1 Recircul ating reactor Technical Field The
present invention relates to a recirculating reactor
and to a nethod for using the reactor. Background of
the I nvention Conventional ly, nbst asymetric
reacti ons .i nvol ved batch prﬁ:cessi ng. Fl owtype
reactors have nunerous advantages including nore
on-streamtine, |essp@Bial ctokr€SS cat al yst
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and a chanber outlet; and a recircul ation system for
to gebieye @w%lengremtwumow‘»%m the chamber outlet to the
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conprises: a separator for separating a by-product
f r oln is hide | diguof theapibsant pnvqmtrbn rtor sxbstantidliyt ovegeddee or at least
[.Lqui d through .the sai d punp being capable
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chanber at a sufficient g@hfagp to inhibit, decr ease
or mnimse deactivation of the catalyst by t he
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the |liquid; passing the substrate in the |iquid
t hrough the reactor chanber, thereby contacting the
substrate with the catalyst so as to convert at |east
a portion of the substrate to the product and the
by- product, wherein the rate of flowin the reactor
is sufficiently high that the by-product does not
significantly decrease the activity of the catal yst,
renmoving at |least a portion of the by-product from
the liquid using the separator; and recirculating the
liquid through the reaction chamnber. In athird




wherein said recircul ati on system conprises a
~separator for separating a by-product fromthe
l'iquid. The catalyst may be in a formin which
it is capable of being retained in the reaction
chanber. The reactor may conprise neans to retain the
catal yst in the reaction chanber (e.g. in the chanber
body) The cat al yst rray be lat solid.catalyst or may be
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catalyst; removing at least a portion of the by-product from the liquid using the separator;

and recirculating the liquid through the reaction chamber.

In one embodiment of the disclosure there is provided a recirculating reactor
-~ comprising:
- areaction chamber containing a éatalyst, said reaction chamber comprising a

chamber body, a chamber inlet and a chamber outlet; and



20 Al'ternatively the separator nmay conprise a
precipitator, if the by-product is a solid, or it may
conpri se a sel ective absorber, an evaporator or sone
ot her type of device suitable for renoving the
by- product. The separator may conprise one or nore of
these. devices. The reacthor may conprise an outl et
port feﬁf:ecfrm}/dnn%sé}n #0? A ro@a fic!{tﬂ@ ﬁf&f‘n {hla%h&ﬁgg%(ﬁttlet to the
fromthe reactor, or for renopvihg at I-east a portion
of t hechhinferiidlef;r om t he reactor 25 in order to obtain '
the product. The reactor rmay al so. c ri se.an
whEEE S PGP Gh S GRS, ARG TorGeiatifich by-product from
theSli rate, the liquid, a reagent and/or other
substances to the reactor, In an enbodi ment there is .
pr ov gl &atalyst By heuinag o3 inewhich it BotAprblejoddeing rgtained in the
LB L £ LN ISRk {4 al | 6 i
ok S3ELhEPRG P00e oS d acon
chimbest(e.gnoh the chambyerbody). [The catalydt B8y ba arsebil cetalyat ¢romay be in

system.for.recirculating liquid fromthe chanmber
sof Pl T PRESHEHRY Fhrse slpng BT Pt 2B Byt may be a
hetSpepbRIBUES OFAAIYS] NP Magegese,; aWpatichlitet RetaBe, | fbr example a
© .catalyst is capable of catalysing reaction of a o
migriQptiFwate of pagPadiGelatcaghist (fé@ 02§%astamgfal§ ingohublg, i thehiquid
enbodi ment there is provided a recirculating reactor
conpri sing: WD 2008/ 020811PCT/ SG2007/ 000245 a
reacti on chanber containing a supported silica
catal yst, said reaction chanber conprising a chanber
body, a chanber inlet and a chanber outlet; and a
recircul ation systemfor recirculating liquid from
t he chanber outlet to the chanber inlet, said
recircul ation system conprising a degasser; whereby
t he supported silica catalyst is capabl e of -
catal ysing reaction of a substrate to produce a
product and a gas. |n another enbodinent there is
provided a recircul ating reactor conprising: an
addition port for adding a substrate and optionally
~one or nore of a liquid,
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toa reagent and ot her substances to the reactor; a
reacti on chanber containing a supported silica
catal yst, said reaction chanber conprising a
chanmber body, a chanmber inlet and a chanber outlet,
waeasds/esas1d supported silica catal yst being cdSABIGRIE000245
catal ysing reaction of the substrate to produce a
product and a gas; 2 -- an outlet port for
renovi ng the product fromthe reactor; and - a
recirculation systemfor recirculating liquid from
uscli e tehedRe A taelor  Thet damlyshawh e camblstof cgalying reaction of 2

recircul ati on syste onprisin :
sibFes (o PR AIFOR L AN 16 GV EHa g Iy FESRRAEEy orlonBly comprise
rea@it {1ho SRR RIM 2Gbadelie Tlb Sy} msincemafieapablsof inhibiting the

5 | ded hod, for 20 i o
reagt{(g\cli;fdg? Slgq‘g‘ﬁn%; ii:fe,J i%gfgdﬁlg@ irgl\&%r r gngaima (1:6? ?% E%%?%@ﬁoé{pglsﬁnmg or

dea@ﬁ“f&‘ﬁ?lg ﬁ%e%ﬁﬁ[si;j & mec%ll_c{régaﬁé tapaci g iEeratatysh togirodueg the product.
catalyst, said reaction chanher conpri si
Thhbyiprodactapasnitiet SRIFPRY bymg%%ﬁﬁaﬂ:‘rg%ﬁﬂag%? %%%E%;B%P arate

ther%%%oﬁ.ﬁﬂ Alddan SUSRMiGeE. TRChqidnay icogpiseguisavent,ama carrier
- tthe cha

er outlet to the chanmber. iplet, .sai .
Hquid,ctrr it agt Josmprisy StIEeRONH? iS‘g?SHa'fefg’é efs%%{l'olg gy omprse &
soRRERAL AL b2 RA A fsborkibR BY Heeubstrgteisla solvatdi ngribHlEInic
Subsfrate 1o the liquid in the reactor, .- I@ﬁ%&_%gotn%the

Onseit &y pasesd; througle the) rgaatign cheReg At FFgOP%ea@tei CR&nber
pro 6! SRVmEPRLACIRA ohb8: SURSITakGotel tibtine, mmtaalolstagsut and

as'to convert at least a portion of the substrate to

thetbyeprpdstiuct and a by- product; 30- renoving at |east a
poLt i Qn .. : QEME loofpAIEe tdppropfisiti pipig] rgbibdestc. for
sg#éer g?%n%ﬂagﬁlg g%éfeeg:i[rcul at{n% t&gégﬁrllb idﬂltpﬁ;gou h the o
RERF P [ PP SR A

ucted in a batchw se, or a. £ causi
thediuid proarso ieerippnd efthidog e ﬁmh%yhamber. 1t may be capable. of causing

the Hquid to pass through the reaction chamber at a sufficient rate as to inhibit, decrease
or minimise deactivation of the catalyst by the by-product. _
The separator may comprise a degasser, in the event that the by-product is a gas.
Alternatively the scparator may comprise a precipitator, if the by-product is a solid, or it
may comprise a selective absorber, an evaporator of some other type of device suitable
for removing the by-product. The separator may comprise one or more of these devices.
The reactor may comprise an outlet port f0r removing at least a portion of the
product from thie reactor, or forrrem_oving at least a portion of the lignid from the reactor
in order to obtain the product. The reactor may also comprise an addition port for adding
substances, e.g. the substrate, the liquid, a reagent and/or other substances to the reactor.
Tn an embodiment there is provided a recirculating reactor comprising:
—a reaction chamber containing a solid catalyst, said reaction chamber
comprising a chamber body, a chamber inlet and a chamber outlet; and
— & recirculation system for recirculating liquid from the chamuber 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:
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WD 2008/ 020811PCT/ 8G&2007/.000245 4 conprise the step

of ~renoving the product (optionally the Iiquid
r|S|n$ the product) fromthe recircul atigng,
BP%®IThus product may be continuously renov

fron1the reactor, or the liquid my be recycled

t hrough t he reactor for a fiked period and then

renmoved therefrom The step of adding the substrate

tothe liquid may conprise 5 dissolvin
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the liquid, The s r dbe: aeee: Badk ehdva sBarier outlet;
conti nu b %ﬁ% %&gﬁﬁg@%a so conprise adding one

or m)reaﬁubst ances, for exanple a reagent, that is

(are) necessar.) f or glﬁ%ﬂﬁﬁtcﬁaﬁj@eﬂdﬁﬁe’ttoﬂm
pr oducT?reﬁﬁgs@{éBﬁFtelﬁgg%geg&% glﬁ?gd t hrough the

reacti Oﬂlaﬁnlbaffﬁef saith d@m@max m’tem erAPTES DS HFRTSFe

pressure, for ex elidnOofaD Qbktrate t
oo e gD B AT 1 SR 85 Wl SRt o
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subst r at &gt Qqﬁlé) Iﬂn §°glre er’ than the maxi num

si ngl . passieP f&}&%ﬁéroﬂontmgg& tsiygporieix isiigm Atk esgirhgepction

conversion is defined
" conve rs d@mbarsqoﬁ@rﬁmgl an%agl% e}gogf n%ﬂnbﬁ'rs Fﬁ A tyg(g ValhSber outlet,

reactio dcggﬁrg&g}r, orthgli gﬂg;atda@iﬁﬁmg:@ﬁhlé o naalysing reaction of the
tenperature and pressure. In_this context, the
conver siubsirate topeduse pBEAIREE™] € aken to be the-

CONVer |00l po{¥or kBRI proA: Bmduatadier; oV ed
culating r eac}t)

fromthe recir n at | on -
“the conwexatwziion ystepeof h‘@’fﬁ%%gthql'}% %%g‘%c@lp@éﬁro?/uegt to the

fromt h%aﬂﬁérc}nf’ét, chiy 'réé:ﬁgulgﬁoﬁ Betaemprisily & dbghkseatier at Jeast

added t & € reactor. conti nuous ‘operati on,
t he conymslyammmhgﬂig@a@ﬁémrf%ﬁw renoval of product

fromthe react or d E R8sl BeRf iAGRbEHdAN a0OMmethod for
substP a?"8 l‘{eB etnﬁe()d%l‘eée/ldétgftmcgmms 'y the éo%dersn on

Mk drtibLa ﬁ?b@ﬂhﬂé&ﬁﬂpméua, Qenesingage or as a &acti on.

The conver n L&dn ERMBET Soneinin,
(i.e. T8P ﬁpﬁ%ﬁ%ﬂg)gg %33??1 %’znngl?)li\lli’[egda divi ded poing o

moi 65 St yot,akid mectiod)chembersompRERg Atch a0y o e it

flowrate ng;mge Sl o8 il Q8end 08k Bt lignid fom

convers rate to the product is at
| east 5%&%@&%@ loutlétas tﬁdxembcrgpbt, [aid secireRlginsYBIM Comprising

(expressed as er cent age Lﬂ%gi pass
conver s? ?@'p a‘&go d&%e su q?llent 'y high
t hat th@d@)g’tﬁéﬁdﬁﬁtedﬂﬁshqmﬁmihgmaﬁmcant |y decrease

the activity of t.he ca.ta , &

"si gni T pasEnE It l"@iﬂ"i& Forbdth 3 decr"gg’gu‘%%m%ci thereby

not mor gyt ﬁla%%sné%)wﬂi tlj&@:ﬁtalmtrse ak hanorevion at leag gportion of

30The recircul ati ng nma Qr sufficient time for at

| east tﬂ?@%ﬁ%é@tﬁ?ﬂ%ﬁ@ gP§‘§ Uhr ough t he

reacti o;bm% gbaqr}eagtrh bbf@ncmﬂﬁxﬁy—mdﬂmrﬂ:m theoligmid sing the

defi ned e free . volume of the reaction chanber

cont ai nsapgratﬂn@ndat alyst (i.e. the volune of liquid

that cap tﬂ?edllg thegesdibo thaedbantber when the

chanber giQ %]13% de]ﬂ%:%trcgdléi;st WO disel The

20081‘}{}2,@&1&%@3%&7&@@@2%0(&&@ to Teeflifse AFPSE (H?at?e isclosure.

al so conprise the step of renovi.n 20N
bR 55 S G Lo el Hk?

the product, fromthe reactor. This may conprise

adjusting a valve in the recirculation system so as

to renove at |east a portion of the liquid fromthe

recircul ati on system said renoved |iquid conprising

the product. The 5 renoving may be batchw se, or may
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25from the chanmber outlet to the chanber inlet, said
recircul ation systemconprising a separator for
separating a by-product fromthe |iquid; - adding the
substrate to the l|iquid; - passing the substrate
WG 008026811 qui d t hr ough the reaction chanber, QTWE“B@DM“

contacting the substrate with the solid catal yst so

as to convert at |least a 3@portion of the substrate

to the product and a by-product; - renoving at | east

a portion of the by-product fromthe liquid using the

HRL M of refBGing ehdl fbduey(dptiendliydbe i [Ziv ) e product)
reacti on chanber

&o@@eﬁm@ww@oﬁ’%w% e b SRR P, o the

rea®Qf bt Ak Eﬁmfl h'}ﬁawwg&yéled fﬂﬁ&u@ntﬁ_hlryactcﬁ fohe fixedperipd and then
risi ng e pro ro a

reﬂ@ﬁg) erelspmo dPfretit? phafigng stﬁ]ﬁ i %0 he diauig hilly comprise

disRh2Yd ‘%tﬁébeﬁdﬁgt bagisirang 60 Bthefvi&sm dispersing siter mbsfrapoinathe Hquid.
uc co rirsin rovi ai ci

S T R SRS B o comon

: addﬁ# n‘ge %@trﬂbﬁé%ubsﬁﬂéeg f&a@;fabﬁtb ahgagat, thaimsr {asd) mpegssary for
er ,

a chambe

conmrion drosubrbiy it HAS <t S TIPSR BUPAVTL O LE] fegeocton
chaHb%&ﬁ? %{‘ hn QidsBheric prédiares h’c&réxemplerﬁeatfqengbpm 0.5 and
reci rcuf ation

abcsepQMHa i 'ng ratemgSt o ng%%(?rhg%@q gy ?ur glgat not %lhof the

sub?f%ﬂéﬁ hhBe hioBtt 6h a sinPRS BN Gndehthe S:Uiixhﬁcrrﬁtoé ’camperature
e [l qU| hrou t he reaction Ch@l?f

B P iy B iy bieh
thaft% tc&v“ei”?é’neéﬁth@&uﬂsﬁéé fo tBe POEAGE mRbterd then B hﬁmam:esmgie pass
duct and y pro uct ; remavi n eas o

corp'ensiomo rwhﬁsfe tﬁﬁell‘@mmb gnele Pasy FORKRESIPY dfgfi%é‘ti’éu Ryt W%a’“m
152&?%%3& ion us g' rs%ﬁlﬁ%és@ %Ibﬁ?l {HeCeting r&d&ﬁ&ughnﬂshﬁusmg the

i on chanber vin | east a tion of

saheh eomhmmscmf sepyhral g WeSSHNe IR ; (9RES 3h gonygripgf the
sul {r%‘ﬁ'ﬁ Lakex? EOOB% CeobSAGhR LS the 6P Bafihl @ﬁo&ubtexs I%r@@‘héﬁ tfrom the

so renoved; and 20- put.li f y
recﬂmﬂahng reactor In a batch operation, 'the oonversmn Wﬂl € e ount of product

removed from the reactor divided by the amount of substrate added to the reactor. In a

continuous operation, the conversion will be the rate of ’removal of product from the
reactor divided by the rate of addition of substrate fo the reactor. Commonly the
conversion will be expressed as a percentage or as a fraction. The conversion may be
expressed as a molar conversion (i.e. for example moles product removed divided by
moles substrate added) or as a weight conversion. The flow rate may be sufficiently high
that the conversmn 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). The flow rate
may be sufficiently high that the by-product does not s1 ignificantly decrease the activity of
the catalyst. In this context, “significantly” decrease may refer to decreasing by not more
than about 5%, or not more than about 10%.

The recirculating may be for sufficient time for at least two ¢hamber volumes to
pass through the reaction chamber. In this context a chamber volume is defined 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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In anot her enbodi ment there is provided there is

provi ded a nmethod for converting a substrate to a

product, conprising: - providing a recircul ating

react or conprising a reaction chanber contaj
WQ2MBBI¥HEd silica catal yst, said reaction Cﬁg(ﬁfé@(?m%mmus

conprising a chanber body, a 25 chanber inlet and a

chamber outlet; and a recirxul ati on system for

recirculating liquid fromthe chanber outlet to the

chanber inlet, said recirculation system conpri si n% af
defias sethofl onays elsarcamprise shegsiep PF GPMEYNEE Pt dgslga portion of the
ddi ng.th Ak 08¢ | th Yrdluct3 GronP @SteR&of. ki
ool iy R 2 T ooy hitiidduct? Bomp ARt o
cottrpriscabiipstirgnt e in ghettaciraniaion syatesn 5 450 FROvEGH fegst a portion of
at al yst S0 _as t ' tiaf b B&uct. The -
el b 455 bl SRS Seyop P iaRionR e e ot The
reth@és) may (her batdiwiss, of reayghs chntworh dhup dhe qalysimry phepened
degasser; - recircul ati. NNE €or i b
coniGR0s 5ot eaBer BB OB ATT el S8ty it may be
partiglipupengd, ab thae aptopartivordfiteriqud etteringrtbrivalys is removed from the
opti opal | f the | j.qui [ Sie ' r h
reagiQp af %\Bf%’?’?m? N |h?18ﬁ ?E‘gﬁ%{?’o ucsjtéagﬁr mﬁgﬁgeﬁ 1%uaigdrﬂl e
as SBay eOBWRiEn{@nEmovealr Itf wilhgbet medgstonlidhat Hilgwing removal of

. disclosur o proyides a prod , made Msiahg .
S"’?’ﬁt@nﬁl?g]tyh%ﬁ %‘# a’tehgqu&ﬁy’s] Bsure. &Bgfg}em%ggr | p? i on ag}'r wet. with
residies &Y tauiiggid, and thededgr meglbe sivbdhantdead legs”t the cpplegeatn. may

, | alslg Eqa\égi?ts{ﬁg? H}M’[hlg:l]g?@;v gvggrte%ye fslé:ltraibgo%&ellﬁayl 0P e 2 i@&oﬁl’ﬁ%ﬁ%ﬁoved

e accormpanyl ng _raV\A ngs o
fro¥BE @4aBfor. Depefrdifip bf tHe desiga o itmgiystems Trubstanfiallj@ll” of the liquid

i nental _ set - i i ] .
mag;gp r %rgerg@% ﬁgaigamggg‘%:}?égr%;%&g%%§wgghd‘% g&’l' E;n’;’g 2% or 99& .of the
1iqﬁ;1k18;@gg %g%g@%“%?%w i:‘djlﬂ?? i s!gnasSEl\Arw;bfgiarag: almtigep@ibéﬂa m@m51on to
prodesio B¢ PmPaFiOfldﬂa%?{’w%gyﬂﬁm Rl fe rie g PPl 8 Tauid frgm the

res P WiaRBedme exté enaidit e matte(saiesaaiy, feagent, Ajuidretmsto the reactor

i B o B T IR SRR At fom
o opatina i putaliog st apasts 1o,
LDin o8 eRbRIDHGHER AR Seh 3R 1f Gt i g o CoRhing o
SR ol D e 31 < 2 i agram shoving the
experi PREHCHE astepirgatng reapter ORRPEPE Ad F g O™ spitaing 2
r eact og,;aQBtaRjsh)isiid rdekios URRAH @dmbHitinbs chiowley dady, a chamber
catalyst using a oL BUIE: SYh ST Wstem 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 the substrate in the liquid through the reaction chamber, thereby
contacting the substrate with the solid catalyst so as to comvert 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
sepatator,

~ recirculating the liquid through the reaction chamber; and
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Figure 4 is a graph show ng conversion for RCM
(ring-closing netathesis) of diethyl diallylnmalonate
ina circulating fl owtype packed bed reactor using
MCFsupported G ubbs-Hoveyda catalyst in a packed b

‘ d
WEP0UHPHBYsi ons 50 MM x 4.6 nm|.D. 25 with Z%T’WGM%O'}MS

catal yst and reaction conditions: 2 h at room
tenperature for each run with substrate concentration
0.05 Mfor runs #2-4 and 6; 0.075 Mfor runs #1, 5
and 7; 0.15 Mfor runs #8-11. Detailed Description of_ .
the Prehevinest 1Emdogbrtentef theitgodics sptenally gEfeilgpid comprising
provi des ? r?ir%%lggitr%g reactor for converting a
subst 8 BoPHHATR 5 6EICt . The reactor may be _
pakit dn6ikpdhhbdiseftuheré or prodrelibeierg pavided e madpd far converting .
ich the substrate.is converted catalytically to the
3“%=°8§@P5’|5’6‘§ua wherein the byproduct is |
capablgonfing @astitcubting gedctve comprasinest raaseen shgpbeheontaining a

reactio The reactor .conpri,ses._ cli 95639 ,
recir cgﬂﬁ‘éf‘?t Pf“s%g P R rgsrﬁ% é (;}%th%b o 5 Ch%nb?r
2008/ QRRBIHRCIH (G20 il @00 45re8irculatiofl Ingstere Auttieeirpulating liquid

chanber coptajns,a c lys nd, cO [ @:iﬁclﬂﬂ! r
body, Pt HAEGAFRPH] %‘t?&egn% %é_ccﬁ%%%r ﬂ%e[tl’t ?ag(? he HB system
cat al y@inpHEig B8epatatar fooEdpatating hbj-prodagdiviethefiqhidi ng
retained in the reactjop chanmber. It nmay be in the

f or m‘oﬁddlélgéléﬂﬁuwméeﬁ’&lnﬁﬂgmg’ol id, a particulate solid,

a m cripad ieuhdseats Ghi tle Giquidl Gebughrtha reackionrebambery isreby

or nore of these. It s be an encapsul at e :
cat al ﬁ?mf@gg?heﬂbé%%ﬁ@nﬁg/g‘?esaﬁg C?Fﬁaié's{:)%q ar it/%t% onert & least a
enc?ps;;g.@j_ nqg‘ﬂhé'%5@?§(ﬂiﬂbyﬁ)ﬁﬁlctaﬁdﬁhy@i‘oﬁhﬁf Iayle_r or _
coating on a suppor e.g. .on arti a SQl i .

on a HegAviag rat dewst Qaﬁ’é’gb%ft st -Proéucg ;ﬂnﬁ § glqmq Bing the

speci egyiheand/ or on a nmatrix, or it ‘may be in sone

ot her saitab’_le form _ The catal yst, support and matrix
may edetirculaigs P yousB aTpiliea L opartially _
cr yst—aﬂehlgoiﬁ Of 1380 RIGSof R frodadtadprishallyRy teobprid senpmising
supporte 56 catal yst . It may conprise a particulate

cat al-ythe proflent, exmihs ®ago%i croparti cul ate or

NanORAL L Cl AhE HEha! st thelHquitb rea6wa] &4 a catal ytic
surfagieb%r%%ggazjal yst may ecﬂgrrpri_se a catalytic group
supporeidyiop themap@ict.i n, or attached to, or bonded to,

a £,20 AlS b BUBRART therbNE pRALERY Yisde BURPAASI ATRYDE f@Ronverting

i nor'gani ¢ support or an organic support. It may be a

a sulssiraivite 2 pradpds ¢omPrisifgly be a porous support, for

ex arrp_l(')?goﬁ SORQE-OHSRNEAQSr biplisihb AReiBEBE B containing a

nanopor ous support. |t may conprjse siliceous
mesoc eduppdried stltrarpatalyst, ivaig reaghian Qla@ghc%némgi a,champer body, a

bet wee ut. b n . : 1 foi
and 40@13%3%&]1%1%58?81% %zgnl%:g mﬁ%’a% \é%%e%l%ﬁggﬁsgstem (_)I
40 andreGiful@dgaligud ofom 16 ehwenbspeRfictaiod thfaghmre et sald
mean Polcedliog %gf@:ﬁf tc&i%gﬂ&é% ‘tazé)egaﬁgr f&osepﬁébin Q, gad From the

or 50n e catalys ppoft may conprise silica, or

a met dliquidgr a netal oxide or m xed netal .oxide. The

metal 20. be for. e .iron, titanium zirconium

or al_ﬁﬂ%ﬂ%sﬁﬁég%a%%%?ﬁhﬁéy be a foam for exanple
open -cgisting thoanbstate tayhebbawi rhvergh ther resetinar olagber, thereby
porous. It may for ex €.S5id | celLal af 1east a
f oam (HEECURE %@bfg?%ar@ ﬂgélgec ?@'@eéﬁﬁﬁé@ghms@t% kel

et al ,pipabesiie silR88e t648, proceict adtet gaa) , Langnuir,

2000, 16, 8291 and Fan et..al . : .
2003, ¥HlovEgAgleasta IFP:S@%%f e %‘u’sﬁ]"g‘gm%l mﬁ%%% He dﬁg%%‘ o
25 PCl{-52(040/:000194d (irdkgndbetdadticrchinben particl es"),
the contents of which are incorporated herein by
reference. The catal yst support may be particul ate,
for exanple mcroparticul ate or nanoparticul ate, and
may have a nmean or maxi num particle size between
about 100nm and about 200 m crons. The particle size
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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
%ﬁ%éﬂfOSllPCTl SG2007/ 000245 9 | eSs than @@ R%24s
of ‘particles having a particle size nore than 10%
different from (greater than,or |ess than) the nean
particle size, or there nmay %e 1 ess than about 45,

40, 35, 30, 25, 20, 15, 10 or 5% of particles having

~a particle slze nor e than % di.fferent . fr

part i cT &TaqV3g &t Lt arRHigieotiRG e dyct Oﬁ’gonfl B 09@ %ﬂﬁldnﬁgxpmmg
20, 25, ﬂﬁqxod%&,fréﬁme%aaﬁr 5 50% of partl cI es having a
particle size nore % di f.ferent t he nean

part i cTéePéﬁaE@thfFﬁ%’dﬁ%Faf?qD& diapid sp pnoyed: 511 st support

may fary, ﬁﬁgﬂglﬂﬁ et i se cell-1ike mesopores
connect ed w ndows of a snaller, si ze The I‘ﬁtl o of ¢ th
the &hy élsekosurheals@egﬁ@wew Biodugt hehesy padg psipg dhgmetgdg of the

' H@szf? bet ween about 10:1 and about 1.5:1, or between

out 10:1 and 2:1, 10:1 and 5:1, 5.1 apnd 1 5:1, 3:1
and 1.5:1, 5:1 andBrisfiDescrigtiongfdhg Drawies nay be i o

aboi’!efér%d%mb%dﬁen@ o thg pﬂesel@ idven®onlwilldo% Bo dderdbed, by way of

5:1,. or may be sone ot her
ap gxaneple Thiz, Vprdmeﬁmr@é tcbﬁletapr@mamp%ﬁmaw%?fﬁmmy have

SO AL ;mag%%%gﬂg{ (8 Qi WA ITS! ectuldrat flow-type

when“ref erence”i s ma pore size"

 rematoe miak <, HPEC pumprsysten, P a@fméfétsh%ngaérhé@smé@ﬁqah@n SEM

e

" (M@lF]vpérhkle, rresopores connected by 15 w ndows of a

1 er 'Szaegr a%h ﬁmvﬁé?% & ﬁéﬁmﬂoﬂeﬁ? §xJe§§) b0Q A #fis Momer and

S
_the W do mesopores.
(¥h mspmmerp(testrarm‘;ns haticearsl {30 rvéeld &ruh@asm@m@@rﬁmim@pmamn of

* sppaithoRgtre doU gty Tt TN A AR imengions 50

mid x 4.cumeh BD owilll 230 mgdatatypt dndvectotal poowt vHieastion beadiveenf 18 ml
5 3, 3.5, 4, 450 5 cmg.

about 0 , 3.5,
%/Usﬁﬁggf%r\'}%ﬁ%llvg?une of between about 50 and
abdFingQi%s aodlaéﬁknlyhbm@’tha loxperinttah st Gor 6 Circatating Glow-type

i e R R e S R

aﬁmr 90% They may have a bul k density of between about

0. 31878 PNkl Shawi%, SFLVBED PRl P A i or
d19th?15 dalgihlae M 2 eheulsig Aawetype badided dmdsnenqtorohsmg MCF-

su‘é’l?%?etdcﬁ@ébsﬁovryd@ caﬁglvsfgn 351%%?& 6f émewl%ﬁ&m% 4.6 mm LD.
wilp 00 mglRelReLA ﬁeﬁénowaﬁ@mbmyh Beoén stsenspdte fiircach rm with

coybapmesatin G0y e e T s e A T 015
fo;ﬁgsﬁyxlflace The cat al yst and/or the catal yst support
e Insoluble in the l'iquid use

reci roul at i Pefaied ReserinyRE Hshalserri o diaga o of
or ggg %t it éﬂ\ﬁeﬁ!géﬂ %%vﬁlﬁas 8 r&itPslfiRd Radt® O @dWEEn@a substrateto a

oduct. The catal yst nmay be an

pr@chmfa|19:gtremab¢seb@ma@a=tlﬁrly§m@1 Losrrotsinslinh & aackiffolgyhich the
1?3?@ Rt [BlihvtRedt Eﬁﬁl@ﬁ@ﬂlﬁch ﬂﬁfe@ﬁ@lalxﬂ al By Sﬁ; Bude r\ﬁfe?é?ﬁ %e by-
a han

reagent or e reagent. Simlarly,

| prcrd@am capblearfdenstizating fhe keiab s for theyeagtiom e sfw@w@nses

ction.that is f Iy tal ysed by the
area at beftar Vugﬁ%ﬁg&%‘ggta?(g%t aa?(gproduces a

by product capable of at |east partially deactivating
the catalyst with respect to the reaction.
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WO 2008/ 020811PCT/ SG2007/ 000245 10 The Iiquid
used in the reactor may conprise a solvent, or a
carrier liquid. It may conprise a reagent and/ or a

~substrate for the reaction. It may be aqueoétfsr/s%zoomaams
WO RSt bous. 1t may be pol ar, non-polar or o

internmedi ate polarity. It y conprise an organic
solvent, e.g. a hydrocarbof (aromatic or aliphatic or
alicyclic), an ester, an ether, a ketone or sone 5

ot her organi c sol vent or a xture of solvents, |t
méjae CrsAIon sEhaEhs | BiAins {2 caiateh s YRS 8% B FgPbE, podss @

chman& RILIHEL chdhbFRHGOTRE baElyshsy bhana @Iﬁ'ﬁl whxloh hsaca;aeble of
conprise a sol ution,

beingdi gpmeé |11@ﬁlegeaqt1ﬁ§ champhst. rlgwy%u?zgﬁgglp% ﬂf a8Q 1 N 3??508? solid, a
paré1¢]u?a¥n%§511dqf %arﬁﬁﬁat@ §§1§1e§{- e{ {fﬁl @H l ittt sfeaelor ﬁ'rc’ore of these. It

er at t once

mapbodu @ncapeﬂ@th‘é rcaﬁalysts@@ @n @ﬁcapﬁ a@% gfa)‘éh %ﬁggﬁg b ﬁm Scapsulated
hqu?wtﬁg ) 2 Qi E%E% $ashpbRes.Lidh.a lﬁiﬂtﬁi:uﬂaﬂe $ohit or on a
ont al n-unr €act ed substrate, optionall
highi surme teed substigehta cetalytic specicpin a‘&qﬂﬁ%ﬁﬂﬁ‘earm%‘éyx &g’i‘}a@%e in Some
on§2RARLE BV HISLANNchyobR il A3l s egaly Rcpaachily, be
e

reactor. may capabl e of w thstandi ng an ed
cry$tuiile¢,r;alk‘ﬁqﬂﬁfe<8’s&ﬁﬁdén@pf amorp@a%& Tsgatalyst HAYOPREFe | %IPPO ©

cat {(stl ?taﬁxta?res Elsgma ulaé cétﬂvystz%r ehriile 10 Ghicroparticulate or

mospne e capab of W t hst andﬂ&ﬁﬁfg}{i
naﬂopm“amiab ogahstsuﬂeamom@ﬁmeﬁala% y comprise a

OMPa ans o"_i bogd&i @nd cdtalyst fupport.
Caéﬁ%c %fouli aﬁ) k\f-%%ﬂzalxélog?rg% aga%r?d 10 and 5 or é and.b
Th biRalystesugpora nprycls i OBEATHHBFPOT 5 anmfsame SYPPOR. g ™ay be &

0.9, 1 pi6.a fu 8150 End/
GM%WP?WP% I D%B’e%e' ki romglg ?mt g?IISS}l{&%? r%ata i Swgpgé gl e >

mnﬁﬁpomﬂsh&ﬂ&m aiamgaomm hﬂ}pnoets BURSECOTRN WRCEpS1aesp fogm.- 1t
ma;y g}f%&%ﬁé%ﬁ@%@ Sik! {fg&kv%m} SR8 5 LAk Qbodi: eagR Rk b&%eﬁ gHbSe 0 and

or exanple be nmade o
40,510pinal 35 40 sh@ep, zaaandsiﬁ;éO@uﬁ@ﬂ, Heamd 50,30 aﬁgﬁo@é 29 gnd 30nm,
eplioma sulab e LA 45 SEROALI TG catalyst
amg%a-‘{%%r?a?ﬁnepoé? S‘?%gbogﬂ ?2%%?@@3%. h'the reactor.
supBoft iyl c@tnpeisdisiiat, et metl tohe matel oxidger sHEadBFLR REiey ghe metal

si.zed so _a LW 8 RASS 2 f
maf”lj?lﬁg @“F"éla%? c%lj&r?rnbl&ﬁsdrlﬁ reac{[%?g@pv_b n&@'h a ot
forl @ﬁﬁipll@ﬂp@ha&ﬁbdr ﬁoamay)rcmmb@ sintergd ogé)ﬂp,qrfvtsgcpomqsh It may for

r et.ai ni device for. ret RVAS 8 Schmidt-
o S 5o oL B4R DU bERERRLEl bbb Schmic
Wik]@&&!t of] Sﬂﬁa&e,, 1699 f348 1 battotmoes ctlhéangnwtreim%)f 1pnE01 'and Fan et al,

r eact on / di t e

%szaﬁ‘% 9. a?g ];i h}'&g ’&na Qiﬁc&‘%éiﬁ abrding to

e Inlet of the
Pmmzoosmeomqems&hmﬂatfm peimclnsé’),r éheaicanigats ek wach are

d t | tor
o e el T bR Mo 5 Gk i
miio ?ﬁzﬁfnﬁdte;at @fopirtiofats ol otsleavergamsat or [ReEEHE Refficle size
st from exi r eac
ecatig DR T8 Tl 2R 1oE RO R e U bresy abou
Soﬁﬁﬂ ahe 200 ndcb, mrtbbﬁteep oo 1t i 200f om0, BA gnd A80, 100 and
eact | on chanber r the r t
20p4 b@ﬁldldl 007} gngd QQQF)]’ g]fl JRipIgpS gg?iget‘%ee a%f)é‘ut ﬁﬂnﬁ ajnﬁg_ﬁb Bficrons,
10@&5%§ 19%51@40)‘1& | l@oﬂ%dtlhﬂicmrﬁoﬁﬂﬂﬁﬁmnéﬂt ﬂﬁ;prdm ngismah be about
it is inca S rou
1084000300, 0 2007690, BE02006E T B T IR ECL 203 TRg) G e 10220
30 90 ?@rﬁiﬁﬁo g0, 6@atopd 100 O, 180.2l402d 5by)60a 1ge,p1ﬂﬁ 190 or 200

Im(cgprl)}al %g;lqg %‘é{é&ﬁ&;ﬁ@g pgxu &%rpta)ﬁcleosrlze SO aﬁ"ﬁg'e may be
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WO 2008/ 020811PCUS&2007/ 000245 11 sufficiently |arge
that it is either incapable of passing through the
chanber outlet or is too heavy to be noved by the

reci rcuI ating liquid. The retaining device g@ysdifurfoiBas
WOCHEM®! out1 et. The reactor may be a fl owthrougﬁ0 >

reactor, such as a non-fluidi sed bed. The reaction
chanber may be a fl owthroagh reacti on chanber, such
as a non-fluidised bed. The reactor nay conprise a

fluidised bed, The reaction ch nber nay ,.C '
lessfthagi @hogééO%le particlesrjavipg 3 © SES S thagr%g/{n Airdent from
(greg{etﬁﬁ{l e 1e‘§é {hlaﬁfthe Hoaf PBtRld §ze0br thefetihaabd l)esmhamabfsm&é 40,
er an aboyt. 15, 30,

I'e, . 4 |
35, Rtz 8hd IO@,{ nget)f,\gfgﬂc %an)a 3 clgﬁbzatmch%EanOIO/o different
frontﬂﬂ{é: r%é%ﬂfgéime%{z DatvBeLaRut 1, &03 ansi 19915 30, maom 40485 or

30 d 45 10 h
bl AV 8 B
size; If'éé’ g&ﬂg@@t‘ HBREBRL: duppHRk W fbloé)@fnpﬁﬂd)rﬁ;msé beil—hk@fmesopores

romthe higher endtotheth oesandthe

conneset bsowmhﬁﬁrﬁéa Straorsisd T Gonpt e S5t ne meapa
sizeS t‘ th e@tx{}@e%tﬁbpﬁﬂ_ ﬁaa?ﬁ@dc@fl:iilﬂ oﬂbﬁﬁr&eﬂ gbout 10:1

contro e erature w LN e r cti.aon er.
andt2ot, 4 0 easid 5eld StWér%t - bandrhe: 1déé|aP%g‘ait°é #ﬁe?@t‘ﬁfbeanﬁé“ay be
aonF})@? ?pﬁ?pﬂa&% kgaqty. py.f o5 @om\zezsuomoér 1.5: 11,- bemay be
he product, e.g. etvvee about 02 %u . It
r rotio. P petislesiss dee eatal swoﬂom% a‘@osoale RFEAguger

Sho&% ezlgldgréﬁg% gi% whiQ r388nd00 m¥bec aghe 10e sQ” aNeich @fhterials, it

30 30 and 80 or 30 and 50C fg%v 4 !
refabwme@ﬂea;vemre $ige, 120 thepsmize affhe garrovigst porion f a T channe

throul%h i % aZe?A’al s 302 SctuPO cordmisg d06ke BEs0pORE cofilveted by

erature, depending on the nature of
windews bf ©smalken ndizafhe ‘Ff@r@@a@;”trp%%ttpéhﬁ T qfifle FiRgays §'f‘a Bt to the

b L& L ATPRRE A i @nBYuttTes and about
Slzes?ﬁh %ﬁﬁ?{ipg%fgﬁgfhce nve}sn 0 rgtégggf subst rat ent 0 uroc{jZJn%t 5
Smn%g,ammawwa parg volame hefreced bt Ot gn U grang i e an

|
orf #éﬁé{%l 3 neg a@é’%@Bgé éﬁet%eén@.ﬂabﬁthbY1 oW, 2, 2.5, 3, 3.5, 4,

e reaction chanber S o
4. Sa)rSinlh%@l Eheyhagehse avoit colneeh basgean b %Qi{ g?ut 0%, or
b tﬁ%t | %}g}eg?@ ﬁn%v 6bL¢1P5r%f ’fd)z{nd%)éag@bﬁi Qﬁoro'yjl dnﬂd%'%? th mla¥ have

nely have a |ength to di anete
2 ol vaumfa obebowecsd, aBobi, 65; 107 b8 1or ﬁ?@% Tﬂ%Fnaé{B’&‘lﬁ? a bulk

t
de‘fﬁy fggimfe%%%?uggo u%n%zfﬁ) % ' ?%ﬁ# Dr%gw?[eg%%?mwaﬁppmz and 0.5,
0.2%20:04, 020ind 0By 6.356: D.4er ALY anda{h%ﬁml and way havgzgelk density of

ab%%lz b3, iz ¢33 0?1@45 bislo.s3 éfséﬁé 0,7 dbrs, Bi5t0.8, 89, 0.95 or
1g/38; The &flilst miiﬁnbﬁ m@(he]a, hﬁ@oplmb@@upportg e 1a h}g@@ﬁ_]{)@?d support i
100: 1.. Th
et b BTl UE A8 BAPIES] bldermidan
and/6P@O Qatbl?strsap}torbmay hemsembleeni thedigwisr @s@ in the resirgylatyyg reactor.
substrate to The v RSt c
Th AT SR AT OO A SR g e proB e et and
l%g&ﬂﬂiﬁ:t ank édfﬁyst 06 e Bnyacadalgd bﬁp&b@@nﬁ&ﬂ:@m}ng_ ponversion of the
s

sulaqgrggzﬁa and uci ogﬁana]f@ B rgye%8$$tt?rea%e dﬁ% th%e reagent.

Sirh 1@ NHe Bt cBndiRaUin the&pacz@omame ang 00 iallo geaction that is

cad1 eyanacniabo Dot b6t TSy Sopiioimi iR prodeet
caPRRCHEt least PRHRNO AR iy the BEAYSCADNZIHSONA 4 reaction.
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12 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60,
70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800 or
900L or 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10nB, or may be
sone ot her volune as required. The deS|red

WO B2V eni ent |y be between about 2 and 20 (h%%%ﬁé”&%lﬁ
vol unmes per mnute, or between about 2 and 10, 2 and
5, 5 and 20, 10 and 20 or ¥ and 6 5chanber vol unes
per mnute, e.g. about 2, 2.5, 3, 3.5, 4, 4.5, 5,
5.5, 6, 6.5, 7, 7.5, 8, 8. 5 9, 9.5 10, 11, 1ﬁ %?Tt
1Zhe Higpidrgsed iy thelgactargmay cQmPTEshibyents dff ingedrigg djqnid- It may

comrﬁngéjg ?e‘aﬁ?nu an%fea LRREHL 85 tﬁ@ﬁﬁaﬁfn F8YayOHt dqaestk loy nbtﬂv@leous

and a gas outl et forhgrOV|d|ng a desire ¢
It may Hoppihe nep-pelagor efalRRAH SR EBHEREY CPBPTIED RS hvent

e.g. al?ltyﬁ%%% Hggmg@cy or%gllrlﬁl%foﬁ:' lalhéﬁh&)hﬁn £8& Cad ARdr, 4 B&one or some

€ reaction or t roduct  (or nore fgﬁ
otha Kb%aofc stoheme)ar @ mittgresd Aoliventsy &t m@Y gqmprise agRlygririor tp gubstrate

and%lr r%% nﬁ%g@ﬁ‘?pﬁ%ﬂ/ %%{Frﬂg @ BXAGR SutRARROm ﬂia?@oﬂ@nse a

I um "neo argon or athure of any Vﬁ i
sohmslonmsﬁmmn,t ¢nmgion pndispessor @ifstila Fehstalg ig @ selyenf &t CArrier fiqui

Oncie pg\gs he r%P&e ‘ﬂéa%{io gﬁ%fnb@%@t'f@és?omeme 43 8ideRClon@in the

ction a gas With the substrate. 4
pro&it, teﬁ:bbrangahlasn,l in Sudps@mmgit GREsionsy 0@6‘?“’1%?&%9@‘1 therein, an

e} S LS8 OUNAENPLSOE oBEAENy ARS uiRARALhAgPBC! he

e reac e recircul ation systemls
adﬁﬁtohetnﬁ arborle ma:ydaa b@;tabhgaf witislarding BintA@alrassyes used in the

ut | gt to the \anber. QL&L% agh&tﬁlﬂr%gh@t&ogt RYSt fBut 1

proprlaepl I ng, etc
amW&y bﬂ@t lbasq aibaelt £y bm, ShE), eRarfher mwmeftphﬁrﬁs tI’h@aY be capable

of \5@1 I nl; e%rgﬁxl f‘@etw@énpéb%%t &5 Gnd T8t l?@1\/§"a,z&%e‘t\f\reerl

assin e required flowrate
aboaf 0J5i mdu fd 0.5T sl n,e@is raoﬁlllaﬁ iapd 1§y§taeﬂnlﬁa§/ apdiPy } god g or 1 and

for reci LG i-ng .t r t
35{?@% GPresSEe oha ??gb Sbgﬁtéc;ﬁ’s(i% chth:% gdi g’ffwgr?g LR TR
9 @IEMPELIt ohay b@en;ﬁia kfsdra rec emtefial thak ds capbl p%twéthstandmg such
rea ent r.od t et C. t
pres Wgtﬁ}é? ﬁlg (}TEXE/: s s)caél% @iggfg %@%@Q rgéégﬁ{n%@% used in the
real:tbﬂ llt ghat/ fo0egiid1Be piape ng stamiﬂss migele b sorTh eﬂlpmmptah@y may be

capabl.e .of pressur o)
magly ggﬁnoa %Wff%lleleﬂ ?eﬁié]‘,IpZagg %Ql%ﬁlla%%)uﬁlg nFt'i.ﬂr 4t tﬁvgs&bgﬁnces used
in &a @@&toe Dﬁe le abdl birthdt mcgt}ieheadtmq whantep nzy 'dee%@ﬂ sqise i@ permit

her es (|.e. 25

élﬁg{ﬁd imera’tedo g)as%gt‘fugbthg reafg ori&a?o%f | OvPa) |
betneRactBDRIL. ﬂQ; fadtiod chiobidr) haPhBaprisy oblex ﬁ@@mﬁb@uptmma
deig%fo?ggmgmgﬁhe gat dst%h é]g%rse%%]gg c]fmm%era %‘Hmrl(%giéﬁ e?f bgth)éated at,
1ocada@ lﬂéaxo 02 ﬁt@d 30 &e doutlr & the. rﬁactlﬁn kha]ﬁb@ anfl/o@, depending on the

’ Shature of

naipin hhgoties wpatibe Sitvea e ! ohE b P it o
thel iRaRHGNIdVR h8PEdpeRNoE ﬂﬁlﬁhﬁﬁmﬂfnaaresmﬁ tﬁe catﬂmt It atay camprise a

to inhibit deact|v§t|on of . th t al  th
filter, or fiit or porous matetial or smtered mai ertaf of's S other means to prevent the
catalyst from exiting the reaction chamber. The retaining device may comprise a sump.
The catalyst may be in a form that prevenis it from exiting the reaction chamber during
the step of recirculating the Hquid. The catalyst may for example comprise a porous
catalytic mass that is sufficiently large thatit is incapable of passing 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 mafrix, that is
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30 by the by-product, or at a sufficient rate that
the conversion of the substrate to the product is
gr eater than the maxi mum si ngl e pass conversion. The

flowrate may be sufficiently high that th
WO EPY on of the substrate to the pr oduct ePCT”S(%mOm"OM’

| east 5% greater than the sjngle pass conversion
(expressed as a percentagelbf the single pass
conversion), or at least 6, 7, 8, 9, 10, 15, 20, 25,
30, 35, 40,45 or 50% greater I rst

sufficieatly fasks thaiibisuthey ezeehlfr@é?ﬁee@é%f?&@b%f&%ﬂ% r2hfid b is oo

heaw {d bedtﬁg@eﬁq)y%e OG-kt E%lﬁ(ﬁ TH%&etdﬁﬁhgt dewidei 04y be the chamber

reaction, the nature of the by-prod therfp (ﬁuree(rﬁfThe
outleh JTheaeadigFsmay tites OISR RET B e Tog
reaciofl RRSHL l?]!méf W Debwf @edugh §eacﬂ_$t€cl{aﬁibbf Gutintd HRossidesd bed.

may conpri sé an open contai ner, nrg%_flfunctl on_as
Theardclon paavatenpiing al fudisel bed- g“éhfeé‘??gﬁ%“r by gy comprise a
fJuils eépge duct to at least partially escape fromthe
iquid in the reactor. The open cont a| éﬁ%@ ;
f (stieastion shambesdest boprignid eﬂhéhhwor%@l §Lﬁ’6§’? or at some
a d 45 PG 752k Ehot RAGE B b@tt\#‘een Bl ® and about
Othgrga%élg ?% ?ﬁg Fg?gf g? Th e%r E‘CI?CU| at'i on %@énd .
60°ctd dotizantrdl drybesween ahonh 30 japdPY. bt P& &> o éfh?ra 45" to
h@ﬂ iPndHoBEQEMC thef K@ sy ﬂ@@cﬂu@ﬁgh the

reac t he substrate produces nore 4
chetoanirom ey wpr e fo tho igher endhh e Uiy Rgiss Pt @ the lower en

Sepaly %c% Eﬁe[mﬂe? Y Hégﬁt%ﬂ%ﬁpzy feﬁ‘fp@ﬁHﬁ*& coxﬁfoll@f]% g a heater or a

separa Oor nay renove nore than one y pro UCt

codl@ast oniee tcot:omthé tby -tpmpetaieres Withisuthg fﬁ@mén%%%%tof ¢ Slgpired
ten}é)grgm{ree 31%}60({6 t & ttr%[é,r IBe an api6prSPRRAIAYN fol Sonversion of

or separ - roduct fromthe

thelsuiwtmﬂ to fﬂe@rmpe e b¢twser mﬁ ] @daIOGI’%a@“ﬁDeW% playt ) and 80, 0
and G100 4D Pr 25,2011 f 1O 1D, bo i Sxp 90t ofemnd S0, 10

I's Té e feacti on chanbe
and Zﬂhlablahﬁ @0 or aolaad)ﬁm(g et ebows 0, $.n, d 3t H). >2§,t3q ﬁS{ﬁg 45, 50, 55,

60,%%61% nsd ﬁg”%f o3 of 5&%“ cegh ol SliALd Y é@tehtb%ra%ér& URbérRhg on

UCt I'S not renove his serves
thet:ﬁhﬂe(bﬁmd rézh:&oﬂl i afne affthet fecttioh pé the qatalysa Py deg Weproguct. The

I al se t he overal I I t t
desﬂrﬁ‘é PPPRaEe PR ca%’{&cﬁytgl t E‘ 3 Vﬁélgg%g {gb%éu%u%%%(? e[g rﬁgﬁm is
acdep@blly hidhoant tROdeabOyathf, of 61; su'b(s}xat@by 16 borpro@myds(geeeptably low

@ri%ﬁgg’lﬁpépﬁg%%r%gﬁtﬁgt%ﬁl $oE o 1;),({3@%‘%%9% ? %’ 5%03599 withstand

theCIﬂbs%{n)eS touthiayd beode it meyl farsextmplet Ipwlménglr 5dnmlpe @lﬁ@gate It

tivi f. the catal. y WK, 1-1
tl%lﬁ%ttﬂég%% tgrr]éa{l tfb%%lee ep en blo%lﬁ? e na ufr eoﬂ&gout
and b@l byt ﬁiidDﬂid)ﬁtZO Thieme@abmaﬁlnhy apdalpuit ¢, 40:1 and 100:1, 20:1

T R

71d%9a951er10 1pn1$onn1,ome,rl4 y,plé 0f20degadsde:1, The, 50:1, 45:1, 50:1,

603 L, R oIS 3, 45 BE B B Sl i o e

deSRA M hRRGhaetERIupH, Wiiph adldépend tn mmtyoncbepesirse cenversion rate of
spare(optlo aII vvlth as_of I . 3

SubsRITP PRAGyCt Aot NEIPISGIFHD® BF TR Regast Fra 188 ang sbout

108€3G He¥ et ab&e QRkEhY &) 1m 100mYy:’ endPel,sWomns eindcli, 1 80mm’

absor er an absorpti ap .af f.i.ni sy
ana AP G e T e G S O SRAEY g By e’ 1
anggodtm lgﬁd}t%;; andl 1tm?rgy, g@g{;@so Em@ tezoem(ﬁ){a@ﬂ; 1580, ozrooc,avocalsoo or 900mm )
istillation colunmn opt i 0
L, &i K} 2P 3k HRro0c 60.0i0n 501305 1 %@ﬁ@ﬂ?&y@vgﬁﬁ /b0, 800 or 900cr’,
by-product. It may conprise sone ot her type of device
suitable for renoving the by-product. The separator
may conprise one or nore devices suitable for

renmoving a by-product fromthe |liquid. The separator
may capabl e of separating only a portion of the
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10 product and/or substrate is not a solid that is
insoluble in the liquid) or by sone other physical
nmeans |f the product and/or substrate are of simlar
SI cal formto the byproduct, it may be

WO&S ¥ heni cal or physi co-chem cal neans to renov
the by-product. These may I exanpl e conpri se
sel ective adsorption (e.g. Lffini ty chromat ogr aphy)
or derivatisation (e.g. using a renoval reagent) in

order, for ampl e, t i t rjwva f
1, 20 ety Sp G ot ao ey Bt B Berpfaiiip roY g ooo
700 &r %(ﬁ)Ld@rslc i bed hﬂkrpwe Ozla Phe lﬂﬁﬂcéﬂ Igmy bhaime otheevdlsme as
Su stratetot e roauct oduce, O
reqmednﬁhee destrath flowerajsy @aﬁ &Pﬂveéuegﬁa % Qﬁ“"e&ﬂ 3Pt gﬂcf % ﬁ%’be"
vohf}ﬁé%%EF hnutd, lor BB eR SsHi€ S a@aqobz/ancps QU200 10 amdt 20 bhaand 6

7Y00024a

one product, e.g. 2, t han
et TIES S S0 dus3 S gh S ) Bt Sgnd B & 85
9, 9%22% tti.‘zfogi g? UCL $5, 15BY7 qu?@b@(ﬁﬁhaﬁﬁkﬁd@lﬁ:&d@@aﬁxﬁmute

t he 'substrate to the produgt ( s% ‘\&Fﬁ di
f Gihcaseshipt ehanbermpnBPEOTSILY P8 SHEISHY oS deid Y ??fr%ow ing
a désﬂ%d %%@p?{é& ' 2.90 arl InePBMmRBENRES ab libe teddtiohi dhaiber. This may be
rom Catal ysi ng the reacti

usclpd GuRbE e iscaetaby, ghoEracon %Hgg‘l%@f&i‘%a Hheponp g5 hese)

eRARL KD bon dioxid;
s SRR it Mk concy e s

mtromch@mm neon;ralsg% or 2 BUBBFRYIAAIY EVP PHRATHE TPY dP GBS g hstances

Satd e8! for BR8N B e 1 reqution il-aibles the reaction
amgg:g{:étl on-Is tr% conver si onarﬁ]%’q styrene (the substr

o ol g iy Syshoprans:dborsia o1 siracrangts Hotude
ox %%e ok&}/er Esad:e% gn E{e%ﬁugéﬁﬁ@ﬁ:ﬁc@hﬁt e (the
eagen

rese ce of MCF-support.e

aZdsi Ismbgbm sesteBu {s| 3dapien §orcrg§1§]u}/a§lpg Liqyig %{om the champber outlet
to thh%hﬂbeg dued, 'recbnjaﬁlgﬁﬁg %eﬂf’%ﬁ@tboﬂﬁﬁs@ Epphﬁ;li‘ﬁf‘k’eﬁﬁpmg, tubing

gasser. Int I cl ent
etc.ffor cammggqm@ oy e @bﬁpb&r%ﬂ%o aw C@é‘@hefé@ﬁtt APp Bibig, piping
reservaoir . f Lch ROCRe CaiES BOLRBHE, The
el%ﬁ}'r% éme% {’%gqte(‘:\,g’nve %dlﬂgr??gggsd et %yl di a?ilaglerr?tal oné@g
recitiigtionlspsem aay)cotpriss @ phpb f@y@@t%}@ﬁtl the diguid thrpugh the reactor,

g box Lal é idelt HbNBe RIRBARGEHQMA, substrate,
dﬁE&Y;bﬁpB rt{uegd@tﬂg%gﬁ%%vey a cat al ys(iJ Int hle(sqcase
reagfmt éjj&@:ddu’oe aigomsed o prseeat inalhd reagtor. @EWG@W lp%msposed 80 as
et h NG bk b o u&b Ngha gﬁx a§88Mbe kipable of
tﬁg g%u%éhrh?%g}ﬁ% egcgngé’n)eﬁ? £ pres gI nvgnt [ Of]b
preﬁmyimhg the liguid prior to the liquid entering the reactlon chamber It may be capable
of pressurising the Hquid to at least about 2, 3, 4. 5,10, 20, 50 or 100 atmospheres {1.c.
about 0.2, 0.3, 0.4, 0.5, 1, 2, 5 or 10MPa), or between about 0.5 and about 10MPa, or
between about 0.5 and 5, 0.5 and 2, 0.5 and 1, 1 and 10, 2 and 10, 5 and 10, T and Sorl
and 3MPs, e.g. a pressure of about 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,08,09,1,1.5,2,2.5,3,3.5,

4, 45,5, 6,7, 8,9 or 10MPa. The pump may be capable of causing the liquid to pass

through the reaction chamber at a sufficient rate as fo inhibit deactivation of the catalyst
by the by-product, or at a sufficient rate that the conversion of the substrate to the product
i§ greater than the maximum single pass conversion. The flow rate may be 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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WO 2008/ 020811PCT/ SG2007/ 000245 15 capabl e of
sweepi ng the by-product away fromthe catalyst
sufficiently rapidly that little or no deactivation

of t atal yst occurs, and of re [ i Gd
woShosdifst , novi ng suf
tzﬂ%sﬂgy-groduct that when a recycle stream i{d@é?g@ﬁ)g%zﬁ

to the reaction chanber, the recycle stream contains
sufficiently little by-product that little or no
geac.tl\d/atl on gf the catal yst occurs due to 5recycl ed
y-product. The reactiqn may. be a stereospnecid,

rate MR GEPH O DRAUIRL! e ASE BT SO TR PP e QRO hE PAroduct

the hit6reNat #Cca®llyst NBe Ghalsiost of Ghe tdreti@ubisinbat endipdssibly other
optional Iy of” the reagent (if present). The reactor
factordy conprise an outlet port, e.g. a valve (e.g. a

3'[?@3‘60\11%{11\!13311 sydtehfRay Sorhtist-ali &ped Eonaihen) whirh sapdimction as a
ot her means f or rermw{] the liquid fromthe r &g%r

sepdrgonyXiaiowiag B BEEPH ¥YE ﬂg@&%@f’ﬁi‘%ﬁeﬂ&ﬁ?{n@?ﬂ%‘é’ % %ay om the
liquEEHO LGRS "mg:tcli)eﬁ RnikiB&H | kias inprtisy 8¢ amdditioni fidnt, thebling

t h . i C aui
subsigisEe g 5 FREETHayoHEnt &ffo R FRGH [ fbe reactor. The

recif@BEibh %Pst%%ﬁdd?ﬁon%]l B 8RdFRatpRisNéonyirishiarsepdaste separator for
recircufation’system The_outlet po t ed

remguing haaly-piedudti fem dhe wadigndl, &g FIGRT :0% éhrgra%‘ggt%%‘lr 8’%’ orénore
thart-Gnd l\f}ﬂ?ﬁég#lct?t%gfer}ﬁaﬁyé PEPAMES sehhratop FdraBmoving bAdarby-product, or

renova by-"pr oduct therefro The additjo
onepEpAralon ynAYNCTONS TP SRS ﬁtYelémQ‘F%"g}‘E &Pgec’“ﬁs(’ftth% By-products

sho&%itble%m%ie #OF SRV alsBfarhiogUi d. I n particul ar,
I'T the addition port conprises an_open, or. 0 akfje
c dieabaperatort lseadapted for separating the by-product fronf e iqaid. The
separator serves to at least partially remove the by-product from the liquid so that when

the liquid is recycled to the reaction chamber, inhibition, poisoning etc. of the catalyst in
fhe reaction chamber is reduced relative to the situation in which the by-product is not
removed. This serves to extend the life of the catalyst. It may serve to raise the overall
yield of the product. It may extend the life of the catalyst by at least about 20%, or at least
about 30, 40, 50, 60, 70, 80, 90 or 100% (for example by about 20, 30, 40, 50, 60, 70, 80,
90, 100, 150 or 200%). In this context the life of the catalyst may be defined as the time
required for the activity of the catalyst to reduce by about 50%. The nature of the
separator will depend on the nature of the by-product. The separator may comprise a
degasser, for removing a gaseous by-product. The degasser may be a vacmim degasser, a
membrane degasser, or some other type of degasser. The scparator may comprise a
precipitator or a filter or a membrane separator or a centrifuge for separating a solid by-
product. It may comprise a sparge (optionally with a gas of low or very low solubility in
the liquid, or with a gas that does not deactivate the catalyst). It may comprise a selective
absorber, e.g. an absorption column, an affinity membrane or an ion exchanger for
removing a dissolved by-product. If may comprise an evaporator or a distillation column
(optionaily a fractional distillation column) for removing a volatile by-product. It may
comprise some other type of device suitable for removing the by-product. The separator
may comprise one or more devices suitable for removing a by-product from the liguid.
The separator may capable of separating only a portion of the by-product from the liquid.
Tt may be capable of separating a sufficient proportion of the by-product from the liquid
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‘liquid may optionally. be renoved therefrom The
reactor may conprise an addi-tion port for adding
substances, e.g. the substrate, 20 the liquid, a

r and/or ot her substances to the rea 00245
Worzg@%%?gglﬁ N st oo024s

ation systemmay conprise nore than one such
addition port. It may corrpli%se separate addition
ports for adding different Substances to the reactor.
The addition port or the addition ports

i ndependent | he event . t rea r
that ﬁlﬁrff'a@fét SRt §1%H w eﬁ%ﬂy %@ ﬁ]]e bart%rg duct. hB?%engﬁgeon the
nat8 OF fife Weaiv@fbrS Vit il @ént bh@ofidachdydre at hastoebout sm,sar at least

o, Tt o disdl 55 Ehs eheRgy 8 Bale oo

sephi@fk Elﬁiﬁlcﬁ;é Q@Patsly 6 RMEnethé Eﬁpl}oyiuchtlﬁtom thh éiquidavitiootremoving

the @g@g& iy 21 S%d M{%}i éﬁ%gjp S(g?g]élpﬁ{) cﬁﬁi&rggt p%g/smal

foniof&eth@tﬂ?&[u& Whi@P§ thy @ﬁbs‘&fateaﬂﬂwdrl the rﬁ@ﬁs (1E tprevayt).ol such
| osabl’e, optionally seal abl

ent e BTEROnGH IO P TRy eB &Y TIRTEY ToEh o REPSTAGE e

gz%ﬁh&‘%s h Baofnd8he hRd3E HOME Esirhtd & oA grag) pifeoipitativml filtration,
addi t1on of a substance to.the reac E} lauid and th
cenkrfuBHioR IRl Be TYBFOREH 1oRaBH S hpr LG ey e e liquid and the

proBfdt 808} bitsmRE TP nofla SYlid HALisDkSRubla i &ﬁ%ﬁd@d}fc&&@ some other
evice or_some other suitable neteé%lpg Iﬁ} 5t he . e by-
physsabmemnﬁ”ythalps@%bmﬂ/?fs%l vty Rt ofr PsR BAYRY il To the by
prod{lcg,ui!t LY dehestRstanGRs cﬁé;ﬁ@ﬁ dr'iﬁ&ﬁ&@cl{eﬁn@d midads to remove the
trate, the reéagent, solvent, ]%rrler ui d ;
by-produyt. Theee rmacer foFmgxanNy LODBrED (S i%fé@%ﬁ?fﬁ $B82 40ty
chrg)gﬁi%gﬁpﬂyp %ﬂsﬁﬁ&r(e gPadifd £fomAal RedHiDbrdef, f@ﬁﬁmple to
mxer or may conprise rmretg%n ca?
precipisste 2 dbnva’wls(y OﬁﬁledJYsE?@@é‘é WikethaY thea bp SRVl PYPrgTicat means
as§éé§ﬁbeeﬂ]a fr exanple in the tubing or piping thereof

in a cont ai ner thereof The reactor descri_bed g
el wactiay thas canvyerigdhe pibgiraie &y e predugigpay proguce one product or

morxlé ﬁ{ag 8091? é}?od%cgee? 013, 404 RoleARAE Al RbHucES M Ray SBHOE one by-

réacétor, or a production scale

prddaetcm' ongre |thannene MePRQé‘p@bﬁ & Bf3, pr gomererye f é’}’p{if%{ﬁ’@t The by-
pro%]ilctr &I {t%egs{ o Jn‘]n@é I%gg:rr &u@tsa&%‘ tcapableQINBhiBRIng iR eadton of the

or exanpl e pro UCtI on rate as a ITHSS per
su’dstram to fia prddectiet leey faberamplahy Bap Qﬁ@m@pwgog SRk @mg the

catfﬂg RCIJ(B%!O 81%731&]&{}:‘9 ﬂﬁgit :!:h %s? ehed QQEESH}& GhedRdction. The by-

tonne, g tonne, 100kg .and
pmdoctn ey ta angroﬁa«tgpr thage dmprp@eg:ts @aar@ae £epeblsp gt Hfﬂ%eﬁag the

rea Oty %&gbelgelp%%gle]@&?%e ga‘giﬂ xﬁ@eglﬂﬁ thbs reéxcujé@ing Q&cto% Oﬂ may be

0 or 50
segﬁfhble’l.ﬁiﬁn dire B0k gy oreafs ¢oihe gepamtornﬁ.y eﬁ@;ﬂ%ﬁ o8 atswgﬁ)le reaction is
QUL it & o, £earbBiiate (th
T L S A R A o

pr&iuz by edactidneoftetiinil rd@,zomam ﬁﬁmr@geaﬁm’ﬁ e tmam%}f MGF@%Ppm*ed
nd ou n I
e PplpEs gt (e BUh R pRE ke R Sy e B SRR wch may be
rexﬁlateenmngatdegassaf L s opE, mnmybe spéfictant fazthe degapsentyi qopaprise
acco i.shed usin [ t I
an GpgRy E@@%‘ng %Fsr%'ﬂjq? g \(l:\‘%l}ﬁlv e?}% I%gb%eg%ﬁsetgér/a tQ eAI?&hég Sfdmple is
thPEaRusion offigstiwt digityimalopate $ts spbapmateditm dictayl cyclopent-3-ene-1,1-
r gcl g:,]é’%l (%elsggstgatee?m %r p?e%%r?cre%f‘ R@Cﬁ Quptplaﬁed 5}4.%% !H%Oeﬁ%@atalyst
Tn 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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the substrate to the liquid in the reactor. The

liquid with the substrate is then passed through the

reacti on chanber, thereby contacting the substrate
\woghkmmkyp catalyst so as to 20 convert at | e@asiscans7/060245

portion of the substrate to the product and a

by product. After the liqujd with the substrate has

passed through the reaction chanber, at |east a

5gralo?hof t he b¥ proguct is renoved fromthe |iquid

e se a The

copti BUHFOAE RCRCPIOR R e aﬁlﬁﬂﬁﬁ%%%la{;%?ﬁ ek e
or nS\RSdvA{R dfthd daalysk qeduts, ranyomnpmms suidicisit g pp-product that

suspendi n 25 enul sj
wheni resyeie SESHTs 1§ TN {oy %u QSacE %Hﬂﬂ@r Strﬁeé g%cﬁggrs%'eﬁﬁ contains
suﬁ?cgézﬁl%t 108 b Eﬁddh&tb gt ligkenorcad demhmtms @rfﬁh@: ertiliysiaqdea dus to
ese, e substrate nmay be added bat chwi se or
recycbIyrRIBASty. It may be added rapidly or slowy. The

fgﬁ%‘h{éﬁ&tﬁm( #a¢, bé Rdepensepificy reacidurepr sudys pein be sstergeppgcific,
depering A ;;bfeg?p%thgﬁr:rﬂf rg{iri éﬁ?ﬂ@iﬁ? %qg!g atrat tﬁ)ﬁiﬂ}# 5B reagent (if
pre%lbﬂ%?g?nges mlay bef added toget her or separ ately. Thus,

Xample, 1T ar e ent d

S B Pes MOHETRPHS UL R BT S90° STl E ol et ©
takd- g% eﬂoﬁgyg{)m? @’lﬂiet aleahd forirémevis® ﬂmdnp;d fomttheyeaptay itberder to
obtgifr the @qugﬁe g'gg @)él’g}%ggc{ﬂg{er@r eq%%%t?ﬂrnbcag he: \ithh %el re%clﬁ%nt éy@ﬂ%m ar
W‘%ﬁﬂ@ﬁ&h&} fhg%ﬁllb&ol’ﬁshhrﬁ éﬁ nggﬁﬁ@c:n fm)ltqgﬁl mtaahng ﬁlet preducktreay be
o b SRt S U e Bt e
Théf" z)g{é%{ rdr@mtaiﬂ Be I‘l@%@etzcﬂ% tha Q]iﬁ h@thi@ us Irgmmér&'dmdhe reactor before

C e quan

remayat @f)iéhe iby-mEpdirck Ft@quSPnF gr %\951 &f %l# I y—pr%d&&%ereﬁom The

addition port may in some circumstances also serve as the outlet port for removing the

liquid. In particular, if the addition port comprises an open, or openable, container, the
liquid may optionally be removed therefrom. -

The reactor may comprise an addition port for adding substances, ¢.g. the substrate,
the liquid, 2 reagent and/or other substances to the reactor. The recirculation system may
comprise more than one such addition port. Tt may comprise separate addition ports for
adding different substances to the reactor. The addition port, or the addition ports
independently in the event that the reactor has more than one addition port, may
communicaie with the recirculation system or the reaction chamber, Thus each substance
(liquid, substrate, reagent etc.) may, independently, be added to the reactor via the
recirculation system or directly into the reaction chamber. The addifion port may
comprise an opening or aperture, amn injection point, a valve, a septum Of some other
suitable type of addition means. It may be closable, optionally sealable, or may be
permanently open. The addition port may be fitted with a metering device in order to
conirol the rate and/or amount of addition of a substance fo the reactor. The metering
device may for example comprise a peristaltic pump, 2 syringe pump, 2 gravity feed
device or some other suitable metering device.

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

thereto (e.g. the substrate, the reagent, solvent, carrier liquid etc.). The mixer may
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The net hod may conpri se addi ng one or nore
subst ances, for exanple a reagent or a cocatal yst,
t hat |s (are) necessary for converting the substrate

‘WOEﬂB product. This will 5 depend on the mratigce0C6245
reactlon Thus the reagent may be capabl e of

reacting wwth the substratg in the presence of the
catal yst to produce the product and the by-product.
The substrate nmay be passed through the reaction

com%ggen%gﬁrxbeg;@g%e tge?{f aggt& {c])r %){:S%lﬂ‘l AHIDSBRE L Bixef, 88 fidf Gompriise more

e reaction chanber at a b
tharPéRSE th&se Of nady Heehgbs@bmﬁtln lhmem@%ﬁ@p@ystgp, for example in the

¢or 100 at nospheres. |t
mbm§?r3@§g5§ﬂg§5581%c%%m igéndlng an i nterna
p H&%&Hﬁ@oﬂﬁesbﬂé&lﬁﬁe}am b@ aby alsiredbisale. ftama be G microscale
reac?qeyt, ¥ ag gr%%%sc%}%re%%oq’ % a a?% d:)% g@ﬂgre%ctop 05& ﬁ/%@uéﬁon%c@l@ ghactor.
It H&&Q}%&i&ﬁﬂal@ﬁf pﬂ@ﬁtﬁm@ﬂﬁ,pr@ilﬁt atO'aTbS fiong I mg/hgur tp abg_19£51 togme per

s &bhou
houspr PG phovie s B i) 6 atr PR R g%rﬁ?h pout
1m#8hd ) g, Ohngtand ikglbﬁﬁg atdel 003, ieg cohVerl ey Y 0gmange and 1 tonne,
roduct in S e _pa under. an
10(@@5&@{1% éﬁgﬁﬁggrt%@g fﬂc()k a.% 1 & Qg%ﬂ& §hiN3 e Qhd 1ke, 1 and

alnln n the reactlon
wcﬁrhﬁm@&momgtorrmmu@eomagfégcnbemtl 150 1€,Gi0y 80 o1 308 gs Flw 3, 10, 50, -

about 80, 70, 6 40 £ i "
e sl S e B
ordeCroQchidbe ﬂx@se%@f’és Ghe iddeicaurbistaf atlsts, gxangbmﬁcatglystgthegxzes of

theg@bglgo rﬁcn%g%laxfﬂber{ glémg)hreié dﬁl% a%(g og%gt, b ?B'adcﬁgon %ért éﬂ, other
3{) stV atirfules BT hdORactOr @Uﬁ]ﬁl‘t@l senadeprdingih Ed@ammﬁgn of appropnate

- roduct does ng }%a LFcant I(% gsecr ease the
Pafa@?iie’(ﬁllﬁ Y?‘f?@m@ t WS CBnt ext ,
" SR eRmt 136 %ﬁeﬁéﬁamthmyfof eémnertmg aﬂa@ﬁm fongyptgytuct. The
not nore than

¢ 50/ L 11 a
L

a port ion
thePfubbiife BY 1R Q648 tin TRY r200R r'nsﬂehqlagam thg suhgiratd tuthen passed

b d o
thrgg%h[ Exgggpg‘pg@ %ﬁqﬁ*j’c&#@ 0 l% é%%]ug a\%%t the cat%last 30 as t

cml?s%%tﬁit st Horfion bf 1% b&bsﬁrﬁlﬁwﬂi& p?(f)&ﬁ:t :m}t i Mepmbwrfb%?r the liquid
SucC as an ion exch anger el 3
witholbe bSO S e (TR ST G iy 10K O the by
pr&ﬁgpfs' r%&o%&frﬁ'o&t e NighRNRw thRrepRsier. Tire Tiopoyd tsdlhpir resgculated

onbi nation of two or nore such processes. The step
thmﬁgfrféﬁmﬂcﬁ@nétmbéést a portion of the by-product may

Fﬂ% gteﬁtof Lﬁrgﬁzé RRaM A% Teq80 Inay@bmatisd dssiving) sespending,

93, 94, 95, 96,.97,..98
enﬁ@1@%g {ﬁ@ﬂ@msQ éﬁpﬁﬁg}b Ft?rﬁ}b%méeome c@n%&?;u% i e;? rﬂ%?l?ﬁ[ %ﬁ}tanon
Stl.%gl%u E°n§éd618§ 8’0/ e colRbindion &4&1@59 51‘ heDibstiife maB be 9@ed batchwise

th f Th
L R T
t@& 9&%& ad %hg) ?E% r?@ﬁa% e Qﬂ&Hdt 720 obé Bution, suspensmn
€ evel

en ent on by- pr o in t

cattigion eadispersiom Diffoss SyhStanERaEA B P efl;FO%egH’& SIéGﬁPHré‘tellY Thus,

act 1y Ve substrate, th be premixed prior to
f 56’@@%&%@%&%&#’?&%@8@ S(S)%,%HZES %8511 ° 3“E:ThgSe n;ay ul at i ri?t fho
additionlie the reastof,f drgioaally i Heolyat. of ey Resdet, SARiey t©

VLIRS 10 P2 ShapbRIvenreadtnt otc.) t
L8 i F PR of raathsamanaghar e o)
thy DbasOR Saay(e daeslvie i ratso vhachaligiid FoigmoreshiEom famgiiet port. This

vol unes, or about 2 and 2000, 2 and 1000, 2 and 500,
2 and 100, 2 and 50, 2 and 10, 10 and 5000, 50 and
5000, 100 and 5000, 500 and 5000, 1000 and 5000, 500
and 2000, 500 and 1000 or 500 and 800, e.g. 2, 3, 4,
5, 10, 15, 20, 25, 30, 35, 40, 45,
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50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350,
400, 450, 500, 550, 600, 650, 700, 750, 800, 850,
900, 950, 1000, 1500, 2000, 2500, 3000, 3400, 4000,

5000 chanber volunes. In this cont ex/sg2007/000245
WO%E‘}%&%@?l volune is defined as the free vol urre of the

reacti on chanber contai ni ng7 the catalyst (i.e. io the
volune of liquid that can be fitted into the reaction
chanber when the chanber contains the catalyst; or

t he actual ,vol une of. the.cha ;
is perG It DL It s QU RTR UpptefiR Tedoht, VB i quantity
ofhaeemﬂelrmrtmefemmmeanpsﬁae in the catalyst, if

present). The met hod al so_conpr

r cHsvReiRodpay eraprisg aﬁ%ﬁé O, 0L IpOTESY %tfﬁl@es, gﬁ e3hiffle Qreagent or
a cde@IRS 8laDB ((afb? nBEeaskse forf doaertihe tfreesabmte tOTEh¢ grogugf. This will

conprise adj ysting the exit port
depensQurthenatpse g%(‘é]fﬁlegt&l e {é%getme mgyl c@ ?{@ ¥ ?eabtﬂngtxpi%) the
subﬁ&'&é QR }‘Rfaseg&lﬁoﬂ thél aéutﬂyét @ protitie t:flﬁp}mﬁn@l lapd ﬁmr’mysy@d@m

said renmoved liquid c e

r é’ib@vﬁuhﬁj?f%waﬁ e %%ﬁ%@é’u&b% e cont | nt‘%ﬁ% greater than
atmB ,mcné’\‘p&tﬁfsu% ]SH bl 08 paisbe throagh ’dlte lrsachercylnalrrmr eha p@gﬂme of at

e reactor for a perio a

leash APt Re#masyierd OB At | feit et %@zg s g |1é§/‘5 ptres. It

may BE Jaft)ﬂﬂ’é g WShE@ARNE dn fihefRal lpaesmammetwem abowrt §.f pod gbout
oper a

ion, a proportion_of .th
10NBmoF hetween @%ﬁgptaﬁé b%ﬁa?ﬁéé Sé ggygﬁ%‘ﬂd ?%éqg 2 10,1
5’%% %@Mﬁee P@ deonmibetied.g, 0.6 0.7a6.8t @9y Bridy @, 25 3,3.5, 4,
st

antial [y al of the liquid fromthe reactor, or
4.5) %, 608, Ber paPR-al |y opened, so that a proportion of

gy, h@ie ﬁo%% Bid FStetn1BayVisd e&@ﬁdlénﬂlyem&at ot aihofthe substrate is
reactor and a proportlon IS recy DI
conviratd foghe prediedt gya SIggly@gs 5%5 %ﬁn@g E?m Kea CE $Bressure

%%ﬁaetﬁé ?&Eﬁoﬂ?aﬁﬁ%ﬁ lipﬁ&aiz 8c @lﬁfﬁdiéﬁﬁto cEﬂﬁertaiessetbarafdoet 80, 70,
st on pen

d on the ease t.h
st v b RS AT ) LA, 2
to §FGCR 808, GORYSLAKAR (@%a@ﬁn at2)2ass, @bp8t9,90%5,80, 25, 30,

ast about 60, 95 or 99% nd.may be
355 40, 46 5Pl 79wu$09§bto oy prg@c’c 2 Sgle B8 *gkg. ﬂ%»g%a@dz’lay be
suﬁ%&nt%zhlﬁﬁ%%lltgtﬁm tb%%mcﬁﬁt d9ds n&&, ﬂ?d&r@ise&ﬂe 8&pvity of the

IS recycl e be
catalyst. In this context, “significantly” dec:)l{ease may rgfer 10 decreasing by not more than

—

[

about 5%, or not more than about 6, 7, 8, 9 or 10%. The step of removing at least a
portion of the by-product may comprise degassing the liquid to remove a gaseous by-
product, filtering or centrifuging the liquid to remove a solid by-product, passing the
liquid through a selective absorber, such as an ion exchanger, an affinity chromatography
column or some other selective absorber, or may comprise some other removal process,
or may comprise a combination of two or more such processes. The step of removing at
least a portion of the by-product may remove at least about 80% thereof, or at least about
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5 or 99.9% thercof (or may remove about
80% thereof, or about 85, 90, 91, 92, 93, %4, 95, 96, 97, 98, 99, 99.5 or 99.9% thereof).
The reactor may be designed so as to remove an appropriate proportion of the 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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30 adjusted so that the rate of renoval of |iquid

fromthe reactor matches the rate of addition of

matter (substrate, reagent, liquid etc.) to the

WOE@%@QII through the addition port(s). The proScLtsr/EN245

e such that the proportion of recycle (i.e. the

amount or flow rate recyclgd divided by the anount or

flowrate out of the reaction chanber) is between

about 0.5 and 1, or between about 0.5 and 0.99, 0.5

d 0.2, > d,9. , c a.‘ofﬁer volum
B Pis RS Bafsniyg o e st polgmes
passd@fbulh tRe DaciidrdcHamtBr,98 andast 5, GOBZQ\nﬁ) é @5 18 Qor 2

charg!?e?f vgb]?'[gag orgaeggge%rgggl% Qggg‘ﬁbggb%oooc}é&berovo@m&@&g%bout 2 and

2008).- 29&d010§@ 2 Llfiresatearmd 1082 athds50,Goangdr 0s &0 g@pgq PR gnd 5000,
¢ and

100 sRE ONG TRerec O pisEg ol Sgfy g ARG, S(Ea e i 500

wn in the art
Sooa@g d, 60h®qot 03, 20X 267130835, 310c #§,530a 60, BWaBhdie; 100, 150, 200, 250,

oratjon p tao. 160, 1500, 2000,
3001{)?? - 80¢ "r?ﬁySQ%g'g? @é %53)? |7€6 %?1’8 02%%(?%830%50’1% s agai1
2500BY000E 3206, omg)k)l abexl ob B0 Icharkbwmlﬂmshé‘@jéhls FRRISE d chamber

|nclude rec s Illsatl tth® Bahl
volumne isidefingd iy 5o g}ﬁqr%é‘ "k‘%'[‘l#’& SonbEB OGRSt (e

pr epar ative
the Wofumebf !hqwbﬁyﬂlﬁh@mnm ﬁgecapxtty th¢ a'ea)cﬁsm c dbe jGpmber

etc. The netho Lbhal
contzinsshe gatdysinerths aﬁﬁql g?’éeaosﬁléag%%b%% 139%9%01%%@% talyst,

romthe renpved

whir fild Fitinfle of heS@MAE/SEAKR Dot trivmrdrshdodume gt BRI §e catalyst it
returning the unreac-ted substrate and/ or tuffeacted

pregegligent so separated to the reactor.

Al gl ﬁ%ﬁﬂf}d’ &lay ta%ﬁ claﬁghﬁd thaaleb of rémheving ddepst 2 pﬁy:rb gf the liquid
removed fromthe |i a
comgrising the prdust iRy fe Te :LE‘PB ?“a?’ocfg{r;?ggyecgdé&ﬁ gl eRltport, e.g. 2
val{fce#%’tﬁle %&Qcﬁ)(ﬁ&r@s{?shteﬁ] 9? E\@tol.té]iﬁotoi attlhest p pgmgn of ﬁ)@dmug} fspm the
depend on the nature o e
recrr@ﬂsmw’fﬁtﬂe said sgmoned i HmEEy 5}#}%‘ ‘%g a?% ol may be

at | ONn
ARPAL A YSay E’é’&dnﬁﬂﬁéﬂsyhﬂbi‘cﬂﬁﬁtd opadtion] theiliakidt is gpeycled through

appar ‘atus,” a pervaporation r at.us t Neommont
ueapacas Bartod] VKT YRy o FORCa AP 8 HFicsR bgmsmonty
YN &Lb; ¥e S0%e rlﬁg{d RIrcAbSaY fom) the rremhocdt@lnuous Opefatmn a
|

e et srohiar Gt S EPERREF  oeae

vallyh Q. <g) chd¥ec El I 30 dshtotrihsve aatantiablylabwif ige liquid from the
séparation of t

product and the
regotonduct magpe pghg]@pgyegf:% gofhas ﬁ]pg%rtwl %‘;t%%% id gﬁtg@ﬂgz@le valve
is {e%n%@g@ bdnSAP "i’éa@&)k QR b QEHRLEHHES recycled. Sﬁhetmbpoetlcpr ‘rbafurg recycled

e made by using the reactor of
maynhﬁe nd;usicd soes thaclheersdasrPiea CBP&%?H r\"}’g%clq ?Eee Bceptable

DALl & BRRteabd msssaub@bf gt gumtram mmrttbs; product and
e

yner
othen Gtarecint wscptiin SRBHFCBIRE DS Agriet B PL O it 6B about 60
70 BE S R5 S 08¥CSind HIE L G exfaBBOLROR: 80,5, 60, 65, 70, 75, 80, 85, 90,

91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5 or 99.9%. The proportion that is recycled may be

adjusted so that the rate of removal of liquid from the reactor matches the rate of addition

of matter (substrate, reagent, liquid eic.) o the reactor through the addition port(s). The
proportion may be such that the proportion of recycle (L.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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251 n an enbodi nent the present specification

describes a circulating fl owtype packed bed reactor

wi th porous silica-supported catal ysts. The react_grmmﬁ

' icularly useful for catal ytic react PGHEGIHEQUIZ4
Wog)ﬁésr{%r%al:le gases and/ or side-products that inhibit the

reactions. A circulating fipowtype packed bed

reactor, as described herein, can renove gases and

vol atil e side-products quickly via rapid circul ating ,

flow,  This alyti &8 »8@055 0n0.8@nd 9§ g example
0.6, ﬂﬁ@ﬁ%o&%a‘éﬁhgi%e%‘{&’gﬁbs react or ngﬁ be {S)gg%rﬁgg 25, The
abor 01y 035010 0850AT .Ch75, defo 06%5, 8% OF5cBribi htlods™t Fow™ ™ °

reactor. |t retajns. faddd roReme filhid sassumiedtgaration
methgdrpaAlR G TS G %?E}h%%&?e Actor, such as rmrz for oxample
metls Sthke amyt }gfrmse@rade [vesdis ku@?%ﬂ?sﬁﬂ\%?@@/ gdide o

Convent i ona nmost LitgriGa bRl Yhe Qré@eac kapnemprise
crystaii{sahien ?YQP%‘FIX‘:BF é)e%ssgﬁ%. I : nirpcontrast wi.th a si r}@l

puripﬁﬁgg heRfro@ eS8 SMiis agait iney @Ie@pcqxgplisqh@@\py W‘g %W ane odg. These

e

inclﬁﬁ%@%%@%é@%%égf?&%%ﬁg 4ioGiR4H04 1 084 gibhy (gc, hple,

I'ng nore on-stream

I me
prel%aﬁﬁﬁre nEﬁil AfRAsNEesman gwplto n@i)s&Oé\fE; rEeR e&“t E@gﬁ%ﬁod maz
nqqﬁ@e'ss MSO R Wal+5n‘8t Cred 3 S @ Yetedabddent from/ thesanove
o ° € 84" ?aF%\c}\FSG?S#S% %léﬁéﬁed _beo? r eaggt or Cﬁ% dor
lighd. 30 sbifle amph,itRelmethivd eadyadoyrprige rasaeiechs urfrﬁ%ﬁtedgsg alG an

gases and/or rate:jnhibiting side-products.
m@@ﬁ@ﬁ@?"t@?éﬁfﬁr@%{oﬂtﬁe reastjxlga( bi soxazol i ne

P SRSHAR Yot diaitioapiy; tiedprvdtdy geny( 94 revw%%@mﬁﬁe g ysing &
A Gssibl, 0. Reiser,. J. Shem, 8@yl kefdm. The
progiat enRERieT &’?‘@eiﬂ tg? BT.OdP‘# Sﬁ%agrep%t oﬁggﬁégé ?;Zi‘;mitl of the
' gitictl @ eppafattne tvilh yphndf e e LAWE) O
nat?%&%ﬁ%% to aﬁP on _was reagt in 't% £hRG! bPfiiHally G fractional
subsstritey) REX B3 BReF SXFRE T- élltﬁy %n i onal i zed

i 1 . - fﬁnity
disfAHR! §ﬁgpg A, | D9kriabaNtiG apartwe, ] firalipmgpparatus, an a
sefaiﬁngg giapelmftg; I(if%g g%et?t{y?% acgg%rgc)?%b%) St donfeCAlE suitable type of

tric Cyclop "

r opanat | on, ..
sepfdjor, #he 515@5},]@9{&&% @@ggﬁmm erecrcprodnct B é‘{ﬁpgqe’?fglg? %9@ the liquid
an not echnol o . ngapor e . . duct. th
in Bcreagior. Yo O 4850 UGN 1PIR oy BF Blo 2ot d e Boduct, the

oxazobnes on
T B e ) oo mtin, o
s 10 e =
TR T T st o B,
s LA B gy s s
b a{eaét%]cﬁ}efhnéw%ug rsﬁ%\%@gggjgrtmmb}ﬂsﬂs eThé regeton ist pAri@iasly useful for

See 8/ 020811PCT/ 0 .
catalytic reactions that generate gases and/or sufé—proe%x%?s @xy £OR%ARe Fhctions. A

circulating flow-type packed bed reactor, as described herein, can remove gases afnd
volatile side-products quickly via rapid circulating flow. This makes the catalytic reaction
system much. more efficient. This reactor may be regarded as a hybrid of a batch 1:eactor
and a continuous flow reactor. It retains some of the benefits associated with a confinuous
flow reactor, such as more on-stream Hme, and less catalyst attrition/loss.

Conventiopally, most asymmetric catalytic reactions involve baich processing, In

contrast with a simple batch processor, 2 circulating flow-type packed bed reactor bas
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Schenme 1. Synthesis of MCF-supported
aza( bi soxazoline) 1. MCF- support ed
aza( bi soxazoline) 1 was reacted with Cu(OTl)2 to give

COpr| ex, which was reduced to 1: 0%{5{;2907;(}00245
‘Wo%m%&?§§{shomed hi gh enanti osel el ectivity (93% ee for

trans isoner), high trans/g@s ratio (72/28) and
excel l ent recyclability in“"the asymretric
cycl opropanati on of styrene (Scheme 2). OCu(OrTQ2 (1
mol 99 fil LOEL = Pho% H COPEL bho 4 tent
e SRR Sy e opa?%%‘g%g’? i sposisten
pro®lcy biefaths, le@RREeNE that) ang lesaatabyst atﬁ”ﬁ@nﬁ@f@l Thutizwiatge flow-

reactor used in e 1.is.sho
typg pecked fed rqagtoplcan a%n%seqﬁp}l%% F(gt cfaﬁ%d}cer}gaﬁg’}}s h?t @Ezﬁe?ate gases
and R PRE it @sitineadd prefudiiarber 15 and recircul ation

system 20. Reaction chanber 15 contai ns MCF-supported
Examplgs yst 22, which conprises catalytic neta

Eﬁﬁ%ﬁ@%exed bi soxazol i ne groups. In this exanple,

réeaction chanber 15 is cked e

OfAZEHXAZ ORI SHEFPES Bridhe Sﬁ%flg?ﬁ‘i‘gﬁog’é“%? MWikia, A.

stgi@i aby 9:&2582 bJ SOEAPERAE %003; ﬁssﬁl Wb mthantoda?teoheld It was
rene (substrate) t.h et ac r

depra R Sy OF I eSO By oA A0 b

amésgp roghu %a):te@ Nehid| %fe@!@@]ﬂ&ﬂ&né]hb’xﬁﬂﬁﬁu ¢d ) givasT silrdfmctionalized

che

me 2. | nset 25 shoms ctr Ccro
azaﬂaﬁcgngpglpe)z K2} Beaetli®dn 'CP{a Elgn%og)% gﬁgoll}ré%hnes onto
SilidQH¥ ﬁ&océflmgﬁmé A s tﬂﬁ@i Cotlapiopanation, et Iﬂﬁmatlonal SBE
eci rcul ation system 2 gg@ se Een cgnta# [ 3. S Lee,
Coxfersnes GBiopn@iBecring amul\@ﬁoqe L‘}%b% B Gt Font RS ay
7. P BhR a‘hgfn%&h&&m&)m@am@k bR BilRgoRiMEsogdinat Boaats (MCF) for

escaﬁe omthe I|qU|d in the reactor ntal er. 4
Asphwetricy ﬁfdﬁlpbli@ﬁa@ém&n a8thi NO poepican, rﬁ?’sﬁsg 5 Pents eefing,

CafiSt é&% o FRAFENGiHerR enﬁgiﬁemﬂé;o fdahe (m:en)t mca@ged with
neeUe eact o

r 10" al so conprlse et t
tritheshylsibyh dTRAS) @m@@ Ivgasriyntheigst bapdd k} EEE’HE} fle (HMDS)
(©. % ﬂ{ng&%%w i BBRTD@eAS, vidtihk @bot 0L Mg EBf TMS/g of

to ou of reaction chanber 15.and % MCF and
MGRCcThe m-atyﬂf@ncttoaahwg s (rigraplingt |Was g IEn? onto

L NI EeRbRS 8 hhkmal and
pal%aﬁa)g&lg/{s }Ergélggnt al ner 45, ﬁ%{élggt ogéj(lo al so c‘érrprl ses
val ve 65 which is capable of directing I|qU|?) Wl OMm
reacti on chanber 15 either through reci
tubing 60 or through outlet port 70,

provi dedy for renmoving product fromth reactor Vg%%%meF

65 be adjNasTEde®p as_to desire

port oﬁ\r)he | i2Cidng] T, @R 1 eact i O n@harnﬂbgr 3015 Toluens 120°G
t hreaydgh re%%Lﬁulatlon t ubi ng 60 t he nce of

the Itquidthrough outlet port 70. 'Reactdér 10 al so

conprises a punp (not shown) for recircul ating the
l'iquid through the reactor.

200 8—1}1PCT/ 007/ 000245 22 Corpar S¥Fike F
Exa Ie l: E NCF-supported catal yst mas?agg ed

ac uous 9 om1re tor. The catal yst T Cu 2 ? \é
pac 0 . s ty vilRlass @busm (58 m

m ¢ foﬁwa o oy r UC|ng Cufbd)s€0 Cu(l B g O

di ag acetate (EDA) solution in CH2CL2 and |styrene
SO|¢é am i n CH2C12 were conti nuously n1xgﬁ‘8%ﬁ sl owy
flo .

j:q——OSKCHgs ) 0sicHy),

AN
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5 into a packed bed reactor with a flowrate of 0.2

m/mn by using a HPLC punp systemto obtain a ful

conversion. This reaction generated a lot of nitrogen

product, which would stay in the reaglQtndRoo24s

“M§QW%H§M%|nE This resulted in the rapid catal yst 0

deactivation within 1 hr, fadlng to | ow conversion (

< 50% and enant i osel ect i vi y (<70% ee for trans

i somer), even with |ncreased i ntroduction of styrene

(styrene/EDA @W& ive ample 1: In a
Schegi ¥ Paptheyel 9§PI§H° lﬁ?’i%‘ﬁ)‘&‘ 2?0142(:12 was

circul ated through the packed bed reactor at a high

| b seabeteh P BEP OB P TR T b e ur Yecopper

n'ﬁ%lé)f” Vﬂulél@%aélﬁeﬁﬁcdd(}o recaye 1edi(nagewed mgnldnwuogﬁlvllectgmy (93%
back pressure

ce o, apsaboorRs ) . Lt G 67 B RE) RRR dsgye iy . the

asyRBAdQE BRNGRopaffbn @Y bieent N8cHRARE).15
enantloselect|V|t|es (9396ee for trans isoner) and

high yields (up to 80% during 20 cycles (Figure 2).

The g€actian ti M psfn, fyEdS) Was greatly reduced to 75

m n_for higher pr1qg%t,t)V|ty Ht 5C6,1t RS rt eo,et

th he nyppgalﬂjgﬁﬁﬂgﬂrtﬁ atchkre +
(4 N; When thg gﬁ%@lon ™ me of Fhe bafth H
react or mas reduce simlar

d

SRS RGBSR N B per gk ans  somer) and
f Busitcyfpoing ecrctosy Tmcmﬂe%ﬁea@rwﬁﬁrﬁ?@m@& Qs howp in Fig
1. Qﬁ{ha@fe& 9 Fig2N R GARHWRUST 10 BNFRRE bt ghamber 15 and

|ne SONe a vantages of a conti nuous f|OMFHX€ 22, which
reciredletior sysswcl). Reaation ehasnbas {15 saniatos MCTF-gpgortedcatalyst 22, whic

cor%%t&saels yGS&E&I of Folehal QBmdded %?%f(aildi‘ﬁe | 2698, BONESs deétﬁpﬁf reaction

§i 8 system possible wth rel ati vel

chdvaisk T Bss preked Sedireacy (wolumn) cafieesih PR BF%%@%PF@ diameter
ngl ggtale ga“ﬁ & gag)q\%lgyof' &&ﬁgﬁ@%e%cﬁd?teof)%hg Qibst4£8 RITE ethyl

comer ci al por ous

diagbddetate f(magqnt)e‘@arf(am @‘élyH@_phenE};@ﬂolgopanecq:]@xg}agg &ppdusy and
mt%;rélértl) %S grp(r Cgl z%tsﬁé%ﬁtm 'ﬁ{e%g 24180 RE an electron micrograph

vey a [igan whi ch was | mobi | i ze
of bﬁtﬁ‘@rutgm d%md:tmmmhembﬂmléecotgwwp chagales pedB$0, ch ng‘aiﬁéﬂ% 35 and

chsggi?egl y oS F 3 SRecigetcl\igﬁoElé gLt sd Flk? o?@f( YfAiner (reservoir) 45,

eC|rcuI I'ng reac
wHIGHC isf Ca!ia%l Gfgﬁmﬁmﬂi@ as)8 epATAOE{dapatser) b alleyripgmitrogen to at

escfaggaog} ﬂafb%qt%% [ERG&oL. Q_)dt:a!tﬁner 5 %Tgochfxﬁt%ﬁtds% addition port,

ses reactl
endiiiigr olilent, smtrstysahémagﬁﬁt to Fh@aaﬁﬂefbto b aerster a3 pgeded. Reactor 10

cont ai.ns u [ I
s By AR b Pl i Aol o gl g 5o
redetioh eﬁ@_hbersm a:mletnﬁibmlgt ﬁi mat—:d dé amréq:teﬂﬁ) af eaetinoCeheatbgs L5 and

reca;cgfa' bl 5 é) %e?ctar ‘%’1{, 25 CPB cﬂht%fnﬁ%reacted substrate
an&)&@it?ﬁﬁﬂi céirtzem4451 Ri’!actar bewsoatcsni(r;sam dam )65 aifich is capable of

et hyl ene g S (b uc ho
Rt TOHAC AR D o AaiRSt 1 Seg D Caparly SRAERRidh yine 0 o
mﬁbﬁ@tﬂhﬁ!ﬁt lpbit ¢, WHEbh Bljﬂoﬁﬁ]ﬁﬁoerenmmﬂ@roduwfrom the reactor. Valve 65
ReGircul ati on syst 20, co e
mipy dlse by eIpsfedssps b 84S Tﬁ%ﬁ i ?lté’ﬁt ‘%35“% cpamber
lﬁlﬁﬁﬁfgﬁtr@&rcﬁﬁﬁgﬁﬁﬂﬁ’@ 6@&&1@%@01&/“133@3 ef kiyd lequéd thoousbcupiet port 70.

fromthe liquid in the rea Cont ai n .
ReGHELOGHS ST H RIS T dF A0S G e g fpoueh the
residystrate to be added to the reactor as needed.

Recircul ation system 120 al so conprises degasser 147,

for renoving 15 ethylene which is not renoved as the

liquid in the reactor passes through container 145

fromsaid |iquid. Reactor 100 al so conprises inlet

t ubi ng 150, for conductlng sol vent and substrate to
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G ubbs- Hoveyda catal yst 2 showed good recsgloataie:ji ty

in ring- closing netathesis (RCM of diethyl

wo%@)oi@éi mal onate (Scheme 4). It is very inp@CrscRoio00245

nove et hyl ene as a side-product quickly fromthe

reactor for a nore efficiegt irreversible reaction,

and to mnimze catal yst deconposition. Reaction

inhibition by 5 ethyl ene made catal yst application to

a _continuous fl
R HEVRTABg LA s o o i

fonF e, luciatpermCOI Ty ndpaderionio/s el PHES L ggpmn (50
mm @AW By %ﬂﬁ{oﬁx&ﬂi bal HYCe t(Hﬁé (]}g&:)l%/th | dlazoskBtaRABEMY sélution

A circul at in
in ng@jy% n i,kelﬂmdgleﬂ Tt meramuamt@m wixed 8@10“113’ flowed
e QUI C Y us|
into paggkagd Sied Tea5Hpt ﬁy oz flp eac?@ﬂﬁ? u%lr%e H\’g}?'ﬂd i eprsystem to

obta%g |5‘ :ftglé !t:d}geﬁicﬁh TEQ ﬁ?mﬁsm ga:neratdaiea ptod g@{o 23S %ggpqoguct which
woudd, By mﬁeb@ rg%ﬁq%g’tﬁ{ ?gctqggﬁnt N8 £8G1A"n élyéhﬁgmt dfitykbdeactivation

i YEl Bl o aubirin  osey el s asdlect OpHRAG e rens
isompery gMahwah eqqmq; L mt%‘gguc{lgr{rgp st?rgng&@réﬁhiﬂﬁ gne.i c

Inventive Example 1. In a modified system, styrene solution in CH,Clz was
circulated through the packed bed reactor at a high flow rate (5 mi/min), and then EDA
was added slowly into the circulating solution. A high flow rate of 5 ml/min was used fo
remove nitrogen quickly, giving a slightly high back pressure (up to 448 MPa). The
circulating flow-type reactor showed excellent performance, achieving the .same
enantiosclectivities (93% ec for trans isomer) and high yields (up to 80%) during 20
cycles (Figure 2). The reaction time per cycle was greatly reduced to 75 min for higher
productivity: it was 5.6 times shorter than the typical reaction time in a batch reactor {420

min). When the reaction time of the batch reactor was reduced to 75 mim, similar
enantioselectivity (93% ee for trans isomer) and yield (82%) were also achieved.

This circulation flow-type reactor may be seen as a hybrid between a batch reactor
and a continuous flow reactor that retained some advantages of a continuous flow-type
reactor, such as more on-stream time, and less catalyst attrition and loss. The large pore
size of MCF made this system possible with relatively low back pressure. Scale-up with
reduced back pressure could be attained by increasing the particle size and pore size, or
by using the commercial porous silica for preparative HPLC.

Example 2

Heterogenized Grubbs-Hoveyda catalyst was derived using MCF-supported

Hoveyda ligand, which was immobilized through carbamate linker group (Scheme 3).



spectroscopy). The reactor system achiev [

: _ ed hi gh
conversion during 11 cycles (Figure 4). Wt hogt
recirculation, 9% conversion to product was achieved

n 90 mn at a flowrate of 0.02 ' '
WO 20 . : m/mn. W 5
PEEPP8 ation, as described in the present Fgegﬁ??gﬁlh

96% co ' ' ' '

rat(:e opvgrfr:o? 20 was achlzgved in 90 mn at a flow
e .I'mn. Conclusions Circulating fl owtype

packed bed reactor was successfully applied to

gas-generating reactions (e.g. asymetric

Cyc'zgigpgﬂTiop) @n@/reéﬁﬁmoﬁs44#;bittLiﬂ§ °Wj\/\“ﬁpﬂ’
&ﬂ%—/p ducts (e.g. RCM . The gas&odus by- prdduct

an ol atile side-product werg remyved.rapidly by 25

circul ating the reaction rren‘%ﬂ %ﬁgh a packeld bed

re W at @yhi gh flow rate. p\gt\imental Gener al

Syn eisi\(s_ Spherical MCF was syfit hedt zed i o
m)dlﬂé,f;?;rﬂu on of the li t er atyre_procedus Oer\/\/SH‘MCE‘:
( Schnfdt® el o H -LukémsE W W, I ; Zhao, °D. ; s

Yang, P /? kdi, B. F.;>8tick
: . k. y, G 301). J. Am
Chem S_oés. 1999, 121, 254). It was dried under vacuum

Stur gﬁogegV]?: ni §ht before use. Qther chenicals were
el ot e E GraRRldvEldcalik A0 € Used

any-GEsksng elrctot: dhgeearcuBtihg éﬁagtggg.{g;i@l@ ;grlnp &1 s shown in Fig.
3. \%%]g ?éfgrﬁgpgrltégg /é,s gﬁ%g %&@o&%{)%ﬂ;@ﬁg@ ,re,:action chamber 110 and

Azahi : : re purchased from A drich,
recﬁ?%og%?gﬁl H(%?Reiﬂmoa dhamsberr € @@@QSCMF;E gported catalyst 2.In
ﬂnwgmpgeowmﬁﬁ%ﬁ ]@H?é?#&%@ Eagclp?@a&[)f (¥Btu@) ¥ SlchghSOmm and
L raCaleets b, EhyEACOUS IO ROAF | Eysg Hactot of diethyl
diallylmalonate (substrate) to form diethyl cyclopent-3-ene-1.1 -dicarboxylate (product)
and ethylene gas (by-product), as shown in Scheme 4. Reaction chamber 110 COMprises
chamber body 130, chamber inlet 135 and chamber outlet 140. Recirculation system 120
comprises open container (teservoir) 145, which is capable of functioning as 2 separator
(degasser) by allowing ethylene to escape from the liquid in the reactor. Container 145
also functions as an addition port, enabling solvent and substrate to be added to the
reactor as needed. Recirculation system 120 also comprises 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
ceaction 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 racirculating

the liquid through the reactor.
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transforminfrared (PA-FTIR) spectra were recorded on
a Bio-rad FTS-60A spectroneter 5 with a MIEC Model

200 phot oacoustic cell. 1H and 13C NWR spectra were
recorded on a 400 MHz Bruker spectroneter arAEMe080245
%ﬂﬁfaé“r“élt ure. 13C and 29Si cross-pol arization magic

angl e spinning (CPMAS) N spectra were recorded on a
400 MHz Braker spectronet El ement al anal yses were
performed with CE440 CHN Anal yzer (Exeter

A\Ag’?(:?ﬁ/ét;];;gllégds Qéfhhgrﬂeqyg plganc?]évﬁt ﬁn’\%rﬁowe#%g «{g cgrcﬁﬁlh‘lf@% ring-

clos1 gr &1@&91 &Bﬂylﬁ:laﬁﬁﬁfts(SdnmneTﬁﬁeIt@ ey rr@pgﬁ@lt 1)
r r e r room t. at u
rem@vrﬂe reﬁl}@tw asTh @1@%@5@%. GHC ?IPI {hgr &d goﬁ%ﬁggma{e Sitfcient

d al m &didore Reattican fiap by
L Ty Wit
eth;@prmrqusde oatﬁlgit awpheatiog . topp éﬁ%‘?lﬁ}to“% o8 5% &I—ﬁ‘—&é
rete% I%)I Soxagg% o, tRe Neakdtdr2 dedFBased. 92 REB pramdt conversion and

ne (200 nmg, 0.75 mmol). The resulting
deaandatﬁilthﬁpmtelprerql%@hfor 6 h at 60C to give a clear-

solution. (p- 20 chloronethyl)phenyltrinmethoxysil ane

( 11,~.0.-/5 nmmol ) was add d ed at 60C

oé‘%@ﬁ% (.;82\%ite pr 8&ioPk £ at e?:d %2 %%re f onaed &nd

renmoved ubi ng centTifmgation. Th ear solfution

por tion added tOHMIFr{ 2.5 Q) MCF (3.0 g) in

toluene (40 nil), and heated to 120C overni ght. The
SchHERE REING b7 dvahyl ditliydmeldnathr ough a filter funnel, and

washed with toluene (20 M x 3), CH2Cl2 (20 M x 3),
water (20 m x 10), nethanol (20 25 m x 3)

CHAG ula8fe fibwxtysd) pacﬁ'dfiﬂaexiabaitgrswascﬁblq te ErReYe E%ng’g‘)quwkly by
was dried, at 80C for 1.da 75 Afley achi
i OB TP ST A B A SR The T gk wae o
high ABhE&siBRVRC yeddugt twas) ehsilyN®lactdé et (ecendrat the reaglor When the

ciehat ema A AT SUIE o Ao o
forglé%gb‘fotﬂfé stinkehf drf)ﬁrﬁﬁsf{ lrgaem goﬁffn:mls biVDElenn Snagantisy é@ower(NMR)
quqpypéjcg?@@ ctop SypicR. ac S%\:_ ¢ %@1 90?1%%&121’![ %% 191353&0%5'\(?%1116 4).
Without recirculation, 9% conversion to product was achieved in 90 min at a flow rate of
0.02 ml/min. With recirculation, as described in the present invention, 96% conversion
was achieved in 90 min at a flow rate of 5 mb/min.
Conclusions .
Circulating flow-type packed bed reactor was successfully applied to gas-generating
reactions (e.g. asymmetric cyclopropantion) and reactions inhibited by side-products (e.g.
RCM). The gaseous by-product and volatile side-product were removed rapidly by
circulating the reaction medivm 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.; Chinelka, 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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73.6, 68.5, 49.8, 32.9, 23.7, -0.2, 29Si CPMAS
NVR (79.5 MHz): 8 13.8 (Si(CH3)3), -62.1 (T1), -69.6

(T2), -77.4 (T3), -101.5 (@), -108.6 (A4)
) : , : : WO
200
WO 2008%/2“(%{_10811PCTI S&2007/ 000245 26 POT/SG2007/000245
25

styrene, phenylhydrazine and EDA were purchased from Aldrich. Azabisoxazolines were
prepared according to literature. (p-Chloromeﬂlyl)phenyitrimethoxysilane and
isocyanatopropyltriethoxy-silane were purchased from Gelest Inc. Photoacoustic Fourier-
transform infrared (PA-FTIR) specira were recorded on a Bio-rad FTS-60A spectrometer
with a MTEC Model 200 photoacoustic cell. 41 and 3C NMR spectra were recorded on a
400 MIlz Bruker spectrometer at ambient temperature. 3¢ and 2Si cross-polarization
magic angle spinning (CPMAS) NMR spectra were recorded on a 400 MHz Bruker
spectrometer. Elemental analyses were performed with CE440 CHN Analyzer (Exeter
Analytical).
Pre-capping of MCF

MCF (5.0 g) was well dispersed in toluene (60 m!). HMDS (2.0 mmol) was slowly
added into the suspemsion. The mixture was stirred for 1 h at room temperature and
heated at 60°C overnight. The suspension was filtered, washed with toluene, and dried
under vacuum.

Flemental analysis of pre-capped MCF: C: 2.86%; H: 0.94%.

Loading of TMS groups: 0.794 mmol/g.
Preparation of 1

THF (5 ml) was added to NaH (22 mg, 0.92 mmol) and azabisoxazoline (200 mg,
0.75 mmol). The resulting solﬁﬁon was stirred for 6 h at 60°C to give a clear solution. (p-
chioromethyl)phenylirimethoxysilane (162 pi, 0.75 mmol) was added and stirred at 60°C
overnight. White precipitates (NaCl) were formed and removed using centrifugation. The
clear solution portion was added to MCF (2.5 g} or MCF (3.0 g) in toluene (40 ml), and
heated to 120°C overnight. The suspension was filtered through a filter fuonel, and
washed with toluene (20 ml x 3), CHzCl (20 mi x 3}, water (20 ml x 10), methanol (20
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, vielding the desired product 1.

Be CPMAS NMR (100 MHz): 8 157.3 (C=N), 140.4, 133.9, 127.2, 73.6, 68.5,
49.8,32.9,23.7, 0.2
29gi CPMAS NMR (79.5 MHz): § 13.8 (Si(CHs)s), -62.1 (Th, -69.6 (T%), -774

(T3, -101.5 (Q*), -108.6 (Q*). |
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PA-FTIR (cm 1): 3076, 2958, 2907, 2874, 2850, 1648,
1479, 1395, 1079, 846, 812, 758. Elenental analysis:
C 11.21% H 1.94% N 1.03% Loading of

xazoline): 0.245 mmol/g. 5 G rcul atichgs2007/000245
Wo%gﬂ)%fylge Reactor with catalyst 1:Cu(1)

. 1:Qu(0Tf)2 (230 ng, 003 mmpl) was packed into an
enpty HPLC colum (50 mmx 4.6 mmI|.D.). A punp
system of HPLC was used to flow a solution into the

col.u Pheny | I @38, 1Al X395, 1079, 846,
soIPt'fl*fr?ga{1 M@;@?g@%ﬁ? gz;aﬂsér fzg?)(a/eld thr oug% t he

gl2cmigum to reduce Cu (H) to Cu (1), and the colum was
vvashed fI oW 00 (688 4 6.0 nmmol)
s P R e

‘owed froma reservoir
f1 agkdih® of&b‘a(tﬁsmbcammna): 034 frimnmilig. EDA (315 pi, 3.0

00&C lch 1) in CH2C12 (9
C'rwl"“"@eff)éwfﬂ’g 56‘??%’ :;éfamitv%fz reser v0|) rofl ask OVF(
M {RCu(BHTe), $T0UhE 00 Dimtoevasgekeddhio ey HF frgrcotumn

C|rculate for 20m @Eh ﬂﬁ:d:l
S AL e .40 LR oty S v
Pheﬁglﬁ ydrhghel (engl, torcavsaﬁmng solaumomA@Héiluéi Bhvadlpvsg tggggh e

chronmat g L XGESS L CL
colyip 1) &4 FG ﬁﬁb%/? éﬂtgab’s g a i raﬁ%gﬁﬁh%oﬁmw@e%; “
Hes0 wasdipsblljonfih Gl Gly (THAOYS floveedrfyom 2 sFErveR sk to

Stykealb R
e ey O T R B s
CH‘%@i% 29 %3} wifeltherDinRIaY linkty diicariarecir Badpaents § sHngFhe solution of the

resgyﬁg{a;megg@@ A USRI o SR ol o befuson s

colé'cted g@fﬂée‘ehd o@theBcqur@l le&S};lel& anﬁ/ltz;ans@:ayaﬁosﬁerg det¥arm1ned by gas
Ckanot o airer

chrpma@g@ghy AGCp{ T%@%Wno%ﬁqex?ésts {geé dv%’@szgeéc%mﬂ—e by GC )usmg a
Ch dg;?Bgcoh;t@n,onbﬁlmn was washed by flowing CH,Cl, (15 ml), and then
1-1-t
smothes! Gueleaob PRy FRUPFEOTES. B B S5 Biteiyrs Mt further
red&cﬁﬁcﬁ%@éﬁtﬂ Gut GAth itheilhydehlikk. mTDI ) and dri ed
1 C

oronet hane 25 (DCM (10 m) under argon. The
Prepawianotf chddstd e was heated for 48 h under refl ux.

DO anfliefik | gy H@aﬁ‘ Biﬁar r %fteﬁbeveﬁvmﬂé-nsopmggé@nzyl alcohol
pressure. Hexane a%a M.: Fatrer, R,
Kpreeloirpi & &t €Canbas, ﬁeﬁv\% %W# St Por bﬁﬁ’l@l |1Vtira
AW?%E gﬁef‘t Feb &) UAdﬁrﬁﬁ@ﬂﬁ@ﬁmpmama@m,amwﬂ)éwz g 10.0
er vaculumto give the corr i
mih) 63 1ppey@yimsomioHyichexyilen ety At m%ezem&ﬂpﬁfne
ripfrocat, 2o msol)] bad oromethane
23t o, gulganiis Qoo 8 PR o e
MGM)7(12 miy ynder argenEhe T3qtion mt@reow%e teq 14:3 (h i%'ﬂ
anﬁ,plq&g{l%g]%%g %@&gg qmdélﬂedube& pres@irtiT)oxads G4 pilswpt added, and
bs,
thd bré’?lplmtﬂwwyem%fe‘i Hy( athgH f?lir?te vgfas éoilcgliztsaijed 61_111é18r3 redt;c;i
d, 1 elbb dporliTobearhdnde KEF3 2,
pr%ssgrf (a:g%-&nﬁ fﬁi&zv}acu&n%zéldg thel CoIT p(é ] gﬁiEar T | 2)5
mti)). as awoﬂe@&mmympﬁw@%w égénga i6
IENMR (400 MEz, CDCly): & 0.64 (4, 2H, J = 8.0 Hz), 1.24 (¢, 9H, J = 7.2 Hz),
135 (d, 6H, J = 6.0 Hz), 1.62 (m, 2H), 3.19 (m, 28D, 3.82 (g, 65, /= 7.2 Hz), 4.54
(septet, 1F, J = 6.0 Hz), 5.03 (bs, 2H), 5.25 (dd, 1H, /=112, 1.4 Hz), 5.75 (dd, 1H, J=
176, 1.4 Hz), 6.86 (4, 1H, J= 8.4 Hz), 7.04 (dd, 1H, J=17.6, 11.2 Hz), 7.2 (dd, 18, /=

8.4, 2.2 Hz), 7.48 {4, 1H, J=2.2 Hz).
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13C-NWR (100 MHz, CDC13): 5 7.6, 18.3, 22.1, 23.3,
43.4, 58.4, 66.4, 70.9, 106.6, 114.0, 114.3, 126.9,
128.6, 129.0, 131.7, 155.1, 156.5. MS (FAB): ink (%

WO%@@G{O@ ) [M+-1-1], 392 (20) [ M+-EtOH 11], 364/5G1@Yy/H00245
, 264 (18), 220 (89), 174 (100). FIRMS5 (FAB)
cal cul ated for C22H36NO6Si4; 438. 2331, found 438. 2328.
A Schl enk flask was charged with MCF (1.95 g, 0.80
mrol TMS/g), and pl aced under vacuum for 24 h at

120C. . Th Kk r W bh 1ap09NM3M, S8@066.4, 70.9, 106.6,
teM@Pé@%%ﬁ?&%g’%%ﬁ dried toluene (20 m)
148N 4he26arpespt2il.ng 17 18 hdR§sSi | ane (196 nmg, 0. 45

%@g ﬁf/zi%‘j hhd) @%82] [FUEE 308 320)qM eRtOEDH] 44n(16), 297 (5),

I'Ng room 10 tenperature, the solid
264%\?0%9};191&@0@].%% by tol uene, DCM nethanol, and
a

Pih B ST e okt e semsbagt o |«
B0 et etack onis chgrasowit GO Bribbl AR MRS pleced
M docus sadaad . W Jdc! it Rgoh bRskmi@mperature,
it e i

and \RSaEMwith tdrisd solaesd @0 mbdnl dr ceprespudinggriciorysilgng (196 mg,
resul ti sol.id was ¢ - atioh @oolife to
04388300k TERGR DGR FSFIL RADE (6D ) a0 e L o
temyBEiRFe, MRCIoUANFa0 thatdughly ongidviy tohens RGMspERanglgamd DCM G
i mobj | i zed Ligand (2.15 j fund f
ml gcBhd e gq%ﬂg 5% gfﬁ%iir&}sgeﬁiﬁg% &:%%%@ﬂ]%\%&aaﬂﬁgdi%g %n er’ vacuﬁ t}(zr
12 P o, ARadionBnglol gandm tempeammmp FIMDS A fq}bwzhseagp}gqjm e
flask equipped wi.th.a ref. r hara It
T N Ry
scaR@CARdepeResRTi fn SQLubhstesaéinalsylst wes gaoledy o gpopp temperature,

mrol ), copper rjde (22 - deihed give th
wapaRTR oM GBaRD: s diet e dn e ShaaO etvethe
corBRdrRcheliRinobBized upstey (216fd) uxa whitapgvd®am of ar gon.

or brveri) HRBHCGRER CA Reh b0 g e oom

I'fg 't 0 room
te fieand: D@2fhumel/gowder was washed t hor oughl y
w T e g

00 m nder, open at h ri h
inde v adiam TGK SARDFD Witk ety n{gf?ro“%ﬁsi@g gfég offiged wi
imf(l}g%ig%é/i%g_a%g Q?gé g',TE)Z/Z aBmal/gy ﬁn@ﬁmon %@bhsn gatélgz.g;l 87 mg,
0.2% oo a@@?%‘iﬁ%’l{g}%@%@g%éfm%%ﬁg%mﬁgpggcked r:aigtf;

i b (e i -y
mikiwre gradeallyo Fapged BFER ifi}g‘ FFATE 7 rfiaef%)%%eg' ?g*eﬂt Con 1 rt1o Foom

A BE] el PRkl s hcaumty il 2 HeG 09 ek P20 9P
as o the ‘colum a ra 0 ' 4
moiheeond 9ot el GaeR R 2gue et T il Gl iE (504 me)
ion was collected at the end of the col um.
as%‘%geeg%hé\fg%réi on was_ det e/rm' ned by GC. The next

r edobdiopotsatalistiibd PEIRSr med by the same procedure.
RSP ORD2 #adB R catoBiy2

2 (200 mg, 0.036 mmol) was packed into an empty HPLC cohumn (50 mm x 4.6
mm 1D.). A pump system of HPLC was used to flow a solution into the column. Diethyl
diallylmalonate solution in CHCla (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.



Recei ved 30 May 2008 W claim 1.A recircul ating
reactor for converting a substrate to a product, said
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reactor conprising:. a reaction chanber contai ni nEPgTISGZﬁﬂ?Iﬂ%MS

catal yst, said reaction chanber conprising a cha
body, a chanber inlet and2& chanber outlet; andle®‘opy
recirculation systemfor recirculating liquid from
the chanber outlet to the chanber inlet; wherein the
We dsimcul ati on system conprises: a separator for _
separati Rgreﬁ:&.yzﬂag Qehtdr fof @BRvetting] 4 Qubsttarcanch progurtpsaid
for recirculating the liquid through the reactor, :
resgtir doppmsiddei ng capabl e of causing the liquid to pass
{hr 0ol 10 A6k A AlATPGkI A, @idhdioniciatbarabmpasng
to inhibit, decrease or mnimse lc;leactl\_/at on of the
cat alachamber totp, anhapberdplst and a chamber ouielaand, 5ot or  of
claim 1 wher.e feting Squad Bafnl th€ bbaaiter outlet to the
rat_alayl:é,]s’f&ﬁﬂaﬂrﬂ({:ﬂ.1 gy%&?%ﬁg&r%lggct orﬁ%f claim1 or claim?2
wher ethambéranleat al yst conprises a catal ytic group
supperted on. or i Qn.and in, or attached to, or
WbﬁB‘%ﬁg’& r%c&cglgh%no%yg{ﬁ{sﬁ cgg{ Eg‘?’f. 4. The reactor of

a sepeaitor fr véperating a birgresupifeom thediqyid mdeous mesocel | ul ar
! i ae MASd h the i 41A® cdpable of
a Et% é'f:cﬁrcl,ﬂlg}gn% %e:lfcl}lg‘ﬁﬁ(ﬂfgh% ?el%’toﬂ NGidGhung) BiAE cdpable o

I S capabl e of catalysin

calisC theolguid td pesssihbsigh dhe reactiqey elpmbsr @hé ! fratg ag to

. the - pr.oduct.. . . 0. The o odee oOf
' mlBP’éi‘ﬁée%et"Bmén’Wngrdg?cr? v??woél i@%‘%‘%ﬁ%‘rgﬁ? gfea ;Bgt ed t
separ at e The gasenofcldiy pwineiv thef qagalyst is@ nartgyiage catalyst.
7. .The reactor of .a o} - clsal ; wyygg hkises a
t hé" punp %"?f’ﬁi?étﬂf&?%lf‘ gr%‘egfsaﬂ’?i%}”ﬁgmtl“hﬁel%cigqui dﬁﬁ%r |
tafyti Reoupl sipiboilted R soTiimpriohend aot dtephadhinsdpnded to, a pogous
"The reactor of any one of clains 1 to 7 wherein the
SupR¥ar at or conpri ses a degasser, a preci pi tator, a
selgect i vahah&RidpeIr ciiimah wherajnotha tsuppast isnathiasoushmasaspliar
of these. 9. The reactor of any one of clains 1
fogd. 8 additionally conprising an outlet port for .
r enpvVi Ng Thi feakiod f shyf srerof chéns &ae# ovherein the catplyst iyjgapable

reactor of any one_ of clai 140 |40 B8&bobuct.
of sefalyping reRgtiemoTI G TS e[?oqf{’]&c o ea%%li ‘%S%%‘gtggk’c es to ]
t hg, r eactr@k .redlor 4f 8Bt bad of elaimeriver §iwherensthp sepasater 18
to a product, conpJiSing: .- Qyi di.ng a recircul ating
adpptpd toiePE a3 %aﬁoﬂﬁ{"éfp@gg@tffogg gﬁlgﬁlgér cont ai ning a :
catzal yst ;Ths alathok 88&ly ¢Hé of biaire! tc®wheresi thgpamp krepapabie of
prgszgr){s’inga’fh?rlrig&g%%ors trc])etlelé liquid entering the reaction chamber.

8. The reactor of any one of claims 1 to 7 wherein the separator

comprises a degasser, a precipitator, a selective absorber or an evaporator Or more
than one of these. &
9. - The reactor of any one of claims 1 to 8 additionally 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 1o a product, Comprising:
—providing a recirculating reactor comprising a reaction chamber
containing a catalyst, said reaction chamber comprising a chamber body, a
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Cl ear Copy chanber inlet and a chanber outlet and a

recitcul ation systemfor recirculating |liquid fronPCT/S5G2007/006245
t he chamber -outlet to the chanber inlet, said ]R%elvw?éﬂMayw@g
recircul ation system conp®sing a separator for <learCopy
separating a by- product fromthe I|qU| d and a punp

for recir ulatln [ ro
sai d ptha %l“ﬂ@t g‘é‘{) élggf ?zhtrg% qui gﬁ%gﬂ%%s%r :
~ t hr oughciréifating Aeduid Iﬁ'oﬁh &ﬁb&ﬁm&ér auﬂetjftd ithes e‘rmnbeanéetasald

to inhibjt, decrease or mnimse tlvat
cat al YO ioR GOBg R RIEIE 3 AR R RS ¢y O

the |i ginGhe Hqud@s Hgurhp for seebsiintigahé Hquib éubmghuhdreactor
t hrough the react| on_ chanber, é{xhlgreﬂg conti)?ct rg.r%lreac
subst r si&pwrR beips eanghle of gasing ghe llqui e T TS
a portipmhief &hs shskhatfets tdenpibadultreasd of h@inimise
by-product, wherein the rate of flowin the reactor

i § sudeP@ﬁ???fﬁPﬁﬁa]tYﬁtattY hy- BVd'b"rthuct does not

signifj ﬁlyslg,eggtgﬁeﬁeqlaﬁdact ivity of t he cat al yst

- renovin | east a portion_ of Eh ucé m

t he I+aﬂ§B1@glﬁ§>| w@straﬁeusgﬁalwatdoﬁhm er Cgﬁ'iﬂ ﬁ&j“" ¥

the |i 9&#& Rewiiede chialystabavReéonvert at leds? a pditien
~ nmet hod uf‘%lll gmlé%%uf:aonprl sin IQIgddl ng a reage t to {.ﬂe

r eact oef the sibgtrate sayda Prasertad %Eﬁ‘cfﬂl’ gt

the sup; Gt @t &ﬁiﬂbéé&bt&l ficantly

produce %ge%%?% ngt?ﬁén tﬁﬁg‘g by- ;rggﬁo 139“The

met hoddesfeast the aetivity®f the aglaliist2 wherein the substrate

i s pas 0 by SHABE FroReindaRPRAM the

03 and% [r{éa[?ti]%t yb%rﬁ&a%{h Tﬁgd?net hog of aﬁf)i}l one of

clai rrssebﬁratco;ahﬂ wherein the step of renoving at | east

a portl an gassi ng the
liquid Lﬁ%unlg E%lrl@ %ﬁ%ﬁ%h?ﬁ%nﬁqw d, passing

tha2l i qu II'ﬂe mﬂmugdf Qaigel e@ompes%e@umeﬁ Teagent g it FREeT.
ﬁ C? onbi ngggtﬁgab?e of rl V‘?crﬁ% Wil e ﬁfbsﬁ‘e[?@ﬁxeche presencd 8f thd Bitalyst

alms 11 to 14 conprising
to@ﬁiﬂlﬁ@ﬁﬂi@pﬂadﬁmmddj&‘tmﬁpmh@tl iquid conprising the

SUCt g"il OF r claim 19 wh-grbgn ARt oA i 1s passed

m 15 I'So |ngthe product fromthe
tbiouguﬂld rmtuﬁrecﬂmréd: between abgut OThandebpodMita. cl ai m 15 or

or et RHEAHsa: CoyBy sl ROGmlT P GKE wherein o Srep M

conpri sing provid
reﬁoﬁﬁgl b leask atpbnmgn roéamth;,r - produm pmprmgs degaeemg ﬂledlqmdaﬁb@rng

cont ai ni ng, a cat s hsorb
SIS GRS P REED Shashit v o
coﬁiibﬁﬁé@%rcoﬁiﬁhiae&n oﬁﬁdl(ﬁnﬁc&‘é:t)fﬂwdeatl on syst em for

15. The method of any one of claums 11 to 14 comprising removing a

portion of the liquid comprising the product from the reactor.
16. The method of claim 15 comprising isolating the product from the
liquid so removed. ' \
17. The method of claim 15 or claim 16 comprising purifying the product.
18. A product when made by a method comprising: '
— providing a recirculating reactor comprising a reaction chamber ‘
containing a catalyst, sald reaction chamber comprising a chamber body, a

chamber inlet and a chamber outlet and a recirculation system for
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recirculating i qU| d fromthe chanber outlet to th?’CTISGZGﬂ?IG{}BMS

chanber inlet, said recircul ation system conpri si
separator for separating by- product fromthe |Lidtt
and a punp for recirculating the liquid through the
-reactor, said punp being capable of causing the
i quid g0 BAGE b 8\ WRCHAREH blet b ambeanttr dnlet, said
sufficlent rate as to I nhi bi t, decrefase or mnlgn duct
deact i wairmdanoaf SYStem eQmEREiSyRgt 2 BGPardns 16y SHPHRIRE &, YProtte
addi ng_t the R@Sid itihigh the reactor,
SR b Kbl oe tasimesn

substr

rou the reaction anmber
t her eb;md:pmﬁ]abtmg ganahb of Q@-ﬁmgéh%hwl‘tl o RasethEeH gg&fﬁs
35 1 C SRR Lgiah, KEREEae R b OB, BhivhNeISAS on! Aiimise

the pr roduct, wherein the rate of
flow i neabﬁ@mﬁaftt@rcaialys{swlhﬁbr@mdp‘}t hi gh that the

by- pr od | figcantly decrease the
acti vi “Eﬁ ?J[hglﬁqt[i fenoving at | east a

por t i Opasging tah ﬁ;ﬁsyatp o dhb{: tiqdid ghougle thei rgagtion damler, thereby
sepat aggf{t@qaﬁ,ﬂ'@ sufygra Sith 8! AN dsitSIbbitlektBf REGR doRfon

reacti
of the substrate to the product and the by- product, wherein the rate of flow

in the reactor is sufficiently high that the by-product does not 51gmﬁcantly

decrease the activity of the catalyst;
— removing at least a portion of the by-product from the liquid using the

separator; and
— recirculating the liquid through the reaction chamber.
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