Degr adabl e Supports for Tide Synthesis Field of the Invention The present
invention relates to a nethod for the synthesis of conpounds, in particular
conpoundsweebsatsext3f r om pepti des, ol i gonucel oti des, andpPpemB20®/03126€ei C

aci ds. Background to the Invention Peptides, oligonucleotides and peptide
nucl eic acids, hereafter collectively referred to as tides, are
biologically inportant polyners made up of distinct repeat units. In the
case of peptides the repeat units are amino acids or their derivatives,

while in the case j j i e nucl eoti des or
their derivatives. ﬂﬁ%mmg%ﬁf?ﬁf@ﬁmmﬁg into RNA
ol i gonucl eoti des and DNA ol i gonucl eotides, as is well known to those
skilled in the art, see for exanple P. S. MIlar, Bioconjugate Chem stry,
1990, Vol ungeid.of pRISRnd&7- 191. In the case of peptide nucleic acids (PNA)
t he backbone 1s conposed of repeating N (2- am noethyl)-glycine units
| i nked by peptide bonds. The various purine and pyrimdi ne bases are |inked
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function agg(ﬁffects of these tides in biological systens. Tides are
synt hesi sed t hrough coupling together their repeat units to give a specific
sequence. The repeat units nmay be protected at one or nore reactive sites
using protegti Qq&§myéﬁoglrect coupling reactions to a specific
reactive S|$E—%%—§%e—pror6tre repeat unit. Deprotection reactions may be
required after a coupling reaction to renove protecting groups and prepare
the tide f015 ?des bls oguc?eottﬁgsoa{“rllalpept%le nugl(eltcla(():ﬁs h-lelregl er c%ﬂ;[:crgl%e Iysre errede place in
a sequence of el each cycle " conpri

as t1des are biologically important polymers made up of dlStlnCt repeat units. In the

case of peptides the repeat units are amino acids or their derivatives, while in the case
of oligonucleotides the repeat units are nucleotides or their derivatives.
Oligonucleotides can be further divided into RNA oligonucleotides and DNA
oligonucleotides, as is well known to those skilled in the art, see for example P. S.
Millar, Bioconjugate Chemistry, 1990, Volume 1, pages 187-191. In the case of
peptide nucleic acids (PNA) the backbone is composed of repeating N-(2-
aminoethyl)-glycine units linked by peptide bonds. The various purine and pyrimidine
bases are linked to the backbone by methylene carbonyl bonds. The sequence of the
amino acids in a peptide, the sequences of RNA nucleotides in RNA or DNA
nucleotides in DNA, or the sequence of purine bases in PNA, determine the function

and effects of these tides in biological systems.

Tides are synthesised through coupling together their repeat units to give a specific
sequence. The repeat units may be protected at one or more reactive sites using
protecting groups, to direct coupling reactions to a specific reactive site on the
protected repeat unit. Deprotection reactions may be required after a coupling reaction
to remove protecting groups and prepare the tide for a subsequent coupling reaction.
Tide synthesis takes place in a sequence of cycles, each cycle comprising a coupling
reaction followed by a deprotection reaction. Between reactions, the removal of traces

of excess reagents and reaction by-products to very low levels is necessary to prevent



reaction followed by a deprotection reaction. Between reactions, the
renoval of traces of excess reagents and reaction by-products to very | ow
| evel s i sWoeosssa34$ t 0 prevent erroneous sequences bei ngPCorGrR2doY031328e
sequence of repeating units. Wien the coupling or deprotection reactions
are carried out in liquid phase, referred to as liquid phase synthesis,
this purification is often tedious and is achieved by tinme consum ng
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grown, it is cl'eave resin ant each
coupling orMHmpeo&scﬂahmnme@@MmoﬂﬁHmhsﬂ&w&t unreacted protected am no

aci ds, excess reagents, and other side products can be renoved by washing.
This includes washing the resin on a filter or flushing a packed bed of
resin w th zoplidzesintheSeo wad rplasienipeipini 1963 $y nidh@Bis dfSohdphae Symindar d
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and relles on soli hase s nthe5| in which a first oligonucleotide is
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of couplingiared @Rl MeeelihOnfR@sdy, i She Vhd Br PALHI éduﬁﬁﬂgl enagebeeapn t he
reactions carried out by mashln% Thi s i ncl udes was the resin on a
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flushing a packed bed of resin with solvent. Solid phase peptide synthesis is now a
standard technology for laboratory and commercial syntheses. The synthesis of
oligonucleotides has followed a similar technological development to peptides, as
described by Sanghvi, YS, Org Proc Res & Dev 4 (2000) 168-169, and relies on solid
phase synthesis in which a first oligonucleotide is linked to a solid phase. Further
oligonucleotides are attached via cycles of coupling and deprotection reactions, with
purification between the reactions carried out by washing. This includes washing the

resin on a filter or flushing a packed bed of resin with solvent.

Liquid phase tide synthesis has also developed. Soluble supports including
polystyrene, polyvinyl alcohol, polyethyleneimine, polyethylene glycol, polyacrylic
acid, polyvinyl alcohol-poly(1-vinyl-2-pyrrolidinone) co polymers, cellulose, and
polyacrylamide, have been described for use in methods for facilitating separation of
growing peptides and oligonucleotides from excess reagents and reaction by-products
by D J Gravert and K D Janda, Chemical Reviews, 1997 Vol 97 pages 489-509. The
use of membranes during liquid phase peptide synthesis to separate growing peptides
from excess reagents and reaction by-products was reported in US 3,772,264.

Peptides were synthesised with poly(ethylene glycol) (PEG) as a soluble support, and



pol ystyrene, polyvinyl alcohol, polyethyleneimne, polyethylene glycol,

pol yacrylic acid, polyvinyl alcohol-poly(l-vinyl-2-pyrrolidinone) co
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met hods for facilitating separation of grow ng peptides and

ol i gonucl eoti des from excess reagents and reaction by-products by D J
Gravert and K D Janda, Chem cal Reviews, 1997 Vol 97 pages 489-509. The use
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distillatio fore re-di | ving the PEG anchored peptide back into
organic soH@éﬁgn’%§°$ﬁ%g8§§%“%%ﬁ%P?%§ or deprotection step. In US

3,772,264, peptides were synthesised |inked to polyethylene glycol as a

sol ubl e su i ch enlarged the produc epti.de and facili ed
separati on Byt W Pt W OIS PR RS BsbRB et B ne pepti de
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ol i gonucel afhGesplapieidine biRidp nOsRBREGL.ESt ers approach. Sol ubl e PEG
supports were linked to an initial dinucleotide, and sequential addition of

further dinucleotides was carried out through coupling and deprotection
chem stry goluble supports have also been used in oligonucleotide synthesis. Bonora et al.

(Nucleic Acids Research, Vol 18, No 11, 3155 (1990)) have reported using PEG as a
soluble support for growing oligonucelotides through the phosphotriesters approach.
Soluble PEG supports were linked to an initial dinucleotide, and sequential addition
of further dinucleotides was carried out through coupling and deprotection chemistry
performed in dichloromethane as a solvent. In between each of these steps,
purification of the soluble support - oligonucleotide complex was achieved by
precipitation from the dichloromethane solution through addition of diethyl ether. It is
claimed that the PEG soluble support led to improved properties of the solids formed

during these precipitation steps, with consequent overall process improvements.

Soluble supports can be linked to tides through chemistries known to those skilled in
the art, and including those described in the references above. When employing these
chemistries, a linker molecule can be inserted between the soluble support and the tide
which is amenable to cleavage under conditions where the protected tide remains
stable. The tide may be cleaved from the support, and then the soluble support and the
tide are separated. Achieving this separation by precipitation of the tide may be

difficult when the soluble support and the tide both precipitate from solution with the



performed in dichloronmethane as a solvent. In between each of these steps,
purification of the soluble support - oligonucleotide conplex was achieved
by preci pvoavioonssf4som t he di chl or omet hane sol uti on t hr org/Gardégvaseszs of
diethyl ether. It is clained that the PEG sol ubl e support led to inproved
properties of the solids fornmed during these precipitation steps, with
consequent overall process inprovenents. Sol uble supports can be linked to
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t hose described in the references above. \Wen enploying these chemnistries,
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whi ch is anenabl e to cl eavage under conditions where the protected tide
remai ns stable. The tide may be cleaved fromthe support, and then the
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support, one en ecu e € ] ol ne ubl e
support, fohhamed.by attachnent of the initial tide building bIock to the
ot her end of the l|inker nolecule. However, during the process of attaching
the linker nolecule to the soluble support, sone fraction of the soluble
support maySdlidnphade Uity &d theladbri dgelﬁélaﬂﬁ Iﬁ@fatrehleeécausies of henefitar eofgeneral | y

preferred because.of .a | e umd has synt hesi s.
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cannot be ensured during the synthetic steps then the whole synthesis is
put at ri skie BgPOft ARl g%%SHredv%‘é‘P% the araisyersdhe be &hﬁ&sﬁ&‘?‘ﬁ}s sed the

support is gm@atriskf e ha rBisbn, SHeHAlRiBHABRE tire adl@HLusBI elelsg@m it folte robust
and inert so they can withstand the synt hetic process an | eavage of the

tide. In adtﬁeplao Gispluple swprsiin Tlrege are known to be robust and inert so they can

withstand the synthetic process and cleavage of the tide. In addition, it is known that
PEG is biologically well tolerated and the resulting tide may be left bound to the PEG
as it is not detrimental in vivo. Indeed, the presence of the PEG support can be used

to modify the release and binding properties of the tide in vivo.

The problems at the end of the tide synthesis in a liquid system, when the product tide
and the unreacted or cleaved soluble support must be separated, have meant that such
methods have not been developed to any great extent. Precipitation is the preferred
technique, but if the soluble support and the product tide are both precipitated by the
same anti-solvent, they cannot be easily separated and other techniques, for example
chromatography, may be required. Consequently many workers prefer simply to

avoid this method.

WO02005113573 discloses a means of using a degradable support material for tide
synthesis. This work teaches that siliceous organic or inorganic materials can be used
as supports for tide synthesis. Through careful selection, these support materials can
be degraded by reaction with hydrogen fluoride to volatile silicon-fluorine compounds

at the end of the tide synthesis. The silicone-fluorine compounds are evaporated from
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degradable support materials appropriate for the particular tide chemistry and product,
which can be degraded under conditions that do not affect the protected groups on the
growing tide and tide product. Furthermore, the act of degrading the support at the
end of the synthesis enhances the membrane filtration by reducing the size of the
species that must pass through the membrane relative to the tide product that must be
retained by the membrane. In particular, this is of significant benefit if the membrane
selectivity for the intact support material is similar to the tide product — i.e. the
selectivity of the membrane for the tide product can be greatly enhanced by degrading
the support material and making it smaller. The present invention is able to use a

variety of mild reagents to effect degradation of the support. In particular, it is not

necessary to use hydrogen fluoride in this procedure or similar reagents.

The present invention aims to provide an improved process for synthesising tides in
the liquid phase using soluble supports. It is a further aim to provide a process in
which the resulting products can be easily separated from any unreacted material,
materials present as a result of the use of the soluble support, etc after synthesis and

cleavage of the tide. It is another aim to provide a process that does not require the



The present invention addresses the |imtations of the prior art through
conbi ning the use of degradabl e sol uble support materials for synthesising
tides wi tworrerisaz¥e filtrati on. By using nenbrane filtr CIraR200%051%25
possible to select froma w de range of degradabl e support materials
appropriate for the particular tide chem stry and product, which can be
degraded under conditions that do not affect the protected groups on the
growi ng ti dgeaR¢nionfioPIpRH Y6t isolfitnt STOMERLS, ddehfodkt. @fisdRgradiifgot he
support at the end of the synthesis enhances the nenbrane filtration by
reduci ng t 0¥l @ pPceshdn spueh die findt sepyationsans be REiagd bhéembiteane
relative togjigtide product that nust be retained by the nmenbrane. In
particular, this is of significant benefit if the nmenbrane selectivity for
the intact support material is simlar to the tide product - i.e. the
selectivity of the nenbrane for the tide product can be greatly enhanced by
degradi ng the RURRATenfi®f &bl s@Rdokirgsd iingmal | er. The present invention
is able to use a variety of mld reagents to effect degradation of the
support. In particular, it is not necessary to use hydrogen fluoride in
this procedure or simlar reagents. The present invention ains to provide
an i nprovedaRLRGESS hereSHNhNARHS iRGe ipfRfiel A phdBss! tbHé Prepliadss dtai NY

sol ubl e supports. It is a further aimto provide a process in which the
resul ting pifddeirouedpelessedelion|the gopacanpisitg epilsy isprrdeoddesmaderi al |
material s pLE&MWucRR Rids@BUblocQl cdifiGistRqndfiefshe sol ubl e support, etc after
synthesis and cl eavage of the tide. It is another aimto provide a process
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tide product. It is thus an aimto provide a process in which the final
separati on can be fashioawedndy nenbrane filtration. The present invention
satisfies sone or all of these ains. According to the present invention,
there is provitded ¥niheseins defisy compound dpedipitsrsobblegupparsttartipgiionind

sel ected fromthe @5?ggn§9@9&f&kgg: peptides, oligonucleotides and peptide
nucl eic acids, the process conprising the steps:

© degrading the soluble support after formation of the first compound to

form one or more soluble support degradation products; and

(@ isolating the first compound from at least one of the degradation products
of the soluble support using a membrane that is stable in the process
solution and which provides a rejection for the first compound that is
greater than the rejection of at least one of the degradation products of the

soluble support.

The tide, i.e the first compound, may be cleaved from the soluble support either
before, after or simultaneously with degradation of the soluble support. Usually,

degradation occurs after cleavage of the tide from the support.

The process may include one or more additional optional steps between any of the

above steps and / or after conclusion of the process.



(a) providing a soluble support and linking to it a precursor conponent of
the first conpound; (b) synthesising the first conpound bound to the

sol ubl e swpporwossidarting fromthe precursor conponent; @ECY/GB2gradiszg t he
sol ubl e support after formation of the first conmpound to formone or nore
sol ubl e support degradation products; and (d) isolating the first conpound
fromat |east one of the degradation products of the soluble support using

a nmenbrane Whafayd foufll Ak & ik Podshse Rf&“g%@ sSRbMtsudrand hiptloRbPMedes a
rejection for the first conmpound t hat greater than the rejection of at
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may include one or nore additional optional steps between any of the above
steps and / or after conclusion of the process. W have found that it is
possi bl e to degrade sol ubl e supports on conpletion of the synthesis and
that at | eabtc mpresodl hp@vaeipnzaahlpsohe picoductispehivr e yapasiatuddidom t he
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tide at the rocess hout the ne or tography. The
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t he synthetl %nﬁﬁwrwﬁm)t&e %0 &ﬁaora ch is subject to chem cal
attack and aegradéilon I'n"order to aI om1s§ arstion of the peptide in the

desired manner w t hout the use of chronatography

In each case, in the various prior methods for tide synthesis, the synthetic procedures
for building up the first compound commence with linking of a precursor component
of the first compound to the soluble support via a linking group. The identity of the
precursor component depends on the identity of the eventual target tide molecule.
Suitable precursor components, i.e. tide building blocks are well known in the art.
Subsequent reaction of the linked precursor component allows synthesis of the tide in
the manner established in the prior art. The present invention relies on the same
initial linking of a precursor component of the target tide molecule and subsequent
reaction to form a tide. However, to date it has not been possible in a liquid phase
system to conduct simultaneously reactions to form a tide in the presence of support
which is then later deliberately degraded. This degradation of the support is achieved

without destroying the resulting tide.

Brief Description of the Drawings

Figure 1 shows a general scheme for the production of peptides using membrane

enhanced peptide synthesis in conjunction with a degradable soluble support;
IFigure 2 shows a synthetic route for synthesis of polylactide;
FFigure 3 shows the results from hydrolysis of polylactide;

Figure 4 shows a method for coupling Fmoc protected amino acids to polylactide;



In each case, in the various prior nethods for tide synthesis, the
synthetic procedures for building up the first conpound commence wth
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support via a linking group. The identity of the precursor conponent
depends on the identity of the eventual target tide nolecule. Suitable
precursor conponents, i.e. tide building blocks are well known in the art.
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the tide in the manner established in the prior art. The present invention
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del i ber at el yeieg pheche Trtssiaahr BRI dn: oryREISU ppbttiak 80ABRIS od i t hout
destroying the resultlng tide. Brief Description of the Draw ngs Figure 1
shows a gendp4r §EW@H@GN@P“Wﬁé“%WBHW%@P@HE%ﬁmﬁﬁﬂpﬁﬁﬁ@ﬂﬁ§Fng menbr ane
enhanced peptide synthesis in conjunction with a degradable sol uble
support; Fi &WE92h@ﬁﬂﬁg$@ﬂ§§ﬁ95@ﬂﬂ%Aﬁﬂﬁ@gobﬁﬁmg?ﬁWWég?s of polylactide;
Figure 3 shows the results from hydrolysis of polylactide; Figure 4 shows a
met hod for coupling Fnoc protected am no acids to polylactide; Figure 5
shows NWR data dennnstratlno that Fnoc-Ala is linked to a polylactide;
Hgme6:3’w X Bt%ecti ng Fnoc- Al a- PL- Al a- Fnoc prior to
attachnent of HNPA to forma Sol uble Support - Linker conplex. Figure 7
shows the synthesis of (HWPA-Ala)2 poly(lactide) from (Ala)2 polylactide.

Figure 8 shows the apparatu sed for ran enhapced tide synthesis.
oo o SHB TRIEDRE HE BB S oA SR A by BREO et RSBl
Descri pt i onofofhe @kt @ugrobnd6didi@ping it Mroah tRNMPRdtsBflund tahé Einblieosupport is

degraded at the conpl etion of the synthesis
undergo reaction. In a further embodiment, this is a chemical reaction. In a further

embodiment, the rate of the degradation reaction is enhanced by a chemical or
biological catalyst (e.g. an organometallic species or enzymes). Reactions which may
be used to degrade the soluble support include hydrolysis, oxidation, reduction, and
other reactions known to degrade polymeric materials. It is important for the claimed

process that the degradation reaction does not adversely affect the first compound.

In a preferred embodiment, the first compound is separated from at least one of the
degradation products of the soluble support by membrane filtration in which the first
compound is retained on a membrane through which at least one of the degradation
products of the soluble support permeate, employing a membrane which provides a
rejection for the first compound which is greater than the rejection for at least one of

the degradation products.

Chromatography, precipitation, liquid-liquid extraction and adsorption can also be
used in conjunction with membrane filtration as a separation means, if desired, in the

conduct of the process of the present invention.



of the first conpound by cleaving it fromthe first conpound and causing it
to undergo reaction. In a further enbodinent, this is a chem cal reaction.
In a furtwerosmisessnent, the rate of the degradati on re&CriGB009805¢32hanced
by a chemi cal or biological catalyst (e.g. an organonetallic species or
enzynes). Reactions which may be used to degrade the sol uble support
i ncl ude hydrol ysis, oxidation, reduction, and other reactions known to
degrade pol MnEel EmbREREdLAIS - fitht cdrfpdufiP QY b dlesfs@r bl NEKkEle2hBE AT REesS that
t he degradation reaction does not adversely affect the first conpound. In a
preferred ebhguieldsk, to preluplersyppaiio ARbiigd STscRSHAT SRHIMOANGET PR%st one of
the degradQ&hﬂﬁ@RﬁQﬂﬁﬁh§ﬁ8TH%Hﬁm§%lQ%h%d%ﬂﬁ@?%%m@ﬂlQﬁﬂ@%ﬁﬂ&wﬁéh&&at'On In
which the first "conpound Is retained on a nmenbrane through which at | east
one of the Whplagh@pdidsoppler dons apleatt [pae 9b|tbeactnppoprodyses slagxeessenpl oyi ng
a menbr ane ' ' ' ! e Hp@gﬂg ichis
greater théﬁg%ﬁgagéﬁg%&?%ﬁqyﬁg&gﬁhhggg%gﬁﬁéagﬁ&%ﬁgﬁ%ggra fl%%géﬁoducts.
Chr onmat ogr aqaimyed qut excprpéipdtioonf theitigersaublp suppdrt esutplax friowrthapt wdgwnpt i on can
al so be used. ip.conjunction with menbrane filtration as a separation neans,
if desired, 1n the conduct of the process of the present invention.In one
enbodi nent, the first conpound is synthesised by linking an initial tide
bui l di ng block to a sol uble support, and then subsequently carrying out one
or nore coupl | ction. ' ] [ qul rein
separationu@f%ﬁﬁg&%ggggﬁ?%gf%hggggggﬁﬁgg &PQQO?#%%?g%gﬂ@ﬂ%ﬁggﬁ@bgf t he
reacti on byngucedbyths additoresicmsstiseage fitrshaddessolublessuppret wmphasr e coupl i ng or
deprotection reactions in the liquid phase is carried out by precipitation
of the tide-sol uble support conplex fromthe post reaction mxture. In yet
anot her preferred enbodi nent, precipitation of the tide-soluble support is
i nduced by Inhet adudither gmbodimgny, gettidessoluplRriuppat carhjdex isdepaakdiom guppor t
conpl ex. | Me S?Bneaofftllfgltepc%%n %%90(21{1&? Qllid ex%&% ré;fggl(%s_ §)9 é&ﬂlﬂlgea SHRRQb Ere&t%npl X IS
separated from at

a two liquid phase system in which the tide-soluble support complex preferentially

partitions into one liquid phase while at least one of the reaction by-products and

excess reagents preferentially partition into the other liquid phase.

In one embodiment, the first compound is synthesised by linking an initial tide
building block to a soluble support, and then subsequently carrying out one or more
sequential coupling and deprotection reactions in a liquid phase, wherein separation of
the tide-soluble support complex from at least one of the reaction by-products and
excess reagents in between at least one combination of sequential coupling and
deprotection reactions in the liquid phase is carried out by diafiltration of the post-
reaction mixture using an organic solvent, employing a membrane that is stable in the
organic solvent and which provides a rejection for the tide-soluble support complex
which is greater than the rejection for at least one of the reaction by-products or
excess reagents. Iigure 1 shows schematically how the invention may be practised

using this embodiment.



| east one of the reaction by-products and excess reagents by adding a
solvent to create a two liquid phase systemin which the tide-sol uble
support ocsopbswspieferentially partitions into one |iquipdTgime®/osnizie at
| east one of the reaction by-products and excess reagents preferentially
partition into the other |iquid phase. In one enbodi nent, the first
conpound is synthesised by linking an initial tide building block to a

sol ubl e sUpROS turth@"GnBodfens URS EAMBD b IYerkt AEIYV o HiallitaiON Y @E <A & sequent i al
coupling and deprotection reactions in a liquid phase, wherein separation

of the ti delesbpifbpreanigppemt Pigtsipindhe Hawudhase dwing the Hevid phaspeyndeesist i on

by- product s.apd,€xcess reagents in between at | east one conbinati on of
sequential coupling and deprotection reactions in the liquid phase is
carried out by diafiltration of the postreaction mxture using an organic
sol vent, enploying a nenbrane that is stable in the organic solvent and

whi ch provigesyandreh®6dihRR, [RlordalR biviR-3Ql PlifHRMRRPLEIR R phi ch i's
greater than the rejection for at |east one of the reaction by-products or

excess reagé#t 8nc @YU eolvens prgyest iche haitid phdase Jurnaihe Hevifl phaspsyndhesivay be
practised usilg,dhis enmbodinent.In a further enbodinment, the organic
solvent used for diafiltration is the sane as at | east one organic sol vent
present in the liquid phase during the liquid phase synthesis reactions. In
a further enbodi nent, the organic solvent used for diafiltration is

di fferent fYywablat sdieds tsupprats ofagavricc ins ghey entseqir ewemrioni mclude palyudrel phase
during the Ligquid p i I . L . ports for
use i the (o AR AR e S o R R0 SR

hyper br anchwutaple| pptyeress oclude onageaialscwhich aregdepraled amdgaconilicibess thaSaret abl e

poL{Ten s IELYSF AL SEE) B MO0, P50 AN, IURL RS TR e
sol ubl e suppopdrs, binuwhivhiachnetr degradtd dedpr alike donditthes usdilefo @odplingcamsg used f or
coupling ancﬂ:protection reactions. Examples include polylactide, polylactide-co-polyglycolide,

polycaprolactone diol, polyester, polystyrene, polyvinyl alcohol, polyethyleneimine,

polyacrylic acid, polyvinyl alcohol-poly(1-vinyl-2-pyrrolidinone) co polymers,

cellulose, polyacrylamide polyamide, polyimide, polyaniline, polymers of terephthalic

acid, polycarbonates, polyalkylene glycols including polyethylene glycol,

polyethylene glycol esterified with citric acid, copolymers of polyethyleneglycol and

succinic acid, of vinylpyrrolidone and acrylic acid or b-hydroxy-ethylacrylate, or of

acrylamide and vinylactetate. Polylactide is a particularly suitable support material.

Suitable dendrimers for use in the present invention include: poly(amidoamine), also

known as PAMAM dendrimers; phosphorous dendrimers; polylysine dendrimers,

and; polypropylenimine (PPI) dendrimers which can have surface functional groups

including —OH, -NH,, -PEG, and COOH groups. Nanoparticles may be obtained from

commercial sources or synthesised in-situ to provide controlled dimensions, and

suitable nanoparticles may be from SiO,, TiO;, or other organic or inorganic

materials.

US 3,772,264 and UK Patent Application 0814519.5 (filing date 08 August 2008)
report suitable chemistries for linking amino acids and peptides to soluble supports.
Bonora et al Bioconjugate Chem., (1997) Volume 8 (6), pages 793 -797, and Bonora
et al (Nucleic Acids Research, Vol 18, No 11, 3155 (1990)) describe chemistries for
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deprotection reactions. Exanples include polylactide,

pol yl acti de- co- pol ygl ycol i de, pol ycaprol actone diol, polyester,

pol yst yr ene20palsyasBnyl al cohol, pol yet hyl enei m ne, pol y®CTydB2009%051%25

pol yvi nyl al cohol - pol y(I-vinyl-2-pyrrolidinone) co polyners, cellulose,

pol yacryl am de pol yam de, polyim de, polyaniline, polynmers of terephthalic
aci d, pol ycarbonates, polyal kylene glycols including polyethylene glycol,

pol yet hyl engioyif@leo@Rh 8hd blig@Huddillestb k&1uble d%ipdsts. CORRLNRBESa Of Pepr. _
pol yet hyl enegl ycol and succinic acid V|nylpérrolldone and acrylic acid

v, Of v . (
or b- hydr ox§Letl D ey fume d Bopagss 14218y 1d45ArRes aigdblyitphnigeesetoatlmkingo| v act i de

is a particybaid Yugutk tRR €0 SWRRAT kuffRke! tidtke aRMéheHbBedd RAGEARR R0 Or use in
the present invention include: poly(am doam ne), also known as PAVAM

dendr i mer s; deptrtbs plasatde) sondletinas jupear swhighp Elphvpge o€ theehidy Poreponnd diegn the

pol ypropyl eni m L.ers which can have surface functional groups
i ncl udi ng -%¢ﬁ%¥ﬁﬁégﬁ¥éegfa%%g&ECCH groups. Nanoparticles nmay be obtai ned

fromcomercial sources or synthesised in-situ to provide controlled
di mensi ons, and suitabl e nanoparticles may be fromSi O, TiQ2, or other
organi c or $?€Elan|c.g%t (12, 264 anqi%K Pateﬁkség %kﬁatlon

a chemijs g{)} %‘(l)us 1 éJ 3 g’ eprotection reactions ,of pe th
0814519.5 ( ng date 0 Aug&%? 28 és repof} 8ui Al °Bheti st ri‘es for
| i nki ng am howaeo desaskillgdapthedes fdr exanile leeAsiup paid sd MBptiderSyneiksis|
Bi oconj ugat &4 Che 199 . ume 6) ages, 793 -797, .and Bonora et al
Cve o oAk b dtoatss D R b 20aR 58 SRurd sy bR, aBY Beiien sc v i os
forlinki ng Newehaokildes suidblel dng@uik ot telpsing and akpholeeti@upaichs .on
Christensen et al. J Pept. ScL (199 y-Jun, 1(3), pages 175-83 descri bes
sui tabl e te‘é%%ﬁill_&féf?%lgi?soarfg MKy ptBﬁg%SGgEﬁ]ﬁéll%it@ é’%ifa%e’fagﬂpi“ofﬁfplﬂ ‘supports.
These af or emmnt,i Bpaslel-eCRNGLS, 81990), dehahd bepstd 1@blde NdB! iReae under
whi ch cl eavage of the first conpound fromthe sol ubl e support can be

d
achi eved. Sdi&Zipre. ¢ (GQ4)-e¥olupr Sorsrs ALY latitPSdepiadle Chamyrrise ¥t i ons of
peptides argupld akhaWiotQioh hes@iosKbl b&ide MubRR &ids alt Ano®¥a0Ph&eSEE AN NO

Acid and Peptide Synthesis,
skilled in the art, for example see B.Hyrup and P.E.Nielsen Bioorganic & Medicinal
Chemistry (1996), Volume 4, Issue 1, Pages 5-23. For brevity, the contents of these
disclosures as they relate to the present invention are not reproduced here. However,
it is specifically intended that the contents of the above references form part of the
disclosure of the present invention to the extent that they disclose conditions for
linking supports to target materials, and conditions for coupling, deprotection and

cleavage. The features of these processes thus can form part of the synthetic process

of the present invention.

Suitable membranes for use in the invention include polymeric and ceramic
membranes, and mixed polymeric/inorganic membranes. Membrane rejection R; is a

common term known by those skilled in the art and is defined as:

i
Ri

R, :[1—%} x 100% (1)

where Cp; = concentration of species i in the permeate, permeate being the liquid

which has passed through the membrane, and Cgr; = concentration of species i in the
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2nd Edn, J Jones, Oxford University Press 2002, or Schroder-Lubbke, The
Peptides, New York 1967. Suitable chem stries for coupling and deprotection
react i onsworroglisgaaucl oeti des are well known to those sleCriGaRodwms13ze art,
for exanple see P. S. MIlar, Bioconjugate Chem stry, (1990), Volune 1,
pages 187-191 and CB. Reese Org.Bionol.Chem (2005), Volume 3, pages
3851-3868. Suitable chem stries for coupling and deprotection reactions of

pepti de nuclghiedfelddBic®ehkROMRId Rhich 880t Kiskdd@Brolgh thB edtibtancf Or exanpl e
see B. Hyrup and P.E. N el sen Bi oorgani c & Medicinal Chem stry (1996), Vol une

4, |ssue 1, Pages 5-23. For brevity, the contents of these disclosures as

they rel at erfOnfhBraRE €38RE pkAURNhIARoRMEYAL r&:8RA GFlAT &y NRyeritlpever, it
is specifically intended tﬁat the contents of the above references form

part of theceginge| oslgrid whichheropides entsenarnieat lager repabkeobxrdpentidist t hey
di scl ose C%g&raﬂn%“&f R oK 108 SHPRQE A Eﬁ?ﬁb@ﬁi& ot r&%&r ?I%%G%&bl)aﬂlg
r coup dc e

conditions f i ng, deprotection an eavage. eatures of these
processes tinesbraanisfiommed grnt orofontphisessymathiadl iscegiedoites pobyinetinmaprielsent

I nvention. gyl hable ﬁ?ﬁ@ﬁ@g‘%ﬁmi@ﬁua‘é%ﬁ G B Y SR t?auig}g%}l%veps%:ey”e” ¢
and ceram ¢ nenbranes, and m xe po]I ynmeri ¢/ 1 norgani ¢ nmenpr anes. nbr ane
rej ecti on Rimniosis anandmes ihdedink nayethydynet holspropieid, @dlyieraflivgoaintierand i s

defined as: e = cqncentration ecies i..in th r te, perneate
bei o't o | FAREL® iR, Bgit heTRatb R e iyli iR e P
concent r at i miyaofyl@pel pdydmitle polyaniet gotyatherimidet @hitimteacb@icngplydadide] qui d

whi ch has no assed through the nbrane. The nmenbrane of the.present
hventi on MY BESR PR RS HOF yHaRTRIeS o G MG Watr Faidi oh

provi des a lgepar®dtthedrd ayrdingapabing, ofretptind afRtctchllgy («Hepa¢ ddattige,t he tide
fromat |east one reaction by-product or reagent. Preferably the nenbrane
is formed fREHAGH e %/[ Fﬁ’éfeeﬁV%fFlog'eM@E?t@ e?%bb’mfrt‘?&}bﬁ?ﬁgfl@y Material s

sui tabl e fofrodsmilelCat irbied k& ra®F i | ffpdvic Ofheir Whdbb1Af iih tth@trbRNon RBRE.| tration

or reverse 0osnosi s nenbranes, including golyethylene poLyProperne,
pol yt et r af |%T/Q§Qﬂ%/(}§ﬁ)818 describes membranes which are préferred for use in the présent

invention.

In a preferred aspect the membrane is a composite material comprising a support and
a thin selectively permeable layer, and the non-porous, selectively permeable layer
thereof is formed from or comprises a material selected from modified polysiloxane
based elastomers including polydimethylsiloxane (PDMS) based elastomers,
ethylene-propylene diene (EPDM) based elastomers, polynorbornene based
elastomers, polyoctenamer based elastomers, polyurethane based elastomers,
butadiene and nitrile butadiene rubber based elastomers, natural rubber, butyl rubber
based elastomers, polychloroprene (Neoprene) based elastomers, epichlorohydrin
elastomers, polyacrylate elastomers, polyethylene, polypropylene,
polytetrafluoroethylene (PTTFE), polyvinylidene difluoride (PVDF) based elastomers,
polyetherblock amides (PEBAX), polyurethane elastomers, crosslinked polyether,

polyamide, polyaniline, polypyrrole, and mixtures thereof.

Yet more preferably the membrane is prepared from an inorganic material such as by
way of non-limiting example silicon carbide, silicon oxide, zirconium oxide, titanium
oxide, or zeolites, using any technique known to those skilled in the art such as

sintering, leaching or sol-gel processing. The inorganic membranes provided by
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(PTFE), polyvinylidene difluoride (PVDF), polysulfone, polyethersulfone,

pol yacrylonitrile, polyam de, polyimde, polyetherimde, cellulose acetate,
pol yani | iwe,20palsyfgrrol e and m xtures thereof. The nenbram&Boesbesmade by
any technique known to the art, including sintering, stretching, track
etching, tenplate | eaching, interfacial polynerisation or phase inversion.
More preferably, menmbranes may be crosslinked or treated so as to inprove
their stabibsyt dotbrt &8RS hleeSRdMBNES in REhAERAOP7/ 050218 descri bes

menbr anes which are preferred for use in the present invention. In a
preferred aspect the menbrane is a conposite material conprising a support
and a thin gel ey h¥oRRENEAR! BerhBYR maPRombRR NPATROF RUSbraiEWGHE | Vel y
pernmeabl e |ayer thereof is formed fromor conprises”a material selected

f rom nodi f i dgbeproll yrdanisxaneonsaie anagicgs tio ther 1911 o Ipewidergd polidp direrenthatl si | oxane
(PDVB) base (o] A = [ -gne - el .ast oner s,
poIynorborHgﬁg&%zgégﬁgﬁth%ﬂ%%??ﬁg%fggﬁ%gﬂgégkg a?égggyggggﬁgggsk

pol yur et hanenbaspdpaddaby ometysis dfangdiussige anterinl oy ddseritpdtiadieMet. Nebber based
el astoners, a ber | r oner | ychl or opr ene
( Neopr ene) %g%té%bé:z%gsl#%rf%rdg ,S&Lé%%{é% F%P%%y%&?@%f%@ tq%%)ﬁaggo §%3 e?)a% ra;g | at e

el ast oner s, inprghnie tomyti-e ndetap okidepy, opsH endfanjpnl iostdeatinc exoiet dmll eke@n( PTFE)

pol yvi nyl i dene .di fl| uori de, (PVDF) based el ast.oner | yet her bl o am des
(P polirSening oLt BlebmBE? SR RRUS Hafuul Rk Bsi kG
pol yani | i ne(Gepodnypyiidedtheir Asickouit AdMemotuadseaks. Mieéd memkeoxdesfsathal| y t he

nmenbrane is prepared .froman i norganic material s as way o
moncl it LB e e AR ot e S D e Bl de

titani um oxbedparti@s BeOIhah 6 nikGbMeh diddheleqClitlefYE kHOWMAN 100 hitess akilled in
the art such as sinterjin | eachi ng or sol-gel processing. The inorganic
nmenbr anes pqlﬂa‘v‘?t‘éfeﬁflddiﬁfﬁ@gb{rlewo lﬁrﬁﬁﬁ/‘)‘lcgar‘%et‘gr eferred for use in this
invention. In a further enbodi nent, the nenbrane may conprise a pol yner
menbrane with

EXAMPLES

The following abbreviations are used within the Examples:

Di-chloromethane DCM

Di methyl amino pyridine DMAP
Diisopropyl Urea DIU
Diisopropylcarbodiimide DIC
Diisopropylethylamine DIPEA
Dimthylformamide DMF
N-¢-Fmoc-1.-Alanine Fmoc-Ala
N-a-Fmoc-O-t-butyl-L-tyrosine Fmoc-Tyr('Bu)
4-Hydroxymetylphenoxyacetic acid HMPA
N-Hydroxybenzotriazole HOBt

Benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium

hexafluorophosphate PyBOP

13



di spersed organic or inorganic matrices in the formof powdered solids
present at amounts up to 20w % of the pol ynmer nenbrane. Carbon nol ecul ar

si eve matwpeen/sa33be prepared by pyrolysis of any suit 2blTa&Bmaesial as
described in US Pat.No. 6,585,802. Zeolites as described in US Pat. No.

6, 755,900 may al so be used as an inorganic matrix. Metal oxides, such as
titani um di oxi de, zinc oxide and silicon dioxide may be used, for exanple
the materials avaij@bi®)from Degussa AG (Germany) undey, their Aerosol and
AdNano trademarks.” M xed netal oxides such as m xtures of cerium
zirconium and q@gng@&uﬁ@g@&ﬂpe used. Preferred matripeg Will be particles
|l ess than 1.0 mcron in dianeter, preferably less than 0.1 mcrons in

di aneter, and prefRiabloresslthan 0. 01 mcrons in di agpter. EXAMPLES The
foll owi ng abbreviations are used within the Exanples: Di-chloronmethane DCM
Di net hyl am no pyriustonecMANEdD i sopropyl Urea DI U Diirsapr opyl car bodi i m de
DI C Dii sopropyl et hyl am ne DI PEA Di nt hyl f or mam de DMF N-a- Fnoc- L- Al ani ne
Froc- Ala N-a- Fnoc-O-t-butyl -L-tyrosi ne Fnoc- Tyr (' Bu)

4- Hydr oxynet yl phenoxyaceti c aci d HVWA N Hydr oxybenzotri azol e HOBt

Benzotri azol e- 1-yl-oxy-tris-pyrrolidino-phosphoni um hexaf! uorophosphat e

PyBCPPon(Iactide} PL Poly (ethylene glycol) PEG
Example

This example describes the synthesis and then degradation of a soluble polylactide

(PL) support suitable for use in the present invention.

Poly(ethylene) glycol (PEGa, molecular weight 200 g.mol'l) was used as the
initiator for PL. synthesis following the scheme shown in Figure 2. It was pre-dried in
vacuum at 60°C for 3 hours. Tin(Il) 2-ethylhexanoate (Sn(Oct),) was employed as
catalyst for the synthesis and was used directly from the bottle without drying. 10g of
3,6-dimethyl-1,4-dioxane-2,5-dione (lactide) was freeze dried before being added into
a stainless steel reactor, which contained the pre-dried PEGyg (3.6)(10'3 mol of
PEGygo per mol of lactide) and Sn(Oct), catalysis (2.9)(10'5 mol of Sn(Oct), per mol
of lactide). The final mixture was purged with argon gas before heating to 140°C for
24 — 48 hours. Poly(lactide) product (1) was cooled to room temperature and
dissolved in chloroform, followed by precipitation and washing with diethyl ether.
The polymer was then dried in vacuum for 24 hours. The weight average molecular
weight (M) of the polymer was determined using gel permeation chromatography
(GPC) to be 13,500 g.mol'l. The weight average molecular weight My determined by

nuclear magnetic resonance (NMR) was 12,000 g.mol'l.

Hydrolysis of the polylactide was performed in aqueous solutions of TFA, 70%
TFA/30% H,0 and 95% TFA/5% H»0. These are the same as conditions commonly
used for the cleavage of peptides from soluble and solid phase supports [W. Chan, P.
White, Fmoc Solid Phase Peptide Synthesis: A Practical Approach, Oxford University
Press (2000); Fischer P, Zheleva D, Liquid-phase peptide synthesis on Polyethylene
Glycol (PEG) supports using strategies based on the 9-fluorenylmethoxycarbonyl
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Pol ycaprol actone Diol PCD Tri Fluoro Acetic Acid TFA Exanple 1 This exanple
descri bes the synthesis and then degradation of a sol uble polylactide (PL)
support swptatwssiser use in the present invention. Poly@erignema)siisycol
(PEG200, nol ecul ar weight 200 g.nmol 1) was used as the initiator for PL
synthesis follow ng the scheme shown in Figure 2. It was pre-dried in
vacuum at 6Q00C for 3 hours. Tin(ll) 2-ethyl hexanoate (Sn(Cct)2) was

enpl oyed asyigh ploy@ting Qﬂb éh%fpﬂyafoh% Gﬁﬁ@d\/ﬁéﬁud@ afibidéHeBdal ¥sshysom t he

bottle w thout dryi di oxane- 2, 5-di one (|l acti de)

o T oere Bitide Stenald SI0Rl ShGe 2] RobY BT S GHoanel SLely HUaBEs: i on

contai ned tfag,Bh esﬂfme%dve'?éf&%&{?at(r@gu% 1Qe3ahd &&fow&?&@&%mﬁetﬁsﬁ ciRf, | acti de)
and Sn(Cct)2 catalysis (2.9xI'O5 'mol of Sn(Cct)2 per actide). The

final m xtuWehydslypur Jedreaiitiedpeomoyaddipert of & fﬁeiatl ivig thep dm@l@d@rror 24 - 48
h Pol y . :
ours. ro \(al:@ﬁlor O% Péﬂ?ﬂ?t%{y Ig)ﬂd}%y‘%ﬁ HOYif Deldhd ROM ta ﬁf W Rl th di et hyl

di ssolved in orm precipitation an
et her. The pbitlarer cas anthese didi ed pmcmm@@mfﬁhe 2ulo Wf she éro‘helsqht

average ol ¢ é‘ljlrﬁé t‘Q%'s%‘ n%’é?%tm LR%%@@@‘&?& S?(?&J%L%%%u}gﬁﬁﬁlg gel

per meati on c Fomat ograp e Wei ght average
nmol ecul ar v@'?gﬂ‘FAMyddnéﬁssrsmluuenl Riyhydndlysiapvamlgmeipicbinrwtoﬁﬁm@é%(HIMR) was

12,000 g. .. drolysis.o he .pol yl actj de S aqueous

ol utt oms oMk M MRS sOralest (RR s B RETE b o “Cane s
condi ti ons < @oproial tyrmgleq)réoﬁpitah@e Tiieeawagﬁdlmf; (pepd |adla)3 afer eivers sdlutiid,e and
solid phase Fnoc Solid Phase Peptide

Synt hesi s: fi—‘#)ag(?ﬂ?t@ﬁ% arﬁ\BBtra(?a@ﬁ’Clp&tFS?ﬂ ‘Udb-versity Press (2000); Fischer P,

Zhel eva D, Li qui d- phase peptide synthesis on Pol yethyl ene dycol (PEQ
supports using strategi es based on the 9-fl uorenyl net hoxycarbonyl am no
protecti ng Btamygle 2Appl i cation of PEGyl ated peptides in biochem cal assays.

This example describes the attachment of an amino acid, which acts as a linker, to

polylactide (PL.), following the reaction scheme outlined in FFigures 4 and 6.

Fmoc-alanine (Fmoc-Ala, 4 mol per mol of PL)) and dimethyl-amino-pyridine (DMAP,
0.2 mol per mol of PL)) were mixed with the pre-dried PL (1) before dissolving into
DMEF solvent (5 ml per g PL). Diisopropylcarbodiimide (DIC, 4 mol per mol of PL)
was added into the fully dissolved reaction mixture. The coupling reaction as shown
in Figure 4 was performed at 4°C for 12 hours. Solid diisopropylurea (DIU) was
removed by micro-filtration and the coupling reaction was repeated to improve
conversion if necessary. Diethyl ether was then added to the product mixture to
precipitate (I'moc-Ala),-PL.. The conversion of the attachment was determined by
NMR analysis and integrating the Fmoc-protecting group at 7.2 (t, 2H), 7.3 (t, 2H),
7.5 (d, 2H) and 7.7 (d, 2H) with the -CH»- of the PEGyqy next to the ester bond at 3.6
(t, 4H), as shown in Figure 5.

The deprotection (removal of Fmoc-groups) from (2) was subsequently undertaken to
generate (Ala),-PL (3) as shown in Figure 6. A 20% v/v piperidine/DMF solution was
used to remove the Fmoc-protecting groups from (2). Piperidine/DMF solution was

added to the pre-dried (Fmoc-Ala),-PL solid to form a solution. Deprotection was
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Peptide ScL, Vol. 8, (2002), 529 - 542]. Solid PL was dissolved into the
hydr ol ysi s solution. Sanples were taken at regular intervals and drowned
out with wpedvtwdssasher. Un- hydrol ysed PL precipitated oRCTGRIN0%AEH251 on of
ether and was then dried under vacuum while conpletely hydrolysed PL wi Il
beconme |l actic acid which is fully soluble in ether and so did not
precipitate out. The results of the hydrolysis experinment are shown in

Figure 3. AldrfoRked\Bs zfolllnllﬂﬁtéayﬂﬂ@bvx@%gl Iyybélmaﬁo%nﬁlwsﬁn%rb yt RRiDR%r TFA
hydr ol ysi s sol ution ysis was also rapid in 7 %TFA/30% H2O. Thi s

dat a shows 4i¢iayl %&httrefecwﬁfwtw. Ry disgolytion jp daYppecciad@n yith et ddr esi dues
of PL from lﬁagﬁ)ﬁ {&eud. lipeugh 1P ROIRRLEALLRN. VJA}? dRldibHRLLHRS of FRGLT C aci d)

are et her whereas peptides are not and precipitate as a solids.
Exanpl e 2 mp@ @ﬁaﬁwﬁyl?é{)dééétr PHBg X ek and dhhtdn2H b fThe Kaker ted vae beed whi ch

acts as a | fnkGfirm tfe B%ﬁ%cg%tf'lﬂ@ aﬁllﬁ}'o) funfct%d(ag‘re‘{) B tog“t‘hez?ﬁﬁf f‘i” ats flaeme

outlined in Figures noc- al ani ne nmol of PL)
and di met hydongidtion-qbythé déaqgor, DMAPesOUR (rilh)(Fér isnwiitalgé fFIL)lsevm el thexed wit h

t he pre-dri g/ JTS (gfla) eggéeox%lﬁbgia Zf.% ﬁlevfllrﬂ%rr{u%t a?%lcP%{F lﬁ_ ue%@é (5 m per g PL).

Di i sopr opyl Bodr i was added into the fully
di ssol ved reaction m xture. The coupl | ng reaction as shown in Figure 4 was
per f or med ag 4le gr 12 hours. Solid diisopropylurea (DU was renoved by
mcro-filtr nd the coupling reaction was repeated to inprove
conversion if necessary. Diet hyI et her was then added to the product
mxture to reC| pltategé The Cﬁ v§r3|lon of &]{e}q ttachment was
det er i ned fomﬁa%ﬁﬁd ?’g’eélﬁﬂr tt8 AF O HAPENBRIC GO e ’r‘i‘g 'fPoup at 7.2
(t, 2H), 7.8lobtmordihcile élebvagéof leibdtﬁiﬂgepﬁde? fI()ﬁll thédlubld duppérh @IMkidrayof t he
PEG200 next to the e'fter bond, at S as shown in Figure 5. The

deprot ect i oif 3HEMRA rsé@m%ldgﬁoofﬁﬁg)a F?‘tﬁﬂ‘i‘e(di)nk% UGB BENPE S Alinder t aken

then be added to the HMPA. (HMPA-Ala),-PL. (4) was synthesised as shown in
Figure 7. Pre-dried (Ala),-PL (3) prepared as described in Example 2 was dissolved in
DCM solvent. 4-Hydroxymethylphenoxyacetic acid (HMPA), PyBOP (both 4 mol per
mol (Ala),-PL) and DIPEA (2 mol per mol (Ala),-PL.) were pre-activated in DMF for
15 minutes before being added into the PL solution. The reaction was performed
under ambient conditions (20°C, 1 atm. pressure) overnight. The product was
precipitated with diethyl ether at 4°C for 2 hours and separated by centrifugation,
followed by ether washes of the recovered product. This crude product was further
purified by re-precipitation with DMF/ether followed by chloroform/ether. The
(HMPA-Ala),-PL. product (4) was dried under vacuum and analysed by GPC for the
appearance of a UV absorption signal and by H'-NMR for determining the conversion.
The conversion was estimated based on the ratio between peaks at 3.6 (t, 4H) for -
CHj5- adjacent to the ester bond and 6.7 (d, 2H), 6.9 (d, 4H) for aromatic system on
HMPA linker.

Example 4

To synthesise a peptide attached to the soluble poly(lactide) support, membrane
diafiltration is used for purification of post-coupling and post deprotection mixtures,

referred to as Membrane Enhanced Peptide Synthesis (MEPS). The apparatus
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generate (Ala)2-PL (3) as shown in Figure 6. A 20% v/v piperidi ne/ DVF
solution was used to renove the Fnoc-protecting groups from (2).

Pi peri di reODMo/56343t | on was added to the pre-dried (Fno®CAGB2809RI516l id to
forma solution. Deprotection wasperforned for 20 m nutes, followed by
precipitation and washing by addition of diethyl ether, recrystallisation
by dissolution in DVF/ precipitation with ether, and drying in vaccuo. GPC

and H1- NVR Mgf16yedSEchtw@ iM Siduky 8 LIB&h dbSARP 8RY a8k eQion KI¥BE 8 FdRoted7- 2 (T,
2H), 7.3 (téwﬂ X 1 and 7 71§3(?1d§ H)wTﬁe rP%alﬂgger ?gs? \fas used to

confirm t heinpheRe én6’§e5$h@eﬁ%Tﬁ@<)f%ﬁ%&qS@??&F DsotipsI st CifqudatiomPEYP- PL at t he

conpl eti on Qi &DGs BRI solftiBn HFSMIH thl Gnchfdh il caftlddeSand Wnbdd d§o ofjor use as
in the synthesis of a peptide with a as the first am no acid in the

sequence. E%E‘Ff’pllﬂéﬂ@ thigughowe Upas eempletiqnegf el reacsipn. diid systew ippragserisgdnor e

| abi | e ol eghl.eni @ .t i r | pr oduct
peptide from rghe tIs(ﬁsol7lr}fgjf‘4e T@Eg%‘élrr“? 8 gﬂk%ﬁﬂ%ﬁ Bﬁe@dgg%glé&dtggq%@@?rpg{an%% no acid
to form an eknestdeda Fonskey flovseb Sreduohenp@didespledrio thvdieabéonadeed to t he

HVPA. - ( HWA(#C%’% %kg %14t Verl %)J}gdcﬁ} %%%X H%“S‘J‘é\ﬂ%ﬂe lngy r81%cgdé1rep f;e-dried

(Ala) 2-PL ( escrl di'ss
sol vent. 4- &ﬁpliascbast)eacétlhgdtlphmasiqueta Andmmir ¢irdvRiA) )myeB@@te(Ilnmm’rbramerml per

OV | o 16 i R oyt R B sl Sl B op el i OSBRI L ST o

was per f or nedsadndeffecapirifenatiorcondi ti ons (20C, 1 atm pressure) overnight.
The product was precipitated with diethyl ether at 4C for 2 hours and
separated by centrifugation, followed by ether washes of the recovered

product . Th'r}&f@ﬂMﬁ P RCie perWased: urt her purified by re-precipitation with
D\VF/ et her f | owed b chl or of or m er. The IVPA- PL product (4) was
dri ed underSUHEUL Bt SRaTISLAB: s BFet M BALHAF ke TR

absor pti on signahoaprbrdiedHyr WV & oyr('8ef eIoBbIY (atuhem@ppefeﬁoal(gMPAThe
conversion was estimted based on the rati o between peaks at 3.6 (t, 4H)
for - Ala);-PL) and DIPEA (1 mol per mol (HMPA-Ala),-PL) are pre-activated in DMF for

15 minutes before mixing with (HMPA-Ala),-PL solution. The reaction is performed

under ambient conditions (20°C, 1 atm. pressure) for 2 hours. Upon reaction

completion the excess reagents are removed by constant volume diafiltration (10

volumes of diafiltration solvent per starting solution volume). Permeate samples are

collected to monitor losses of PL-peptide and to verify the removal of impurities. At

the conclusion of the coupling reaction, small samples of retentate are collected and

the PL-peptide precipitated by diethyl ether addition for H'-NMR analysis to estimate

the conversion, and for the Kaiser test to confirm the absence of amino functional

groups.

Peptide chain assembly with Fmoc-amino acids. Fmoc-Ala is pre-activated with
PyBOP. HOBt (all 2 mol per mol (HMPA-Ala),-PL)) and DIPEA (1 mol per mol
(HMPA-Ala),-PL) in DMF solvent for 15 minutes. The pre-activated solution is
added into the (Tyr-HMPA-Ala),-PL. solution. The resulting solution is mixed
vigorously for 1 hour followed by a constant volume diafiltration wash (10 volumes
of diafiltration solvent per starting solution volume). This procedure is applied for the

attachment of further amino acids.
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CH2- adjacent to the ester bond and 6.7 (d, 2H), 6.9 (d, 4H) for aromatic
system on HVPA |inker. Exanple 4 To synthesise a peptide attached to the
sol ubl e paby(iessi«de) support, nmenbrane diafiltration i CUESRLOINS1525
purification of post-coupling and post deprotection mxtures, referred to
as Menbrane Enhanced Peptide Synthesis (MEPS). The apparatusenpl oyed is
shown in Figure 8. Both coupling and deprotection steps are perfornmed in

the Reacti Oﬂnbée&%%tec(nﬁﬁ%%T@@leﬁ’émmm@@[s' ﬁeﬂa;e%&@wdam There&ifequl ation

Punp recircul ates the reaction solution through the rrerrbrane cartridge and
ensur es gooMUunG R RPTHPRETHENG 1oribtigreie (PeRYgehTE oropiier velimst Depsetkcticgact i on,

the systemi$,.Rb&RIUbE 36 IniHStNPulNEcdBn aftePRIH- depRiBecli&s érf?a&n&?'vﬁéent flow
permeating through the nenbrane is bal anced by a constant flow of fresh

sol vent ( DMRfilgeipml (1 2volpmes ¢ aliqldzation selvant syslar{iRseiTandymer om t he Sol vent
Reservoir via an HPLC punp. The sane procedure is applied at each

reacti on/washing cycle. An Inopor zirconium oxide coated nenbrane with 3nm
pore size ahd dwﬁli@pmdbiepromtﬂbraﬁ@srm@bdﬂti@a@d torfofnp ﬂ@mﬁn@ctﬂ-ise@emqmny) is

used to eff F A S ath.on. Synt hesi s
of (Fnoc- Tylrgrﬁm %gﬁgﬂ?ﬂ@ﬁ%— r e& }%I\g’l\}lggfl% %I)%SF@{_ %{j‘& \%éd i n DWVF.
Frnoc- pr ot ectwedmiogr ( Fnoc-Tyr (' Bu), HOBt, DIC (all 4 m)l per m)l ( HVPAAI a)
2-PL) and DIPEA ( 1 nol per nol (HI\/PA-AI a)2-PL) are pre-activated in DV
for 15 mnutes before mxing with (HWPA-Ala)2-PL solution. The reaction is

per formed uSidechaanivipentcrioandplideaits¢g2Qid PL sajpor: Ipdegsirejcibar 2 hours. Upon

ti I th d b I
G afilrati DR CLORDoiaEer s Pn i Pusion SLBFVSRe el 'EPRts NESol ut1 on

vol une) . Pemmﬁtadnengamob@auoaﬁsep@abﬂm@@d ®ih HﬁmypsméMndldaﬁaelsvwcmPLTmepti de and
to verify the renoval of nﬂ*&urltles Al the conclgﬁsmn t he coupling

reaction, sHefipitalsimheade-gess Y—f’fléﬁtf)élﬂeeacéﬂ%‘/sﬁéi’liu%tt@ Tafg A, 4% water, 1%

protection group scavenger) per mmol of (peptide),-PL building block) for 12 hours.
This cleaves the peptide at the HMPA linker and hydrolyses the poly(lactide) to lactic
acid. Diethyl ether is used to precipitate the purified crude peptide product, with the

poly(lactide) degradation products remaining in solution.
Example 5

In this example polycaprolactone diol (PCD) is prepared as a soluble support and used
for peptide synthesis.

The scheme for synthesis of (HMPA-Ala),-PCD (6) is shown in Figure 9. Pre-dried
(Ala),-PCD (5) is dissolved in DCM solvent. 4-Hydroxymethylphenoxyacetic acid
(HMPA), PyBOP (both 4 mol per mol (Ala),-PCD) and DIPEA (2 mol per mol
(Ala);-PCD) are pre-activated in DMF for 15 minutes before being added into the
PCD solution. Reaction is performed under ambient conditions (20°C, 1 atm. pressure)
overnight. The product is precipitated with diethyl ether at 4°C for 2 hours and
separated by centrifugation, followed by ether washes. The crude product is purified
by recrystallisation with DMFI/ether follow by chloroform/ether. (HMPA-Ala),-PCD
product is then dried under vacuum and analysed by GPC for the appearance of UV

absorption signal and by H'-NMR to determine the conversion.
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the PL-peptide precipitated by diethyl ether addition for Hl-NWR anal ysis
to estimate the conversion, and for the Kaiser test to confirmthe absence
of am no Wworzeto/oss=B groups. Peptide chain assenbly w t hPEREB200W030524Ci dS.
Fnoc-Ala is pre-activated with PyBOP. HOBt (all 2 nol per nol

(HWPA- Ala) 2-PL) and DIPEA ( 1 nol per nol (HWPA-Ala)2-PL) in DVF sol vent
for 15 mnutes. The pre-activated solution is added into the

(Tyr - HVPA- Af) 2mvika -2@d)UbEDN6) iT RN LESIUb i MiBes 0 belideNtol1swidk #@0nMh&Rr ousl y for
1 hour followed by a constant volume diafiltration wash (10 vol unmes of

di af i | t r at i SHCTEEH Vekranids 4 dytaha GRguEen ot oy st e Produt & nicaRieldre i s

appl i ed fory{hged Pf@lﬁé?@fﬁ@ﬁn&f in vHEJuBefhe%% ta%Cﬂs R FOBGsARAN AL 86 hiion. 20%

pi peri di ne/ DM solution is prepared ing the required anount of pure
pi peri di ne efoacidedysisnwlutiop dapki té&). 24%’LW%@I Ut nﬁ@teomrug@up Degyepgesicpdron i s
performed f S u f a p i i S performed
via diafil t@glf) }Zg% %@g&?o%ﬁeéﬁl@[&g?lg?y Iﬂ?rr ga'?l{ogﬁ' gjg?te)gn%tﬂ%g\%és? %Fl ttl'Bng

sol ution vofremp)ate Mheecpolpirodugt e teelqud else.onitis degpslagenelregornismied to form
t he am no . L

Frnoc- Tyr - Al gé ?CB?%#%Q@%Q ﬁﬁ/ﬁ%lwg%sﬁ’ol y(l actide)- Al a- HWA- Tyr - Al a- Tyr - Al a-
Tyr-Fnoc. Side-chain deprotection, peptide cleavage and PL support

hydrol ysis reaction. The sol ution containing (peptide)2-PL building block
is removed fromthe MEPS filtration rig, the product is precipitated with
di ethyl ether and dried in vaccuo. The precipitate is then re-di ssol ved
into the acidolysis solution ((95% TFA, 4% water, 1% protection group
scavenger) per mmol of (peptide)2-PL building block) for 12 hours. This

cl eaves the peptide at the HWA |inker and hydrol yses the poly(lactide) to
| actic acid. Diethyl ether is used to precipitate the purified crude
peptide product, with the poly(lactide) degradation products remaining in
solution. Exanple 5
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In this exanpl e polycaprolactone diol (PCD) is prepared as a soluble
support and used for peptide synthesis. The schene for synthesis of
( HVPA- Al ay0o-2PODS6|P is shown in Figure 9. Pre-dried (Al aC2}dB2yoB)526Ss
di ssolved in DCM sol vent. 4-Hydroxynet hyl phenoxyacetic acid (HWA), PyBOP
(both 4 nol per nol (Ala)2-PCD) and DI PEA (2 nol per nol (Ala)2-PCD) are
pre-activated in DM for 15 m nutes before being added into the PCD
solution. Rep&imQn is perforned under anmbient conditions (20C, 1 atm
pressure) overnight. The product is precipitated with diethyl ether at 4C
for 2 hours and separated by centrifugation, followed by ether washes. The
crude product i s\ BHELE!BH Y RELKRIA fSaLhftulh LM KELNEE ofab! ow by
chl orof orm et her. " (HVPA- Al a)pz- PCD product is then dried under "'vacuum and
anal ysed by GPCchaprisipgs papisisardigorucisotiddy aal popiplei oplew agisial thamebebsy H1- NMR t o
determne the c .Sl .(HVWPA- Al a) 2-PCD (6) is then used to synthesise
pepti des foll owgﬁés{lﬁléﬂr%%gﬁg&s described in Exanple 4. At the concl usion of
t he synthesis, the ppoduats 4 lyblesippirt atdelihkwig th idh peéwdor eotpeneatnd dri ed in
vaccuo. The precipitate. jS then.re-dissolved into 20 m of acidolysis
sol ution (95% TFA, 4&6\%5%t§?1%p(1%dpr otection group scavenger) per mol of
(peptide)2- PCD byy I di ] ] he to
precipitate t hqujept %ﬂ%eglrs lglgﬁlcl:% B#Str gom Oﬁéé P?@&ﬁéq%igg&eﬁle \g/l\ipp%%(ﬁte%{r%gdati on
fragments of the PCDfmosnbé pieaigsdr nompenehti qui d phase. CLAIMS 1. A process for
the preparation of a first conpound selected fromthe group conprising:
pepti des, ol i gonuoxc| edtgratbsg thndolpelptumbertrufiet formataniod she firkecopipoaekts
conprising the steps:; (a) providi a solubl e support and.linking to it a
precur sor conponent (f)(?r(”tcﬁlgofPngetsoglgbrrﬁggpr?&;é%%rﬁ?i?@ﬁf%g%tls’sain%g the first
corpound, bound 1@,  NR.fehy Bl R RRAbhud! AL 1%L YR 1B &EHARRN

, products of the soluble support using a membrane that is stable in the

process solution and which provides a rejection for the first compound
that is greater than the rejection of at least one of the degradation

products of the soluble support.

2. A process as in claim 1, in which the soluble support is first cleaved from the

first compound, and then degraded.

3. A process as in claim 1 or claim 2, in which the soluble support is degraded by

a chemical reaction.

4. A process as in claim 3, where the degradation rate of the soluble support is

enhanced by a synthetic or biological catalyst.

5. A process as in claim 1, in which the membrane filtration is performed with

microfiltration, ultrafiltration, nanofiltration or reverse osmosis membranes.
6. A process according to any preceding claim, in which the first compound is

synthesised through a series of coupling and deprotection reactions carried out

in the liquid phase, and in which precipitation is used for purification of the
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(c) degrading the sol uble support after formation of the first conpound to
formone or nore soluble support degradation products; and (d) isolating
the firstwoanmasssd3from at | east one of the degradati onPprairotmsef2st he

sol ubl e support using a nenbrane that is stable in the process sol ution and
whi ch provides a rejection for the first conmpound that is greater than the
rejection of at |east one of the degradation products of the sol uble

support. 2. A prgge&smmand Hr&hbM-Lsolitle Wapsdh thigpisolubl @nsupPQbt s first
cl eaved fromthe first conpound, and then degraded. 3. A process as in

claim1 or clai fPERlinERT RIrPrlicREa6EMSbl e support is degraded by a cheni cal

reaction. 4. A D{OFEIS ARotdiheClALY 3 pAREHIR, IdEmIE0s adabhRR hatfsof the
sol ubl e support is enhanced by a synthetic or biological catalyst. 5. A

process as in clcainppund jsnsyiticsibedt HuoyaBniyrsaries Pf |covplingomnd deppeledtonnmed wit h
mcrofiltration, - Ll trat i - [ht 1 0oR. .0n. \ IS

menbr anes. 6. Ar%#g%g%hlgggg% %Lﬁﬁ%ll(élg@%%kpa;ngg%g?ﬁg llgﬁg;ﬁrﬁﬁh |er)1(8§ |§h t he
first conpound iis ussdnfohesiiSedion it ol firsa compowsl peEcwemupl sakgplanebpdepr ot ect i on

reactions carfi eduBil bl S b @b GhiRIAR feprd0bih Realfilgh Preciprtation is

used for purificatron o ef1rst conpound precursor - sol uble support
conpl ex aft er 8one povcessoneogiogpld agy of prepdiog eddimen-F,eacthiohshe TirstA process
according to any of pr.ecedi clains 1-5, i.n ich.the first c ound is
Syt hest sed t hr SagroRcEr Ralts e iieg sl HEisPbadt g Sfbaf i Bne "Car i e
out in the |iquirchcpbdsasricdrdt innthsvidudd phdsguind-ih wtjleh dne@irirectisfmatioa used f or
purification of .the first conpound precursor - soluble s ort caonpl ex
Biter one or mortUudulSt iPHGIGHOREIE GEY i BRPPELRTEIT 5ol syeads

accordi ng to anyofbleRaR&eME BPmMEtc&biHing oD deprétestdh edaciidis. i rst

9. A process according to any preceding claim in which the soluble support is
chosen from polymers, dendrimers, dendrons, inorganic or organic

nanoparticles.

10. A process according to claim 9in which the soluble support is chosen from
among polylactide, polylactide-co-polyglycolide, polycaprolactone, polyester,
polystyrene, polyvinyl alcohol, polyethyleneimine, polyacrylic acid, polyvinyl
alcohol-poly(1-vinyl-2-pyrrolidinone) co polymers, cellulose, polyacrylamide
polyamide, polyimide, polyaniline, polymers of terephthalic acid,
polycarbonates, polyalkylene glycols including polyethylene glycol,
polyethylene  glycol esterified with citric acid, copolymers of
polyethyleneglycol and succinic acid, of vinylpyrrolidone and acrylic acid or

b-hydroxy-ethylacrylate; or of acrylamide and vinylactetate.
11. A process as in any preceding claim in which the conditions under which the

first compound is cleaved from the soluble support causes the degradation of

the soluble support.
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conmpound i s synthesised through a series of coupling and deprotection
reactions carried out in the liquid phase, and in which nmenbrane

di af i | t r avpamo/ssuused for purification of the first compoumGgB2pessUI2SOr -
sol ubl e support conplex after one or nore coupling or deprotection
reactions. 9. A process according to any preceding claimin which the

sol ubl e support is chosen from polyners, dendriners, dendrons, inorganic or
organi ¢ nanopas tAd GrRsss dordtgPloOSESHre@RGRAN dhiRD WiRr&h MMP@nBranbiich t he

sol ubl e support is chosen from anong pol yl acti de,

pol yl act i de- co- pOIWsrig 86PbEEe. pol ycapr ol act one, pol yester, pol ystyrene,

pol yvi nyl al cohol, polyethyl enei mne, polyacrylic acid, polyvinyl

al cohol - pol y(I -vi nyl -2-pyrrolidinone) co polyners, cellul ose,

pol yacr yl am dé3.golpyesaisdeccoidigyiondnyepregadingagiiini, rvehergyp [therpembighe titgepht hal i ¢
acid, polycarbonates, Rahyal kyl ene glycol s including polyethylene glycol,
pol yet hyl ene glycol esterified with citric acid, copolyners of

pol yet hyl enegl ycol and succinic acid, of vinylpyrrolidone and acrylic acid
or b-hydroxy- I . ar of rvl am. de ' t. 110 A
process as in?%ggh%%%%g%%ﬁgmﬁ‘§|%P?%ﬂaﬁggﬁgt%@Q%Bﬁgﬁ%%%%%%dg%g¥“éhich t he
first conpound imatgt eawedidorganictnfvemtsoleubl e support causes the degradation
of the soluble support.12. A process according to any preceding claim
wherein the nmenbrane is a polyneric nmenbrane. 13. A process according to
any precedi ngl1&lMapmteswhds@ntnlly ae desentakldneny & dee [Genshds ©r Dgotes Aaein, 14. A
process according to any preceding claim wherein the nenbrane is a m xed
mat ri x organi c/inorgani c nmenbrane. 15. A process substantially as descri bed
in any of the Exanples or Figures herein.
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