"WD 2009/ 004344PCT/ GB2008/ 002288 Sol i d Phase Reaction Method And Appar at us
The preggiedyention relates to a solid phase reacti gaEiRoshRnd
apparatus suitable for performng the nethod. 5 Since its invention, solid
phase synthetic nethods have been extensively used in the preparation of a
wi de variety of co . The cpn f splid phase synthesis is sinply
the attachnent of QE@HQ&%?Wﬁﬂﬁﬁgﬁwggg@ﬁafﬁl-ﬁPPﬁﬁﬁP%ble material via a

| i nker group that will cleave under the correct conditions. Reactions are
perfornmed on the species, which is rinsed and then subjected to further
react i oRRBAESEN HECREOSTegses ORI 394K ppasetreagtionduethod sndépraweas fuitebiet he

i nsol ub Al |l ected. 15 Typically, resin beads are used as the
i nert, #ﬁ %ﬁ%ﬁ%@gﬁgﬁggpgﬁ upon which the reactions occur. For exanple, in
pkptiside synthesis, an amino-protected amino acid is bound to a resin bead,
foiluing a coval ent bg@? bet ween the carbonyl group and the resin. Then the

am no griofpll SRRt Bhpss SUntheicRedod have bren caicBENsly vgediupthef t he next
am no- pretact ad,anRe +agkd. ggﬁ now bears two amino acids. This cycle
is 20 Pﬁep%at ed to for ﬁ%ﬂoég%??e g'epti de chain. After all reactions are
conpl ete, the synthesized peptide is cleaved fromthe bead. Oiginally

t he method was used.exclusively for the synthesis of peptides, nore

recent | et%Oém%roz&‘?}ilfp%ﬁeSyntg?ﬁ\/sslsﬁﬁ?%&}&q %ﬁffp-ﬁ’ﬁ%t HeetiuHag dredsgPepar e | ar ge
i briar i 86ineb1u8le neASRY WIS [intdi g6 Mat RN HESAMREUESdoReHuUQG RYADEr Of
potential drug candidates. Manufacture of sone conplex pharnmaceuticals is
now carReasgorsare psifprgneasolr @e spepiss, whichdglsnsefihed dhamdubjected toffutirese

process tenm the nanufacturi cost and. hence t roduc

avai | abll%ﬁ?t&)gl 3?18 rﬂﬁgﬁge nffpé‘@@%n}rﬁ’@ 358@%589\/‘2%"5 I%Qjetlﬁﬁoq@?)lginbaqﬁ'ﬁgse met hod
ar e t heargliosfibg@edwor k up; frequently a solvent wash is all that is needed,
and the ability to push reactions to conpletion by using | arge excesses of
reagents. CONFI RMATION COPY 2 Solid phase reactions are currently

per fiar agvbal e CESS 1Ng..Sev . of resjin. beads as
rn::ntligomlg%1 V?S%Prﬁbg%% g%i g%di %\Eﬁg{réelrﬁ%ﬁl ?ﬂrﬁ% iué:}fi\?gﬁn%&}ag U[?&?c Hlﬁfgot%gssi ng and a-
cont i nuvadiops ocess Fhaskampme ibeeptafe sadhadis, ag esioaefotectfipdsihopedcess. A

cont i nuous ,process. c be .more efficient, nore predictable, safer, sinpler
to opetjk?ﬂu@d fé Ho Segé‘?W%GtCBWF@d?OPﬁ&ﬁWGBé?‘%ﬁfﬂ'b?l@’é @3 Hhi ch reduces

bot h t hesiaNVhdnQRIRAIR| or8ffisRA AU MehckQSEiS Eh‘s%m%%%lf%@%ﬂ 0 F onti nuous

process al l ows bench scal’'e procedures to be scale aralTelisation
whi ch izext heinogpbiectat imonmnodcidralg bedd nowbakrs teaatmnsadds. fhiscesikds to gi ve an

equi-yal ent .vield of .products to.a Jarg rogess. . Furthernore, cont i nuous
pr ogéssre%‘?%%fl %’egorg’ag% gefSHSétRemlgﬂaF%’%ﬂ' g‘gtgf GBaCaE R AT GH@PL“% tg% f ound by
sweepi NgntheMiadd peptiGe QVBEavad PHEARE 8540 ned range and autonatical Iy applying
for a range of paraneters as opposed to carrying out -nunerous batch

reactions with fixed conditions. A viable method of continuous solid phase
synt hes(bﬁgiﬂgﬁy Rt n:?éﬁltodb\%ggl RSP %gglggif*eiy for the synthesis of peptides, more

recently the versatility of this methodology has been used to prepare large Hbraries of

25  compounds, which ir turn has produced a huge number of potential drug candidates.

Manufacture of some complex pharmaceuticals is now carried out using solid phase
methods. The complexity of these processes determine the manufacturing cost and
hence the product availability to patients.

30
The key advantages of the solid phase method are the simple work up; frequently a
solvent wash is all that is needed, and the ability to push reactions to completion by

using large excesses of reagents.
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The present invention seeks to address this issue. In a first aspect, there
is provided an apparatus suitable for a solid phase reaction nethod
conprising passing an el ongate insoltuble material having a starting species
attached thereto via a cleavable |linker group through at .| east qne reaction
zone arghblideahisk ngacsians espevireslyi pedaimed 6n daiahhBrossEEratt8e BT si ng: an

el ongat e i nsol ub) terial . havi a -starti.ng. | fS.-ak 4 hereto via

a cl eav¥pinss P% Fﬁ%@&%&%%@f’%ﬁqﬂgéé"?’ﬁgﬁ %ﬁ%"”aﬁ%&%@ﬁ{ g%%’%&%%g{ﬂe%ﬁ% el ongat e

mat er i ﬁro%xmgteﬁw efntHoRs Ghoddle Hag s truaibe? @eadvusiagthaber hebasqheci es nay
e

be reacted I n reaction Zone; and each reaction zone bein condui t
conpr i sprogesa. 4 leontihusosproeess oambe teafe £ denti mpwt PredictaRls P50 S8 zone such

that fluid nay be suppli.ed to the.react] the fluid
Compr | st FRG BTG sl Gtctia PR BT B FlP B geARitn L0 e

fluid S{g&@%&—ﬁ il 84 HRRGtHORANE @Bes  owidigod, i @ughudieracme allows out of an
outlet fromthe reaction zone. 2a In a_second aspect re.i sgfrovi ded a

2CO) ) th
sol i d phesé ssainptesisentsttrowaled wpr vis ipAtllsAsdion gvHen & BRGEREHE 8 i al  havi ng
a starting species attached therete. Vi : j @5 0= t hrough at
| east oﬁ)é‘g?[ é‘%@f‘??’gﬁ&aﬁ e e gegégiggvge @%@1@%@?&%@& ??\b 1fsogi?-ﬁgitgzon(_a, “the
react i oprzede Fafhdishore, Gonfightiongrodeds| prodiden saeobeptimisetemestdsd t o an

inlet to the reaction zone and fluid bej ng supapli d to.the reaction zone
f r om t heosbiensecant beefoung by &‘B??ﬁ’m%?n‘&né% e R%E? BHECTEREAE T eact i on
w th said speci.es t | i p{;ér%& h tth OBr&SRE dut OW Ng
througha?tﬁgpa%ﬂg g‘?ﬁ{ﬁggtﬁgfégﬁﬁ%&u?ﬁe rgtr?ﬁ)ﬁg ?pééegﬁfgg z_one.bchordi ng to
an embogipeRtus Bhick Recise sat fiskentitonst Kevieble seqihalofieatiauets|sodd phase
‘reaction nmethod conprising passing an elongate material with a substance
provi degheseesyadnsis Rasa0lFet 262 BREPSWne reacti on zone and reacting said
substance in said zone. Using an elongate material €nables a continuous
process to be perforned. The elongate nmaterial nay be passed through the at
| east ormeheaettiovenonseekont adinsushiy isnei ntermittently. Preferably said
substance is reacted with a substance in solution, said solution being
provided in said zone Alt ' b kdianAkde YeacS@i kisadhshpiie nmay be
react ed I\‘ivia{tl‘ﬁSt QSPFCit’égeir%lm Bxfowéi g@%@%@‘ﬁi%‘%ﬁ%ﬁ?d Zgﬁ e.

passing an elongate insoluble material having a starting species attached

thereto via a cleavable linker group through at least one reaction zone and
reacting said species in said zone, the apparatus comprising:

an elongate insoluble material having a starting species attached

thereto via a cieavabie linker group;

a reaction zone arranged such' that the elongate material may
be moved through the reaction zone such that the species may be

reacted in the reaction zone; and

each reaction zone being a conduit comprising a fiuid source
connected to an inlet to the reaction zone such that fluid may be
supplied to the reaction zone from the source, the fiuid comprising at
least one reactant for reaction with said species, and the fluid supplied

to the reaction zone flowing through the zone and out of an outiet from

the reaction zone.



Preferably said substance is provided on said material in one of said
reaction zones. Preferably said material is substantially insoluble in the
contents of said at | east one reaction zone. Preferably said material is a
pol ynmer. Said pol yner may be natur or synthetic. Preferably said materi al
conprises groups that allow for attachnent to at CONFI RVATI ON COPY WD
2009/ 004344PCT/ GB2008/ 002288 3 | east one linker species of said substance.

Sai d aty, | gasta APk, leRKEE ARG 6% FHRYE SRR BEhddBRphNEl XM andBhi@e  Of

am de groups, or any other suitable group. In one enbodiment said materi al
i s cel Impigsial havinmiad stariod spasios etiaohedrehemioudada deevalie|litkese or

tt it abl - t ed. F le the. cott be 5 ked
o a oot dfrSferL BEida e B 7B B PR Rt dI eSS TR spacer
(am nohexanehs raitidh. zoHeebsingeedoriduittarid 8%iukl Solrekemlih® chbhddctbdns oves
access of the linker to the solvated species. The cord is washed,

depr ot et Béetdadhassection zanecand Bisikheing supnlird i the teaetiepacee fiping t he

coupl i ngeageiree HineJfiutOchihefisihgatylcble opbor@atf: Bt eeadton Srithnsaidf or m t hat
maxi m ses its surface area to volune ratio. For exanPI e the el ongate

mat er i a$PafIS, bt thsblwid steplied to thadeactippezete dpwing/thspuah tReiizpaBl e form
Maxi m sj v B ratio maxi m ses the extent of the
reacti O%@gﬁgé{ﬁgﬁétﬁgcrbg%%fﬁ%nﬁ ® he substance and maxi nises the use

of reagents. 15 Using such an elongate material is nmuch sinpler and nore
convenient than with other fornms of solid phase, for exanple beaded resins

requi r e Ach@didg & BfemBNLBE bVBe hietchEidvagliasBerd @S8ekdd 1 2Qidnescel ongate materi al
may be easily exposed to short path |length energy sources, such as
ul t r as otpaelloninehadaoEETising Petsier aretlongate magerial ivaithwa vabste\irevided of its

ch ot SAPTECRH £ e gRescaPhERE RE bl ph R B Bl ces.

These energy sources nay accel erate chem cal reactions and enhance yi el ds
and product purity when conpared 25 with an equi val ent thernal '

ener gi s HFERD SpnEHE maripl erabips ftconERYIUSTHRCHS B Hhd BIIZBEE. i s configured to
optim se the exposure of

The elongate material may be passed through the at least one reaction zone

continuously or intermittently.

Preferably said substance is reacted with 2 substance in solution, said solution being
provided in said zone. Alternatively or additiopally, said substance may be reacted
with a liquid or gas provided in said zone.

Preferably said substance is provided on said material in one of said reaction zones.
Preferably satd material is substantially insoluble in the contents of said at least one

reaction zone. Preferably said material is a polymer. Said polymer may be natural or

synthetic. Preferably said material comprises groups that allow for attachment {o at |
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reagents to said energy sources. The use of m crowaves and/or ultrasound
has been shown to inprove the efficiency of some chem cal reactions. These
t echni quas2089/604301 | nportant in reducing the environnem@GBWE VLS Cheni cal
processes through reducing the consunption of materials and energy.
Preferably said elongate material is passed through a plurality of said
react ijQurt aaneskerSabdics WISdaitheehstmye. beSaidat ieedt bne dakr ma@t iTe#Y zone.

CONFI RVATI ON COPY. WO 2009/ 004344PCT/ GB2008/ Q 228%@ &feﬁr?gﬁ sai d

el ongapepres Be¢ AYIPEYlpaBE0d oF HPGEFROURS: Pedst O BHS U RNEERg Tz0ne, wherein the

el Ong%h_g’ %Iﬁig&é'sﬁh AR At é%séqgﬁéﬁ%ﬁoddﬁnw%ﬁgﬁ 1150 b%luasd nghdy a rinsing

agent I"'ongat e materl al may be passed through the at |east one
rinsi nglizioge of:@mttmmum;;rstbw smtablynpm‘-mﬁatetdenfby SXPRplf PRSP Ay & ongat e

rraterlal i s, passed.thr h.a plu | n he at | east
one” r s88f5doi énﬂﬁ‘bttonrio mﬁoﬁ%enﬁé ¥P qp}% nb? g‘fiéﬁhgﬁ?ealag%& in any phase
sui tat{h&ufo%xe&{&?c desi Pﬁfé sﬁ:@@@ﬁd @ﬂémbl%hﬁbl%ﬁt&b|ﬂYatﬁﬂn§roNeﬁmtIcessmfah@ rinsing
zones urali'ty of “said reagents. Preferably the at . st one

r eact |lmkeztmdle| soleaserd Frpoiead The @ oy svasindh WEPrOFSEeH TS tigh t he
contro f the f the el h@ngl of said at | east one
reage %8\3@ %%%ggxng{ﬁ?egé@pﬁ%%éegc“ on or reactions of said

subst ance on the el ongate material in said reaction zone or zones, as well

as the rinsing of the material and/or said substance tga earggrgled out
cori ri!tmﬁmh}y th%etqii’émél BAgEEe R & riPgr LRSS SHeATo™ ' Zone. 20 The

eliongaf 6. e aea{c} Ry DB éﬁg i Jiﬁﬂ%teftﬂétghgfméf§9hﬁ%@ c8f, ifedqih) &pe cEmi ri X.
Pr ef era W d” el ong mat erial |s passed through reaction %nd rinsing
zones oarBd étﬁérn@ﬁtebly form Maximising surface area o volume ratio maximises

extent of the reaction of between the reactants and the substance and maximises the

use of reagents.

Using such an elongate material is much simpler and more convenient than with
other forms of solid phase, for example beaded resins require the use of expensive

fritted glass vessels.

20 The elongate material may be easily exposed to short path length energy sources,
such as ulirasound, microwaves and other electromagnetic waves by virtue of its
smail cross section. With batch processes, due to their large size, it is much more
difficult to expose all of the batch to such energy sources. These energy sources may
accelerate chemical reactions and enhance vields and product purity when compared

25 with an equivalent thermal energisation.

Preferably said at least one reactiort zone is configured to optimise the exposure of
reagents to said energy sources. The use of microwaves and/or ultrasoxnd has been
shown to improve the efficiency of some chemical reactions. These techniques are
30 important in reducing the environmental cost of chernical processes through reducing

the consumption of materials and energy.

Preferably said elongate material is passed through plurality of said reaction zones.

Said substance may be reacted in each reaction zone.
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‘Preferably said at | east one reaction zone is equipped with testi ng
apparatus for the collection of data fromsaid el ongate materi al .

Pr ef er aBQ24p(AEnt of the el ongate material through tﬁ@’ﬁ?zqo%’é%ggone
reaction zone or, where applicable, %hrough the reaction zones and/or the
rinsing zones is effected by a drive neans. The drive neans may conprise at
| east one rotatable unit such as a roller, spool or any other suitable

devi c n.one. odlnen .t he i I SLOPY s
magnet rc?%%ab Eﬁg Pgatg %Ifhag% a%%)e(r&ﬁg%t’slgh %ie%t Ot% on %%égﬁh%é coil used to

creat eth@elé&%ﬁ@hia@eﬂaﬂ ehdlosdaehnbiaicesabbjemverniashg b a&‘iiteinglageﬂgat e material is
ef fected ere the drive neans conprises a plurality of rotatable units, a

control neans is 5 preferably operatively connected to the drive neans such

thaty the reratable.uni ta.¢ %aggssw BYHERE OfleS 8t i1Qf: V&nkh?ﬁﬁﬁ@ Rhber. This

ensdres t hat a cOnSt ant ensi on 1s mai fitained in the e ongate material .
Thi s nmeyntibecwabherdueenbigndpnnecti ng the rotatable units with a drive belt,
preferably a toothed drive belt. 10 Simlarly, where the drive neans
conprises a plurality of induction coils, a control means is preferably

oper at Ffé?ér%lﬁ@ﬁ@%%%ﬁe budrl3g sl ﬁlgééﬁtﬂn‘éﬂgﬁgbhﬁaﬁt? oEBRtihPkorsmagnetic field
created by the induction coils such that a constant tension is maintained

in the elongate material. 15 Preferably said zones are connectable with

eac o) rive means. Thi onne is ef erably
JFQ %%Fﬁl@evﬁii/&m& gjr% TERES 8P n?@’a S% leaa%%lﬁgér Léa%%lgllﬁlgaﬁ ones may be

conneclt_,@gv b @tB8RCHr HehRkiran@adiidng fl’@ni@fabgz Pk lﬂéa%hbﬁ yndfindiid ¥@efbasts in order

to provide a long chain of reaction and rinsing stag esg%% uch connectablllty

al | ows2 plsritn af sahecagers. sé’é@f@‘ﬁb@sﬁh%ﬁt lsagtane &@é%oﬁ B56s GAIHiEtFddasi |y
| t hod
gal ngzgr%g% %@EI%QE}%QP? urgfg an solé)? tﬁ?ﬂgﬁf&uﬁgggohg?t?%%ﬁaz mE‘al Ioovm ng

a procaﬁﬁombﬁrﬁtk&uﬂdrﬁbé@eﬂor usi ng such a nmethod, to be assenbl ed and
di sassenbl ed qui ckly. In one arrangenent a nunber of substantially
i defti cal nodul es arranged to be 25 connected together are provided. A

reacti of 95@)@%&115@%&15%% ReRlibRehERA L thst dT8 Rl QRGALE JBlhekliakLa@s the

el ongate material is renoved fromsaid at | east one reaction zone. The
pr oductatesip! inheid recidrezonedbrfzones, saM@Ilasdh@ansnmf &rei mbterigefndfe® t he product

or oduc B iy SRR FaPE o r%‘ﬂ%é"‘éﬁ‘%ﬁa il PR Rhe PPN Jon T
CONFI RMATEHtEOPY
20

The elongate material may be a tape form of insoluble solid phase matrix.

Preferably said eclongate material is passed through reaction and rinsing zomes

25 alternately.

Preferably said at least one reaction zone is equipped with testing apparatus for the

collection of data from said elongate material.

30 Preferably movement of the elongate material through the at least one reaction zone
or, where applicable, through the reaction zones and/or the rinsing zones is eifected
by a drive means. The drive means may comprise at least one rotatable unit such as a

roller, spool or any other suitable device. In one embodiment, the elongate material
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-6 Reactants and/or reagents which may be different reactors or reagents may
be deposited onto defined areas of the elongate material. This allows for a
| ar ge NWMELEWY/F434 f f er ent conpounds to be prepared on REFEGBISHYEEE nateri al
and al so all ows each of these conpodnds to be subject to testing, for
exanpl e bi ol ogi cal or spectrographic testing. The reacting of said

subst anggapmic GOMNEHel GRretrhens teapdies keRad ong iddvetiou bl erdeo wictte 2a sol ution
to forma product which is insoluble in the solutio ag% may t hen be

r enovededeneia fele sudh thet ssid matRnRenEaYthe SiopETE SFTTE é‘%%{f’“ “forning a netal
conpl ex between the substance and a substance present in the sol ution.

Al ternatively or additionally this may conprise the step of formng a

bi ol ogiwatre chnpigun thebet vaerridche Hubitvasicetadade angteles tenind praesént in t he
solution. The substapce present in the solution may,be jn.any form for
exanp| ETHRA8Ns PEFALEIEH 69 B’Tegttf’éh‘? dl“t‘facfﬁ%?‘nﬁngﬁfilait%n @6P{erl Wention, the

subst anggyd s &zﬁﬁﬂﬁgﬁn% BeL BeheHBY LS QRIS Shdthe cshdint obndi@std ng sai d
substance or t'he product of one or nore reactions with said substance for

bi ol ogimsaihtainedi i the. elFheate | maiga@ale Thist erayabe rrelicned fis searoehiHigh a
pluralit react.jon. zones, segquenti al | i.n at |least two of said zones
o{vﬁta%;eewtﬁ §* %rﬁegh?zt', Pﬁfﬁ%&g}’ ot oS8l

contai rt ngate nenber may be endless. In this
case, the elongate nenber may be in the formof a |oop. Were the el ongate
menber is endl ess, the el ongate nmenber may, be conti.nuou

) ) ly or
i nt &P mi Simdlatly.ywirae deddi th BagH wmngisat @ PEELY s dndustien iGB’iS’zao‘?‘Pém'Q}‘nd/ or said
at | east_one rinsi T i Q%nggggtn or in
conj unction Wt ra&%??;%gﬁﬁegngh%g@%&gﬁ)qu?gy gtr%?ﬂjéAcgfcég&r}gl ng {a o qn%?{%er
enbodi nend cehicihte the eskbtion vinduchthd: hewesths: provi degaiappeadandbe f or
perform ng the nmethod of the first aspect of the invention, said apparatus
conpri s@i?i@aé?ﬁn%f?%gate material with a substance provided thereon and a
reacti on CONFI RVATI ON COPY WD 2009/ 004344PCT/ GB2008/ 002288 7 zone,
arranged such that the elongate material is noveable through the reaction
zond 5sURdbferdtdt stitizosebateamneestehte Ivdthr emmbtasiieri andt wih seidcdivhmedite.

Preferapl.,y the apparatus. c ri ses l uid seurc 0 ninlet to
the reat b SWBT%@PQUE Wf?sfﬁ‘&g@%?‘gﬁnﬁy&ﬁew% 68??%%3&05%}%%&%35% iogn zone from
the fl Uﬁl@kiﬁ?ﬁﬁn@@m@?ge WhisleRic t& Bahfdiht dne ePid GesplatalitesSirivenesaneact ant for
reaction w sai d substance. Prefer abl% the fluid is a li quaég, Mor e

pr ef er alpl ardertte Hroyjde d lpre ghaivpfirdaghon PréTiasagsRess. Bivah SORFCIEH Y o t he

reactiofy zone fhous & N OoUINe 08 A ORE A B vAlccPls ik WQRUL he reaction

zone.
20 range of reactions to be produced using this method. Said zomes may be

manufactiured and sold as “off the shelf units”, allowing a process plant suitable for

using such a method, to be assembled and disassembled quickly.

In one arrangement a number of substantially identical modules arranged to be

25 connected together are provided.

A reaction product may remain attached to the elongate material as the elongate
material is removed from said at least one reaction zone. The product may then be

cleaved from said elongate material. Before the product is cleaved, a spectrometer

30 may analyse the product.

Alternatively, the product may separate from the elongate material in the reaction

zone.
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10 Preferably the reaction zone is a conduit Preferably a drive neans
effects the novenent of the el ongate nenber through the reaction zone. The
drive neans may be a stepper notor, iénduction coil or any other 15suitable
device. Preferably the drive nmeans is operatively connected to a control
means. \Were the drive neans is a notor, the control neans preferably
conprises a conputer connected to a motor controller. 20 The conputer unit
i s pref Beadiints apdloatieagshiy wbishemer e 1eants 1aploey ORERECIW B2 he® not or

control Ler.. The speed of ratatign of th t-al: f set by
appr opr FRY 1t?cﬂfﬁf9 gcﬁ%e@}%ascogﬁ%%? SPETRIT r%ﬁ'eﬁﬁn%%SPgO?Sﬁge%g rlng'%ﬂlggr arr anged
to driver iffergh @aﬂ%@dm‘e@pre?&reammh& RéonkeRahiteral 268 alsoAllbk@eacldr i ve is
preferably used to 25couple the nmotor to the elongate nmenber. Preferably
t he condfifhess somppamisitocbe sibiget todegiingofy Brewle bipioaical abiPFciEe@2RiPhar at us
conprises,.at |least three blocks and the conduit is forned within the

bl ocks. “E4B% of the bl ocks may be generally cuboidal, each having a front
face, rear face, top face, 30 bottom face and opposed side faces. The

bl ocks are preferably forned from glass, poly(tetrafluoroethane) (PTFE), or
any ot hdhe seActing PEsahsubsiange m‘ﬂ’léﬂfﬁpféﬁ("%leﬁ%? B eeaspye s %ﬁ‘éf‘t?%q’?t Fentation

and roarOBBGR i ane? £ BPRL Mo hepRBl, bl Sy R R by o
CONFI RVAGth&MdGERY tha\R120R0 Mk4B34 BEERH R 06 8tp0F X8Bning a metal complex
between the substance and a substance present in the solution. Alternatively or
additionally this may comprise the step of forming a biological compound between
the substance and a substance present in the solution. The substance present in the

solution may be in any form, for example in suspension or solution.
In one embodiment of the inveniion, the substance is a reagent.

The method may comprise the step of testing said substance or the product of one or

more reactions with said substance for biological activity.

The elongate material may be passéd through a plurality of reaction zones

sequentialty wherein at least two of said zones contain differing reactions.

The elongate member may be endless. In this case, the elongate member may be in
the form of a loop., Where the elongate member is endless, the elongate member may
be continuously or intermittently passed through said at least one reaction zone

and/or said at least one rinsing zone.

The method may be used independently or in conjunction with a traditional batch

reactor.

According to another embodiment of the present invention there is provided apparatus
for performing the method of the first aspect of the invention, said apparatus

comprising an elongate material with a substance provided thereon and a reaction
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8 preferably is in contact with the front face of the central block and the
rear face of the central block preferably is in contact wwth the front face

of the re@hoblosis The bl ocks are preferably connect edptogacizwiRer by a
fasteni ng neans. For 5 exanple, a row of apertures nmay be provi ded al ong
opposed si de edges of each block extending in a direction substantially

parallel to the side s and | ndent. i hnwar.dl y._of .t i es.
Respect i Wesﬁ?ﬁgﬁ%wggagghq %OIEG telﬂ?t&@gs g e?#‘%%&g?éﬁ?l tggléﬁ%fgﬁleg with each
ot her, bglhshane RbehekaRlybPaasaintihe euofiosadd, apertures and nuts are
preferably engaged with respective bolts so as to fix the bl ocks together.

10 Preferably a channel is provided along the rear face of the front bl ock.

In this gase C I f [ .. U- i d:ext fromthe
Lop of  FETEIk e RRAR: BLERELAR Haldotta baRbial AR aik RIAR Lo e
OE t e bicaeton Zhe wbamnelfiupt eferizblupplied i et escian wwohdightthaboide a bottom
of the block. A front face, of the 15C?nt ral bl ock fl S %r efer l%‘ﬁf n cont act
Wi th t heSquses andawaershl thp Ui SHRPTERS dk L& ffche IRaT et 0L B8R P annel , to

forma copdyl id i§lid AREEL WrretaS e Hip@Rds Roldiienf ront face
of the f%%&?'oﬁ%ﬁe&%{\}\g@%ﬂ?ﬁg %gg&of t he%lr:r)l gcak.ypﬂAjn 1=an et bore preferably
ext ends Prederablyeiuiid batpliap &r therresction zan fidivs dwpighthsaese and oul phan

per pendi cul ar. to_the channel, and term nates at a point of intersection

wi th t heOtlRdiwat the Teaphen egt ral bl ock is preferably provided with an
apertgre towards a bottom of and extending through the block. Aroller is
preferably rotatably nmounted within the 25aperture. In a simlar

ar’r angen@referablywhe teatthha Zopotita ¢9ndek, a channel is preferably provided al ong
the front face of the rear block. The channel. preferably has a U section
and extends fromthe top of the block, in a direction substantially

paral | el predabie Siee ROnedgess ¢ mbertmok theMengianaeberpthefugh i y
term nates at a hei ght above the bottom of the block. A.rear face of the

central BlasBRE EencpTOREHABIMEANHMAY RE ASEEPRFT RORSIATGIRR SPUOE 2Bf OFRE rear
bl oclfssuggltéb@gae‘)ié& closes the channel, to forma conduit.

Preferably the drive means is operatively connected to a control means. Where the
drive means is a motor, the control means preferably comprises a computer
connected to a motor controller.
20

The computer unit is preferably operatively connected to the stepper motor via the
motor controller. The speed of rotation of the motor can preferably be set by
appropriate inputs to the computer unit. The motor is preferably arranged to drive
the elongate member through the reaction zone. A flexi drive is preferably used to

25  couple the motor to the elongate member.

Preferably the conduit is provided in at least one block. -Preferably the apparatus
comprises at least three blocks and the conduit is formed within the blocks. Bach of
the biocks may be geperaily cuboidal, each having & front face, rear face, top face,
30 bottom face and opposed side faces. The blocks are preferably formed from glass,
poly(tetrafiuoroethane) (PTFE), or any other suitable material. The blocks may
occupy an upright orientation and be connected to each other such that the blocks

oceupy front, central and rear positions. In this case, the rear face of the front block
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Such channels are preferably suitable to receive the el ongate nenber.

CONFI RVATI ON COPY WD 2009/ 004344PCT/ GB2008/ 002288 9 An outl et aperture is
pr ef er alwy 2pwovisded in the rear face of the rear bl ockPCDWwazes/0I8s8t op of
the bl ock. An outlet bore preferablys extends fromthe outlet aperture, in a
direction substantially perpendicular to the channel, and term nates at a
poi nt of difbiablysHah oo il GG aARGs d BEAPBILULAY ik LhesgeNkr @l bl ock
preferably intersects the channels in the front and rear ocks Such t hat ,

i n ef f ectle genEahblpelupigéraon tuh contgctoridathedrdnt five bfitheiredréfodper t ure in the
front block to the outlet aperture in the rear block. This continuous
10conduit preferably forns the reaction zone. The el ongate nenber is

pr ef er ablThefieldciisniie roferdt0p cofindehe for ety Blheckythrauaht heaghanne! in the
bl ock,. The el ongate nenber preferably passes downwardly through the channel
in the frEHEPE BARY Plsanedpadnunbemraddsr ehias cppbsed side edgesagreacal bl ock,
15 passesidpuatdlong ffLuaRqbh SutRARARY phAibNR £8YaeUadSkaBNGadliq Of the top

inwardly of the side edges. Respective said apertures in the blocks are preferably

aligned with each other, bolts are preferably passed through said apertures and nuts
are preferably engaged with respective bolts so as to fix the blocks together.
10
Preferably a channel is provided along the rear face of the front block. In this case,
the channel preferably has a U-section and extends from the top of the block, in a
direction substantially parallel to the side edges of the block. The channel
preferably terminates at a height above a bottom of the block. A front face of the
15 central biock is preferably in contact with the rear face of the front block such that it

closes the channel, to form a conduit.

Preferably an inlet aperture is provided in the front face of the front block towards
the top of the block. An inlet bore preferably extends from the inlet aperture, in a
20 direction substantially perpendicular to the channel, and terminates at a point of

intersection with the channel.

The central block is preferably provided with an aperture towards a bottom of and
extending through the block. A roller is preferably rotatably mounted within the
25 aperture.

In a similar arrangement ag with the front block, 2 channel is preferably provided
along the front face of the rear block. The channel preferably has a U-section and
extends from the top of the block, in a direction substantially parallel to the side
30 edges of the block. The channel preferably terminates at a height above the bottom
of the block. A rear face of the central block is preferably in contact with the front

face of the rear block such that it closes the channel, to form a conduit.

Such channels are preferably suitabe to receive the elongate member.
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The fluid source is preferably connected to the inlet aperture in the front
block via a fluid feed line. Fluid in the fluid source is preferably forced
under pkaR$SI46Bedbly ough 20 the fluid feed line, into t#er:pbesoapssture,
through the inlet bore, downwardly tdhrough the channel in the first bl ock,
fromwhere it flows out through the cavity in the central block, upwardly

t hrough the channel in the rear block, through the outlet bore, through the
outlet in the rear block and back into a return section of the fluid feed

| i ne. 2BnAughaednteistyeiombherroviddd irs therrefrefaad bY therrewri ek owardse el ongat e

menber . e ively the stan y be . li.nked to.the el ongate nenber in
t he reag@:t‘(g)pnggﬁéyoc#hé%e?%%g%%pffg?e%@l?' %%8?%?881 e@%%la? & gﬁol ymeric

mat er i abiréioh adb@atiRIROsdpadfala: do Rh& SRR ol Ofrmiges exarmig éthe pol ynmeric
material is preferably 30 substantially insoluble in the fluid present in

t he T eaBX§eRstionHethdheiCasndr i ses groups that allow for attachnent to at

| east one |inker species of the substance. In the present enbodi nent the
material is cellulose, or cotton. Any group that may act as a |inker group
may be appaopniraincthe CENEd RIEK] (OMef0RYintdM3 2008 /cO0d3h4RCH GB2048/ 002288 10
The three ocks af the.reactor may be disassenbl ed. This provi des a neans
of cl eafffh HO(OE% Sﬁgbé@%’c H%egﬁ% &1 SHUEROE, ali sCTeAted) 4108} ﬁlge fHet solid phase

ri bbon theQuoh hbershanRehs ddodidie afihlrﬁﬁé‘gtﬂz-gh%azj nbat wad.pubh&ts for the

el ongat e nenber are fpref erably di sposed ove the Inlet and outlet for the
flul@. tvenduliipsefovably fohmes dleotrgtioezorenber may be easily separated fromthe
fluid. Since there are separate inlet and outlet points for the solid phase
ribbon and the 10 fluid, this allows for the solid phase ribbon and fluid

t o fl owrhé eloRgats afenish: e GEf@ALIO Hed Datd ENEiopCofhE Rint BIvSk oM ik i n the
reverse direction allows a concentration gradient to be established. One
way of fhrepedsithryblople Therplopgate membhsnprefonblimastes dovheaghiptmensdf product 15

produce : i r glv condi ki.ans,. . i e the size
of the ?13% |o§ug%%gifr&ﬁom}mé§gser}6%édb§geﬁlcera gla{shfer{aﬁ?rﬁ&el%ﬁée?%%%éggg’he channel s
andli hepdsesgirwapdly theugio tiechpitas & theRbarblodiomeat of tiegop of dhveous physi cal
constrajnts, the height of the channels is [imted and therefore the tine
of the P@8Etion and/or the anount of product that may be produced under
given conditions is limted. 20

The fluid source is preferably connected to the inlet aperture in the front block via a
fluid feed line. Fluid in the fluid source is preferably forced under pressure through

20 the fluid feed line, into the inist aperture, through the iniet bore, downwardly
through the channel in the first block, from where it flows out through the cavity in
the ceniral block, upwardly through the channel in the rear block, through the outlet
bore, through the outlet in the rear biock and back into a return section of the fluid
feed line.

25
A substance to be reacted is preferably provided on the elongaie member.
Alternatively the substance may be linked to the elongate member in the reaction
zone. The elongate member preferably comprises a poiymeric material suitable to
host a solid phase reaction. For example the polymeric material is preferably

30 substantially insoluble in the fluid present in the reaction zoene and comprises groups
that allow for attachment to at least one linker species of the substance. In the
present embodiment the material is cellulose, or cotton. Any group that may act as

a linker group may be appropriate.
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The present enbodi nent of the invention seeks to overcone this issue. A
nunber of said bl ocks may be connected together side by side to forma
nunber qfgh&aeEdz@n zones. I n such a configuration, thepspbisthopbasss ri bbon
may be passed fromthe outlet of ongyblock into the inlet of an adjacent
bl ock. A single source of fluid may supply all of the reaction zones, with

fluid feed Lin onnecting each of the b ks—i.0get her. enbly of
bl ocks ﬁﬁl? %’éﬁegﬁ%ﬁ“éﬁ tg% Y Pt g%tdégaﬁ?@lbg%htﬁ@?%@gggf%%va-ﬁ%%n$§§order t hat
the preseshid"MeRbpRRuIBKLQIIOMEedsk thyand tHelasdine theesdiddpimentibbohmer eof wil |
now be described with reference to the attached draw ngs, of which:

CONFI RVATIogih terianmpl iadigorlocks344PCT/ GB2008/ 002288 11 Figure 1 is a
schematic diagramof a nultistep continuous synthesis reaction according to
the present invention; Figure 2 is a schematic diagramof a

mul t isst efherigly eid Mgles ortihesbseateaembeonarapededbivglisros¢daboye &santet i nvent i on;
Figure 3 is a schematic diagramof a nmultistep m crowave assisted reaction
accor di rigdt@tieher hrdddft 19 fe sy o ?%‘G’Ig?@l}?‘”éﬂﬁeri e %Eﬂ‘?ﬁﬁﬁ?ﬁ’a&%g&agr am of a
magnet i cgoond @Eji_ng propel I ed through the reaction zones by nagnetic
fields; Igure 5 is a schematic diagram of apparatus according to a
further aspect of the present invention; 15 Figure 6 is an enlarged
expl OdedSi\ﬁéee%e?ef ar% hsgparrgt%%t 2t 81%1 81\,1\{Tetlp%inEtls 5 e SSbiid phase ribbon and the

10 fluid, this allows for the solid phase ribbon and fluid to flow in the same direction or

in reverse directions. Flowing in the reverse direction allows a conceniration

gradient to be established.

One way of increasing the time of the reaction and/or the amount of product

15  produced by the reaction, under given conditions, is to increase the size of the
reaction zone, for example by increasing the height of the channels and the length of
the solid phase ribbon. However, due to obvious physical constraints, the height of
the channels is limited and therefore the time of the reaction and/or the amount of
product that may be produced under given conditions is limited.

20
The present embodiment of the invention seeks to overcome this issue. A number
of said blocks may be connected together side by side to form a number of reaction
zones. In such a configuration, the solid phase ribbon may be passed from the
outlet of one block into the inlet of an adjacent block.

25
A single source of fluid may supply all of the reaction zones, with fluid feed lines

connecting each of the blocks together.

The assembly of blocks may be such so as to replicate the synthetic pathway.
30
In order that the present invention maybe more fully understood embodiments

thereof will now be described with reference to the attached drawings, of which:
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Figure 7 is a front elevational view of the central glass block of the
reactor shown in Figures 5 and 6; 20 Figure 8 is a cross-sectional
vi ew of wheesamisal g9l ass bl ock taken along the |ine 98ceicEzb@unhess;

Figure 9 is a front elevational viewjof the rear glass block of the reactor
25 shown in Figures 5 and 6; Figure 10 is a cross-sectional view of

the rear gla bl ack .t aken al ong the ] | : OFi gure 11
is a cross-s?ﬁﬁ%ﬁ‘e{? a\?lg]é‘(ﬁl%]fc cﬁ@m&loggsmﬂgg%gg? Iné‘@é%%ﬁ%?% r?zﬁ;go i ne 101 of
Fi gur e £chbtiin thhgreb@@aiventidd assenbl ed fosiji. CONFI RVATION COPY WO
2009/ 004344PCT/ GB2008/ 002288 12 Referring to the draw ngs, a solid phase
synthesis reaction according to the present invention conprises a cord 1,
bei ng passed +4: i : i i iepd spool 3
h Oi'roet; on R B e e e e e T o host
a. sols dagbaies toehepicomt idventibre present enbodi ment the material is

cel lul ose, or cotton. However, a cord that conprises chem cal groups that
allow reaction with a suitable chem cal species for the reaction to be
under t aken may;0f. LRUI §$8 Rt aRGranf\BY 2 Adikied RadroWBYe @Sistededetionnker group
may be appropriate. The link may |ater be cl'eaved in any suitable manner,
such asachOrdihete thaptegent émepieti cal |y or using radi ati on. G oups such as
free hydroxyl, am no, or am de groups may be appropriate |inker groups,

al t hough there are many hundreds of known alternatives which would al so be
sui tapl e. Filchrel SiseVictlenttid fiagraaosith magmeyic kerdbeivapypaliedithamgbers. Cord 1
may be substituted with 15 any other suitable elongate form such as a

t ape, r {hspeastion zenfsdydnagoetis §Cig8si rabl e to naxi mi se surface area to vol une
ratio of the polyneric material. Maximsing surface area to volune ratio
maxi m ses the extent of the reaction of between the reactants and the
chemi cal specFigareahid ankémitkediagrhm afsepohtus esgpeding to urther aspect of

the present invention,

15
Figure 6 is an enlarged exploded view of the reactor shown in Figure 5;
Figure 7 is a front elevational view of the central glass block of the reactor
shown in Figures 5 and 6;
20

Figure 8 is a cross-sectional view of the central glass block taken along the

e 99 of Figure 7,

Figure 9 is a front elevational view of the rear glass block of the reactor

25 shown in Figures 5 and 6;

Figure 10 is a cross-sectional view of the rear glass block taken along the

line 100 of Figure 9; and

30 Figure 11 is a cross-sectional view of the glass reactor taken along the line

101 of Figure 6 but of the reactor in assembied form.
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The cord 1 passes through a series of zones 2, which may involve reaction
or rinsing. In the present enbodi nent the zones host reaction and rinsing

phases aybermabelyy. Evidently the zones 2 may host apppopiimbephases for
what ever reaction is to be perforned; any conbi nati on of reaction or

rinsing stages mght be appropriate. The 25 zones 2 may of course host

I eagent Steirihpa0he BASAnsY 2l RRH SLARI syhPR <19 08ckiel ab&RGhL AP Ihe bRsBRSSI NG the
cord | through the reaction zones the cord 1 is fed throu said zones 2,

ei t heringeicRraoPsisss Deoti s being pessed thyoughor serise ofipentes Baford Wireiedt he

met ho nLion is being used, at any one instant

di ffe(rjlg'JJ élédr){poggf r{’cﬁfeoﬁoéa arz 30 passing through different reaction
zones 2; this is in contrast to the traditional batch process nethod of
reaction. = CONFI RVATI ON COPY . WO 2009/ 004344PCT/ GB2008/ 002288 13 In the

pr esSentC¥rotidh PRIFDEAC a1t Biltablsioinogt # s0lid pliase reastiemdndhy Beein one of t he

ZONES lgcm%eﬁth%ecortgr% %at%gﬁﬁmé NEOURn, BitweRl deRthymgat gﬁs%g' es may be

provi ded on sai re tthe reaction schene of Figure 1 is
com‘rencd'ednca5 oithues sipe allew rédvdinn writher goebleachemaed bomwidsfot the resstionr eact i on

zone. ct of this reacti n subse u a further

7 onet | e BB Ry bh b B e A RS B M i & A5l Prbduct s
cl eavegaf 'b@ hioBriger @@QQN@QSD}&@@ HeQol&dved %9611}55111@8% &@kikr lsdch skemoved with
arrow 6, e reused or to waste. 10 Figure 2 shows a reactlon schene in

acdér dﬁmf%ca\ldi)’t Wﬁ"@ﬁpﬁlbs@mﬂsmgnwémoén%ﬁpé@@da%ﬁéﬁ hydraeyk B@interd' 1 is
;Cont' nal EQ%C%%ag%ea xg)prl er a4 SChgﬂghtufgger Irg a0 ¢ 3’ \.ﬁld?@d rowave

,aSS|ste onés hg rea and cord 1 is

'passedoﬂ@qu@raﬁte@ﬂahyestmwgﬁ@uld@@a;e sofslel is 15 then subjected to
m crowaves from m crowave source 11 so as to assist a reaction between said
reagents and a species provided on the surface of said cord. Cord 1

conti nyese Mk LAY 1Laad 8 Pf gﬁgi?%glffﬁcr?éer&r@c‘ﬁdqeﬂdr BeLeRRnk: WiFer go further

reactions or or cleavage o
15  any other suitable elongate form, such as a tape, ribbon or thread.

It is desirable to maximise surface area to volume ratio of the polymeric material.
Maximising surface area to volume ratio maximises the extent of the reaction of
between the reactants and the chemical species and maximises the use of reagents.

20
The cord 1 passes through a series of zones 2, which may involve reaction or rinsing.

In the present embodiment the zones host reaction and rinsing phases alternately.
Evidently the zones 2 may host appropriate phases for whatever reaction is to be
performed; any combination of reaction or rinsing stages might be appropriate. The

25 zones 2 may of course host reagents in any phase suitable for the desired reactions.

In passing the cord 1 through the reaction zones the cord 1 is fed through said zones
2, either- continuously or intermittently. For the most part, when the methodology of
the present invention is being used, at any one instant different parts of the cord 1 are
30 passing through different reaction zones 2; this is in contrast to the traditional batch

process method of reaction.
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20 Figure 4 is a schematic diagram show ng how novenent of cord 1 in
direction of arrow 14 is effected through magnetic fields generated by

i nducti onoeeigls43k8. In this instance cord 1 is itself pagmeRisoosed 1 nmay
be made magnetic through inmbuing corid 1 with magnetic particles. 25 The
met hod of the present invention has nunerous applications, and may be used
for varhQus paQbhttniasRert QAHREL spedi&d Hdidked $OkidRNaSH sendesi s as
descri bed agove, wherein a product is renoved fromthe cord. Al so possible
i s net @onscathehyierrgrdvhprsses bi lag epidevilendd specidsenaydreprpwided a1 30 conpl ex

wth me [ ous _sol.utign_and .t her [ ve.said netal fromsaid

sol uti ostﬁl.%ﬂ C'Fﬁ@é%g%g ¢4 aiclgﬁn F(&elﬁ[ﬁoo\%ggv%% ?lri% Oq%?‘%wt%gd to nmetal scavengi ng, as
ot her species nmay be scavenged, for exanpl e biol ogical conmpounds.

CONFL RVATI ON COPY WD 2009/ 004344PCT/ GB2008/ 002288 14 Further, there is the

poss? bi 1hetspegies fea paAsTaREsChERFEn Msihe BpETeefion7ane of e HRAUYHENE est i ng sai d
speci e Aol | dovk b Ye M, : Gleavi [ j om t he
cord. ée%gﬁigns cﬁéeegg&gsj %Iﬁgc&%eéent %r%é%}t;{o?z&ﬁaaﬁggﬁg 2%%?%? Bﬁ%\’/%ﬁ% fgges over the
prior ant unf nstohy 4tahwodwat s deavell drdmatict @dd eabidmvedse sgrageld. éhs and

spool s; reas beaded resi revipusly used, require expensive fritted
gl ass f@é@gllgemovq‘ﬂ@ Sﬁawréidb‘greéléiqo r)}oéggﬁ sed to energy sources, such as
ul trasound, m crowaves 10 and ot her el ectromagnetic waves. This is by

virtue of the small cross-section of the reactor (large batch reactors
r equf r &igereFeshant aakprsioni spherag iagesorsirneronith dhe) preseni (et arranged

_-reagen&%{:}rl achant sy f%r}ogﬁn@o%glg%éﬁge onto defined areas of the cord, these
-defined areas correspondi ng a-particular product. This allows for a

plurality of and 15 specifically a | arge nunber of different conpounds to
be prepared on the cord and these 'spatially addr e,sseg' co o&mﬁs subj ect ed
to testilgye ¥ Bra sshsrstie dnesan g @W%?W%‘ﬁe%%%&ram% LS hge R an

al t er naus, erhofls TRy O add i T‘ﬂ??%s@d‘séq%@nt%éf%ﬁ@h hesusedaasisa solid 20

supported reagent:. i's application a particular chemcal entity is
pr edéntthem stifjected tad mdgrdwirgss fiove dnictuverrg lsoae sldl ot asote okt reastiant s, such

that t t .cord | ily | f the.liquid. h i red
Feact i QPGS TLEAEES BRSCHPP AT P EHOLT &% AGERF A oF'Y HEgeCOR {he et hod
of oper@htigisdestikned2 FHAUE spRfesiphsyideshERen BY Qetitedd StheenBimesi N at | east

one of the reaction zones after the cord has been passed through 95 them
or for cleavage of a product.

20 Figure 4 is a schematic diagram showing how movement of cord 1 in direction of
arrow 14 is effected through magnetic fields generated by induction coils 13. In this
instance cord 1 is itself magnetic., Cord 1 may be made magnetic through imbuing

cord 1 with magnetic particles.

25 The method of the present invention has numerous applications, and may be used for
various solid phase reactions, including solid phase synthesis as described above,

wherein a product is removed from the cord.

Also possible is metal scavenging wherein species provided on the cord form a
30 complex with metal in aqueous solution and thereby remove said metal from said
solution. This application is, however, not limited to metal scavenging, as other

species may be scavenged, for example biological compounds.
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The inventive arrangenent herein described allows for continuous nmulti-step
production of conplex chem cals; a continuous flow of product may be

col | ect gflg 2880hlpascord may be m)ved counter-current toptheeagenisgs) used,
such that fresh reagent enters one end and exhausted reagent |eaves the
other; thus efficiently using said reagent(s) The novenent of the cord
count eFughd:l Githe is0the ip@srxx&a@eai pRpaticeic@sicdl poclecad tad bt gatierent such

that the efficiency of said rinsing process is inproved. FI RMATI ON COPY
WO 20055602 33U PREEFies 2000 Biodrpeg gcty Wﬁthﬁms clappng é%.‘fil Wcict AR Bhgat e

materi alql s housed within a conduit as it is passed through said zones. The
conduit has a cross-sectional area suitable to contain the flow of the

(sol uti on of) reactants and the cord. Wen too narrow a channel is used,

t he ,m) %{tﬂe cord.causes. unwant ed, novenent f t he a%tﬁlu i on of)
et arP8 SRS BEFSGHLE SR A TR 1BBHE S BT HSHICGH ﬁsm ution of)
react affeScdrd MRAShE Uandded 'éééllge'hsﬁg%ﬂbﬁeﬁfd Qfootsheviiefiae @R k&irghown in
Figures 5 to 11. Apparatus conprises a reactor 10, a syringe and syringe
drive PEvicushDised. rednte Gipkesiveritted glseppeslsnot or 13, a conputer unit 14, a
solid phase ribbon 15 and a spectroneter 16. 10 The reactor 10 conprises a
front block 17, a central block 18 and a rear block 19. Each of the bl ocks
are gefnae abldymayheicdsly a{jfd;séd)formﬂrgyrm@ls assh aAluliesoaid, neksowdves bl ocks may

b f tetrafl PTE h h t hi ne.
v bl B apse r°”ifﬁ: &%@%éa Gh Gt o5 e bS] GESEAESNOR Bach bl ock 15
17, 18, ;e%c% tﬁgﬁéiﬁg g%%& ﬁglgf@blrg},sp@rs%h@g to the side edges

‘and i ndent eg |nvvar Respective apertures 20 in the
‘bl'ocks 17,18,19 are ali gned with each other. Bolts 21 pass t hrough

respec iv al i gned a S and nhuts Lth respective bolts
0T o° Bty iors s D A E RGOSl poft GoBPRRrs ol akaRRE 53 o
provi d@é'ﬁ@éd%@asaeah%gi ontiBg8o @fpatthi@lk b %mmblztﬁfskama%s f&rﬂﬁ@pmﬂﬁ@f aZB has a
U-section and extends froma top S|de of the block 17, in di rection
subkt aspacifidally galesgd mumipes of Hifferpalecasanpandpto bharaphisd on1the G‘Pﬁbm@hannel 23
termn Q ont face of
t he ceaﬁg’%ls%%?ﬁc}h gﬁg&eé M@g&%(%ns%l E}Q e\gﬁ?ﬁesgﬁ%réfgf@%ﬁ %b’%)?({gﬁé%l ;3{ ont bl ock
17 suchpdchaprabhicatmes the channel 23 to forma conduit. The channel 23 is
of suitable dinmensions to receive a solid phase ribbon 15. An inlet
aperture 24 is provided in the front face of the front block 17 towards a
top 30efant ARbhigekartiloRRldleRAS EfbchB PR Shlchl bl NE-Pl:ock g An inl et
bore 25 extends fromthe inlet aperture 24 in a direction substantially
per pendipirad reagethdn chiarmpelica?dn anphrtiertan ctwn&wl antity pairetenbbnithe er sect i on
with the ch%nnel

cord 15 moveg' through {a solution of) reactants, such that the spent cord is easily
removed from the liguid once the desired reaction has occurred. Essentially this is the
mirror image of the method of operation described above, as the desired product(s)
remains in at least one of the reaction zones after the cord has been passed through

them.

™2
tn

The inventive arrangement herein described allows for continmous multi-step

production of complex chemicals; a continuous flow of product may be collected.

30 The cord may be moved counter-current to the reagent(s) used, such that fresh
reagent enters ong end and exhausted reagent leaves the other; thus efficiently using
said reagent(s) The movement of the cord counter-current to the reagent(s) creates a

concentration gradient such that the efficiency of said rinsing process is improved.
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CONFI RVATI ON COPY WD 2009/ 004344PCT/ GB2008/ 002288 16 The central block 18
Is provided with an aperture 25 towards a bottom of the block 18, within

whi ch a ywalbh@igeehsi s rotatably nounted relative to thepblrfiosogidazgsi m | ar
arrangenent as with the front block &8, a channel 27 is provided along a 5

front face of the rear block 19. The channel 27 has a U-section and extends

the i o Bifetofion 26 Pofply hiy % Rl 8o ROREEhe 2 bl oht ab

the side € annel term nates at a hei ght above
a bot t oireghesidfzohbe Tht ackdilitheas A creakediaas éa fuebleentomhinhofiewl8 is in

contact with the front face of .the bl ock 19 such that it closes the
channel szf#Et(%of%qwé TEHTRG fmc{ ﬂiﬁé’oﬁc[\m@} Log7naTOVh B CEERTE I %Se‘%o&ﬁi mensi ons
to recej i e RRAS &afid Hatlia J B LSstpi@vi ded in a
rear f:}!élé@eorgertﬁﬁdgggar b%g%éfp%gwta%é\}\%r@the{ ?ggﬁﬁggthe b%igcrﬁa%w and di sposed
to orfe $ilde taf widee diianoH il@ed Ano owech ef thedsadud® e} teandsisfis vastehe out | et

aperture 28 in a direction substantially perpendicular to the channel 15 27
and termnates at a point of intersection with the channel 27. The cavity

25 in theredart édbodihREKofl fhel int@RisAGE Shévhe i Fanel § 1231 27Apphrdthe 9f ront and
rear blocks 17,19 such that, in effect, a continuous condujt i s created

from t heomprises 2ayserionri8, 245y1ingy ped pydpge Bive k117 Mot Renslier d dperture 28
sol i d piade Fieffe 1eorBbie s PR3 REBHES HaBoY Ta oL BeBphERF 16T 2O0GH (he
chanriel | ‘
The reactor 10 comprises a front block 17, a central block 18 and a rear block 19,
Each of the blocks are generally cuboidal and formed from glass. Alternatively the
blocks may be formed from poly(tetrafluoroethane) (PTFE), which is cheaper to
machine. A row of apertures 20 is provided along opposed side edges of each block
15 17,18,19 extending in a direction substantially parallel to the side edges and indented
inwardly of the side edges. Respective apertures 20 in the blocks 17,18,19 are
aligned with each other. Bolts 21 pass through respective aligned apertures and nuts
22 are engaged with respective bolts 21 so as to fix the glass blocks 17,18,19
together.
20
A channel 23 is provided along a rear face of the front block 17. The channel 23 has
a U-section and extends from a top side of the block 17, in a direction substantially
parallel to the side edges of the block 17. The channel 23 terminates at a height
above a bottom edge of the block 17. A front face of the central block 18 is in
25 contact with a rear face of the front block 17 such that it closes the channel 23 to
form a conduit. The chaunel 23 is of suitable dimensions io receive a solid phase
ribbon 15,

An inlet aperture 24 is provided in the front face of the front block 17 towards a top
30 of the block 17 and disposed to one side of the block 17. An inlet bore 25 extends
from the inlet aperture 24 in a direction substantially perpendicular fo the channel 23

and terminates at a point of intersection with the channel 23.
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23 in the block 17. The ribbon 15 passes downwardly through the channel 23
inthe front block 17, is |ooped underneath the roller 26 in the central

bl ock 18yopa®aes425 upwardly through the channel 27 inpthemesroseck 19
and out of the top of the rear blockl9. The conputer unit 14 is
operatively connected to the stepper notor 13 via the notor controller 12.
The spd@éd caftral bteaki Idnisgirotifiel wok en apStwaiShiewsels abyotappebibeitdeck i nputs 30

to the.gomputer,.unit 14, The or 13 is.arranged.tq drive the solid phase
bbon | S VEHp S S 1RU 26 o bomerisd FEkE MARIE e | s tsed to coupl 6 the
notor 13 to the solid phase ribbon 15. CONFI RVATI ON COPY WD

2009/ 004344PCT/ GB2008/ 002288 17 The syringe and syringe driver 11 is
cont r of adinylar erangesgny eerithihe o terk 18 acopmet £éd Providsd alosEdt aperture

24 10 the. eont ol 06kl Ybahe Lhitheh be6e L 060 o whghdaslie syringe 11
is forced under pressure t rougﬁ e Tlui eed 17 Ae Into the inlet
aper t ute 2de thihetddrkt Ite ih nl diecthar enb2Gntidyvwanaliad lty tHehsidaigdeet o lehannel 23 in

the front block 17, through the aperture 25 in the central ock 18,
upwvar dlg&"d?ot%éiaﬁ%@l@ﬂatﬁﬁ%‘%ﬁ?%ﬁ B ai?%vaﬁa Btk 4, o't g e out | et
bore 29 {hf %Qﬁf]ﬁlﬁ?ﬁg&%% Bbci@Peid M @ni8: diih terbRat . LLOGK 13 gt back into a

return section o urd feed Iine 30. In the present enbodi nent the

fluid il secH thepit dlosa the channekbl T tedugh asbedwusThe chagas A7ey obsuitablsd. 10 A
subg@ agce to bf react ed fhci R ov.'l)ged on the solid phase ribbon 15.

Al t &F nSERSIYPS {HEL B EFANTBI MR BE 19 nked to the solid phase ribbon 15 in
the reaction zone. The solid phase ribbon 15 conprises a polyneric materi al
suitable to host a solid phase reaction. For exarTEI e th&s%‘é' ynmeric materi al

i s subdmattiebaegturentiors pupedsdinatear facesyith Fe8nbigple s & VAT &R @action zone
and couy 41365 168 Rkl 1A Oud OF iBIAIAGNTRN A Guifth thRASS cRBud | NKer

species o e su nce. I n the presen odinent the matertal is

cel | ul Geey theroutiet smnturdARY ig & aliectidiatubataytidgt paserdidilarke thg rlowpelnay be
appropriate, 20 As the solid phase ribbon. 15 ses through the solution in
t hel eg(ktap‘g?;? s 2f QO BE ISR e\/ﬁh@ﬂn‘{lﬁz solution to forma
product. A mcrowave energy source 90 exposes the solid phase ribbon 15 in
the reaction zone, to mcrowave radiation. This inproves the efficiency of

the redteicovity 251 thet ¢aingraloek 18 nterseds dfc GmpEelbLoCk sniths freadanst gl ass
bl ocks,  prouL 855 1B, ARVADt A%E: N o MRk RTE Bol Bl Sed PBOR%EE e ©

m cro
aperture 24 in the front block 17 to the outlet aperture 28 in the rear block 19, This

20  continuous conduit forms a reaction zone.

The solid phase ribbon 15 is fed into the top of the front block 17 through the channel
23 in the block 17. The ribbon 15 passes downwardly through the channel 23 in the
front block 17, is looped underneath the roller 26 in the central block 18, passes

25 upwardly through the channel 27 in the rear block 19 and out of the top of the rear
block 19.

The computer unit 14 is operatively connected to the stepper motor 13 via the motor
controller 12. The speed of rotation of the motor 13 can be set by appropriate inputs
30 to the computer unit 14. The motor 13 is arranged to drive the solid phase ribbon 15
through the reaction zone. A flexi drive 29 is used to couple the motor 13 to the solid

phase ribbon 15,
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The product remains attached to the solid phase ribbon 15 upon exit from
the reactor 10 and may be cleaved at a |ater stage. Before the product is
cl eaved,wOheosB048pect ronet er 16 anal yses the product. FPAEFGBSHB622880 nay be
di sassenbl ed. Specifically, each of ®he three bl ocks of the reactor 10 may
be di sassenbl ed. This provides a neans of cleaning the apparatus

CONFI RVATHe QY ringl Yind \MOXiA00 U964 31 4PCEAHRRA0SY 402288 ndBr LAit 1B 41 and al so an
easy neans of passi rxllgeét he solid %Qase ri bbon 15 through t he channel s 23,27

in the HPB%EI??df? theginied apasfuge &4 ithie drogg b10§]eé3h®t efividtfegd lamﬁféthncbm nts for
‘th | | | d ph
Hbbon 15 andPRer | PRORrED ARG DG B uenul b e Y fud PRSERLE" POSC

di rect i Gn&rurFLRéWirnggti the tiddet oew 25 sbmmmﬁy &Qﬁug’ﬂ theWearheLPNEEME KAaki on
gr adi nt, St shed, increasing the time of the reaction
and/ of OC?(aﬁgJ'ﬁIt agdf) O%g Iﬁr%@tﬁ’éﬁdb@o%égr apwerdn thrgpefe thayi ven
condi t i @hgnnel 37 tnOthé RGE BRSR 1DN@ I anpl e by

y e e S

i ncreasing the height of the channels solid
phase r PBbfhersar ekl foand bhgk Imtg agbmiossstiph g the dluid ﬁa&éﬂmaBlﬁt 4n tishe hei ght

f th t t f th ti
o o . BRRERERE i A A S B b e

conditiossl.is 15 |imted. The present enbodi ment of the inventions seeks to
overfcgrre this issue. A nunmber of reactors 10 may be connected together side
by stde to forma nunber of reaction zones. In such a configuration, the

'solid pﬁas‘iﬁastrah&b@%ejréac’f@lyls 2?0&9@@?1%?1%5 Sl ﬁﬂ?ﬁe A8 4 Ch12haR Dy e gactor into

the inlet of an adjacent
substance may be linked to the solid phase ribbon 15 in the reaction zone. The solid

phase ribbon 15 comprises a polymeric material suitable to host a solid phase
reaction. For example the polymeric material is substantially insoluble in the
15 solution present in the reaction zone and comprises groups that allow for attachment
to at least one linker species of the substance. In the present embodiment the
material is cellulose, or cotton. Any group that may act as a linker group may be

appropriate.

20 As the solid phase ribbon 15 passes through the solution in the reaction zone, the
substance reacts with the solution to form a product. A microwave energy source 90
exposes the solid phase ribbon 15 in the reaction zone, to microwave radiation. This

improves the efficiency of the reaction.

25 In this case, the use of PTFE blocks instead of glass blocks, provides an advantage in

that PTFE is more transparent to microwaves than glass.

The product remains attached to the solid phase ribbon 15 upon exit from the reactor

10 and may be cleaved at a later stage. Before the product is cleaved, the
30 spectrometer 16 analyses the product.

The reactor 10 may be disassembled. Specifically, each of the three blocks of the

reactor 10 may be disassembled. This provides a means of cleaning the apparatus
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A single source of fluid may supply all of the reaction zones, with fluid

feed |ines connecting each of the reactors together. 25 The above

enbodi mepbo@resday way of exanple only; many vari ati ongcars:peastisk e

wi t hout departing fromthe scope of #he invention as defined by the

appended. c| ai ns., CONFI RVATI ON COPY, 19 d ai 1. Apparatus suitable for a

sol i d phikE ARhAlsP G SR8 msane 8hperdedge sadd gﬁ@,%ar&bb@go{?g B! bl ¢

rrateri&hm%ﬂm%ﬁggf&kpm,§@@§'i es attached thereto via a cleavable Iinker
t at

gr oup roug east one reaction zone and reacting said species in said
zone, the apparatus conprising: an elongate insoluble material having a

starti speci es attached thereto via.a cleavab | i,nk . ti
Sone. SRS EEE SRR TRECTTRATL SRS A B P R hE s B on the "
reast i @QRuzANenis 40hwt MBS sbINE pERBCHESHINTRY =he shr@iched fidvtihehé eanti on zone,;

and each reaction zone being a conduit conprising a fluid source connected
to an divgcten t@ theeveessc diremiorsne Fyene tinather TayPEe ndijeckian sispisi 8d to the

reacti 58@ L 0 he fluid conprising at |east one reactant
for recg)(rl}?l onﬁeéfﬁamseg?gliep%%ﬁgg%édénd the fluid supplied to the reaction zone

flow ng through the zone and out of an outlet fromthe reaction zone. 2.
Apparatus of claim1, further c rising a ive neans faor effecting the
m)veme(_h‘im Jfa3t fe T EATEER enﬁ&l@r?ﬁg}etmas ap&/@r rtgﬁc?fl?cﬁlﬁt i’gn@?_ch?.% Appar at us
of 1 rgﬂﬁcegr%ﬂt@ PSRN o} AR @InBRAALCIsTR! Blckdke itB: 8280 fhephase
ribbon. 4. Apparatus of any preceding claim wherein the fluid is a |iquid.
5. Appaaditouszone, Gmexpmelelll myrasiagthafeigst af thﬁeclwhdﬂi2t3,37saffdoﬁlﬁed Wi thin at
l ?:ast ltérrllgr,t e golilsd’ pft;[arslg BEOE rlglt v , P2 %b;[fi%{lg %hjbgl&? %3@%&&1{&” whi ch the

the height of the channels 23,27 is limited and therefore the time of the reaciion

and/or the amount of the product that may be produced under given conditions is

15 limited.

The present embodiment of the inventions seeks to overcome this issue. A number
of reactors 10 may be connected together side by side to form a number of reaction
zones. In such a configuration, the solid phase ribbon 15 may be passed from the

20 outlet of one reactor into the inlet of an adjacent reactor,

A single source of fluid may supply all of the reaction zones, with fluid feed lines

connecting each of the reactors together.

25 The above embodiments are by way of example only; many variations are possible

without departing from the scope of the invention as defined by the appended claims.
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conduit is formed, each of the blocks being generally cuboidal and having a
front face, rear face, top face, bottom face and opposed side faces, the

bl ocks occupying an upright orientatign and being connected to 20 each

ot her such that the bl ocks occupy front, central and rear positions, the
inlet inthe formof an inlet aperture being provided in the front face of
the front block towards the top of Claimsbl ock, the outlet in the formof an
outl et aperture being provided in the rear face of the rear block towards
the top of the block, and the central bl ock being provided with an aperture

tovar ds the beLLomal dRgol 96K a QOBRLLY WhRtishnRiRe | eimbeingunt cd

within tfe a paratus o alm5, wherein the blocks are

connect egaéﬁ %ﬁfél(?’f m%tu%ief Rst&n REviganstarting. spapiar attachedf cl ai m 5,
wherein er sal d bl ocks are connected together side by side to form

a nunberttm‘reﬁoeam:aloﬁﬁavabhaémket poup trayghatieas ong reBelioTyzenas8’e from t he
outlet of one hlo t tinafa aflisanbridthgck. 8. Apparatus of
any of cWezﬂCHng‘af(g%&%ﬁgr%ﬁ%Z?hg 1é’%or@ﬂatre rraterl al %asses t hrough a
plurality of the reaction zones. 9. Apparatus of any preceding claim

wherein an i nLgt cRAGRUEASILEIE Hiresliongaing mattrtiag smecies! dteshedhe

reaction zone respeCtively are | ocated above the inlet and outlet of the
fluid to and fheveiot Vie arde@tatie ipk#edPEBpecti vel y.  10. Apparatus of any
preceding claim wherein the drive nmeans conprise at | east one rotatable

unit such as a rol]er or s ool r outlet for the
el ongat e mat e '8RACHY ZHNE ? eézg%#hrotégm:aoegb %g nlz’aé%ﬁ%loca ed above the
inlet and outhet 10aN dIPMHLeAGRH 28R ZaUtD: tHEL.the smidies phas desynt hesi s
met hod conpri sing passing an el ongate materi al having a starting species

attached t her egacted in theclesgtiablzenei &k@&r group through at | east one reaction
zone and reacting said species in said zone, the reaction zone being a

conduit and a fluid source bei g connecte o0 an i.nlet to e tion zone
and fluid bei FGCBUPRRFIRD (297¢h %’%%cﬁu &ﬁnaB{'ﬁ CPPESIEL %h@é‘goﬁg’gg"% t he

f1luid comr i SigalicheRsroffl KEGheeabin 248 st vhish fukd hapes es, and

the fluid sup reaction zone flow ng through the zone and out of
an outlet fromupbtied éadhé oractmmezone from the source, the fluid comprising at

least one reactant for reaction with said species, and the fluid supplied

fo the reaction zone flowing through the zone and out of an outlet from

the reaction zone.

2. Apparatus of claim 1, further comptising a drive means for
-~ effecting the movement of the elongate material through the reaction zone.

3. Apparatus of claim 1 or claim 2 wherein the elongate material is a solid

phase ribbon.
4, Apparatus of any preceding claim, wherein the fluid is a liquid.,

5. Apparatus of any preceding claim wherein the conduit is formed within
at least three blocks, the apparatus comprising three biocks within which the
conduit is formed, each of the blocks being generally cuboidal

and having a front face, rear face, top face, bottom face and opposed side

faces, the blocks occupying an upright orientation and being connected {0



512. The nethod of claim 11, wherein the fluid is a liquid. 13. The nmethod of
claim1l or claim 12, wherein the eIongate material and the fluid flowin
the sanme direction as each ot her in.reverse directions to each other. 10
14. The net hod of any of clains 11 to 29 wherein the reaction zone is that

of an appar at us def i t [y wh
m cr omeggaahgmﬂ?zupgﬁ%@é%g%&?%%ﬁ ‘Jfal & Eﬁ’@n%'ﬁ (Ca)]I‘Of : glngnc% of e;el "
chem cal ﬁ@ﬁ%h@r}heﬁ? 1R the 1Rh @Cbrpf'xléﬂa%bﬁhﬂedrbemblp%mcﬁw trhige i ncl udes any

one or botp ovmn f eat ures: E) he elongate material is
passed thtfmgfacatoflﬂwﬁ'ontiﬁedfi%rﬁ@t%ﬁ% Of\ih% \@lch heoWrbhdate materi al

and/ or said s C|es 1S subj e | @t and (b
di f f er ent 19"8R ‘ﬁrt' gug?teapgglgosﬁ%mé%r&; 15'&5 | ne ¥5’%§%£@0¢@ aZ el ongat e (o)
nmaterial, (yhaidelde fod of e baukbend dhe derﬁtfalb&m:lk hmnpppwvd&dare prepared on the

elongate material and are each s ec stin A et hod of claim 14
or clai m v4th %é?@ﬂﬂfeaio‘f”@ﬁj@ttr‘%r?oﬁ?%b‘ff[épe%LOCESOE ng ﬁe(gﬁ] he el ongat e

material  oer is mounted within the aperture.

6. Apparatus of claim 5, wherein the blocks are connected to each other

by a fastening means.

7. Apparatus of claim 5, wherein a number of said blocks are connected
together side by side to form a number of reaction zones, the elongate
material being passed from the outlet of one block into the inlet of an adjacent
block.

8. Apparatus of any of claims 1 to 6, wherein the elongate material
passes through a plurality of the reaction zones.

9. Apparatus of any preceding claim wherein an inlet and outlet of the
elongate material fo and from the reaction zone respectively are located
above the inlet and outlet of the fluid to and from the reaction zone

respectively.

10.  Apparatus of any preceding claim, wherein the drive means comprise
at least one rotatable unit such as a roller or spool and/or wherein an inlet and
outlet for the elongate material to and from each reaction zcne are located

above the inlet and outlet fo and from the reaction zone.

11. A solid phase synthesis method comprising passing an elongate
material having a starting species attached thereto via a cleavable linker
group through at least one reaction zone and reacting said species in said
zone, the reaction zone being a conduit and a fluid source being connected to

an inlet to the reaction zone and fluid being supplied to the reaction zone from
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the source, the fluid comprising at least one reactant for reaction with said

. species, and the fluid supplied to the reaction zone flowing through the zone

and out of an outlet from the reaction zone.
12. The method of claim 11, wherein the fiuid is a liquid.

13. The method of claim 11 or claim 12, wherein the elongate material and
the fluid flow in the same direction as e_ach other or in reverse directions o

each other.

14.  The method of any of claims 11 to 13, wherein the reaction zone is that
of an apparatus as defined by any of claims 1 to 10, optionally wherein
microwaves and/or ultrasound are used to improve the efficiency of a

chemical reaction.

15. A method of claim 14, which further includes any one or both of the

following features:

(a) the elongate material is passed through at least one rinsing zone,
wherein the elongate material and/or said species is subject {o rinsing

by a rinsing agent; and

(b} different reagents are deposited onto defined areas of the elongate
material, whereby a large number of different compounds are prepared

on the elongate material and are each subject to testing.

16. A method of claim 14 or claim 15, wherein a reaction product is

cieaved from the elongate material



