n(goetﬁ%1F%% Iaoc ?%c?ﬁ ée(l élogil glv?}}lpc{ugéj g{é L})g rrrgggigr Container 145
alRedaictions ehanbeditibhOpargniamblies salenthambeubshadyto1BO added to the

regégqniti)siéqegg(& g%.lecgglg]laaag f%g‘r{{b 1%0 a?so cor}lpr}sdé(s) degasser 147, for removing

ethylene which is not removed as the liquid in the reactor passes through container 145

from said liquid. Reactor 100 also comprises inlet tubing 150, for conducting solvent and
substrate to inlet 135 of reaction chamber 110. Degasser 147 is fitted to inlet tubing 150.
Additionally reactor 100 comprises outlet tubing 155 fitted to outlet 140 of reaction
chamber 110 and recirculation tubing 160 for recycling solvent, product, by-product and
unreacted substrate to container 145. Reactor 100 also comprises valve 165 which is
capable of directing liquid from reaction chamber 110 either through recirculation tubing
160 or through outlet port 170, which is provided for removing product from the reactor.
Valve 165 may also be adjusted so as to direct a desired portion of the liquid from
reaction chamber 110 through recirculation tubing 160 and the balance of the liquid
through outlet port 170. Reactor 100 also comprises a pump (not shown) for recirculating

the liquid through the reactor.
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conpri ses open container (reservoir) 145, which is

capabl e of functioning as a separator (degasser) by
wablbwwiesyi et hyl ene to escape fromthe Iiquid i RCTIS62007/000245

reactor. Container 145 also functions as an addition

port, enabling solvent and sypstrate to be added to

the reactor as needed. Recirculation system 120 al so

conpri ses degasser 147, for renoving 15 et hyl ene which

i's r enny i gui.dg 1 h c ity in Tino-

t PR B ey foblial b o e RAChRlL RETARSY in ring
clodingan eraiipsis sREM)nifetiethyibdinldylffabynafeoiSchemeldtlt fsgvery important to

sol vent _and substrat o i.nlet.135_ .0of reactjon .
rerg BRI IRE08S Bogaeaerevph AR | FPBqto eRLL. of Lhitpgre cfficient
irrekREsible AdBlitionORad Ity HRAGIARS catflOstCsTpipssiionURb&tion Uhhibition by

155 fitted to outlet 140 of reactio chanber 110.8.nd
ethyieser madacetalyst applicgtians do 1 CORLERIORS {%W S¥itgrnyery ditiicult. Long
retBURAUSE: cthYeRE QdUHe adiof0dsinER8¢ 118 RURSTHBER:t Qnversion and

contai ner 145. Reactor 100 al so conprises val ve 165
deautiveteditise catalpsiphage ghiickliyr ecting 1iquid fromreaction

chanber 110 either through recirculation tubing 160

or rr_%@rcgugh (g | et port 170, which is provided for

r ernove ¥ ct from w@ogeacﬂﬁzc et 165 may al so

be adjgdsted so as t desi peédt\porti ongof :t:hﬁT

l'i qui reactio er 110 % hrough

reci tubingeﬁggegﬁd the balance of the liquid

r ; . Reactor 100 al so conpri ses
Scéé%%gbﬁtt%@? 9@1%%1&%311’3?{61##%%?.0[1' ating the liquid
t hrough the reactor. WD 2008/ 020811 PCT/ S&007/ 000245

24 =- support ed G ubbs- eyda cat a 0 0

oy arsRinng JoFvey besked PR A AR Ry by
usTg6l dBghssdt Bétlvikémite eerbwil HeheitRedibed dehctos(Figury 3). After achieving

inportant to renove et hy,l ene_as a st'éde- gr(g%ct When th
highy pemieysien dhe PrRAUCEHEE GASioPOlleckd @ 1B 19g Qrific reactor. When the
sufa§tfa?é’ oibdkatisEards! Hereat@ the fAcPiIAbiES eallal ¥Stimproved without

econposition. Reaction inhibition by 5 ethyl ene nade
fomaing| yiber apdshirodudtoas sonfimaed ihyusuded sweadtia sepoparsg (NMR)

di.ffi cuht—..lLOn ' fi . ' : .
R e T L e
Wwitheutaatisdulsionn@eoguirsioh Yo pFetdict ©B Ehivesd imB0 mi ata fow rate of

C . J CH2C 21 r.t to.Scheme 4. RCM of djethyl .
0.6 Y BhsseBoutatan, s fes TRy 1 DTSR BuBhisl pog Conversion
wisORA1QEd WESD Rl & atflow eROYE sehitiyiene qui ckly by using

a degasser between the reservoir and packed bed
Conclesions (Figure 3). After achieving high conversion,
th %i?é\ﬂgﬁ%ﬂedr’\]\@-tﬁﬁ% kel vealrbRedBfastuct iSRG dpsifed!tb @as-generating

react or. he 15 substrate concentratlon was
reactione §s gcisyminstriceyelipaenantion) ansuieactioas inhibitpddy sida-products (e.g.

Ré&gmﬁ% E&s@&fs ﬁ%—gg&%kﬁ/%ﬁ Lb14A8 SRNSBARWE% PudvRA rapidly by

het1 c®reésona _
circulating the reaction medium through a packed bed reactor at a high flow rate.

Experimental
General Synthesis

Spherical MCF was synthesized by modification of the literature procedure
(Schmidt-Winkel, P.; Lukens, W. W., Jr.; Zhao, D.; Yang, P.; Chmelka, B. F.; Stucky, G.
D. J. Am. Chem. Soc. 1999, 121, 254). It was dried under vacuum at 120°C overnight
before use. Other chemicals were purchased from commercial suppliers, and were used

without further purification. L-tert-leucine, anhydrous THF, toluene, anhydrous CH,Cl,,
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spectroscopy). The reactor system achi eved hi gh

conversion during 11 cycles (Figure 4). Wthout
woeaisroeetiat i on, 9% conversion to product was aeQrsGea7/000245

in 90 min at a flowrate of 0.02 mM/mn. Wth

recircul ation, as described 490 the present invention,

96% conversion 20 was achieved in 90 min at a flow

rate of 5 mM/mn. Conclusions Circulating flowtype
st g’f‘ékgﬁie S{ﬁ&dﬁ%ﬁ‘fé ér?léia c‘)’?]ésllg Pﬁﬁ:ﬁgééldl ﬁ’yonfril Qﬁhﬂlﬁfj AAbisoxazolines were
prepﬁrddopammmhgonﬁo ailwbrateax:t |(@r@hlDrdmnetﬁhylhlhebxltrlmethoxysﬂane and

d d .
ST T T .
trafisfofil |11@ﬁ‘dr6@ (RAFTIRRSHdcan wekeltddordell ro(ﬁUagBmaraﬂ aqisedD b epkctrometer

ergsg(?t or at oggh%(}(%lggftéqosweysr %éfgl J-E%(_ﬁgﬁkj;&g]gﬁ%gpectra \?vere recorded on a

Rt LELALN18nBEGRRIUFE agd Si cross-polarization
40?%&1% 3 'khpﬁ‘%é%troﬁlré. r a b oA WpW, G a?hao i cross-polariza

D. ;
magah gnglp. spirghng I(@BMAES) EMR gpgé;@ywe(g recgglegl) ony ¢ a 4}5)‘9\ MHz Bruker
0 [ n
sp ey B ehia ant e, PR RSy GUAUTOAN MBGHHE (Brcter
AmlytehBsed from comercial suppliers, and were used
W t hout fWer purification. L-tert-I|eucine,
Prewcaprips o€ t ol uene, anhydrous CH2C12, WO

20@@@9:(981@ m&@i@ﬁé&ﬂﬁZéﬁené@OSﬁﬂl)r HMDS (2.0 mmol) was slowly
phenyl hydrazi ne and EDA were purcha om Al d f d
adschbHie gl SHIRCABSIWERE iRRUEH A8 SUFE oa%& nb 3 goom' {ofiBerature an

hehﬂeH S F0UE QvefddsteNTRE Qudpehdivn Iwab emekdd, iWiBhdiOwEithiaBge, and dried
|socyanatopropyltr|ethoxy si | ane were purchased

unﬂ@lb‘f‘ﬁCCB@hest I nc. Photoacoustic Fourier- transform

0BRSS B BRI R G L0 eflogn = Bl o-r oo
phc[tdaémguﬁﬂil\ds gedups: WH4amchol/8C NVR spectra were

recor ded ?n a 400 MHz Bruker spectroneter at anbient
Prepgratipn of 13C and 29Si cross-pol arization magic

angigF $9 nlNivag al MO arNER ﬁ@?@t%&nﬂﬂ)ﬂ)eaﬁdm‘bld@(hzmm@(ZOO mg,
400 MH#z Bruker = spectroneter. g nal.yses FI‘
0. %Hmlk@eﬁ%WIT@i@lwsm ng P togivea Slear solution. (-

}ﬂfﬁ%n\égfy?gié%ng té‘l%eﬁ&?&g?iﬁ%ﬁg[‘@ 8f ()Lf: mWM_gS{V% Qicﬁ)i aﬂ@%tlrred at 60°C
ovstoghty Whitgdwecipitates &Naéll)swgr;@efngn andm@qwé( Pélflé cmﬁgﬁlgatlon The
3 S NP PNERRE U 480 3 i 00,
heatdduten e20°an dvetnighd Thm despension was ﬁBerEﬂ gheughla ﬁlter funnel, and

BB o Rer R T2 B 50 P e B 0 ephens 0

ml x 3) and CH,Cl, (20 ml x 3). The catalyst collected (1.0 g) was dried at 80°C for 1 day.
Excess HMDS (0.75 ml) was added to the solid under vacuum. The flask was cooled

down using liquid N, under vacuum. It was sealed and then warmed to room temperature.
After that, the flask was placed in the oven at 75°C for 5 h. After the reaction, excess
HMDS was removed under vacuum, yielding the desired product 1.

BC CPMAS NMR (100 MHz): § 157.3 (C=N), 140.4, 133.9, 127.2, 73.6, 68.5,
49.8,32.9,23.7, -0.2.

28i CPMAS NMR (79.5 MHz): & 13.8 (Si(CHa)s), -62.1 (T"), -69.6 (T°), -77.4
(T?), -101.5 (Q%), -108.6 (Q%).
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THE (5 M) was added to NaH (22 ng, 0.92 mmol) and
azabi soxazoline (200 ng, O0.75 nmmol). The resulting
weoeabastieesiiwas stirred for 6 h at 60C to gi ve aPCiasar007/000245
solution. (p- 20 chloronethyl)phenyltrinmethoxysil ane
(162 1, 0.75 mmol) was addedgnd stirred at 60C
overnight. \Wite precipitates (NaC) were fornmed and
renmoved using centrifugation. The clear solution

por tpis0 rﬁ*df%‘éwtsoz%%c %087 5284, OI850/Ch6483:1479) 1395, 1079, 846,
t ol E)Ié*nlzﬂfggcm and” héated to 120C over ni ght) The

812u”§|@en3| on was filtered through a filter funnel, and
e <) NCI—Q)@H/ (20 M x 3
el?%}ﬂ%“s&gl%o? 11(3? anorg%é mgx 3) and CH?2C12
(Zoumhdmg&faza'(ﬂsleombhﬁq)s@%bhimﬂt@d (1.0 g) was dried
at 80C m) was added to
C‘f‘l‘l’é"’g’(ﬂ% lgwui‘ﬂ’éﬁy"\%@um% GFWQND§& K(I&/as cool ed down

usiy¥ éUFﬂH'(QB(N%gUO @8 rmMay Wipatitedin® aheahlﬁg BRI téiemn (50 mm
warned to room tenperature. After that

, fl k
x HpauEd P ARy e onlan 1 o%@%wasuﬁed faydasp o soButjoncats R Colum.

§/hft) WhiflowEE through th
Phgesuf‘ﬁ?%y? .30 13c CPMVAS NNRM} SO% Qg frgueh the
co(uﬁ:gi\lyq re_‘d«moe L£u @B3tooCui@y .apd thg cglunggwgs waghe byghavgng CH,Cl,.

St¥r§.|n<i 6%)%,) .0 %‘g@&ll g{%ﬁ& MGI\@{%C?I q%gmwgf f}lcﬁvéu%r&n a feservou flask to

thé Dlumn 1A 8. ml/4.) EDWO32604/ @EGﬁﬁml)Pﬁﬁ/ BERCHE/ (OG@ZI&,SI 52a@mol) in

I RN M N Y NE LT S

re$ervokl wdd Herthidr cﬂcelﬂ% fM 2(111@13% glvbcaa@lbaﬁ@ohftlon and the solutlon was
aza( bi soxazol i ne) 5 Crculatin

coRresen 7198 cRaAE L6 caliiER. L8 el fid Pargliy Ja. wiTe Gpteygined by gas

chg(%ﬁzgo hsxp(ﬁm) 8)." TR} )en&?tﬁ)n%ﬂ‘ckég:eé@téé) afasedRbmnittd 6y GC using a
? A puimp syst em of LC
Chigeddexrsia cbofum. | Blw aOk.umruwa@ rwasmdo bVH@VCl@g U@H2Cly (15 ml), and then

P | hyd .5 t
U e G ) P P 5
reﬂﬂldﬁbnb@ﬂ@ba{a@st “@ﬂhcbﬂehﬁhydl’amm was Vvashed by fl ow ng

CH2C12. ytvéne(688l, 6.0 mMol ) solution in
Prepgration o c‘fff’g” s flowed froma reservoir flask to

t hea cobak 6ﬁasﬁ Klak ”blﬁhrg&ﬂ%vﬁl@ 1fel 3-3nyd- mabﬂopaﬂ}d)enzyl alcohol

dod 342 CH2C12 (9
(Kinigrounsh it ﬂ@éﬁ%@.e?v&ilﬁowgg& ST %EL( nPKam )?ﬁ\f?gf\f W Fhrrer, R,

3‘0H1tk'a§’rlr & i 5e§ef-1v9 eWéhe@w%P% SO0 woahz?si)f(ppz g, 10.0

IVG cl'ear so ution, eso uti on was

mool), e’senswaarlptdwl-éftdeﬂabxyshﬂen@ &2 E}Pmml THbO yiaph, 4rfimethylpyridine

(lg pi ﬁ & g rné%ﬂ%) Er%ﬁmﬁﬁ; e(rezn a nlgjj Oén‘b/é r Ig@ﬁ(él gaenSder(ed 1chloromethane

(DEN (10 b dinbgr defon Qﬂﬁg‘e&moﬁhuxmkeijs IBatadl fon# h'ﬁhéer reﬂux DCM
oSS NSRSt LG DA BT 5 1 P DT,
thS FBCIPIELRS HAY H8mbA Bytﬁlfrb'ﬂidrh €he filtrate was concentrated under reduced
pressure, and dried under vacuum to give the corresponding carbamate (3.63 g, 8.26
mmol) as a colorless oil, which was used without further purification.

IH-NMR (400 MHz, CDCly): & 0.64 (t, 2H, J = 8.0 Hz), 1.24 (t, 9H, J = 7.2 Hz),
1.35 (d, 6H, J = 6.0 Hz), 1.62 (m, 2H), 3.19 (m, 2H), 3.82 (q, 6H, J = 7.2 Hz), 4.54
(septet, 1H, J = 6.0 Hz), 5.03 (bs, 2H), 5.25 (dd, 1H, J = 11.2, 1.4 Hz), 5.75 (dd, 1H, J =
17.6, 1.4 Hz), 6.86 (d, 1H, J= 8.4 Hz), 7.04 (dd, 1H, J=17.6, 11.2 Hz), 7.22 (dd, 1H, J=
8.4,2.2 Hz),7.48 (d, 1H, J= 2.2 Hz).
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reduction of the catalyst w th phenyl hydrazi ne.
Preparation of catalyst 2 20 A Schlenk flask was
woheosgeaini t h t he 3-vinyl -4-i sopropoxybenzyl aPcwoiscR007/000245
(Kingsbury, J. S.; Garber, S. B.; Gftos, J. M; Gray,
B. L.; Ckambto, M M ; Farrer; R A ; Fourkas J. T
Hoveyda, A. H Angew. Chem Int. Ed. 2001, 40, 4251)
(1.92 g, 10.0 mol),
3 I moﬁag dmgmﬂ dDde %t"}ﬂ@><13883 '2@nre 2(5% 494"158 431&3@ 70.9, 106.6,
I me in my, O.
11t’r|01 bl‘hfy,llém%éﬂté,lﬁg%mliol hn@lﬁ)5 and dr|ed

rodht PEREREIF SR, Sob ORILBLORT, FEE (19207 ©

26&QDB)IIZOeGSDXI1&MT®)\Nere renmoved under reduced pressure.

mé%&w P l?lrﬁetleflg S%Héﬁquf t‘@?eﬁ\%ﬁs{ g%#rcen T34t ed

UnQ*EBcHl@rﬂéJﬂ@Q( whd @ﬁaﬁrgé(ﬁwvlt&nld[(mf (16@5 g,ndeo MOUWMS/Q) and placed
ive the correspondl car%grrate

ungder vaceynder 258 abilp é"’flf’éé’dg% WH% angflrf'F {PRIP tel%Pefamre
ang l&lbl%b&: %fhodhed?’tglukh% Wn{lfglqd Mézeor%;&ﬁng t%e@hcﬁgsﬂéne (196 mg,

0. @H;nmbl): T@e @esngt g rmlx@ge(\ms }gaged for 48 h(q’th)Q‘i-q; U}g)lgg)o(hqrg to room

it he &1 orgp 3Ry bybhe Tl iy gndbon (o

mlildzlph)] iT he Whit6 solld ablrhnsfBrr8bto al Sciilend flakks-aigl dlriedzl)nder‘i vaepium for

12ghd%’ SIQZ(): Ai}erd%)o%l foy glﬂ_rln Jf(j oo %érlg%e)rgturﬁog[g@a% )(El%)c]?\fis ac?deﬁ 'with the
ﬂaE@Iéa%aZ @Q@ ﬂ@:&o@é@plaé’eﬁ in JiquidMiRtr6 2600 diifor l@lﬁﬁih?ahdexbvaZuﬁn It was
1, 58. 4, . 66. A} 70. 9, (g

scalud a0 ke, S5 r tob. £ha sesulsingsiolia v odoled i Reom ggmperature
W&ﬁ@f&%ﬂgﬁ%ﬁ%ﬁl} el 63(?4 %)j'\_/gr)ld'uhgrzl gﬁ%% 81;&)&& 1%%%(%‘2‘4"%@0 give the
coﬂmndﬁea)mwbﬂwd ligontl QoF5 gomeeNEaBiwdes38. 2331, f ound

43 f t{h MCF (1.95

%d gﬁrﬁal an@?%%é?)ﬂ{fd é agsﬁ)ll\gﬁegg%%ggpw\l/écuum f S)r 24 h
at [ba0iag of higarfd: 8=k mmel/gur ged with ar gon at room

E{Yg}'uﬁiF%sﬁﬁ%d%Hg{ F‘?ei’"ﬁ 2392?% toI ene Zoonhérged with

mﬁ"fﬁﬂﬂlzed_ﬂg@ndl @ﬁ@d) sl 0Q2MhRbUEE s@@)‘hd%ﬁ&r@ﬁoﬁ Q}i'ub"fﬁ Batallyst (187 mg,
00C. Upon cooling to room 10 tenperature, the so

0 G0ty reonps| gplorides(@d g 467 mume) aptdricdbiGMAdP mléﬁlader argon.
%{ﬁﬁg rﬁ}l%t@ 355 heatd €orHY f EndQ! b BuWBSa §tfe%ﬁ§$ie£r§§ﬁj TEHE reaction

and dried under vacuum for
mB0¢e gﬂ:ﬁd@ﬂycd@ngrrb fipowrilatlo browum toedgser aeer- eAﬁrsrr\/DsoleI]g to room
ni S
il BEHRE Y Ry S B Fpotp RS il R 320 5 under open
atimasphdre, ahd dmmisuncheadtcmdnafod 2k dpd gite tAO Gnfnobilizedicatdlyst 2 (594 mg)
resulting solid was cooled to roomtenperature, 15
as\ﬁ%ﬁeé’d’or"%ﬁoughl y with DCM (100 m), and then dried
Unqﬁfadﬁ@(blf'éﬁ'?afy@f 024 Aimbo®ggi ve the corresponding

i mobi li17zed |igand (2.15 g) as_a white powder.
Circulating Flow-Type Reactor with catalyst 2

2 (200 mg, 0.036 mmol) was packed into an empty HPLC column (50 mm x 4.6
mm LD.). A pump system of HPLC was used to flow a solution into the column. Diethyl
diallylmalonate solution in CH,Cl, (0.05-0.15 M) was flowed from a reservoir flask to
the column at a flow rate of 5 ml/min. The solution of the reservoir was circulated for 2 h,
and the solution was collected at the end of the column. The conversion was determined

by GC. The next reaction cycle was performed by the same procedure.
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El emental analysis, found: C 8.16% H, 1.66% N,

0.31% Loading of ligand: 0.22 mmol/g. A two-necked
wohemlo2esqui pped with a reflux condenser was chacgsd2007/000245

with 20 immobilized I[igand (1.00 g, 0.22 muol/qg),

second-generati on G ubbs' caial yst (187 ng, 0.22

mol ), copper chloride (22 ng, 0.22 nmol) and dri ed

DCM (10 m) under argon. The reaction m xture was
wd@aiggd for 18 h under reflux in a streamof argon. The

reaction mxture gradually changed fromdark brown to

debp gAersairculgting regefor iforgcanyertngnt selsipter tgr 4 PEodugty said reactor
Corﬂ%%q ovvder was washed thoroughly with DCM (100 m)

‘open 25 atnosphere, and dried under vacuum for
24—h d reagfiorechdneber montaining e ccatdysa| :ymi r@cli&o ghamper compaising a

& T oorBePrps o AP dRbeCal BVRR 5% (200

my,- G f-b%lr@ulﬁﬁﬁﬁi FyStas fﬁﬁféﬁﬁdullaﬁhg) lﬂﬂl&ﬁ‘pﬁlythbl%ﬁinbai omtiet to the
(50 M x_ 4.6, 30 mm1.D.). A punp system of HPLC was
used %@P’b‘%le& solution into the colum. Diethyl
wh?ﬁleﬁ{ el ﬂg@ilr&ﬂzﬁfo% Y9ttt ERprisRs GHéSdrdtol GorGRpitaiifg Mby\ﬁﬁﬁduct from
froma reServoir flask to the coFunn at aflo
therlatuedof 5 mM/mn. The solution of the reservoir was

| he ul 2‘5@ ?eacﬁ& ogchl'm 1 &H TheSQkd §t (i)sna %lcgﬁf}@p at

t hé" en e conversi on et ermned
by3GC Thaeeavtoctofrobeunt 1 on ckayrnlzewh@slrp‘élefcataiw@l chmpriggs a catalytic

gr% su Bgrrge' gfrilmr)re 1, grioryo 1?18?8}{ ﬁ éil tlpe%r o%gg 9)7él%81%%§§upport.
conyer {rhe geadtos b slaind B vHepein t}?{o@@pcﬂt is ﬁ]&neduf masrtoeﬂular foam.
conpri sin - t i ni
capal y3he Tetsior SUCH0L PO HABEN OCRPHELHA s Crgyst is capable of
catﬁﬁla FRGEadROH Y f 1R SHHAFERSH prblele tREBrodushaniags b}ﬂp‘ﬂoﬁﬁét,

- a recirculation systemfor recirculating liq
f r 6m t Abe apavtdrenf amytdnst oft Jaintsel t@ Aawsseinithe é@paraxx»reﬁea}dapted to
0 rises a separator for

Separaeagée"%%%h’dﬁas ﬁ%?ﬂ% QR e liquid. 10 2. The

redct orrhefremdtm nf anyv\,bae aifrclails tao € ywhereirs the recirculation system

articul ate catal r tor o cI ai,m
coBPETT 3 WG in oelEt it 5% BapEl B LS g telphyseRd pump being
ca?db‘l’é«'@f ﬁ@ﬁﬁﬁélhg ﬁleqmul@pnd)ﬂ”to thd liguid aﬂﬂénh@ the(léacﬁlbh ahdnabler.
bonded a por ogs support i‘& eact r of
cl 5 m TOGHEITIOR HE SRpEb TS Tobl T SbiSten fisBearidy Qprises a

de grecﬁﬂ% o?%?‘ééﬁé?:ﬁv@ﬁbs%?lyer% ﬁn @{/apéhﬁbﬂ'@f more@h#h one of these.
er &l catal yst i s capabl

The reactor of any one of claims 1 to 8 addltlonally comprising an outlet port

for removing the liquid from the reactor.

10. The reactor of any one of claims 1 to 9 additionally comprising an addition
port for adding substances to the reactor.

11. A method for converting a substrate to a product, comprising:

— providing a recirculating reactor comprising a reaction chamber containing a
catalyst, said reaction chamber comprising a chamber body, a chamber inlet
and a chamber outlet; and a recirculation system for recirculating liquid from
the chamber outlet to the chamber inlet, said recirculation system comprising
a separator for separating a by-product from the liquid; '

— adding the substrate to the liquid;
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15 catal ysing reaction of the substrate to produce the

product and the by-product. 6. The reactor of any one
wofowsliaiss 1 to 5 wherein the separator is adapCes8G@7/000245

separate a gaseous by-product fromthe liquid. 7. The

reactor of any one of claimsg to 6 wherein the

recircul ation system conprises a punp for

recirculating the liquid through the reactor, said

punp D?;%{é?}%e ﬁ% gtsn?ggﬂeeinothepﬁ(ﬁﬁﬁ utﬂo%igﬁ Ght t}%aéﬁfoﬁuéé}ﬁmbse.r, thereby

prior entering the reaction chanber.

The r eaottocting thasybstiate with theadatalyst sp@s Yo epreied at leagiea portion of

separat,or conprises a . d el . cipitator, a

sel ectitt esugﬁtg%%oe&le FOdélﬁF%@Ztggg’gtpg?(ﬂ%ﬁ nore than one

of t hes@nodng Thelesistar portiodf§ ofifye dyeproduct |feomysthd liquid using the
additionally conprising an outlet port for renoving

t he Ii(ﬁ?ﬂ*’t’ﬁl"_‘t’f”f’& the reactor. 25 10. The reactor of any

one of r&liRl®ing ftﬁe%q%i@ﬂﬂd)ﬁghQH@Ha)éti@r@&&&ﬂb%hn9 an

addition port for addi ng substances to the reactor.

11.12A ridehoethpdrofcdaive i | sogpaissigadding @ teaset gp daggeactor, said
reaf%% H—:lii% %i)%ﬁle RIFQUA B Gy Bh HRE LitsHhR! inNle TRECh&Y of the catalyst to

reaction~chanber containing a catalyst,
prediicd thee@otinannd bleerigeprodustpr i si ng a chanber body, a

ch er..inle 3 nd chanber, out | et ; .

o3 etstinghod SLFRAf 3 SBRRY Ta, Mibtef the st 1 pased through
th€ Feabiat (lzlﬁtu’_lﬂeﬁbetmeﬁ bisout Dardaerabbol HIMP&ai d

recircul ation r

ystem co i.Si ng par at.or, for .
Sopdr ar FivgmATRY o BHREE G YRFERL 19 dEEheTen oy of flgw in the
re its RfrRidn@lytHigh tHaflthe by-pAo @8 PR G ghificantly decrease the activity
PCT/ S&007/ 000245 29 - "passing the substrate in the

ofitheyertalysthr ough t he reacti on chanber, thereby
contact4 r hih .t C :
COnECt bW (R0 s OB By 86,86 dremoving o
leqat @goctiomoiithe foy-foydynt cdmptises-degassing thg liguid, éitstingior centrifuging
rti.on of the. by-product fromthe Liqgui.d 1.ng 1 o
8 Bhlia0 PesPineg 1 hRREE b se{eRiv fhopel i SolipHa:  MfiRation of
twotGhdéredf efeagber . 12. The nmethod of claim 11

conprising adding a reagent. to_the reactaqr, said. .
oot THSOPAGOR 4 By @ne PL FaifEs 1 hib ko CHIPHENE SEUFYing a portion of

thé ﬁqﬁila%oﬁfp?ﬁﬁ%t@ctﬁe Exfodﬁ&%&fi‘ﬁﬁ:l é&dtot © _produce the _
product and hg\ﬂ%ﬁproduct. 10 13. The nethod of claim

11 6k CThe methe il & pemprigiag iselaiingdhe aeoduet Hromdhghiquid so
reg\;ﬁe&eacti on chanber between about 0.5 and about 1
. 14. The nmethod of any one of clains 11 to 13
wher&i rThdmmethad ef dfink 16w tlaing A2 compeising pusifying the product.

:iuf -'C!‘gnt l%pi gh t hgtbt he egg-dpcroodl%lcsgn does not
g f i CRRIFU HEEt BALe Y ARG VRS t he catal yst.

— providing a recirculating reactor comprising a reaction chamber containing a
catalyst, said reaction chamber comprising a chamber body, a chamber inlet
and a chamber outlet; and a recirculation system for recirculating liquid from
the chamber outlet to the chamber inlet, said recirculation system comprising
a separator for separating a by-product from the liquid;

— adding the substrate to the liquid;

—passing a substrate in the liquid through the reaction chamber, thereby
contacting the substrate with the catalyst so as to convert at least a portion of

the substrate to the product and the by-product;



15 15. The nethod of any one of clains 11 to 14

wherein the step of renoving at |east a portion of
woheoslygesat oduct conpri ses degassi ng the |i qui dPCT/SG2007/000245

filtering or centrifuging the liquid, passing the

liquid through a selective ajgsorber, or conprises a

conbi nation of two or nore of these. 16. The net hod

of any one of clains 11 to 15 conprising renoving a

portio i t Id gL CQ{“F}!' ' YiguidPRking the

t he reg%ltq%\??g%%.lgglsﬁed geyltt%gd 0 éc?%%&fgﬁggf#g??gihr% Wsing

i sol at semgratbie apd oduct fromthe liquid so renoved. 18.

pur 1 15 FRgE R BBt B Ml AREE T2, o

met hod conprising: 25 - providing a recircul ating
reactor conprising a reaction chanber containing a
catal yst, said reaction chanber conprising a chanber
body, a chanber inlet and a chanber outlet; and a
recircul ation systemfor recirculating liquid from
the chanber outlet to the chanber inlet, said
recircul ation systemconprising a separator for
separating a by-product fromthe liquid; 30 - adding
the substrate to the liquid; - passing a substrate in
the liquid through the reaction chanber, thereby
contacting the substrate with the catalyst so as to
convert at least a portion of the substrate to the
product and the by-product; WO 2008/ 020811

PCT/ S&007/ 000245 30 - renoving at |east a portion of
the by-product fromthe liquid using the separator;
and - recirculating the liquid through the reaction
chanber . ‘



