
NOVEL COMPOUNDS This invention relates to novel indole
derivatives having pharmacological activity, to
processes for their preparation, to compositions
containing them and to their use in the treatment of
CNS and other disorders. The background to the present
invention includes the following publications: DE1
9838666 (Mueller, T) describes preparation of indole
derivatives by intramolecular reaction of alkynes in
the presence of a heterogenous catalyst. WO 99/33800
(Hoechst) describes a series of indole derivatives as
inhibitors of Factor Xa. WO 99/43654 (Genetics
Institute Inc.) describes a series of indole
derivatives claimed to be useful as phospholipase
inhibitors in the treatment of inflammation. WO
02/085892 (Wyeth) describes a series of aminobenzazole
derivatives as 5- HT6 ligands which are claimed to be
useful for central nervous system disorders. A
structurally novel class of compounds has now been
found which possess antagonist potency at the 5-HT
receptor. Compounds which possess antagonist potency
at the 5- HT6 receptor are capable of interfering with
the physiologiocal effects of 5-HT at the 5- HT6
receptor and may be antagonists or inverse agonists.
The present invention therefore provides, in a first
aspect, a compound of formula (I) or a
pharmaceutically acceptable salt thereof: (I)
wherein:R1 represents hydrogen or C1-6 alkyl
optionally substituted by one or more (e.g. 1, 2 or 3)
halogen or cyano groups; R2 represents C1-6 alkyl or
R2 may be linked to R1 to form a (CH2)2, (CH2)3 or
(CH2)4 group; m represents an integer from zero to 4,
such that when m is greater than 1, two R2 groups may
be linked to form a CH2, (CH2)2, CH2OCH2 or (CH2)3
group; p represents an integer from zero to 2;
represents a single or a double bond; R3 represents
C1-6 alkyl or =0; n represents an integer from zero to
2; R4 represents halogen, cyano, haloC1-6 alkyl,
haloCi -6 alkoxy, C1-6 alkyl, C1-6 alkoxy, C1-6
alkanoyl or a group -CONR 5R6; q represents an integer
from zero to 3; R5 and R6 independently represent
hydrogen or C1-6 alkyl or together with the nitrogen
atom to which they are attached form a nitrogen
containing heterocyclyl or nitrogen containing
heteroaryl group; A represents an -aryl, -heteroaryl,
-aryl-aryl, -aryl-heteroaryl, -heteroaryl-aryl or
-heteroaryl-heteroaryl group; wherein said aryl and
heteroaryl groups of A may be optionally substituted
by one or more (e.g. 1, 2 or 3) substituents which may
be the same or different, and which are selected from
the group consisting of halogen, hydroxy, cyano,
nitro, trifluoromethyl, trifluoromethoxy, C1-6 alkyl,
trifluoromethanesulfonyloxy, pentafluoroethyl, C1-6
alkoxy, arylC1-6 alkoxy, C1-6 alkylthio, Ci-6
alkoxyC-i-6 alkyl, C3-7 cycloalkylC 1-6 alkoxy, C1-6
alkanoyl, C1-6 alkoxycarbonyl, C1 6 alkylsulfonyl,
C1-6 alkylsulfinyl, C1-6 alkylsulfonyloxy, C1-6
alkylsulfonylCi -6 alkyl, arylsulfonyl,
arylsulfonyloxy, arylsulfonylC 1-6 alkyl, C1-6
alkylsulfonamido, C1-6 alkylamido, C1-6
alkylsulfonamidoC 1-6 alkyl, C1-6 alkylamidoC 1-6 



alkyl, arylsulfonamido, arylcarboxamido,
arylsulfonamidoC 1-6 alkyl, arylcarboxamidoC 1-6
alkyl, aroyl, aroylC1-6 alkyl, arylC 1-6 alkanoyl, or
a group CONR9R10 or SO2NR9R10, wherein R9 and R10
independently represent hydrogen or C1-6 alkyl or R9
and R10 together with the nitrogen atom to which they
are attached may form a nitrogen containing
heterocyclyl or nitrogen containing heteroaryl group;
or solvates thereof. As used herein, the term "alkyl"
(when used as a group or as part of a group) refers to
a straight or branched hydrocarbon chain containing
the specified number of carbonatoms. For example, C1-6
alkyl means a straight or branched hydrocarbon chain
containing at least 1 and at most 6 carbon atoms.
Examples of alkyl include, but are not limited to;
methyl (Me), ethyl (Et), n-propyl, i-propyl, n-hexyl
and i-hexyl. As used herein, the term "alkoxy" (when
used as a group or as part of a group) refers to an
alkyl ether radical, wherein the term "alkyl" is
defined above. Examples of alkoxy include, but are not
limited to; methoxy, ethoxy, n-propoxy, i-propoxy,
n-pentloxy and ipentoxy. The term 'C3-7 cycloalkyl' as
used herein refers to a saturated monocyclic
hydrocarbon ring of 3 to 7 carbon atoms. Examples of
such groups include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and cycloheptyl. The term
'halogen' is used herein to describe a group selected
from fluorine, chlorine, bromine and iodine. The term
'haloC 1-6 alkyl 1as used herein refers to a C1-6
alkyl group as defined herein wherein at least one
hydrogen atom is replaced with a halogen atom.
Examples of such groups include fluoroethyl,
trifluoromethyl or trifluoroethyl and the like. The
term 'haloC 1-6 alkoxy' as used herein refers to a
C1-6 alkoxy group as herein defined wherein at least
one hydrogen atom is replaced with a halogen atom.
Examples of such groups include difluoromethoxy or
trifluoromethoxy and the like. The term 'aryP as used
herein refers to a C6-12 monocyclic or bicyclic
hydrocarbon ring wherein at least one ring is
aromatic. Examples of such groups include phenyl,
naphthyl or tetrahydronaphthalenyl and the like. The
term 'heteroaryl' as used herein refers to a 5-6
membered monocyclic aromatic or a fused 8-10 membered
bicyclic aromatic ring containing 1 to 4 heteroatoms
selected from oxygen, nitrogen and sulphur. Examples
of such monocyclic aromatic rings include thienyl,
furyl, furazanyl, pyrrolyl, triazolyl, tetrazolyl,
imidazolyl, oxazolyl, thiazolyl, oxadiazolyl,
isothiazolyl, isoxazolyl, thiadiazolyl, pyranyl,
pyrazolyl, pyrimidyl, pyridazinyl, pyrazinyl, pyridyl,
triazinyl, tetrazinyl and the like. Examples of such
fused aromatic rings include quinolinyl,
isoquinolinyl, quinazolinyl, quinoxalinyl, pteridinyl,
cinnolinyl, phthalazinyl, naphthyridinyl, indolyl,
isoindolyl, azaindolyl, indolizinyl, indazolyl,
purinyl,pyrrolopyridinyl, furopyridinyl, benzofuranyl,
isobenzofuranyl, benzothienyl, benzoimidazolyl,
benzoxazolyl, benzoisoxazolyl, benzothiazolyl,
benzoisothiazolyl, benzoxadiazolyl, benzothiadiazolyl
and the like. Heteroaryl groups, as described above,
may be linked to the remainder of the molecule via a
carbon atom or, when present, a suitable nitrogen atom
except where indicated otherwise. The term "nitrogen
containing heteroaryl" is intended to represent any
heteroaryl group as defined above which contains a
nitrogen atom. It will be appreciated that wherein the
above mentioned aryl or heteroaryl groups have more
than one substituent, said substituents may be linked
to form a ring. The term 'heterocyclyl' refers to a
4-7 membered monocyclic saturated or partially
unsaturated ring containing 1 to 4 heteroatoms
selected from oxygen, nitrogen or 



sulphur; or a fused 8-12 membered bicyclic saturated
or partially unsaturated ring system containing 1 to 4
heteroatoms selected from oxygen, nitrogen or sulphur.
Examples of such monocyclic rings include
pyrrolidinyl, azetidinyl, pyrazolidinyl, oxazolidinyl,
piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, thiazolidinyl, hydantoinyl,
valerolactamyl, oxiranyl, oxetanyl, dioxolanyl,
dioxanyl, oxathiolanyl, oxathianyl, dithianyl,
dihydrofuranyl, tetrahydrofuranyl, dihydropyranyl,
tetrahydropyranyl, tetrahydropyridinyl,
tetrahydropyrimidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, diazepanyl, azepanyl and the
like. Examples of such bicyclic rings include
indolinyl, isoindolinyl, benzopyranyl, quinuclidinyl,
2,3,4,5-tetrahydro-1/-/-3-benzazepine,
tetrahydroisoquinolinyl and the like. The term
'nitrogen containing heterocyclyl' is intended to
represent any heterocyclyl group as defined above
which contains a nitrogen atom. In one embodiment
there is provided a compound of formula (I), or a
pharmaceutically acceptable salt thereof, wherein: R1
represents hydrogen or C1-6 alkyl; m represents 0 or
1; R2 represents C1-3 alkyl or R2 may be linked to R1
to form a (CH2)3 group; n represents 0, 1 or 2; R3
represents C1-3 alkyl;p represents 0, 1, or 2; q
represents 0 or 1; R4 represents halogen; and A
represents an optionally substituted phenyl, thiazolyl
or pyrazolyl, wherein the optional substituents are
selected from the group consisting of halogen, CN, d-3
alkyl and Ci-3 alkoxy; or solvates thereof. In certain
embodiments, R1 represents hydrogen or C1-6 alkyl
(e.g. methyl, ethyl, n-propyl, i-propyl or
2,2-dimethylpropyl). In one embodiment, R1 represents
hydrogen or methyl. In one embodiment, m represents 0
or 1, more particularly 0. In one embodiment, R2
represents Ci-3 alkyl (e.g. methyl) or R2 may be
linked to R1 to form a (CH2)3 group. In one
embodiment, n represents 0 or 1, more particularly 0.
In one embodiment, R3 represents C1-3 alkyl (e.g.
methyl). In one embodiment, n represents 2 and R3
represents methyl. In one embodiment, p represents 0,
1, or 2, more particularly 1. In one embodiment, q
represents 0 or 1, more particularly 0. In one
embodiment, R4 represents halogen, more particularly F
or Cl. In one embodiment, A represents an optionally
substituted phenyl, thiazolyl or pyrazolyl, more
particularly phenyl, wherein the optional substituents
are selected from the group consisting of halogen
(e.g. F or Cl), CN, Ci-3 alkyl (e.g. methyl) and Ci -3
alkoxy (e.g. methoxy). Preferred compounds according
to the invention include examples E1-E65 as shown
below, or a pharmaceutically acceptable salt or
solvate thereof. The compounds of formula (I) can form
acid addition salts thereof. It will be appreciated
that for use in medicine the salts of the compounds of
formula (I) should be pharmaceutically acceptable.
Pharmaceutically acceptable salts include those
described by Berge, Bighley and Monkhouse , J. Pharm.
Sci., 1977, 66, 1-19. The term "pharmaceutically
acceptable salts" includes salts prepared from
pharmaceutically 



acceptable non-toxic bases including inorganic bases
and organic bases. Salts derived from inorganic bases
include aluminum, ammonium, calcium, copper, ferric,
ferrous, lithium, magnesium, manganic salts,
manganous, potassium, sodium, zinc, and the like.Salts
derived from pharmaceutically acceptable organic
non-toxic bases include salts of primary, secondary,
and tertiary amines, substituted amines including
naturally occurring substituted amines, cyclic amines,
and basic ion exchange resins, such as arginine,
betaine, caffeine, choline,
N,N'-dibenzylethylenediamine, diethylamine, 2-
diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethylmorpholine,
N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine,
morpholine, piperazine, piperidine, polyamine resins,
procaine, purines, theobromine, triethylamine,
trimethylamine, trishydroxylmethyl amino methane,
tripropyl amine, tromethamine, and the like. When a
compound of the present invention is basic, salts may
be prepared from pharmaceutically acceptable non toxic
acids, including inorganic and organic acids. Such
acids include acetic, benzenesulfonic, benzoic,
camphorsulfonic, citric, ethanesulfonic, fumaric,
gluconic, glutamic, hydrobromic, hydrochloric,
isethionic, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pamoic, pantothenic,
phosphoric, succinic, sulfuric, tartaric,
p-toluenesulfonic acid, and the like. Examples of
pharmaceutically acceptable salts include the
ammonium, calcium, magnesium, potassium, and sodium
salts, and those formed from maleic, fumaric, benzoic,
ascorbic, pamoic, succinic, hydrochloric, sulfuric,
bismethylenesalicylic, methanesulfonic,
ethanedisulfonic, propionic, tartaric, salicylic,
citric, gluconic, aspartic, stearic, palmitic,
itaconic, glycolic, p-aminobenzoic, glutamic,
benzenesulfonic, cyclohexylsulfamic, phosphoric and
nitric acids. The compounds of formula (I) may be
prepared in crystalline or non-crystalline form, and,
if crystalline, may optionally be solvated, e.g. as
the hydrate. This invention includes within its scope
stoichiometric solvates (e.g. hydrates) as well as
compounds containing variable amounts of solvent (e.g.
water). Certain compounds of formula (I) are capable
of existing in stereoisomeric forms (e.g.
diastereoisomers and enantiomers) and the invention
extends to each of these stereoisomeric forms and to
mixtures thereof including racemates. The different
stereoisomeric forms may be separated one from the
other by the usual methods, or any given isomer may be
obtained by stereospecific or asymmetric synthesis.
The invention also extends to any tautomeric forms and
mixtures thereof.The subject invention also includes
isotopically-labeled compounds, which are identical to
those recited in formula (I) and following, but for
the fact that one or more atoms are replaced by an
atom having an atomic mass or mass number different
from the atomic mass or mass number usually
predominating. Examples of isotopes that can be
incorporated into compounds of the invention include
isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorous, fluorine, iodine, and chlorine, such as
3H, 11C, 14C, 18F, 1231 and 1251. Compounds of the
present invention and pharmaceutically acceptable
salts of said compounds that contain the
aforementioned isotopes and/or other isotopes of other
atoms are within the scope of the present invention.
Isotopically-labeled compounds of the present
invention, for example those into which radioactive
isotopes such as 3H, 14C are incorporated, are useful
in drug and/or substrate tissue distribution assays.
Tritiated, i.e., 3H, and carbon-14, i.e., 14C,
isotopes are particularly preferred for their ease of
preparation and detectability. 11C and 18F isotopes
are particularly useful in PET 



(positron emission tomography), and 125I isotopes are
particularly useful in SPECT (single photon emission
computerized tomography), all useful in brain imaging.
Further, substitution with heavier isotopes such as
deuterium, i.e., 2H1 can afford certain therapeutic
advantages resulting from greater metabolic stability,
for example increased in vivo half-life or reduced
dosage requirements and, hence, may be preferred in
some circumstances, lsotopically labeled compounds of
formula (I) and following of this invention can
generally be prepared by carrying out the procedures
disclosed in the Schemes and/or in the Examples below,
by substituting a readily available isotopically
labeled reagent for a non-isotopically labeled
reagent. The present invention also provides a process
for the preparation of a compound of formula (I) or a
pharmaceutically acceptable salt thereof, which
process comprises: (a) reacting a compound of formula
(II),(H) wherein R1a is as defined for R1 or an
L/-protecting group, R2, R3, R4, m, n, p, q and are as
defined above and L1 represents a suitable leaving
group such as a halogen atom (e.g. bromo or iodo) or
trifluoromethylsulfonyloxy, with a compound of formula
ASO 2-H (or A-SH followed by a subsequent oxidation
step), wherein A is as defined above and thereafter as
necessary removing an R1a L/-protecting group; (b)
deprotecting a protected derivative of a compound of
formula (I); and thereafter optionally: (c)
interconversion to other compounds of formula (I)
and/or forming a pharmaceutically acceptable salt
and/or solvate. (d) metallation of a compound of
formula (II) followed by reaction with an appropriate
arylsulfonylating electrophile to form a compound of
formula (I), followed by process (b) or (c) as
necessary. Process (a) wherein a compound of formula
(II) is treated with a compound of formula ASO 2H
typically comprises use of basic conditions and may be
most conveniently carried out by using a suitable salt
of the compound A-SO2H (e.g. the sodium salt) in an
appropriate solvent such as dimethyl sulfoxide, in the
presence of a transition metal salt such as copper (I)
iodide and a suitable additive such as N,
L/'-dimethylethylenediamine. Process (b) wherein a
compound of formula (II) is treated with a compound of
formula ASH typically comprises use of basic
conditions e.g. by using a suitable salt of the
compound A-SH (e.g. the sodium salt) in an appropriate
solvent such as N,Ndimethylformamide, in the presence
of a suitable metal salt such as copper (I) iodide,
followed by use of a suitable oxidant such as
3-chloroperbenzoic acid, peracetic acid,magnesium
monoperoxyphthalate or potassium monopersulfate.
Alternatively, the compound of formula (II) can be
advantageously treated with a compound of formula ASH
in the presence of a base such as potassium
te/t-butoxide in an appropriate solvent such as
toluene in the presence of a suitable metal catalyst,
e.g. a mixture of an appropriate palladium source such
as fr7s(dibenzylideneacetone)dipalladium(0) and an
appropriate ligand such as
(oxydi-2,1-phenylene)-o/s(diphenylphosphine), followed
by oxidation as described above. In processes (a) and
(b), examples of protecting groups and the means for
their removal can be found in T.W. Greene 'Protective
Groups in Organic Synthesis' (J. Wiley and Sons,
1991). Suitable amine protecting groups include
sulphonyl (e.g. tosyl), acyl (e.g. acetyl,
2',21,2>-trichloroethoxycarbonyl, benzyloxycarbonyl or
t-butoxycarbonyl) and arylalkyl (e.g. benzyl), which
may be removed by hydrolysis (e.g. using an acid such
as hydrochloric acid) or reductively (e.g.
hydrogenolysis of a benzyl group or reductive 



removal of a 2l ,2',2l-trichloroethoxycarbonyl group
using zinc in acetic acid) as appropriate. Other
suitable amine protecting groups include
trifluoroacetyl (-COCF3) which may be removed by base
catalysed hydrolysis or a solid phase resin bound
benzyl group, such as a Merrifield resin bound
2,6-dimethoxybenzyl group (Ellman linker), which may
be removed by acid catalysed hydrolysis, for example
with trifluoroacetic acid. A further amine protecting
group includes methyl which may be removed using
standard methods for L/-dealkylation (e.g.
1-chloroethyl chloroformate under basic conditions
followed by treatment with methanol). Process (c) may
be performed using conventional interconversion
procedures such as epimerisation, oxidation,
reduction, reductive alkylation, alkylation,
nucleophilic or electrophilic aromatic substitution,
ester hydrolysis or amide bond formation. For example,
/V-dealkylation of a compound of formula (I) wherein
R1 represents an alkyl group to give a compound of
formula (I) wherein R1 represents hydrogen. It will be
appreciated that such interconversion may be
interconversion of protected derivatives of formula
(I) which may subsequently be deprotected following
interconversion. In addition, process (c) may
comprise, for example, reacting a compound of formula
(I), wherein R1 represents hydrogen, with an aldehyde
or ketone in the presence of a reducing agent in order
to generate a compound of formula (I) where
R1represents Ci-6 alkyl. This may be performed using a
hydride donor agent such as sodiumcyanoborohydride,
sodium triacetoxyborohydride or a resin bound form of
cyanoborohydride in an alcoholic solvent such as
ethanol and in the presence of an acid such as acetic
acid, or under conditions of catalytic hydrogenation.
Alternatively, such a transformation may be carried
out by reacting a compound of formula (I)1wherein R1
represents hydrogen, with a compound of formula R1-L,
wherein R1 is as defined above and L represents a
leaving group such as a halogen atom (e.g. bromine or
iodine) or methylsulfonyloxy group, optionally in the
presence of a suitable base such as potassium
carbonate or triethylamine using an appropriate
solvent such as L/,L/-dimethylformamide or a
C^alkanol. Process (d) may comprise, for example,
reacting a compound of formula (II) with a metallating
agent such as sec- or te/Y-butyl lithium in a suitable
solvent such as tetrahydrofuran to form an anion which
can be reacted with an appropriate electrophile such
as an arylsulfonyl fluoride to form a compound of
formula (I). Arylsulfonyl fluorides may be
conveniently prepared by the reaction of the
corresponding arylsulfonyl chloride with a source of
fluoride such as calcium and/or potassium fluoride in
a suitable solvent such as acetonitrile, optionally in
the presence of water or a crown ether. Compounds of
formula (II) wherein represents a single bond may be
prepared in accordance with the following scheme:
wherein R1a, R2, R3, R4, m, n, p, q and L1 are as
defined above. Step (i) may typically be effected
using a reducing agent such as sodium cyanoborohydride
or sodium triacetoxyborohydride in a suitable solvent
such as ethanol or 1,2-dichloroethane.Compounds of
formula (II) in which represents a double bond may be
prepared from compounds of formula (ll) a above by
reaction with a suitable oxidising agent such as
dichlorodicyano-1,4-benzoquinone in a suitable solvent
such as tetrahydrofuran. Compounds of formula (III)
and (IV) are known in the literature or can be
prepared by analogous methods. Alternatively compounds
of formula (I) wherein represents a single bond may be
prepared in accordance with the following scheme: 



wherein A, R1a, R2, R3, R4, m, n, p, q and L1 are as
defined above and X is a suitable leaving group such
as a halogen, for example fluorine, or an
Otrifluoromethanesulfonate. Step (i) may typically be
effected using a Wittig agent such as
[(methyloxy)methyl](triphenyl)phosphonium chloride in
the presence of a suitable base such as
2-tert-butlyimino-2-diethylamino-1
,3-dimethyl-perhydro-1 ,3,2-diazaphosphorine, which
may conveniently be in a polymer bound form, in a
solvent such as acetonitrile. Step (ii) can be
effected by the metallation of (Vl) using for example
terf-butyllithium in a solvent such as
tertrahydrofuran followed by reaction with a sulfonyl
electrophile such as phenylsulfonyl fluoride. Step
(iii) comprises the hydrolysis of the vinyl ether of
(VII) usinga suitable acid, such as formic acid,
followed by reductive amination of the intermediate
aldehyde with an appropriate amine such as
4-amino-1-Boc-piperidine in the presence of a suitable
reducing agent, for example sodium
triacetoxyborohydride, in an appropriate solvent such
as 1,2-dichloroethane and in the presence of an acid
catalyst such as acetic acid. Step (iv) can typically
be effected by heating compound (VIII), optionally in
the presence of a suitable organic or inorganic base,
in a suitable solvent such as DMSO, or may be achieved
using palladium catalysis in the presence of a
suitable ligand. In the case of compounds of formula
(I) wherein represents a single bond, n represents 2,
and R3 and R3 represent a 3,3-dialkyl substitution of
the indoline ring, an additional alternative process
is indicated in the following scheme: wherein R , R ,
R R , m, n, p, q and L1 are as defined above and R is
defined as for R3 but need not be identical to R3, and
compounds of formula (ll) b are embodiments of formula
(II). Step (i) typically comprises the reaction of a
compound of formula (IX), such as 3,3-
dimethylindoline with an appropriate ketone such as
N-Boc-piperidin-4-one in the presence of an
appropriate reducing agent such as sodium
cyanoborohydride in an appropriate solvent such as
acetic acid. Step (ii) comprises the introduction of a
leaving group L1, for example iodine, using an
electrophilic agent such as benzyltrimethylammonium
dichloroiodate in a suitable solvent mixture such as
dichloromethane and methanol and in the presence of an
appropriate base such as calcium carbonate. An
alternative procedure for the preparation of compounds
of formula (II) in which R4 is a halogen (Y) is shown
in the following scheme:Step (i) typically comprises
the reaction of a compound of formula (Xl) such as 7-
fluoroindole with a suitable ketone such as
N-Boc-piperidin-4-one in the presence of a reducing
agent, for example sodium cyanoborohydride and in a
suitable solvent such as acetic acid to form (XII).
Step (ii) comprises the reaction of (XII) with an
electrophilic halogenating agent such as
N-iodosuccinimide in an appropriate solvent such as
Dimethylformamide to give a compound of formula (M)0
lndolyl compounds of formula (I) in which R3 = 3-alkyl
may be prepared by the reaction of the corresponding
compounds in which R3 = H and R1a is a protecting
group such as Boc with a suitable electrophile such as
Eschenmoser's salt, followed by hydrogenation and
deprotection and further elaboration of group R1a as
specified earlier. Pharmaceutically acceptable salts
may be prepared conventionally by reaction with the
appropriate acid or acid derivative. Compounds of
formula (I) and their pharmaceutically acceptable
salts have affinity for the 5-HT6 receptor and are
believed to be of potential use in the treatment of
certain CNS disorders such as anxiety, depression,
epilepsy, obsessive compulsive disorders, migraine,
cognitive memory disorders (e.g. Alzheimer's disease,
age related cognitive 



decline, mild cognitive impairment and vascular
dementia), Parkinson's Disease, ADHD (Attention
Deficit Disorder/Hyperactivity Syndrome), sleep
disorders (including disturbances of Circadian
rhythm), feeding disorders such as anorexia and
bulimia, panic attacks, withdrawal from drug abuse
such as cocaine, ethanol, nicotine and
benzodiazepines, schizophrenia (in particular
cognitive deficits of schizophrenia), stroke and also
disorders associated with spinal trauma and/or head
injury such as hydrocephalus. Compounds of the
invention are also expected to be of use in
thetreatment of certain Gl (gastrointestinal)
disorders such as IBS (Irritable Bowel Syndrome).
Compounds of the invention are also expected to be of
use in the treatment of obesity. Thus the invention
also provides a compound of formula (I) or a
pharmaceutically acceptable salt thereof, for use as a
therapeutic substance, in particular in the treatment
or prophylaxis of the above disorders. In particular
the invention provides for a compound of formula (I)
or a pharmaceutically acceptable salt thereof, for use
in the treatment of depression, anxiety, Alzheimer's
disease, age related cognitive decline, ADHD, obesity,
mild cognitive impairment, schizophrenia, cognitive
deficits in schizophrenia and stroke. The invention
further provides a method of treatment or prophylaxis
of the above disorders, in mammals including humans,
which comprises administering to the sufferer a
therapeutically effective amount of a compound of
formula (I) or a pharmaceutically acceptable salt
thereof. In another aspect, the invention provides the
use of a compound of formula (I) or a pharmaceutically
acceptable salt thereof in the manufacture of a
medicament for use in the treatment or prophylaxis of
the above disorders. 5-HT6 antagonists have the
potential to be capable of increasing basal and
learninginduced polysialylated neuron cell frequency
in brain regions such as the rat medial temporal lobe
and associated hippocampus, as described in WO
03/066056. Thus, according to a further aspect of the
present invention, we provide a method of promoting
neuronal growth within the central nervous system of a
mammal which comprises the step of administering a
compound of formula (I) or a pharmaceutically
acceptable salt thereof. In order to use the compounds
of formula (I) in therapy, they will normally be
formulated into a pharmaceutical composition in
accordance with standard pharmaceutical practice. The
present invention also provides a pharmaceutical
composition, which comprises a compound of formula (I)
or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.A pharmaceutical
composition of the invention, which may be prepared by
admixture, suitably at ambient temperature and
atmospheric pressure, is usually adapted for oral,
parenteral or rectal administration and, as such, may
be in the form of tablets, capsules, oral liquid
preparations, powders, granules, lozenges,
reconstitutable powders, injectable or infusable
solutions or suspensions or suppositories. Orally
administrable compositions are generally preferred.
Tablets and capsules for oral administration may be in
unit dose form, and may contain conventional
excipients, such as binding agents, fillers,
tabletting lubricants, disintegrants and acceptable
wetting agents. The tablets may be coated according to
methods well known in normal pharmaceutical practice.
Oral liquid preparations may be in the form of, for
example, aqueous or oily suspension, solutions,
emulsions, syrups or elixirs, or may be in the form of
a dry product for 



reconstitution with water or other suitable vehicle
before use. Such liquid preparations may contain
conventional additives such as suspending agents,
emulsifying agents, non-aqueous vehicles (which may
include edible oils), preservatives, and, if desired,
conventional flavourings or colourants. For parenteral
administration, fluid unit dosage forms are prepared
utilising a compound of the invention or
pharmaceutically acceptable salt thereof and a sterile
vehicle. The compound, depending on the vehicle and
concentration used, can be either suspended or
dissolved in the vehicle. In preparing solutions, the
compound can be dissolved for injection and filter
sterilised before filling into a suitable vial or
ampoule and sealing. Advantageously, adjuvants such as
a local anaesthetic, preservatives and buffering
agents are dissolved in the vehicle. To enhance the
stability, the composition can be frozen after filling
into the vial and the water removed under vacuum.
Parenteral suspensions are prepared in substantially
the same manner, except that the compound is suspended
in the vehicle instead of being dissolved, and
sterilization cannot be accomplished by filtration.
The compound can be sterilised by exposure to ethylene
oxide before suspension in a sterile vehicle.
Advantageously, a surfactant or wetting agent is
included in the composition to facilitate uniform
distribution of the compound. The composition may
contain from 0.1% to 99% by weight, more particularly
from 10 to 60% by weight, of the active material,
depending on the method of administration.The dose of
the compound used in the treatment of the
aforementioned disorders will vary in the usual way
with the seriousness of the disorders, the weight of
the sufferer, and other similar factors. However, as a
general guide suitable unit doses may be 0.05 to 1000
mg, more suitably 0.05 to 200 mg, for example 20 to 40
mg; and such unit doses will preferably be
administered once a day, although administration more
than once a day may be required; and such therapy may
extend for a number of weeks or months. All
publications, including but not limited to patents and
patent applications, cited in this specification are
herein incorporated by reference as if each individual
publication were specifically and individually
indicated to be incorporated by reference herein as
though fully set forth. The following Descriptions and
Examples illustrate the preparation of compounds of
the invention. Description 1 1,1-Dimethylethyl
4-(5-bromo-2,3-dihydro-1 H-indol-1 -yl)-1
-piperidinecarboxylate (D1) Case (i) A solution of
5-bromoindoline (2.65 g, 13.4 mmol) in glacial acetic
acid (30 ml) was treated with 1,1 -dimethylethyl
4-oxo-1 -piperidinecarboxylate (2.93 g, 14.7 mmol),
maintaining the temperature below 30 0C. This solution
was treated by portionwise addition of sodium
triacetoxyborohydride (4.25 g , 20 mmol) maintaining
the temperature below 35 0C. The mixture was then
stirred at ambient temperature for one hour, poured
into a mixture of ethyl acetate (200 ml) and water
(100 ml), and neutralised to pH ~8 by dropwise
addition of 6M NaOH solution, while maintaining the
temperature below 35 0C. The organic phase was
separated and the aqueous phase washed with ethyl
acetate (50 ml). The combined organic phases were
dried over magnesium sulphate, concentrated in vacuo
and purified by chromatography on silica gel, eluting
with an increasing proportion of ethyl acetate in
hexane. This afforded 1,1 -dimethylethyl
4-(5-bromo-2,3- dihydro-1H-indol-1-yl)-1
-piperidinecarboxylate (D1) as a pale yellow oil (4.5
g, 90%): 



1H NMR (CDCI3): d 1.47 (9H, s), 1.53 (2H, ddd), 1.76
(2H, br.d), 2.76 (2H, br.t), 2.93 (2H, t), 3.35 (2H,
t), 3.44 (1H, tt), 4.24 (2H, br.d), 6.26 (1H, s), 7.1
1 (1H, d), 7.12 (1H, s) Case (ii)5-Bromoindoline
(16.51 g, 83.4 mmol) was dissolved in AcOH (300 ml) in
a 3-necked RB flask under argon. 1,1-Dimethylethyl
4-oxo-i-piperidinecarboxylate (20.34 g, 100 mmol) was
added at once and the mixture was allowed to stir for
3-5 minutes after which NaBH(OAc) 3 (27.9 g, 125 mmol)
was added portionwise. After 1 hour at room
temperature the volume was reduced under reduced
pressure to almost completion and the residue was
redissolved in EtOAc (300 ml), washed with sat. NaHCO3
(3 x 300 ml), brine (300 ml) and dried over MgSO .
This solution was filtered and concentrated to afford
35g of crude material that was subsequently purified
by flash chromatography (Biotage 75+M cartridge) with
a gradient of EtOAc (0-30%) in hexane. The 1,1-
dimethylethyl 4-(5-bromo-2,3-dihydro-1 H-indol-1
-yl)-1 -piperidinecarboxylate (D1) was isolated with
96% yield (30.5 g), consistent spectroscopically with
that prepared in Case (i). Description 2 1,1
-Dimethylethyl 4-(5-bromo-1 H-indol-1 -yl)-1
-piperidinecarboxylate (D2) 1,1 -Dimethylethyl
4-(5-bromo-2,3-dihydro-1/-/-indol-1-yl)-1
-piperidinecarboxylate (D1) (2.0 g, 5.2 mmol) was
dissolved in THF (20 ml) and cooled to 0 0C. To this
solution was added dropwise a solution of
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (1.13 g, 5.7
mmol) in THF (10 ml) maintaining the temperature <10
0C. The mixture turned black and was stirred at <10 0C
for 1 hour. Ethyl acetate (80 ml) was added, the
mixture washed with saturated aqueous sodium
bicarbonate (4 x 50 ml), brine (50 ml), dried over
magnesium sulfate and concentrated to a brown oil.
This was purified using silica gel chromatography,
eluting with an increasing proportion of ethyl acetate
in pentane, to afford 1,1-dimethylethyl 4-(5-bromo-1
H-indol-1 -yl)-1 -piperidinecarboxylate (D2) as a
white solid (1.8 g, 91%): 1H NMR (CDCI3) d 1.49 (9H,
s), 1.88 (2H, ddd) 2.06 (2H, d), 2.91 (2H, br.t),
4.28-4.35 (3H, m), 6.46 (1H, d), 7.17 (1H, d),
7.23-7.29 (2H, m), 7.75 (1H, d); MS: m/z (M+H)+ 379,
381; C18H23BrN2O2 requires: 378, 380 Description 3
Case (i) 1,1-Dimethylethyl 4-[5-(phenylsulfonyl)-1
H-indol-1 -yl]-1 -piperidinecarboxylate (D3) A mixture
of 1,1 -dimethylethyl 4-(5-bromo-1 H-indol-1 -yl)-1
-piperidinecarboxylate (D2) (4.0 g, 11.7 mmol), sodium
phenylsulfinate (5.0 g 35 mmol), copper (I) iodide
(220 mg, 1.2 mmol), /V,L/-dimethyl-ethylenediamine
(0.25 ml, 2.3 mmol) and potassium carbonate(3.2 g, 23
mmol) was suspended in dimethyl sulfoxide (20 ml) and
heated to 100 0C under an argon atmosphere for 18
hours. The mixture was cooled, dichloromethane (200
ml) added and water (100 ml) introduced. The organic
phase was separated, dried over magnesium sulfate,
evaporated, and the residue purified by flash
chromatography on silica gel eluting with an
increasing proportion of ethyl acetate in pentane to
afford 1,1- dimethylethyl
4-[5-(phenylsulfonyl)-1H-indoM-yl]-1-piperidinecarboxy
late (D3) (1.6 g, 31%) as a white solid: 1H NMR
(CDCI3) d 1.49 (9H, s), 1.87 (2H, ddd) 2.02 (2H,
br.d), 2.91 (2H, br.t), 4.31-4.43 (3H, m), 6.66 (1H,
d), 7.29 (1H, d), 4.41-7.48 (4H, m), 7.75 (1H, dd,
7.49-7.79 (2H, m), 8.3 (1H, d). Case (ii) A solution
of 2,3-dichloro-5,6-dicyano-p-benzoquinone (342 mg,
1.5 mmol) in THF (2 ml) 



was added dropwise to a stirred solution of
1,1-dimethylethyl 4-[5-(phenylsulfonyl)-2,3-
dihydro-1H-indol-1-yl]-1-piperidinecarboxylate (D4)
(434 mg, 0.983 mmol) in THF (13 ml) at O0C under
argon. The reaction solution was stirred at O0C for 2h
followed by 3h at RT. It was then concentrated and
partitioned between EtOAc and dilute aqueous NaHCO3
solution. The organic layer was separated and washed
with dilute aqueous NaHCO3 solution (x 1) and brine (x
1) before being dried over MgSO4. It was filtered and
evaporated to afford the crude product (457 mg). This
was purified on silica (20 g) eluting with 40% EtOAc
in hexane to give the pure title compound (414 mg,
94%); consistent spectroscopically with the material
produced in Case (i). Description 4 1,1-Dimethylethyl
4-[5-(phenylsulfonyl)-2,3-dihydro-1 W-indol-1-y!]-1 -
piperidinecarboxylate (D4) Case (i) A mixture of
1,1-dimethylethyl
4-(5-bromo-2,3-dihydro-1/-/-indol-1-yl)-1-
piperidinecarboxylate (D1) (0.7 g, 1.8 mmol), sodium
phenylsulfinate (0.9 g, 5.5 mmol), copper (I) iodide
(35 mg, 0.18 mmol), /V,LT-dimethyl-ethylenediamine
(0.04 ml, 0.36 mmol), and potassium carbonate (0.5 g,
3.6 mmol) was suspended in dimethyl sulfoxide (20 ml)
and heated under an argon atmosphere to 100 0C for 18
hours. The mixture was cooled, dichloromethane (50 ml)
added and water (25 ml) introduced. The organic phase
was separated, dried over magnesium sulfate,
evaporated, and the residue purified by flash
chromatography on silica gel eluting with an
increasing proportion of ethyl acetate inpentane to
afford 1,1-dimethylethyl
4-[5-(phenylsuIfonyl)-2,3-dihydro-1W-indol-1-ylJ-
1-piperidinecarboxylate (D4), as a white solid (238
mg, 28%): 1H NMR (CDCI3)d 1.46 (9H, s), 1.58 (2H, dt),
1.74 (2H, br.d), 2.77 (2H, br.t), 2.98 (2H, t), 3.50
(3H, t), 4.24 (2H, br.d), 6.40 (1H1d), 7.41-7.53 (4H,
m), 7.66 (1H, dd), 7.90 (2H, dd); MS: m/z (M+H)+ 443;
C24H30SN2O4 requires: 442. Case (ii) In an oven dried
500ml 3-necked RB flask equipped with a temperature
probe and a 50 ml dropping funnel was placed
1,1-dimethylethyl
4-(5-bromo-2,3-dihydro-1H-indol-1-yl)-1-
piperidinecarboxylate (D1) (10 g, 26.3 mmol) under
argon and it was then dissolved in dry THF (130 ml).
This solution was cooled to -780C and
terf-butyllithium (35 ml, 52.5 mmol, 2eq, 1.5M in
pentane) was added dropwise (keeping the temperature
below -60 0C). After the addition was complete the
bright yellow solution was stirred at -70 0C for 5
minutes and then a solution of benzenesulfonylfluoride
(6.32 g, 39.45 mmol) in dry THF (30 ml) was added over
a period of 15 minutes. The resulting brown solution
was stirred at -70 0C for 15 minutes and then it was
allowed to warm to room temperature. After 1 hour it
was quenched with sat. NH4CI, extracted with EtOAc,
the organics washed with brine and dried over MgSO4.
The crude material (14.5 g) was purified by flash
chromatography (Biotage 75+S cartridge) with a
gradient of EtOAc in Hexane to afford
1,1-dimethylethyl
4-[5-(phenylsulfonyl)-2,3-dihydro-1H-indol-1-yl]-1-
piperidinecarboxylate (D4) in 56% yield (6.5 g),
consistent spectroscopically with that prepared in
Case (i). Description 5 3,3-DimethyM -(1
-methyl-4-piperidinyl)-2,3-dihydro-1H-indole (D5) To a
solution of 3,3-dimethyl-2,3-dihydro-1 /-/-indole (500
mg, 3.4 mmol) in acetic acid (5 ml) under an argon
atmosphere was added 1-methyl-4-piperidinone (423 mg,
3.74 mmol) and after 5 minutes NaBH(OAc)3 (1.08 g, 5.1
mmol) was added in one portion. After 0.5 



hours the mixture was diluted with water, basified
with NaOH (pellets) until pH ca. 10 and extracted with
Et2O. The organic phase was separated and dried over
MgSO4. The solution was filtered and concentrated to
afford 3,3-dimethyl-1-(1-methyl-4-piperidinyl)-
2,3-dihydro-1H-indole (D5) in 94% yield (780 mg).
1H-NMR (CDCI3): d 1.27 (6H, s), 1.74 (4H, m), 2.04
(2H, dt), 2.30 (3H, s), 2.95 (2H 1d), 3.13 (2H, s),
3.35 (1H, m), 6.40 (1H, d, J=7.6 Hz), 6.63 (1H, t ,
J=7.6 Hz), 6.98 (1H, d, J=7.6 Hz), 7.04 (1H, t , J=7.6
Hz). MS: m/z (M+H)+ 245, C16H24N2 requires
244.Description 6 1,1-Dimethylethyl
4-(5-iodo-2,3-dihydro-1 H-indol-1 -yl)-1
-piperidinecarboxylate (D6) 5-lodoindole (12.15 g,
0.05 mol) in glacial acetic acid (150 ml) at RT was
treated portionwise with sodium cyanoborohydride (9.42
g, 0.15 mol) over 10 minutes. The resulting solution
was allowed to stir at RT for 1hr. and it was then
evaporated to near dryness (caution: evaporation to
complete dryness causes rapid exothermic
decomposition). The residue was diluted with EtOAc and
washed with aqueous potassium carbonate solution and
brine. Glacial acetic acid (50 ml) was added to the
solution which was then dried (MgSO4), filtered and
evaporated to near dryness to leave the crude
5-iodoindoline solution. Further glacial acetic acid
(120 ml) was then added followed by 1,1 -dimethylethyl
4-oxo-1 -piperidinecarboxylate ( 1 1.94 g, 0.06 mol).
Sodium triacetoxyborohydride (15.94 g, 0.075 mol) was
then added portionwise over 10 minutes and the
reaction solution was stirred at RT for 1hr. Further
1,1-dimethylethyl 4-oxo-1- piperidinecarboxylate (2.99
g, 0.015 mol) and sodium triacetoxyborohydride (5.3 g,
0.084 mol) were added and stirring continued for a
further hour. The solution was then evaporated to near
dryness and partitioned between EtOAc and aqueous
potassium carbonate solution. The organic layer was
separated and washed with aqueous potassium carbonate
solution and brine. It was dried (MgSO4), filtered and
evaporated to leave the crude product. This was
purified on silica eluting with hexane/ EtOAc (9:1) to
afford 1,1-dimethylethyl 4-(5-iodo-2,3-dihydro-1
H-indol-1 -yl)-1 -piperidinecarboxylate (D6) as a
white solid (15.20 g, 71%). 1H NMR (CDCI3) d 1.47 (9H,
s), 1.55 (2H, m), 1.75 (2H, m), 2.76 (2H, m), 2.93
(2H, t J = 8.6 Hz), 3.35 (2H, t J = 8.6 Hz), 3.44 (1H,
m), 6.19 (1H, d J = 8.8 Hz) and 7.30 (2H, m). MS
(electrospray): m/z (M+H)+ 429; C18H25IN2O2 requires M
= 428. Description 7 5-Bromo-1
-(octahydro-7-indolizinyl)-2,3-dihydro-1 H-indole (D7)
To a solution of 5-bromoindoline (300 mg, 1.52 mmol)
in acetic acid (3 ml) was added hexahydro-7(1
H)-indolizinone (232 mg, 1.67 mmol) (prepared in a
similar manner to J. Chem. Soc. Perkin Trans., 1986,
447-453) and after 5 minutes NaBH(OAc) 3 (480 mg, 2.28
mmol) was added portionwise. The mixture was left
stirring at room temperature under argon and after 4
hours it was concentrated under reduced pressure,
dissolved in dichloromethane and treated with a 5%
K2CO3. the organic layer was separated, washed with
brine and dried over MgSO4. The crude material (447
mg) was purified by flashchromatography (Biotage, 20 g
column) with a gradient of MeOH in dichloromethane to
give
5-bromo-1-(octahydro-7-indolizinyl)-2,3-dihydro-1W-ind
ole (D7) in 56% yield. 1H-NMR (CDCI3): d 1.48 (1H, m),
1.59 (2H, m), 1.70 (1H, m), 1.85 (3H, m), 2.19 (1H,
m), 2.30 (1H, m), 2.40 (2H, m), 2.90 (3H1 m), 3.02
(1H, m), 3.5 (3H 1 m), 6.27 (1H, d, J=8.0 Hz)1 7.1 1
(2H, m). Description 8 5-lodo-3,3-dimethyl-1 -(1
-methyl-4-piperidinyl)-2,3-dihydro-1 A/-indole (D8) 



3,3-Dimethyl~1-(1-methyl-4-piperidinyl)-2,3-dihydro-1H
-indole (D5) (775 mg, 3.18 mmol) was dissolved in a
mixture of CH2CI2/Me0H (42 ml/16 ml) and CaCO3 (414
mg, 4.13 mmol) and benzyltrimethylammonium
dichloroiodate (95%) ( 1.16 g, 3.18 mmol) were added
and the mixture was stirred at RT under argon. The
reaction was followed by TLC/LC-MS. After 1 hour the
excess CaCO3 was filtered through celite, the solvent
was evaporated under reduced pressure, the product
redissolved in dichloromethane and washed with sodium
thiosulphate (10 g, 10% w/v). The organic phase was
dried over MgSO4 and concentrated to afford a yellow
solid 5-iodo-3,3-dimethyl-1-(1-methyl-4-
piperidinyl)-2,3-dihydro-1H-indole (D8) in
quantitative yield ( 1.2 g). 1H-NMR (CDCI3) : d 1.25
(6H, s), 1.94 (2H, m), 2.38 (2H, m), 2.73 (3H, s),
2.75 (2H, m), 3.17 (2H, s), 3.52 (3H, m), 6.15 (1H, d,
J=8.25 Hz), 7.22 (1H1 s), 7.31 (1H, d, J=8.25 Hz). MS:
m/z (M+H)+ 371 , C16H23IN2 requires 370. Description 9
1,1-Dimethylethyl 4-(7-fluoro-2,3-dihydro-1 H-indol-1
-yl)-1 -piperidinecarboxylate (D9) Prepared from
7-fluoro-1 /-/-indole and 1,1-dimethylethyl
4-oxo-1-piperidinecarboxylate in a similar manner to
Description 6 with the addition that an extra 1.0
equivalents of sodium cyanoborohydride was added
during the first reduction. 1,1 -Dimethylethyl 4-(7-
fluoro-2,3-dihydro-1 H-indol-1 -yl)-1
-piperidinecarboxylate (D9) was obtained as a
colourless oil (39%). 1H-NMR (CDCI3): d 1.44 (9H, s),
1.57 (2H, m), 1.77 (2H, m), 2.76 (2H, m), 2.97 (2H, t
, J=8.6Hz), 3.35 (2H, t , J=8.6Hz), 3.95 (1H, m), 4.22
(2H, m), 6.60 (1H, m), 6.75-6.91 (2H, m). MS: m/z
(M-WH) + 265, C18H25FN2O2 requires 320. Description
10i.i-Dimethylethyl
S-tS-iodo^.S-dihydro-IH-mdol-i-yO-i-pyrrolidinecarboxy
late (D10) Prepared from 5-iodo-1 H-indole and
1,1-dimethylethyl 3-oxo-i-pyrrolidinecarboxylate in a
similar manner to Description 6. 1,1-Dimethylethyl
3-(5-iodo-2,3-dihydro-1H-indol- 1-yl)-1
-pyrrolidinecarboxylate was obtained as a yellow oil
(D1 0) (51 %). 1H-NMR (CDCI3): d 1.46 (9H, s),
1.98-2.15 (2H, m), 2.94 (2H, t , J=8.2Hz), 3.28-3.67
(6H, m), 4.08 (1H, m), 6.26 (1H, d, J=4.2Hz), 7.32
(2H, m). MS: m/z (M-'Bu+Hf 359, C17H23IN2O2 requires
414. Description 11 1,1-Dimethylethyl 4-(7-f
luoro-5-iodo-2,3-dihydro-1 H-indol-1 -yl)-1 -
piperidinecarboxylate (D11) A solution of
1,1-dimethylethyl
4-(7-fluoro-2,3-dihydro-1W-indol-1-yl)-1-
piperidinecarboxylate (D9) (1.09 g, 3.40 mmol, 1.0
equivalents) and N-iodosuccinimide (0.919 g, 4.08
mmol, 1.2 equivalents) in dry dimethylformamide (33
ml) was stirred under argon in the dark for 4h. At
this point additional N-iodosuccinimide (230 mg, 1.02
mmol, 0.3 equivalents) was added and the solution
stirred for a further 1h. The dimethylformamide was
then evaporated and the resulting green oil
partitioned between ethyl acetate (100 ml) and
saturated aqueous sodium bicarbonate (75 ml). The
organic phase was separated, washed with saturated
aqueous sodium bicarbonate (50 ml) and then brine (50
ml), dried with magnesium sulphate, filtered, and
evaporated to dryness. The resulting brown oil (1.72
g) was purified on silica eluting with pentane and
ethyl acetate (0 to 90%). The appropriate fractions
were combined and evaporated to dryness, producing a
yellow oil (594 mg), which was then purified by mass
directed preparative 



HPLC. 1,1-Dimethylethyl 4-(7-f
luoro-5-iodo-2,3-dihydro-1 H-indol-1 -yl)-1 -
piperidinecarboxylate (D11) was obtained as a
colourless oil (228 mg, 19%). 1H-NMR (CDCI3) : d 1.46
(9H, s), 1.53 (2H, m), 1.74 (2H, m), 2.76 (2H, m),
2.96 (2H, t , J=8.6Hz), 3.36 (2H, t , J=8.6Hz), 3.88
(1H, m), 4.15 (2H, m), 7.07-7.1 1 (2H, m). MS: m/z
(M-'Bu+H) + 391, C18H24FIN2O2 requires 446.
Description 12 1,1-Dimethylethyl
4-(7-chloro-5-iodo-2,3-dihydro-1 H-indol-1 -yl)-1-
piperidinecarboxylate (D12) A solution of
1,1-dimethylethyl 4-(5-iodo-2,3-dihydro-1 H-indol-1
-yl)-1- piperidinecarboxylate (D6) (1.00 g, 2.34 mmol,
1.0 equivalents), and N-ch!orosuccinimide(0.374 g,
2.80 mmol, 1.2 equivalents) in dry dimethylformamide
(30 ml) was stirred under argon in the dark for 4h.
The dimethylformamide was then evaporated and the
resulting green oil partitioned between ethyl acetate
(50 ml) and saturated aqueous sodium bicarbonate
(50ml). The organic phase was separated, washed with
saturated aqueous sodium bicarbonate (20 ml) and then
brine (20 ml), dried with magnesium sulphate,
filtered, and evaporated to dryness. The resulting
green foam ( 1.18 g) was purified using mass directed
preparative HPLC. 1,1-Dimethylethyl
4-(7-chloro-5-iodo-2,3-dihydro- 1H-indol-1
-yl)-1-piperidinecarboxylate (D12) was obtained as a
green oil (525 mg, 49%). 1H-NMR (CDCI3): d 1.46 (9H,
s), 1.55 (2H, m), 1.73 (2H, m), 2.76 (2H, m), 2.92
(2H, t, J=8.6Hz), 3.42 (2H, t, J=8.6Hz), 4.21 (2H, m),
4.45 (1H, m), 7.18 (1H, m), 7.28, 1H, m). MS: m/z
(M+H)+ 463 & 465, C18H24CIIN2O2 requires 462 & 464.
Description 13 1,1 -Dimethylethyl
4-(5-iodo-2,3-dihydro-1 H-indol-1 -yl)hexahydro-1
H-azepine-1 - carboxylate (D13) Prepared from
5-iodo-1H-indole and 1,1 -dimethylethyl
4-oxohexahydro-1 H-azepine-1 - carboxylate in a
similar manner to description Description 6.
1,1-Dimethylethyl 4-(5- iodo-2,3-dihydro-1 H-indol-1
-yl)hexahydro-1H-azepine-1 -carboxylate (D1 3) was
obtained as a yellow oil (62%). 1H-NMR (CDCI3): d 1.50
(9H, s), 1.50-1.99 (6H, m), 2.90 (2H, m), 3.22-4.15
(7H, m), 6.15 (1H, d, J=8.8Hz), 7.26-7.31 (2H, m). MS:
m/z (M-WH) + 387, C19H27IN2O2 requires 442.
Description 14 4-Fluorobenzenesulfonyl fluoride (D14)
4-Fluorobenzenesulfonyl chloride (1.46 g, 7.5 mmol,
1.0 equivalents), potassium fluoride (2.18 g, 37.5
mmol, 5 equivalents) and 18 crown 6 (50 mg) were
stirred in acetonitrile (15ml), at room temperature,
under argon, for 5h. Saturated aqueous sodium
bicarbonate (50 ml) was added and then the mixture was
extracted with ethyl acetate (2x50ml). The organic
extracts were combined, washed with saturated aqueous
sodium bicarbonate (25ml), dried with magnesium
sulphate, filtered and evaporated to dryness.
4-Fluorobenzenesulfonyl fluoride (D14) was obtained as
a yellow oil (1.25, 94%). 13C-NMR (CDCI3) : d 117.3
(d, J = 30Hz), 129.0 (m), 131 .6 (d, J = 10Hz), 166.9
(d, J=260Hz).Description 15 3-Fluorobenzenesulfonyl
fluoride (D15) 3-Fluorobenzenesulfonyl chloride (2.92
g, 15 mmol, 1 equivalent), potassium fluoride (4.36 g,
75 mmol, 5 equivalents) and water ( 1 drop) were
stirred in acetonitrile (60ml), at room temperature,
under argon, for 16h. The mixture was filtered,
evaporated to dryness and the oily residues
partitioned between ethyl acetate (20 ml) and
saturated aqueous 



sodium bicarbonate (20ml). The organic phase was
separated washed with saturated aqueous sodium
bicarbonate (20 ml) and then brine (20ml), dried with
magnesium sulphate, filtered and evaporated to
dryness. 3-Fluorobenzenesulfonyl fluoride (D15) was
obtained as a yellow oil (2.24 g, 84%). 13C-NMR
(CDCI3): d 115.9 (d, J=20Hz), 123.1 (d, J=30Hz), 124.4
(d, J=IOHz), 131.7 (d, J=IOHz), 134.7 (m), 162.4 (d,
J=250Hz). Description 16 2-Cyanobenzenesulfonyl
fluoride (D16) See Table 1. Description 17
3-Cyanobenzenesulfonyl fluoride (D17) See Table 1.
Description 18 3,4-Difluorobenzenesulfonyl fluoride
(D18) See Table 1. Description 19
2,5-Difluorobenzenesulfonyl fluoride (D19) See Table
1. Description 20 2-Methylbenzenesulfonyl fluoride
(D20) See Table 1. Description 2 1
3-Methylbenzenesulfonyl fluoride (D21)See Table 1.
Description 22 4-Methylbenzenesulfonyl fluoride (D22)
See Table 1. Description 23
1,3,5-Trimethyl-1H-pyrazole-4-sulfonyl fluoride (D23)
See Table 1. Description 24
2,4-Dimethyl-1,3-thiazole-5-sulfonyl fluoride (D24)
See Table 1. Description 25
3-(Methyloxy)benzenesulfonyl fluoride (D25) See Table
1. Description 26 i) 1,1-Dimethylethyl
4-methy!-4-({[(phenylmethyl)oxy]carbonyl}amino)-1-
piperidinecarboxylate (D26) To a solution of 1-{[(1
,1-dimethylethyl)oxy]carbonyl}-4-methyl-4-piperidineca
rboxylic acid (1.02 g, 4.2 mmol), benzyl alcohol (0.91
g, 8.4 mmol) and triethylamine (0.47 g, 4.6 mmol) in
toluene (10 ml) at RT was added diphenyl phosphoryl
azide (1.27g, 4.6 mmol). The solution was stirred at
RT for 0.25h and then heated to 900C for 2h. After
cooling to RT the solution was diluted with EtOAc and
washed with dil. HCl soln., dil. NaHCO3 soln. and
brine. It was dried, filtered and evaporated to leave
a colourless oil (1.74 g), which was purified on
silica eluting with 0-15% EtOAc in hexane to afford
1,1-dimethylethyl 4-
methyl-4-({[(phenylmethyl)oxy]carbonyl}amino)-1
-piperidinecarboxylate (D26), the 



title compound (596 mg). 1H NMR (CDCI3) d 1.38 (3H,
s), 1.45 (9H, s), 1.54 (2H, m partially obscured by
water), 1.95 (2H, m), 3.15 (2H, m), 3.62 (2H1 br. m),
4.59 (1H, br.s), 5.06 (2H, s), and 7.45 (5H, m).
Description 274-Bromo-1
-fluoro-2-[2-(methoxy)ethenyl]benzene (D27) A
suspension of 5-bromo-2-fluorobenzaldehyde (3.2 g, 15
mmol) and [(methoxy)methyl](triphenyl)phosphonium
chloride (8.5 g, 25 mmol), in 1,2- dichloroethane (50
ml), was treated with
2-tert-butylimino-2-diethylamino-1
,3-dimethylperhydro- 1 ,3,2-diazaphosphorine on
polystyrene (12.5 g, approximately 25 mmol base equiv.
by loading) and warmed to 750C for two hours. The
mixture was cooled to 5O0C and stirred for a further
12 hours then warmed to 8O0C for 3 hours. The mixture
was cooled, filtered and evaporated. The residue was
dissolved in diethyl ether (50 ml), filtered and the
ether evaporated to leave a residue which was
subjected to purification by flash chromatography
(Biotage FM2: 7Og silica column, eluting with 100%
pentane to 100% dichloromethane), to obtain
4-bromo-1-fluoro-2-[2-(methoxy)ethenyl]benzene (D27)
as an approximately 1:1x mixture of E and Z isomers,
as a colourless wax, 1.2g. E-isomer 1H NMR (CDCI3) d
3.71, (3H, s),), 5.76 (1H, d, J = 13.2 Hz), 6.88 (1H,
dd), 7.14 (1H, d, J = 13.2 Hz), 7.16-7.19 (1H, m),
7.38 (1H, dd, J = 2.4Hz, J = 6.8Hz), Z-isomer 1H NMR
(CDCI3) d 3.82 (3H, s), 5.39 (1H, d, J = 7.2 Hz, 6.26
(01 H, d, J = 7.2 Hz), 6.86 (1H, dd), 7.17-7.22 (1H,
m), 8.17 (1H, dd, J = 2.4, 6.8 Hz). Description 28
4-Fluoro-3-[2-(methoxy)ethenyl]phenyl phenyl sulfone
(D28) A solution of
4-bromo-1-fluoro-2-[(E)-2-(methoxy)ethenyl]benzene
(D27), ( 1 .15 g, 5 mmol), in THF (10 ml) was cooled
to -780C under argon. A solution of ferf-butyl lithium
( 1.5 M in pentane, 6.67 ml, 10 mmol) was added
followed after five minutes by a solution of
phenylsulfonyl fluoride (1.2 g , 7.5 mmol) in THF (5
ml). The mixture was stirred at -780C for 30 minutes
then quenched by the addition of satd. aq. ammonium
chloride solution ( 1 ml). The mixture was warmed to
room temperature, evaporated and the residue subjected
to purification by flash chromatography (eluting with
100% pentane to 100% ethyl acetate using Biotage flash
silica), to obtain 4-fluoro-3-[2-
(methoxy)ethenyl]phenyl phenyl sulfone (D28), as a
clear oil approximately, 1.05 g (72%), approx 92% pure
by LCMS. (ES): m/z (M+H) + 293; C15H13FO3S requires M
= 292. Description 29 1,1 -Dimethylethyl
4-amino-4-methyl-1 -piperidinecarboxylate (D29)
1,1-Dimethylethyl
4-methyl-4-({[(phenylmethyl)oxy]carbonyl}amino)-1 -
piperidinecarboxylate (D26) (596 mg, 1.71 mmol) in
ethanol (12 ml) was hydrogenatedover 10% palladium on
carbon (200mg; 50% water) at ambient temperature and
pressure for 42h. The catalyst was filtered and the
filtrate evaporated to dryness to afford
1,1-dimethylethyl
4-amino-4-methyl-1-piperidinecarboxylate (D29) as a
white foam. This was used in the next step without
purification. 1H NMR (CDCI3) d 1.36 (3H, s), 1.45 (9H,
s), 1.59 (2H, m), 1.72 (2, m), 3.37 (2H, m), 3.57 (2H,
m) and 7.15-7.40 (5H, m). Description 30
1,1-Dimethylethyl
4-({2-[2-fluoro-5-(phenylsulfonyl)phenyl]ethyl}amino)-
4-methyl-1 - piperidinecarboxylate (D30) A solution of
crude 4-fluoro-3-[2-(methoxy)ethenyl]phenyl phenyl
sulfone (D28) (300 mg, 



approx 1.05 mmol) was dissolved in formic acid (98%, 3
ml) and stood at RT for 16 hours, 1,2-dichloroethane
(30 ml) was added and the mixture washed with
saturated aqueous sodium acetate (10 ml). The DCE
phase was separated and treated with acetic acid (3
drops, -50 mg), 1,1-dimethylethyl 4-amino-4-methyl-1
-piperidinecarboxylate (D29) and sodium
triacetoxyborohydride (2.1 mmol, 445 mg), and stirred
at RT for 16 hours. The mixture was washed with satd.
aq. sodium bicarbonate, dried (MgSO4) , filtered and
evaporated and the residue purified by flash
chromatography on Biotage aminated silica (eluting
with hexane - ethyl acetate) followed by further
purification on standard silica gel eluting with 0-2%
methanol in dichloromethane to give 1,1- dimethylethyl
4-({2-[2-fluoro-5-(phenylsulfonyl)phenyl]-ethyl}amino)
-4-methyl-1- piperidinecarboxylate (D30) 223 mg. 1H
NMR (CDCI3) d 1.03 (3H, s), 1.38 (4H, m),1.45 (9H, s),
2.78 (4H, br. s), 3.20 (2H, m), 3.37 (2H1 m), 7.13
(1H, t J = 14.2 Hz), 7.51 (3H, m) 7.80 (1H, m) and
7.91 (3H, m). MS (electrospray): m/z (M+H)+ 477;
C25H33FN2O4S requires M = 476. Description 31
1,1-Dimethylethyl
4-methyl-4-[5-(phenylsulfonyl)-2,3-dihydro-1 H-indoM
-yl]-1 - piperidinecarboxylate (D31) 1,1-Dimethylethyl
4-({2-[2-fluoro-5-(phenylsulfonyl)phenyl]ethyl}amino)-
4-methyl-1- piperidinecarboxylate (D30) (142 mg, 0.30
mmol) in DMSO (5 ml) was heated at 1100C under argon
for 3 days. The reaction solution was evaporated to
dryness and the residue partitioned between EtOAc and
dil. aq. K2CO3 soln. The organic phase was separated
and washed with water and brine. It was dried over
MgSO4, filtered and evaporated to afford the crude
product as a yellow oil (141 mg). This was purified on
silica eluting withhexane/EtOAc 3:1 to 2:1 to afford a
mixture of the title compound and corresponding indole
in a ratio of ~ 3:1 . This (94 mg, 0.21 mmol) in DMF
(5 ml) was treated with Eschenmoser's salt (20 mg, 0.1
1 mmol) and heated at 550C under argon. After 2h more
Eschenmoser's salt (60 mg, 0.33 mmol) was added and
the temperature raised to 65C. After a further 2h the
reaction solution was cooled and evaporated to
dryness. The residue was partitioned between EtOAc and
dil. aq. K2CO3 soln. The organic phase was separated
and washed with water and brine. It was dried over
MgSO4, filtered and evaporated to afford the crude
product as a colourless oil. This was purified on
silica eluting with hexane/EtOAc 3:1 to afford the
pure title compound 1,1-Dimethylethyl 4-
methyM-lS-fphenylsulfonyl^S-dihydro-IH-indoM-yri-i-pip
eridinecarboxylate (D31) (62 mg). 1H NMR (CDCI3) d
1.26 (3H, s), 1.45 (9H, s), 1.66 (2H, m partially
obscured by water), 2.12 (2H, m), 2.90 (2H, t J = 8.2
Hz), 3.40 (2H, m), 3.50 (4H, m), 6.67 (1H, d J =
8.4Hz), 7.50 (4H, m), 7.60 (1H, m) and 7.90 (2H, m).
MS (electrospray): m/z (M+H)+ 457; C25H32N2O4S
requires M = 456. Description 32 1,1-Dimethylethyl
3-[5-(phenyfsulfonyl)-2,3-dihydro-1 W-indol-1-y(]-1 -
pyrrolidinecarboxylate (D32) Prepared from
1,1-dimethylethyl
3-(5-iodo-2,3-dihydro-1/-/-indol-1-yl)-1-
pyrrolidinecarboxylate (D10) and sodium
phenylsulfinate in a similar manner to Description 4
Case (i), heating at 110C for 16h. 1,1-Dimethylethyi
3-[5- (phenylsulfonyl)-2,3-dihydro-1 H-indol-1 -yl]-1
-pyrrolidinecarboxylate (D32) was obtained as a white
solid (92%). 1H-NMR (CDCI3): d 1.46 (9H, s), 2.04 (2H,
m), 3.00 (2H, t , J=8.5Hz), 3.40 (2H, m), 3.53 



(4H, m), 4.15 (1H, m), 6.40 (1H, d, J=8.5Hz), 7.48
(4H, m), 7.68 (1H, m), 7.90 (2H, m). MS: m/z (M-
Bu+H)+ 373, C23H28N2O4S requires 429. Description 33
1,1-Dimethylethyl
4-[5-(phenylsulfonyl)-2,3-dihydro-1H-indol-1-yl]hexahy
dro-1 Hazepine- 1-carboxylate (D33) Prepared from
1,1-dimethylethyl
4-(5-iodo-2,3-dihydro-1/-/-indol-1-yl)hexahydro-1Hazep
ine- 1-carboxylate (D13) and sodium phenylsulfinate in
a similar manner to Description 4 (Case i), heating at
11O0C for 16h. 1,1-Dimethylethyl
4-[5-(phenylsulfonyl)-2,3-dihydro-1H-indol-1-yl]hexahy
dro-1H-azepine-1-carboxylate was obtained as a white
solid (D33) (71 %). 1H-NMR (CDCI3): d 1.48 (9H 1 s),
1.56-1.94 (6H, m), 2.96 (2H, m), 3.21-3.66 (7H 1 m),
6.28 (1H, d, J=8.4Hz), 7.43-7.51 (4H 1 m), 7.65 (1H,
m), 7.89 (2H, m), MS: m/z (M- Bu+H) + 373, C25H32N2O4S
requires 457. Description 34 1,1-Dimethyiethyl 4-[7-f
luoro-5-(phenylsulfonyl)-2,3-dihydro-1 W-indol-1
-yl]-1 - piperidinecarboxylate (D34) Prepared from
1,1-dimethyiethyl 4-(7-fluoro-5-iodo-2,3-dihydro-1
H-indol-1 -yl)-1 - piperidinecarboxylate (D11) and
sodium phenylsulfinate in a similar manner to
Description 4, heating at 11O0C for 16h. 1,1
-Dimethyiethyl 4-[7-fluoro-5- (phenylsu
lfonyl)-2,3-dihydro-1H-indol-1-yl]-1
-piperidinecarboxylate (D34) was obtained as a
colourless oil (139 mg, 53%). 1H-NMR (CDCI3): d 1.46
(9H, s), 1.58 (2H, m), 1.74 (2H 1 m), 2.74 (2H, m),
3.01 (2H, t , J=8.8Hz), 3.51 (2H, t, J=9.0Hz), 3.98
(1H, m), 4.13 (2H, m), 7.33 (1H, d, J=1.6Hz), 7.40 (1H
1 dd, J=12Hz & 1.8hz), 7.46-7.55 (3H 1 m), 7.90 (2H,
m). MS: m/z (M- Bu+H) + 405, C24H29FN2O4S requires 461
. Description 35 1,1-Dimethyiethyl
4-[7-chloro-5-(phenylsulfonyl)-2,3-dihydro-1 H-indol-1
-yl]-1 - piperidinecarboxylate (D35) Prepared from 1,1
-dimethyiethyl
4-(7-chloro-5-iodo-2,3-dihydro-1/-/-indol-1-yl)-1-
piperidinecarboxylate (D12) and sodium phenylsulfinate
in a similar manner to Description 4 (Case i), heating
at 11O0C for 16h. 1,1 -Dimethyiethyl 4-[7-chloro-5-
(phenylsuIfonyl)-2,3-dihydro-1 W-indol-1-yl]-1
-piperidinecarboxylate (D35) was obtained as a white
solid (90%). 1H-NMR (CDCI3): d 1.46 (9H, s), 1.61 (2H
1 m), 1.75 (2H, d, J=11.6), 2.75 (2H, m), 2.97 (2H, t
, J=9.0Hz), 3.53 (2H, t , J=9.0Hz), 4.21 (2H, m), 4.65
(1H, m), 7.35 (1H, d, J=2.0Hz), 7.47-7.61 (3H, m),
7.61 (1H, d, J=2.0Hz), 7.90 (2H, m). MS: m/z (M-'Bu+H)
+ 421 & 423, C24H29CIN2O4S requires 476 & 478.
Description 36 1,1-Dimethyiethyl 4-{5-[(4-f
luorophenyl)sulfonyl]-2,3-dihydro-1 H-indol-1 -yl}-1 -
piperidinecarboxylate (D36)Prepared from
1,1-dimethylethyl
4-(5-iodo-2,3-dihydro-1H-indol-1-yl)-1-
piperidinecarboxylate (D6) and 4-fluorobenzenesulfonyl
fluoride (D14) using n-butyl lithium (1.5
equivalents), in a similar manner to Description 45.
1,1 -Dimethylethyl 4-{5- [(4-f
luorophenyl)sulfonyl]-2,3-dihydro-1tf-indol-1-yl}-1
-piperidinecarboxylate (D36) was obtained as a yellow
foam (48%). MS: m/z (M-*Bu+H)+ 405, C24H29FN2O4S
requires 460. Description 37 1,1-Dimethylethyl
4-{5-[(2-cyanophenyl)sulfonyl]-2,3-dihydro-1
tf-indol-1 -yl}-1 - 



piperidinecarboxylate (D37) Prepared from
1,1-dimethylethyl
4-(5-iodo-2,3-dihydro-1/-/-indol-1-yl)-1-
piperidinecarboxylate (D6) and 2-cyanobenzenesulfonyl
fluoride (D16) using t-butyl lithium (2 equivalents),
in a similar manner to Description 28.
1,1-Dimethylethyl 4-{5-
[(2-cyanophenyl)sulfonyl]-2,3-dihydro-1
H-indol-1-yl}-1 -piperidinecarboxylate (D37) was
purified by silica gel chromatography, then using mass
directed preparative HPLC, and was obtained as a
yellow oil (14%). MS: m/z (M- Bu+H)+ 412, C25H29N3O4S
requires 467. Description 38 1,1 -Dimethylethyl
4-{5-[(3-cyanophenyl)sulfonyl]-2,3-dihydro-1
tf-indol-1 -yl}-1 - piperidinecarboxylate (D38)
Prepared from 1,1-dimethylethyl
4-(5-iodo-2,3-dihydro-1/-/-indol-1-yl)-1-
piperidinecarboxylate (D6) and 3-cyanobenzenesulfonyl
fluoride (D17) using t-butyl lithium (2 equivalents),
in a similar manner to Description 28.
1,1-Dimethylethyl 4-{5-
[(3-cyanophenyl)sulfonyI]-2,3-dihydro-1
H-indol-1-yl}-1 -piperidinecarboxylate (D38) was
purified on silica and then using mass-directed
preparative HPLC and was obtained as a yellow oil
(36%). MS: m/z (M- Bu+H)+ 412, C25H29N3O4S requires
467. Description 39 1,1-Dimethylethyl 4-{5-[(2-f
luorophenyl)sulfonyl]-1 H-indol-1 -yl}-1 -
piperidinecarboxylate (D39) Prepared from
1,1-dimethylethyl
4-{5-[(2-fluorophenyl)sulfonyl]-2,3-dihydro-1H-indol-1
- yl}-1 -piperidinecarboxylate (D46) using
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (1.1
equivalents) in a similar manner to Description 2. An
additional 0.5 equivalents of
2,3-dichloro-5,6-dicyano-1 ,4-benzoquinone was added
during the reaction and the reaction stirred for a
total of 18h. 1,1-Dimethylethyl
4-{5-[(2-fluorophenyl)sulfonyl]-1 H-indol-1 -
yl}-1-piperidinecarboxylate (D39) was obtained as a
yellow oil (95%). MS: m/z (M- Bu+H) + 403,
C24H27FN2O4S requires 458. Description 40
1,1-Dimethylethyl 4-{5-[(3-fluorophenyl)sulfonyl]-1
H-indol-1 -yl}-1- piperidinecarboxylate (D40) Prepared
from 1,1-dimethylethyl
4-{5-[(3-fluorophenyl)sulfonyl]-2,3-dihydro-1
H-indol-1 - yl}-1-piperidinecarboxylate (D45) using
2,3-dichloro-5,6-dicyano-1 ,4-benzoquinone (1.5
equivalents) in a similar manner to Description 2. The
reaction was stirred for a total of 18h.
1,1-Dimethylethyl 4-{5-[(3-fluorophenyl)sulfonyl]-1
H-indol-1 -yl}-1 - piperidinecarboxylate (D40) was
obtained as a yellow solid (62%). MS: m/z (M-*Bu+H)+
403, C24H27FN2O4S requires 458. Description 41
1,1-Dimethylethyl
4-(5-{[3-(methyloxy)phenyl]sulfonyl}-2,3-dihydro-1
H-indol-1 -yl)-1 - piperidinecarboxylate (D41) In an
oven dried 3-necked round bottomed flask
1,1-dimethylethyl 4-(5-bromo-2,3- dihydro-1 H-indol-1
-yl)-1 -piperidinecarboxylate (D1) (400 mg, 1.05 mmol)
was dissolved in dry THF (5 ml) and cooled to -78 0C
under argon atmosphere. terf-Butyllithium ( 1.5M in
pentane, 1.4 ml, 2.1 mmol) was added dropwise and the
mixture was stirred for 10 minutes before a solution
of 3-(MethyIoxy)benzenesulfonyl fluoride (D25) (299
mg, 1.57 mmol) in dry THF (2 ml) was added. The
reaction mixture was kept at -78 0C before being
allowed to warm to room temperature. The reaction was
monitored by LC-MS. 



After 1 hour the reaction was quenched with water and
extracted with diethyl ether; the organics were washed
with brine, dried over MgSO4 and concentrated to
afford a yellow oil (550 mg). The crude was purified
by flash chromatography (2Og silica column) with a
gradient of EtOAc in hexane to produce the desired
product 1,1-Dimethylethyl 4-(5-{[3-
(methyloxy)phenyl]sulfonyl}-2,3-dihydro-1 H-indol-1
-yl)-1 -piperidinecarboxylate (D41) as a colourless
oil (270 mg, 45%). 1H-NMR (CDCI3): d 1.46 (9H, s),
1.60 (2H, m), 1.75 (2H, m), 2.77 (2H, bt), 3.00 (2H,
t), 3.51 (3H, m), 3.83 (3H,s), 4.25 (2H, bd), 6.32
(1H, d), 7.00 (1H, dd), 7.45 (4H, m), 7.65 (1H,
dd).Description 42 1,1-Dimethylethyl
4-{5-[(2,4-dimethy|-1
,3-thiazol-5-yl)sulfonyl]-2,3-dihydro-1 H-indol-
1-yl}-1 -piperidinecarboxylate (D42) Prepared using a
method analogous to Description 41 but using the
sulfonyl fluoride (D24). MS: m/z (M+Na +)+ 500, C23H3I
N3 O4S2 requires 477. Description 43 1,1-Dimethylethyl
4-{5-[(1 ,3,5-trimethyl-1
tf-pyrazol-4-yl)sulfonyl]-2,3-dihydro-1 Hindol- 1
-yl}-1 -piperidinecarboxylate (D43) Prepared using a
method analogous to Description 41 but using the
sulfonyl fluoride (D23). MS: m/z (M+Na +)+ 497,
C24H34N4 O4S requires 474. Description 44
1,1-Dimethylethyl
4-{5-[(2,5-difluorophenyJ)sulfonyl]-2,3-dihydro-1
H-indol-1 -yl}-1 - piperidinecarboxylate (D44)
1,1-Dimethylethyl 4-(5-iodo-2,3-dihydro-1 H-indol-1 -y
)-1 -piperidinecarboxylate (D6) (1.5 g, 3.5 mmol) in
dry THF (15 ml) was cooled to -78C under argon and
terf-BuLi (1.5M soln. in pentane; 4.7 ml, 7 mmol) was
added dropwise. The resulting pale yellow solution was
stirred at -780C for 10 mins and then a solution of
2,5-difluorobenzenesulfonyl fluoride (D19) (1.03 g,
5.25 mmol) in dry THF (2 ml) was added dropwise. The
reaction solution was stirred at -78C for 0.5 h and
then allowed to warm to RT over 1 h. Satd. aq. NH4CI
soln. was added and the reaction was diluted with
EtOAc. It was then washed with brine, dried (MgSO4) ,
filtered and evaporated to leave the crude product ( 1
.9 g). This was purified on silica eluting with a
gradient of 0 -40% EtOAc in hexane to afford 1,1-
dimethylethyl
4-{5-[(2,5-difluorophenyl)sulfonyl]-2,3-dihydro-1W-ind
ol-1-yl}-1- piperidinecarboxylate (D44) ( 1 g, 60%).
1H-NMR (CDCI3) : d 1.47 (9H,s), 1.58 (2H, m), 1.75
(2H, m), 2.77 (2H, bt), 3.02 (2H11), 3.54 (3H), 4.12
(2H, bs), 6.35 (1H, d), 7.06 (1H, m), 7.18 (1H1 m),
7.53 (1H, s), 7.75 (2H1 m) Description
451,1-Dimethylethyl 4-{5-[(3-f
luorophenyl)sulfonyl]-2,3-dihydro-1 H-indol-1 -yl}-1 -
piperidinecarboxylate (D45) 1,1 -Dimethylethyl
4-(5-iodo-2,3-dihydro-1 H-indol-1 -yl)-1
-piperidinecarboxylate (D6) (856 mg, 2.0 mmol) in dry
THF (10 ml) was cooled to -78 0C under argon and
n-BuLi (2.5M soln. in hexanes; 0.880 ml, 2.2 mmol) was
added dropwise. The resulting pale yellow solution was
stirred at -78 0C for 15 mins and the a solution of
3-fluorobenzenesulfonyl fluoride (D15) (534 mg, 3.0
mmol) in dry THF (1ml) was added dropwise. The
reaction solution was stirred at -78C for 0.5h and
then allowed to warm to RT over 1h. Satd. NH4CI soln.
(2 ml) was added and the reaction was diluted with
EtOAc. It was then 



washed with brine, dried (MgSO4) , filtered and
evaporated to leave the crude product. This was
purified on silica eluting with hexane/ EtOAc (4:1 to
2:1) to afford 1,1- Dimethylethyl 4-{5-[(3-f
luorophenyl)sulfonyl]-2,3-dihydro-1 H-indol-1 -yl}-1 -
piperidinecarboxylate (D45) (214 mg, 23%). 1H NMR
(CDCI3) d 1.47 (9H, s), 1.55 (2H, m), 1.74 (2H, m),
2.77 (2H, m), 3.00 (2H, t J = 8.6 Hz), 3.52 (3H, m),
4.24 (2H, br.m), 6.34 (1H, d J = 8.4 Hz) 7.19 (1H, m),
7.43 (2H, m), 7.57 (1H 1m) and 7.68 (2H, m). MS
(electrospray): m/z (M+H)+ 461; C24H29FN2O4S requires
M = 460. Description D46 1,1-Dimethylethyl 4-{5-[(2-f
luorophenyl)sulfonyl]-2,3-dihydro-1 H-indol-1 -yl}-1 -
piperidinecarboxylate (D46) 1,1-Dimethylethyl
4-(5-iodo-2,3-dihydro-1 H-indol-1 -yl)-1
-piperidinecarboxylate (D6) (656 mg, 1.53 mmol) in dry
THF (8 ml) was cooled to -78C under argon and sec-BuLi
( 1.4M soln. in cyclohexane; 1.31 ml, 1.84 mmol) was
added dropwise. The resulting pale yellow solution was
stirred at -78 0C for 10 mins and then a solution of
2-fluorobenzenesulfonyl fluoride (D48) (422 mg, 2.37
mmol) in dry THF (2 ml) was added dropwise. The
reaction solution was stirred at -78C for 1h and then
allowed to warm to RT over 1h. Satd. NH4CI soln. (2
ml) was added and the reaction was diluted with EtOAc.
It was then washed with brine, dried (MgSO4) ,
filtered and evaporated to leave the crude product
1,1- dimethylethyl
4-{5-[(2-fluorophenyl)sulfonyll-2,3-dihydro-1W-indol-1
-yl}-1- piperidinecarboxylate (D46). This was purified
on silica eluting with hexane/ EtOAc (4:1 to 2:1) to
afford the title compound (257 mg, 37%). 1H NMR
(CDCI3) d 1.47 (9H, s), 1.55 (2H, m), 1.75 (2H, m),
2.77 (2H, m), 3.00 (2H, t J = 8.6 Hz), 3.52 (3H, m),
4.24 (2H, br.m), 6.35 (1H, d J = 8.4 Hz) 7.06 (1H, m),
7.26 (1H,m, partially obscured by CHCI3), 7.52 (2H,
m), 7.72 (1H, m) and 8.04 (1H, m). MS (electrospray):
m/z (M+H)+ 461; C24H29FN2O4S requires M = 460.
Description 47 1,1-Dimethylethyl
4-{5-[(3,5-difluorophenyl)sulfonyl]-2,3-dihydro-1
H-indol-1 -yl}-1 - piperidinecarboxylate (D47) 1,1
-Dimethylethyl 4-(5-iodo-2,3-dihydro-1H-indol-1-yl)-1
-piperidinecarboxylate (D6) (642 mg, 1.5 mmol) in dry
THF (8 ml) was cooled to -78C under argon and
tert-BuLi ( 1.5M soln. in pentane; 2.0 ml, 3.0 mmol)
was added dropwise. The resulting pale yellow solution
was stirred at -780C for 10 mins and then a solution
of 3,5- difluorobenzenesulfonyl fluoride (D52) (441
mg, 2.25 mmol) in dry THF (2 ml) was added dropwise.
The reaction solution was stirred at -78C for 1.25h
and then allowed to warm to RT over 2.5h. Satd. NH4CI
soln. (2 ml) was added and the reaction was diluted
with EtOAc. It was then washed with brine, dried
(MgSO4), filtered and evaporated to leave the crude
product. This was purified on silica eluting with a
gradient of 0 -25% EtOAc in hexane to afford 1,1
-dimethylethyl
4-{5-[(3,5-difluorophenyl)sulfonyl]-2,3-dihydro-
1H-indol-1-yl}-1 -piperidinecarboxylate (D47) (216 mg,
30%). 1H NMR (CDCI3) d 1.47 (9H, s), 1.55 (2H, m),
1.75 (2H, m), 2.77 (2H, m), 3.02(2H, t J = 8.6 Hz),
3.54 (3H, m), 4.25(2H, br.m), 6.35 (1H, d J = 8.4 Hz),
6.92 (1H, m), 7.40 (2H, m), 7.45 ( 1H, d J = 1.6 Hz)
and 7.64 ( 1H, m). MS (electrospray): m/z (M+H)+ 479;
C24H2SF2N2O4S requires M = 478. Description 48
2-Fluorobenzenesulfonyl fluoride (D48) A 4:1 mixture
of calcium fluoride and potassium fluoride (2.91 g,
loading 3.45 mmol/g), 



which had been prepared in a similar manner to "J. C.
S. Chem. Comm., (1986), 793", was added to a solution
of 2-fluorobenzenesulfonyl chloride (0.066 ml, 0.973
g, 5.0 mmol) in acetonitrile (10 ml), and the mixture
stirred at room temperature for 48 h. The calcium
fluoride and potassium fluoride were removed by
filtering through celite, washing with additional
acetonitrile (2x5 ml). The resulting solution was
evaporated to dryness. 2-Fluorobenzenesulfonyl
fluoride (D48) was obtained as a colourless oil (470
mg, 53%). 13C-NMR (CDCI3): d 118.5 (d, J = 20Hz),
122.3 (m), 125.7 (s), 131.6 (s), 138.9 (s), 160.5 (d,
J = 260Hz).Description 49 2-Chlorobenzenesulfonyl
fluoride (D49) See Table 1. Description 50
3-Chlorobenzenesulfonyl fluoride (D50) See Table 1.
Description 51 4-chlorobenzenesulfonyl fluoride (D51)
See Table 1. Description 52
3,5-Difluorobenzenesulfonyl fluoride (D52) See Table
1. The following Descriptions were made using the
appropriate sulfonyl chloride and a method analogous
to that specified for Description 15 or 48. Table
1METHODS FOR ANTIBODY LIBRARY SCREENING This invention
relates to a method of screening a library of
molecules, in particular a phage display library, to
identify or select one or more members thereof which
are candidate binding partners for one or more target
entities, in particular candidate binding partners for
cell surface molecules. The invention further relates
to an improved method of separating candidate binding
partners for said target entities from other library
members. Phage antibody display technology has proven
to be a very suitable technique for the screening and
selection of antibodies to defined target antigens
(for a review see Hoogenboom et al., 1998,
Immunotechnol., 4 :1-20). Most strategies have relied
on the availability of purified and/or recombinant
antigens, which have been screened after
immobilization onto a solid support. Probing the
diversity of cell surfaces and identifying binding
partners for cell surface molecules specific for
certain cell types or disease-related states is the
most promising approach for the development of
targeted therapies. However, the identification of
such binding partners are often challenging
experiments. Conventional methods for the
identification of binding partners for cell surface
molecules are based on the incubation of cells in
suspension or culture with complex phage display
single chain Fv (scFv) libraries followed by several
washings (usually 5 or more) and acid or alkaline
elution of bound phages (see for example Hoogenboom et
al., 1999, Eur. J . Biochem., 260: 774-784; Ridgeway
et al., 1999, Cancer Research, 59: 2718-2723; Wong et
al., 2001, Cancer Immunol. Immunother., 50: 93-101).
This is often preceded by removing irrelevant binding
partners by negative panning on irrelevant cell types.
A more recently developed 



and more high-throughput method is the screening of
cells with a phage display library after
immobilization of the cells onto nitrocellulose
membranes (Radosevic et al., 2003, J . Immunol.
Methods, 272:219-233). An alternative and time saving
approach to the conventional approach for the
screening, selection and sorting of cell surface
binding peptides using a phage display library has
been described by Giordano et al., and is termed the
BRASILmethod (Biopanning and Rapid Analysis of
Selective Interactive Ligands, 2001, Nature Med., 11;
1249-1253). This method is based on a single step
organic phase separation of free and cell bound phages
which has the advantage that the washing steps
essential to the conventional method (i.e. steps in
which free phage are washed away from the cells),
which are labor intensive, inefficient and result in
cells and potential ligands being lost, are avoided.
Surprisingly, it has now been found that, contrary to
the teaching of the BRASIL method, a significantly
improved method for the screening, selection and
identification of binding partners for cell surface
molecules, involves subjecting the cells to at least
one washing step before organic phase separation. The
described method also shows significant improvements
over the conventional washing and elution method
described above. At its most general, the present
invention therefore provides a method of screening a
library of molecules to identify or select one or more
members thereof which are candidate binding partners
for one or more target entities comprising: (a)
contacting an expression library with one or more
target entities; (b) subjecting said target entities
to at least one washing step; (c) separating target
entities which have become bound to one or more
members of the expression library from unbound members
of the expression library by separation through an
organic phase, thereby separating candidate binding
partners for said target entities from other library
members. Viewed alternatively, the present invention
provides an improved method of separating from an
expression library candidate binding partners which
have become bound to a target entity from other
non-bound library members comprising steps (a) to (c)
as defined herein. The library of molecules to be
screened in accordance with the present invention can
be any protein expression library, i.e. any peptide or
polypeptide expression library. Examples of
appropriate expression libraries are well known and
described in the art and include display libraries
such as phage display libraries (for example Winter et
al., WO90/05144; McCafferty et al., WO92/01047),
bacteria (for example Samuelson et al., 2002, J .
Biotechnol. 96, 129-154), covalent or noncovalent
display libraries such as ribosome display libraries
(for example as published in WO92/02536 of The Regents
of the University of Colorado, WO93/03 172 of
University Research Corporation and WO91/05058 of
Kawasaki), or PROfusion libraries (Phylos, Inc.),
wherein the expressed protein is bound to the mRNA
encoding it, or covalent or non-covalent display
systems whereby the expressed protein is bound to the
DNA encoding it (for example via a covalent linkage as
in the systems described in WO98/37186 of Actinova Ltd
or via cis acting proteins in the cis-display systems
as described in WO04/022746), or yeast display systems
(for example those described by Wittrap, K. D. et al,
WO 99/36569; Wittrup, K.D. (2001) Curr. Opin.
Biotechnol. 12, 395-399; Lee, S. Y. et al (2003) 



Trends in Biotechnol. 21, 45-52), or bacterial two
hybrid systems (e.g. Chien et al, 1991, Proc. Natl.
Acad. Sci. USA 88, 9578). Alternative types of
expression library can also readily be used such as
bacterial expression libraries or other libraries
wherein proteins are expressed and secreted as soluble
fragments. Chemical libraries can also be screened,
e.g. synthetic peptide libraries. Preferred libraries
for use in the present invention are phage display
libraries. The proteins expressed by the expression
library can be of any appropriate length providing
that said length is sufficient to enable a protein to
act (or potentially act) as a binding partner for a
target entity. Thus, said proteins may be short linear
peptides (e.g. of the order of 5-50 or 7-30 amino
acids in length), or longer peptides or polypeptides
which may be folded rather than linear. In contrast to
the prior art BRASEL method as described in Giordano
et al., supra, the methods of the present invention
have advantageously been shown to be useful to screen
expression libraries which comprise longer
polypeptides, more specifically antibody expression
libraries, as opposed to short peptide libraries.
Thus, the proteins of the expression library may be
encoded for by whole genes or fragments thereof, e.g.
the nucleic acids encoding the expression library
members may be a cDNA or mRNA library or fragments
thereof, for example generated from a particular cell
type or may be a genomic DNA library or fragments
thereof. Preferred expression libraries express
polypeptide binding partners which are candidate
ligands, receptors, enzymes, substrates, antigens
etc., or fragments thereof,and especially preferred
expression libraries express antibody molecules or
antibody fragments which can then be screened for
candidates which bind to one or more known or unknown
target antigens. Said antibody expression libraries
may express antibodies in any appropriate form and may
comprise whole antibody molecules or antibody
fragments such single chain antibodies (e.g. scFv),
Fab, Fv, Fab'2, diabodies, bispecific antibodies,
minibodies, heavy chains or light chains, cameloid
antibodies, tetrabodies, single domain antibodies,
triabodies, etc. A preferred format of antibody
fragments are scFv fragments. The antibody molecules
or fragments may be of any Ig isotype, such as IgG,
IgM or IgA and so forth, and the expression libraries
may comprise antibodies of one or more of these
subtypes. Many antibody libraries are known and
described in the art and any of these may be screened
using the methods of the invention. When an expression
library is referred to herein, the term can be used to
refer to such a library at the nucleic acid or protein
level, i.e. before or after expression of the encoded
proteins has taken place. Clearly however, such
expression libraries must be present at the protein
level in order for interaction with the target
entities to take place. Methods for constructing such
expression libraries and nucleic acids encoding them
are well known and described in the art and any known
expression library or newly developed expression
library can be used in this regard. For example such
libraries may be comprised of naturally occurring
polypeptides or fragments thereof or may be wholly or
partially random or synthetic. For example, in the
case of antibody expression libraries, the libraries
may be derived by cloning nucleic acids from a naive
population of lymphocytes from a healthy donor (e.g.
as 



described in EP-A-3 68684), or from an enriched
population of lymphocytes, e.g. lymphocytes derived
from a patient which has been exposed to antigen, or
immunized with a vaccine or for example tumour cells
(e.g. as described in WO03/095491 of Affitech AS), or
from lymphocyte populations which have been enriched
by panning on particular antigens. The expression
libraries and in particular the antibody expression
libraries may be derived from any appropriate source,
preferably from a mammalian source,more preferably a
human source. Chimeric expression libraries or
humanized expression libraries may also be used. The
libraries may also be created by choosing a naturally
occurring scaffold and including randomized sequences
at appropriate places. Alternatively, the scaffold may
be based on one or more consensus sequences derived
from a variety of naturally occurring frameworks.
Generally, the techniques used to prepare the library
constructs will be based on known genetic engineering
techniques. In this regard, nucleic acid sequences
encoding the actual protein or peptide which is to be
expressed in the expression library and which
generally vary between different library members,
thereby providing the library diversity, are
incorporated into expression vectors appropriate for
the type of expression system to be used. Appropriate
expression vectors for use in phage display, covalent
and non-covalent display, bacterial expression etc.,
are well known and described in the art (see for
example the expression library documents discussed
above). If phage display is the expression library of
choice then either phage or phagemid vectors may be
used, although phagemid vectors are preferred. Once
generated the nucleic acid molecules encoding for
different library members (i.e. encoding the peptides
which vary between the library members) can also be
further diversified before screening, using standard
techniques, for example by mutation involving the
addition, deletion and/or substitution of one or more
nucleotides in a controlled (e.g. site directed
mutagenesis) or random manner, or by domain swapping,
cassette mutagenesis, chain shuffling etc. Synthetic
nucleotides may be used in the generation of the
diverse nucleic acid sequences. Thus, all or part of
the nucleic acids encoding the expression peptides can
be synthesised chemically or be derived from various
organisms or cell types. The library constructs may
optionally additionally contain other appropriate
components, for example origins of replication,
inducible or non -inducible promoters for initiating
transcription, enhancers, antibiotic resistance genes
and markers, general tags or reporter molecules,
primer binding sites to enable amplification of the
constructs by e.g. PCR, or other desirable sequence
elements. Appropriate sources and positioning of such
additional components within thelibrary constructs so
that they perform their desired function would be well
within the normal practice of a skilled person in the
art. The inclusion of markers or reporter molecules
can be particularly useful in the expression libraries
which are used in the present invention. Such markers
or reporter molecules may be directly or indirectly
detectable and include for example short sequence tags
which can be recognised by an antibody, radiolabels,
fluorescent labels or labels which can be detected
enzymatically. Other markers which can be used include
one partner of a binding pair such as
streptavidin:biotin. Such markers are typically
general markers which are present in all the library
constructs and can be used to detect the presence of
the library members. In addition, the strength of 



signal detected can also be used to quantitate the
amount of a particular library member present. Such
quantitation of the amount of a library member present
can prove extremely useful in determining the affinity
of a target entity for a library member. Alternatively
or additionally, if for example one or more of the
nucleic acids making up the library molecules are
labelled with different labels, or immobilized onto
differently sized or differently labelled beads,
information about the content, e.g. the sequence of
the nucleic acid molecules can be obtained. In
embodiments of the invention where the methods of the
invention are combined with the AffiSelect method (see
below) then the inclusion of general tags or markers
in the library constructs and in the expressed library
members (candidate binding partners) is particularly
important and such tags are used to facilitate the
binding of library members (candidate binding
partners) to a solid phase. Appropriate tags and
markers are described below in the description of the
AffiSelect method. The term "target entity" as used
herein refers to an entity or molecule of interest to
which it is desired to identify a binding partner from
an expression library, and which is attached to or in
some way associated with a moiety which can be
subjected to separation through an organic phase, e.g.
a moiety which will progress through and collect at
the bottom of an organic phase when appropriate
separation conditions, preferably a centrifugal force,
is applied. Such target entities may be known or
unknown molecules for which it is desired to identify
candidate binding partners.Such target entities also
have to be capable of binding or otherwise interacting
with members of the protein expression library being
screened. Thus said target entities are entities which
are capable of binding to proteins or peptides and can
be proteins/peptides, glycopeptides, carbohydrates,
lipids, glycolipids, small chemical molecules, nucleic
acids, etc., attached to or in some way associated
with (e.g. present on the surface of) an appropriate
moiety which can be subjected to separation through an
organic phase such as a cell or solid phase, in
particular a particulate solid phase, such as beads.
Thus such target entities may be cell surface
molecules attached to or being components of whole
cells, or membrane fractions of cells, or molecules,
for example free, naked, isolated or purified
molecules, attached to a solid phase, or cell membrane
fractions attached to a solid phase. Preferred target
entities are proteins or peptides, e.g. antigens. More
preferred target entities are cell surface molecules
(i.e. molecules present in situ on the surface of
cells or membrane fractions of cells), and in
particular cell surface proteins or peptides, e.g.
cell surface antigens. In embodiments of the invention
where the target entity is a molecule attached to the
surface of a solid phase then this molecule can be
derived from any appropriate source, i.e. can be a
naturally occurring protein, carbohydrate, lipid,
glycolipid, etc., which has been isolated or purified
from its natural surroundings, or can be a recombinant
or synthetic molecule, e.g. a recombinant protein or
peptide or a synthesised chemical molecule. Isolated,
purified or recombinant antigens are particularly
preferred target entities in this regard. The term
"cell" as used herein refers to any type of biological
particle of interest which can be separated through an
organic phase. For example this term includes
prokaryotic cells such as bacteria, viruses (in
particular aggregated virus 



particles, e.g. particles aggregated by antibodies or
by chemical modification, or coated virus particles
with a preference for an organic phase as opposed to
an aqueous phase), eukaryotic cells (including lower
eukaryotic cells such as yeast cells and higher
eukaryotic cells such as mammalian cells, in
particular human cells). Biological particles that are
not normally dense enough to be separated through an
organic phase are generally excluded from the term
"cell" as used herein. Fragments of cells are also
included within the ambit of this term, e.g. membrane
fractions, cellwall fractions, cell wall proteins,
membrane proteins, etc., providing these retain or are
conferred with the ability to be separated through an
organic phase. (For example in the case of cell wall
proteins and membrane proteins, these may need to be
aggregated in order to facilitate separation through
an organic phase). The cells may be naturally
occurring cells or a mixture of cells (e.g. cells
derived from a biopsy or some other sample from a
mammalian subject), or cell lines (including
immortalized cells and genetically engineered cell
lines, for example cells transformed or transfected
with a nucleic acid encoding a particular target
entity or a plurality of cells transformed or
transfected with a library of target entities, e.g. a
cDNA library, which target entities are then expressed
on the surface of the cells), etc. Preferred libraries
of target entities are libraries produced from disease
associated entities, e.g. disease associated cells or
pathological agents such as viruses or bacteria. A
particularly preferred library is a tumour cell
library or a viral cell library (e.g. c-DNA library)
to enable candidate binding partners to tumour or
viral associated proteins to be identified.
Appropriate eukaryotic cells (and other cell types)
for transfection, such as for example COS cells, are
well known and described in the art and any of these
may be used. Cells which overexpress said target
entity can also be used. Preferred "cells" for use in
the present invention are eukaryotic cells or membrane
fractions thereof. Especially preferred cells are
those which are associated with a disease state such
as for example cancer cells or cell lines, for example
breast cancer or lung cancer cells or cell lines, or
lymphocytes (e.g. peripheral blood lymphocytes) from a
diseased patient, or cells infected with a virus and
thereby presenting viral proteins on their surface.
The cells to be used in the methods of the invention
can be derived from any appropriate source, for
example the cells can be derived directly from a
mammalian subject or can be obtained from in vitro
cultures. If an in vitro culture is used then said
cells may be cultured in suspension or as monolayers
and may be used in the methods of the invention in a
live or fixed state. It is generally preferred that
live cells are used because then the target entity on
the surface of the cell is present in its native form
which means that the candidate binding partners
selected then recognize the target entity in its
native form, thereby increasing the chances that
suchcandidate binding partners will be of therapeutic
or diagnostic use. It is generally preferred that
freshly isolated cells rather than frozen or stored
cells are used in the methods of the invention.
However, panning on tissue slides and frozen material
is also possible. In embodiments of the invention
where a target entity is attached to the surface of a
solid phase, any appropriate solid phase may be used
providing it can be separated through an organic
phase. A solid phase of the appropriate density, size
and shape to achieve this can readily be selected by a
person skilled in the art. However it can be seen that
particulate solid supports would be particularly 



preferred to achieve this. Particularly preferred
supports are beads which may optionally be magnetic or
at least magnetisable, for example polymer beads
carrying superparamagnetic particles may be used. Such
supports are well known and documented in the art and
it is within the normal practice of a skilled person
to select the most appropriate support for use in the
methods of the invention. Particulate supports, e.g.
beads are particularly preferred because they are easy
to manipulate in vitro and facilitate automation. For
example if the beads are magnetic they can be
separated from a sample by a magnetic field and then
washed. Alternatively if the beads are labelled, for
example with a fluorescent tag, the beads can be
separated by flow cytometry. Suitable labelled,
unlabelled, and magnetic beads are available
commercially from Dyno Specialty Polymers AS of
Lillestrm, Norway and Dynal Biotech ASA. Particular
examples of magnetic beads which can be used in the
methods described herein are the M-450, M-270 or M-280
beads from Dynal Biotech ASA, Norway. Particular
examples of non-magnetic beads which can be used in
the methods described herein are 5 mm glycidyl
methacrylate microbeads (Bangs Laboratories, Carmel,
IN). Methods of attaching the biomolecular target
entities to solid phases are also well known and
described in the art. "One or more" as used herein in
connection with the term "target entity" refers to one
or more distinct types of target entity, for example
one or more different cell surface molecules or
polypeptides. In other words the methods of the
invention can be used to screen for candidate binding
partners to one target entity or a plurality or
library of target entities (e.g. can be used for
library vs library screening which is particularly
advantageous). If more than one target entity
isinvolved in the screening, these may be attached to
or associated with the same or different moieties
which can be subjected to separation through an
organic phase. For example, it can be seen that if the
target entities are cell surface molecules attached to
whole cells or membrane fractions thereof, then
candidate binding partners for a number of different
cell surface molecules are likely to be identified (in
other words, this is an example of a case where
screening for candidate binding partners to a library
of target entities takes place, i.e. is a form of
library vs. library screening). Of course, if desired,
this procedure can be biased towards the selection of
candidate binding partners for a particular cell
surface molecule, e.g. in the case of a cell having an
immunodominant target entity, or by selecting a cell
which was known or had been selected to overexpress
the target entity of interest or had been engineered
to overexpress such a target entity. Further examples
of libraries of target entities are c-DNA libraries or
other genetic libraries, transfected and expressed in
cells, for example a subtracted tumour c-DNA library
transfected and expressed in eukaryotic cells. Each
target entity can of course be present in multiple
copies in the screening reaction (indeed, this is
generally preferred), e.g. if the target entity is a
cell surface molecule then multiple copies of this are
preferably present either on the same cell and/or on
multiple cells of the same or different type. In
particularly preferred embodiments of the invention,
the expression library is an antibody library (more
preferably a phage display antibody library) and the
target entities are cell surface molecules (cell
surface antigens). Such methods of screening are
termed Cell Based Antibody Selection (CBAS). The step
of bringing the target entities into contact with the
expression 



library, or vice versa, can be carried out in any
appropriate way under conditions such that appropriate
binding partners in the expression library can
interact with or bind to the target entities which are
present. Such conditions will generally vary depending
on the nature of the expression library, the target
entity and the moiety with which the target entity is
associated. However, appropriate conditions to
facilitate binding can be readily determined by a
person skilled in the art. Such a "contacting" step
will generally occur in solution or in an aqueous
medium or in some other context such that the
expression library - target entity mixture will
beimmiscible with the organic phase, as this will
facilitate the subsequent organic phase separation
step. Thus, if the target entity is present on a cell
which is cultured as a monolayer or cells which are
obtained from a mammalian subject, e.g. from a
mammalian organ or tissue, then these are generally
harvested and resuspended in an aqueous medium by
appropriate techniques before being contacted by the
expression library. However, contacting the expression
library with a monolayer of cells is also possible,
after which these cells can be harvested and
resuspended in an aqueous medium by appropriate
methods. Exemplary "contacting" conditions may
comprise incubation on ice or at 40C for between 30
minutes and 4 hours. Alternatively, carrying out the
contacting step at room temperature or 370C is
possible and may be preferable in some cases. The
expression library - target entity mixture may
optionally be subjected to gentle rocking, mixing or
rotation. In addition other appropriate reagents such
as blocking agents to reduce non specific binding may
be added. For example 1-4% BSA or other suitable
blocking agent (e.g. milk) may be used. It will be
appreciated however that the contacting conditions can
be varied and adapted by a skilled person depending on
the aim of the screening method. For example, if the
incubation temperature is increased, for example to
room temperature, this may increase the possibility of
identifying binders to a different subset of target
entities, e.g. binders to cell surface proteins which
are readily internalized. Again such adaptations to
the conditions are within the ambit of the skilled
person. The size and complexity of the expression
library to be used in the methods of the present
invention may be varied, as may the total number of
copies of target entities included in the contacting
step. For example, in preferred embodiments of the
invention where the expression library is a phage
display library, preferably a phage titre in the
region of 108-1013 is used, more preferably in the
region of 10u phage. Conveniently the number of copies
of target entities can be varied by altering the
number of moieties present with which the target
entities are associated. For example, when the target
entity is a cell surface molecule, or a polypeptide
etc, attached to a solid support, then the number of
target entities can be adjusted by increasing or
decreasing the number of cells or solid supports
present in thecontacting mixture, or by increasing or
decreasing the number of polypeptides, etc., attached
to an individual solid support. Again, the number of
target entities required can readily be determined by
trial and error, but for example when the target
entity is a cell surface molecule, 105 to 107 cells
might conveniently be used. The appropriate
concentration of target entities might also readily be
determined by trial and error, but for example, when
the target entity is a cell surface molecule a
concentration of 1x105 - 2x106 cells/ml might
conveniently be used. The washing steps (b) are
carried out after the target entities have been in 



contact with the expression libraries under the
appropriate conditions such that binding/interaction
between the target entities and the appropriate
library members has occurred, but before organic phase
separation. It is important to note that the claimed
screening method does not preclude additional washing
steps being carried out at other points in the
procedure, e.g. before step (a), e.g. in the
preparation of the target entities for contact with
the expression library, or after step (c) e.g. in the
further analysis of the target entities or expression
library members. However, methods which do not involve
a washing step after the step of contacting the
expression library with the target entities and before
organic phase separation (e.g. the BRASIL method of
Giordano et al., supra) are excluded. The washing
steps may be carried out in any appropriate way
depending on the nature of the target entity and the
moiety to which it is attached. For example, if the
target entity is attached to a cell or a membrane
fraction of a cell, then conveniently said washes take
place by centrifuging the expression library - target
entity mixture under conditions such that the cells
form a pellet, removing the supernatant, and then
resuspending the pellet in an appropriate aqueous
medium (for example the same medium as the contacting
step was carried out in). Such steps of pelleting
cells and resuspension would constitute one wash. Such
conditions would generally also be appropriate for the
washing of target entities associated with a
particulate solid phase. If however the target
entities were associated with for example a magnetic
solid phase, then the wash steps (b) could
conveniently be carried out by applying magnetic field
to the vessel in which the contacting step had been
carried out, removing the supernatant and resuspending
the solid phase in an appropriate aqueous medium.
Appropriate methods of washing particulate solidphases
are well known to a person skilled in the art. Again
such steps of magnetic separation and resuspension
would constitute one washing step. At least one
washing step (b) is carried out in the method of the
invention, for example at least 1, at least 2, at
least 3, or at least 4 washing steps can be carried
out. Preferably less than 5 washing steps are carried
out, i.e. preferably 1, 2, 3 or 4 washing steps are
carried out in step (b). Most preferably 1 or 2 or 3
and especially preferably 2 washing steps are carried
out in step (b) of the method. This preferred number
of washing steps has the additional advantage that the
method is still significantly faster and less
laborious then the conventional method which involves
at least five washing steps. These washing steps will
result in the removal of a proportion of the nonbound
expression library members, i.e. the members which
have not, or have unspecifically, interacted with a
target entity. A further proportion of the non-bound
expression library members will then be removed in
step (c) of the method, i.e. the organic phase
separation step. To facilitate the organic phase
separation, after the washing steps (b) the target
entities contained in an appropriate polar medium for
example an aqueous medium are brought into contact
with an organic phase. Said aqueous medium may be
overlayed on top of the organic phase or the organic
phase may be laid on top of the aqueous medium. In the
former case, when centrifuged, the bound target
entities collect and preferably pellet in the organic
phase, while the non bound library members remain in
the aqueous medium. In the latter case, when
centrifuged, the aqueous medium containing unbound
expression library members passes upwards 



through the organic phase whilst the bound target
entities collect and preferably pellet beneath the
organic phase. Alternatively, it is also possible to
mix the two phases, which then separate during
centrifugation. Thus, the same result is obtained. The
term "organic phase" as used herein refers to a fluid
phase which is nonmiscible with water or other polar
media or aqueous media. Organic phases suitable for
use in the invention are those which, when subjected
to appropriate conditions, for example centrifugation,
will allow the separation of bound target entity -
expression library member complexes from non-bound
expression library members, for example allow the
bound target entity - expression library member
complexes topass through but will exclude unbound
members of the expression library, i.e. will exclude
non-complexed or free members of the expression
library. Clearly any such experimental system is not
100% perfect. Thus, an appropriate organic phase is
one which excludes a majority or a significant
proportion of or which substantially excludes unbound
members of the expression library. In addition, an
appropriate organic phase is selected such that it
causes minimum disruption or damage to the target
entities, the moieties to which they are attached, the
expression library members and the binding reaction
between the target entities and the library members in
the mixture. This is particularly the case for the
target entities, the expression library members and
the binding reaction between the two. For example, an
organic phase should be selected so that such
components are suitable for use in any appropriate
downstream analysis steps once they have been
collected from the organic phase. However, in general,
in order to minimize any harmful effect the organic
phase might have on the biomolecules in the mixture,
the time which the biomolecules are in contact with
the organic phase is generally kept to a minimum.
Appropriate organic phases for use in the claimed
methods can readily be determined by a person skilled
in the art based on the above functional requirements.
Examples of organic phases which may be used in the
claimed methods are phthalate based organic phases
such as those discussed in Giordano et al., supra,
e.g. dibutyl phthalate: cyclohexane (9:1 [v:v]) or
dibutyl phthalate: diisooctyl phthalate (4:6 [v.v]),
or a water immiscible oil such as Versilube F50 oil
(Alfa Chemicals Ltd., Woringham). Indeed, the use of a
water immiscible oil in order to separate expression
library - target entity complexes (and in particular
phage - target entity complexes) from unbound
expression library members (and in particular unbound
phage particles) forms a yet further aspect of the
invention. The separation through the organic phase is
generally carried out by centrifugation at an
appropriate speed to pellet or at least collect the
target entities which have become bound to one or more
members of the expression library (the bound target
entities) in the organic phase, while all, or a
significant proportion, or the majority of the unbound
expression library members remain in the aqueous
phase. Appropriate centrifugation conditions to effect
this separation will depend onthe nature of the target
entity (and the moiety to which these are attached),
and the particular organic phase used. However, where
cells are used and cell surface molecules are target
entities then exemplary conditions might be
centrifugation at 10000-11000g for 5 to l Ominutes at
room temperature or 4 0C. After the separation step
(c) the bound target entities can be collected from
the organic phase and optionally subjected to further
analysis. Such a collection step can if desired be
facilitated by freezing the organic phase and removing
the pellet 



containing the bound target entities for example by
cutting the centrifuge tube at the appropriate point.
Such a freezing step, followed by a thawing step (at
some future point after the bound target entities have
been collected), does not generally have an adverse
effect on the downstream analysis of the bound target
entity - expression library member complexes. However,
it is to be recommended that this be checked in
suitable experiments before such a step is included in
any experimental procedure. The methods of the present
invention may involve further additional steps. For
example, the expression library may be pre-panned to
remove some non-desired expression library members or
reduce the complexity of the library, by contacting
the expression library with one or more non-relevant
(non-target) entities e.g. nontarget biomolecular
entities, or cells which are not of interest, before
the expression library is brought into contact with
the target entities in step (a) of the method. Such
pre-panning is also termed "negative panning". For
example, the expression library may be pre-panned with
cells, or membrane fractions thereof, which are not of
interest, e.g. which do not express the desired target
entities of interest or express the target entities at
a low level. For example, if the method is designed to
identify expression library members which bind to a
particular type of cancer cell, pre - panning may be
carried out by contacting the expression library
members with a different or irrelevant cell type, e.g.
a different type of tumour cell or a non-tumour cell
type such as lymphocytes or endothelial cells or other
cells which are not of interest. The aim of said
pre-panning steps is to remove a proportion of the
expression library members which will not bind the
target entities of interest. Said pre-panning steps
are additional steps to steps (a), (b) and (c) of the
method and thus steps (a), (b) and (c) of the claimed
method do not encompass such pre-panningsteps. Said
pre-panning steps can be carried out by any
appropriate method, e.g. by the conventional method or
even the BRASIL method described above. However,
preferably the pre-panning steps will be carried out
using steps (a), (b) and (c) as outlined above, except
that in step (a) the expression library is contacted
with nonrelevant (non-target) entities and it is the
non-bound expression library members which should be
retained. Thus, the supernatants from any washing
steps (b) should be retained rather than discarded and
in the separation step (c) the unbound library members
which have not been separated through the organic
phase are retained. This depleted expression library
can then be subjected to the method of the invention.
One or more pre-panning rounds can be carried out on
the same or different non-relevant entities. Steps (a)
to (c) of the method of the invention can be regarded
as constituting one round of panning of target
entities against expression library members. Although
after the separation step (c) in the first round of
panning, the bound target entities can be collected
from the organic phase and optionally subjected to
further analysis, generally however, in order to
further reduce the complexity of the expression
library and obtain a suitably enriched population of
candidate binding partners for said target entities to
enable a productive and time effective further
analysis, one or more further panning rounds can be
carried out. Further panning rounds generally involve
taking the bound target entities from step (c) of the
method, separating, detaching, eluting or isolating
the 



expression library members from the target entities
(optionally expanding or amplifying the expression
library members) and subjecting said expression
library members to a further round of steps (a) to (c)
of the method. The best methods for doing this will
vary depending on the expression library used. For
example, for a phage display library, it is possible
to incubate the target entity - bound phage complexes
with bacteria. This will elute the phages from the
target entity and infect the bacteria so that the
phage particles can be amplified ready for example for
use in step (a) of the claimed method. A skilled
person can readily determine the number of rounds of
panning, if any, which are required or desired. For
example, if the expression library is a phagedisplay
library, or indeed a non-phage library, then a simple
polyclonal ELISA assay of candidate binding partners
from step (c) of the method against the target entity
can give an indication of the proportion of positive
candidates present and whether a further round of
panning is desired. In this regard, an increase in
library member (e.g. phage) binding to target entities
(e.g. provided on cells of interest) but not to
non-target entities (e.g. provided by cells not of
interest) (used as comparative controls) can be enough
to show that sufficient numbers of panning rounds have
taken place. As each round of panning (i.e. each
repeat of steps (a) to (c) of the method) can result
in the loss of desired expression library members the
number of panning rounds are generally kept to a
minimum. Indeed, this is a further advantage that the
improved methods described herein have over the BRASIL
method and the conventional method based solely on
washing steps, as in comparative tests it has been
shown that suitable enrichment can be obtained after
fewer rounds of panning. For example, in tests
described herein, the improved method of the present
invention showed suitable enrichment after round 2 of
panning as opposed to round 3 (conventional method) or
round 4 (BRASIL). Thus, steps (a) to (c) of the method
can be repeated one or more times, for example up to 4
or 5 times. However, in preferred embodiments of the
invention, only 1, 2 or 3 rounds of panning (i.e. 1, 2
or 3 rounds of the steps (a) to (c)) are carried out
before the candidate binding partners and /or the
target entities are subjected to further analysis.
Comparative tests also show that the modified method
described herein can result in the identification of
an increased number of binding partners for said
target entities, i.e. can result in the identification
of an increased number of positive clones. For
example, after 3 rounds of panning, 41% of the
candidate binding partners selected by the method of
the invention were shown to be positive for a target
entity in comparison to 12% for the BRASIL method and
28% for the conventional method. Thus, viewed
alternatively, the present invention provides an
improved method for the identification of binding
partners to target entities comprising carrying out
one or more rounds of steps (a) to (c) as defined
herein.Of course, it may be that if the expression
library which is initially screened contains
relatively few members or is for example an enriched
library, for example is an antibody library isolated
from patients which have been exposed to an
immunochallenge as described in WO03/095491, supra,
then further rounds of panning may not be required.
Again, this can be readily ascertained by a person
skilled in the art, for example using the methods as
described above. Once any appropriate further panning
rounds have been carried out then the 



bound target entities are collected from the organic
phase of step (c) and can be subjected to further
analysis or uses. Said further analysis or uses
generally require the candidate binding partners to be
detached, removed, isolated or eluted from the target
entities and preferably the candidate binding partners
are expressed or produced in isolation from said
target entities. Thus, the methods of the present
invention may comprise an optional step (d) wherein
said candidate binding partners are detached, removed,
eluted, or preferably isolated from said target
entities, or are expressed or produced in isolation
from said target entities. For example in the case
where the expression library is a phage library and
the target entities are cell surface molecules, said
further analysis or uses generally involves the
isolation of candidate binding partners by infection
of bacteria and cloning the DNA encoding the candidate
binding partner into a suitable expression vector.
Such an infection step can also allow the
amplification of the candidate binding partners. For
non -phage libraries, candidate binding partners can
be amplified at this stage by appropriate methods, for
example by PCR of the nucleic acids encoding said
candidate binding partners or the transformation of
said nucleic acid into an appropriate host cell (in
the context of a suitable expression vector). Said
further analysis may involve a further analysis of
either or both the members of the expression library
which have bound to the target entities (i.e. the
candidate binding partners) or the target entities
themselves. Thus, the methods of the invention allow
for the screening and identification of both novel
expression library members (novel binding partners)
and novel target entities, e.g. novel cell surface
molecules or proteins such as novel antigens.
Appropriate methods for analyzing the expression
library members (candidate binding partners) would be
well known to a person skilled in the art.Generally, a
first step in the further analysis would involve
assays or tests to verify that the selected expression
library members (candidate binding partners) did
indeed bind to the target entities of interest. Any
appropriate assay may be used in this regard. However,
in general, as described above, a polyclonal ELISA
assay could be used in this regard. As discussed
above, this verification step would also provide an
indication as to when the selected library members
were sufficiently enriched for binders to the target
entity of interest such that screening can be stopped
and the more detailed analysis of the selected clones
can be started. Thus, once the verification step has
been completed, this is generally followed by an
analysis of single clones. This analysis can be
carried out by standard methods. For example for phage
expression libraries such analysis includes cloning
the phage presented polypeptides into a soluble format
(e.g. cloning phage presented scFv into soluble scFv
or Fab format) and using the soluble format
polypeptides to carry out ELISA on cells (Hoogenboom
et al, 1999, supra) or purified antigens (using
soluble fragments), filter screening assays (Radosevic
et al., supra), FACS (Ridgway et al., supra), Guava
assays (Gillis and Fishwild, Application note:
Monoclonal Antibody Specificity using the Guava
CellPaint Assay, Guava Technologies,Inc, 2004) or
immunofluorescence assays (Wong et al., supra),
staining tissue slides or cells and other
immunohistochemistry methods. AU these methods are
well established in the literature and one or more of
them may be used to analyse the clones. Alternatively,
direct screening methods such as those described in
WO03/095491, or an FMAT analyser (8200 Detection
system - Applied 



Biosystems) can be used for further characterisation
of the clones. Finally, a method termed the AffiSelect
method can be used to further analyse the candidate
binding partners. Details of this method are discussed
in a separate section below. For non-phage expression
libraries, where display libraries are used then the
DNA encoding the candidate binding partners (which
will have been selected together with the expressed
polypeptide) can be cloned into a suitable expression
vector (if necessary after PCR to convert RNA library
members into DNA) and the expressed polypeptide can be
analysed as described above. For a soluble peptide or
polypeptide library, the associated tags on the
candidate binding peptides would be used to identify
the sequence of the selected peptides and these could
either besynthesised in vitro and analysed as
described above or the DNA sequence encoding the
peptide could be determined and inserted into a
suitable expression vector and the expressed peptide
analysed as described above, Thus, said further
analysis of the candidate binding partners, preferably
involves the expression or production of the candidate
binding partners, preferably in a soluble format, and
assaying or testing the binding activity of the
candidates to the target entity of interest. Any
appropriate binding assays can be used. However,
preferred assays are one or more of ELISA, filter
screening assays, FACS, immunofluorescence assays,
immunohistochemical assays, Guava assays, 8200
cellular detection assays or AffiSelect assays (see
below). As a negative control, the candidate binding
partners are conveniently also screened against
non-target entities, e.g. irrelevant cell types or
cell types that do not express the target entity on
the surface or express the target entity only at low
levels, or irrelevant naked or purified molecules, as
appropriate. In all these methods (except the
AffiSelect method, which is described in detail below)
detection of bound candidate binding partners is
facilitated by using reagents which recognize some
kind of tag or label on the expression library member.
For example, if the expression library is a phage
library, detection can occur via the use of an
antibody to a phage coat protein, e.g. an anti-Fd
antibody. If other types of display library or soluble
library are used, then again detection can occur via
the use of an antibody to a tag which is incorporated
within the library members, for example an antibody to
a myc tag. Appropriate tagging and detection systems
are well known and described in the art. At any stage
the diversity of the candidate binding partners can be
tested by restriction digestion of the encoding DNA
followed by sequencing or PAGE analysis. Again such
methods are well known and described in the art
(Hoogenboom et al., supra, Ridgway et ah, supra). In
the embodiments of the invention where the target
entity is an unknown molecule, e.g. an unknown cell
surface molecule, in particular an unknown tumour
surface molecule, then the nature of this can also
readily be analyzed and the target entity identified
using a specific binding partner identified from the
expression library as a tool. This is particularly
convenient when the binding partner is anantibody
molecule, for example an scFv molecule. For example,
as discussed above, such binding partners from the
expression library are generally engineered to contain
a tag or label which can facilitate detection and can
be used for example to analyze the tissue distribution
of the unknown molecule, e.g. by binding to tissue
sections (Pereira etal., J. Immunol. Methods, 1997,
203:1 1-24). Alternatively, the binding partner can be
immobilized on a solid phase and used to purify the
unknown 



molecule, e.g. by affinity chromatography. Once
purified then the identity of the unknown molecule
could be ascertained by appropriate tests dependant on
the nature of the molecule. For example, if the
unknown molecule is a protein, the purified protein
could then be identified and its encoding DNA sequence
determined by peptide sequencing and cloning using
methods well known and described in the art.
Alternatively, DNA encoding the unknown protein might
readily be determined by screening a cDNA library with
the identified binding partner. A highly diverse cDNA
library from an appropriate source could be used in
this regard. However, preferably, a smaller,
restricted cDNA library would be used. For example, if
the unknown protein was expressed on the surface of a
particular cell type, then a cDNA library (e.g. a cDNA
display library such as a phage display library) could
conveniently be made from these cells and screened
with the binding partner (see for example Ridgway et
al., supra), for example by panning the display
library on solid supports to which the identified
binding partner is attached. In addition, if the
binding partner identified from the expression library
is an antibody then other antibody based assays such
as immunoprecipitation, Western Blot, expression
profiling or immunohistochemistry could be carried out
in order to isolate or characterise the target entity.
Thus, it can be seen that not only can the methods of
the invention be used to select and identify binding
partners to target entities from appropriate
expression libraries but they can also be used to
identify novel and unknown target entities. This is
important as it may lead to the identification of
novel cellular targets for therapy or diagnosis, as
well as novel agents with potential for use in therapy
or diagnosis, i.e. the binding partners. Thus, the
present invention also provides a method for isolating
and/or identifying an unknown target entity comprising
steps (a) to (c) (and optionallyadditional steps) as
defined herein, (d) isolating one or more expression
library members which bind to said unknown target
entity and (e) using said library member to isolate
and/or identify the target entity to which it binds.
Methods of the invention can thus be used to select,
identify or isolate binding partners for a target
entity, or a novel target entityper se, which can then
be isolated, produced or manufactured for various
downstream uses. As such, binding partners/proteins or
target entities identified or selected using the
methods of the invention form a further aspect of the
invention. Thus, a further aspect of the present
invention provides a method of selecting, identifying
and/or isolating a library member which is a specific
binding partner for a target entity, or a method of
selecting, identifying and/or isolating a target
entityper se, from an expression library, said method
comprising the steps of screening an expression
library using steps (a) to (c) (and optionally
additional steps) as defined above to select molecules
which display certain properties and optionally (e)
identifying and/or isolating the relevant library
member (s) which are specific binding partners for the
target entity and optionally (f) using said library
members to identify the target entity to which it
binds. Once appropriate nucleic acid fragments
encoding binding partners or target entities with
particular properties have been identified, the
nucleic acids encoding the polypeptides can, if
desired, be subjected to affinity maturation, for
example to try and identify binding partners with
further improved properties. Such affinity 



maturation can be performed by carrying out any
conventional form of mutagenesis, including but not
limited to the addition, deletion and/or substitution
of one or more nucleotides in a controlled (e.g. site
directed mutagenesis) or random manner, error - prone
PCR, domain swapping, cassette mutagenesis and chain
shuffling, etc., prior to repetition of the screening
cycle. Such affinity maturation can if desired be
performed after the verification steps described above
and before the single clone analysis takes place. When
one or more binding partners or target entities have
been selected, identified, isolated and/or purified
using the methods of the invention, these candidates,
or a component, fragment, variant, or derivative
thereof may be manufactured and if desired formulated
with at least one pharmaceuticallyacceptable carrier
or excipient. Such manufactured molecules, or
components, fragments, variants, or derivatives
thereof, are also encompassed by the present
invention. Alternatively, these molecules may take the
form of nucleic acids encoding said protein molecules,
which nucleic acids may in turn be incorporated into
an appropriate expression vector and/or be contained
in a suitable host cell. Thus, nucleic acid molecules
encoding said binding partners or target entities, or
expression vectors containing said nucleic acid
molecules form further aspects of the invention. Once
a particular binding partner or target entity, or a
component, fragment, variant, or derivative thereof,
has been selected, identified, etc., in accordance
with the present invention, the expression vector
encoding the selected binding partner or target entity
can readily be used (or adapted for use) to produce
sufficient quantities of the molecule by expression in
appropriate host cells or systems and isolating the
binding molecules from the host cell or system or from
the growth medium or supernatant thereof, as
appropriate. Alternatively, said binding molecules or
target entities may be produced by other appropriate
methods, e.g. by chemical synthesis of the nucleic
acid encoding the binding molecule and expression in a
suitable host or in an in vitro transcription system.
Thus, a yet further aspect of the invention provides a
method of manufacturing a specific binding partner or
a target entity comprising the steps of identifying or
selecting a specific binding partner for a target
entity or the target entity per se according to the
methods of the invention as described above,
manufacturing said identified binding partner or
target entity, or a component, fragment, variant, or
derivative thereof and optionally formulating said
manufactured binding partner or target entity with at
least one pharmaceutically acceptable carrier or
excipient. Said variants or derivatives of a binding
partner or target entity include peptoid equivalents,
molecules with a non-peptidic synthetic backbone and
polypeptides related to or derived from the original
identified polypeptide wherein the amino acid sequence
has been modified by single or multiple amino acid
substitutions, additions and/or deletions which may
alternatively or additionally include the substitution
with or addition of amino acids which have been
chemicallymodified, e.g. by deglycosylation or
glycosylation. Conveniently, such derivatives or
variants may have at least 60, 70, 80, 90, 95 or 99%
sequence identity to the original polypeptide from
which they are derived. Where the binding partner is
an antibody molecule, said variants or derivatives
further include the conversion of one format of
antibody molecule into 



another format (e.g. conversion from Fab to scFv or
vice versa, or the conversion between any format of
antibody molecules described elsewhere herein), or the
conversion of an antibody molecule to a particular
class of antibody molecule (e.g. the conversion of an
antibody molecule to IgG or a subclass thereof, e.g.
IgGl or IgG3, which are particularly suitable for
therapeutic antibodies). Said variants or derivatives
further include the association of binding partner
molecules or target entities with further functional
components which may for example be useful in the
downstream applications of said binding partners or
target entities. For example the binding partners or
target entities may be associated with components
which target them to a particular site in the body, or
detectable moieties useful for example in imaging or
other diagnostic applications. Clearly, the main
requirement for such components, fragments, variants,
or derivative binding partner molecules or target
entities is that they retain their original functional
activity in terms of binding ability or have improved
functional activity. The binding partner molecules
(preferably antibody molecules) or target entities
isolated, detected, selected, identified or
manufactured using the methods of the present
invention may be used in any methods where binding
partners specific to a target entity (for example
antibodies specific to a particular antigen) are
required. Thus, the binding partners (preferably
antibody molecules) or target entities can be used as
molecular tools and a further aspect of the invention
provides a reagent which comprises such binding
partner molecules or target entity molecules as
defined herein. In addition, such molecules can be
used for in vivo therapeutic or prophylactic
applications, in vivo or in vitro diagnostic
applications, or in vitro assays. The binding partners
may be used in therapeutic applications, either in the
form isolated from the expression libraries or
engineered or converted forms, e.g. itmay be desirable
to convert an scFv molecule to an IgG or to
multimerized peptides. The therapeutic effect might be
effected by inducing a biological activity upon the
therapeutic molecule showing agonistic or antagonistic
binding to the target entity/ligand, e.g. inducing
apoptosis (for example of cancer or viral infected
cells), inhibiting growth or stimulating detachment
from matrix by blocking the natural ligand from
binding (to thereby inhibit growth and/or spread of
tumours). Such therapeutic effects might be achieved
due to properties of the target entity/ligand itself,
or a multimer thereof (some receptors are activated by
cross linking them). Where the binding partners
selected or identified, etc., are antibody
polypeptides then these can be used for in vivo
therapeutic and prophylactic applications, e.g. to
confer passive immunity to particularly susceptible
individuals (e.g. immunocompromised patients, small
children, the fetus of pregnant women, people in
endemic areas for disease, etc). For example if the
antibodies are capable of neutralizing infective or
disease related agents then these can be administered
to an appropriate subject to combat disease.
Alternatively, antibodies (or other forms of binding
partner) can be attached to other therapeutically
effective molecules, e.g. to cytotoxic agents (small
molecule or protein), pre-toxin or other drugs and
targeted to disease tissue or specific cell types,
e.g. tumour cells or virus infected cells. Further
therapeutic effects might be achieved by other
functions engineered into the agent to be administered
like the ability to activate macrophages, complement
or 



cytotoxic T cells conferred for example after changing
an scFv to an Ig, generation of bispecific molecules,
e.g. linking tumour cells and killer cells.
Alternatively such antibodies (or indeed other types
of polypeptide which interact with target entities
associated with particular tissue or body sites, or
cell types, e.g. tumour cells or virus infected cells)
can be conjugated to labels, e.g. dyes, fluorescent or
radioactive labels or enzymatically detectable labels,
and used for in vitro or in vivo diagnosis, for
example by imaging or standard immunohistochemical
procedures. Other preferred uses include theranostic
uses (i.e. antibodies or binding partners used in both
diagnosis and therapy). In addition, such antibody
molecules or other binding partners may be used in
affinity chromatography procedures to isolate target
entities.In particular, antibodies to cell surface
expressed proteins provide a well described starting
point for the successful development of new diagnostic
and therapeutic drugs. This is particularly the case
in the cancer field, where the knowledge of specific
cell surface markers as well as antibodies binding to
them, is a clear bottleneck in drug development, and
the methods of the invention can be used to identify
or select both novel cell surface markers (target
entities) and antibodies (binding partners).
Currently, only a very limited number of cell surface
expressed tumor-associated or tumor-specific epitopes
are known. Thus, every new epitope of such type - and
of course specific antibodies binding to them - would
open new possibilities in the treatment of cancer.
Possible applications span from naked whole IgG
antibody products for ADCC-based therapy, over
recombinant oligo-specific/oligo-valent constructs, to
fusion-protein immunotoxins and radio labeled antibody
fragments for tissue-specific and targeted therapy, as
well as dyeor radio-coupled antibodies for in vitro
and in vivo diagnosis. . The target entities, or
fragments thereof could be used as vaccines, in
particular vaccines for use in the treatment for
cancers and infectious diseases (depending of course
on the target entity in question). The target entity
may be used as target for agonists and antagonists, in
form of peptides, proteins or small molecule drugs,
which may for example block or induce functions like
apoptosis or regulating cell growth. The target
entities may also be used as a target for further
screening, to identify even more molecules able to do
some of the things described above. In some cases, the
target entities or fragments thereof might also have
an effect in itself, like competitively binding of
molecules naturally binding to it. Suitable and
appropriate adaptations of the antibody molecules, if
necessary for such uses, e.g. the conversion to IgGl
or IgG3 classes for therapy, the incorporation or
addition of an appropriate label for imaging, etc.,
would be well known to a person skilled in the art.
The most suitable antibodies for the various uses
described above can be readily identified using
appropriate tests which can be designed by a person
skilled in the art. For example, in applications where
high affinity or avidity of an antibody or a binding
partner is important these criteria can readily be
tested in candidate antibodies using standard assay
techniques (e.g. Biacore assays). In addition,
whereantibodies against a particular infectious agent,
e.g. a bacteria, virus etc., have been identified,
appropriate tests can be carried out to assess which
antibodies are most effective to neutralise the
infectious agent. For example, in the case of
bacteria, bactericidal and opsonophagocytic activity
against the bacteria in question can be assessed.
Similarly, in the case of viruses, viral
neutralisation studies can be carried 



out to identify the best candidates. A yet further
aspect of the invention thus provides the use of an
antibody expression library as described herein to
isolate, detect, identify, select or manufacture one
or more antibody molecules which bind specifically to
one or more target antigens, for example one or more
target antigens which are associated with particular
diseases, cells, tissues or foreign agents. This could
for example be carried out by screening the antibody
expression libraries with the target antigens. Yet
further aspects of the invention provide such
isolated, detected, identified, selected or
manufactured antibody molecules (or other binding
partners), or target entities, for use in therapy or
in vivo diagnosis or for use in any of the other
applications mentioned above. Also covered is the use
of such antibody molecules (or other binding
partners), or target entities, in the manufacture of a
medicament or composition for use in therapy (in
particular therapy for cancer or infectious diseases)
or in vivo diagnosis or for use in any of the other
applications mentioned above. Methods of treatment of
a patient comprising the administration of an
appropriate dose of such an antibody molecule (or
other binding partner) , or target entity, are also
provided. When said antibody molecules (or other
binding partners), or target entities, are used in the
above described uses and methods then these may be
administered in any appropriate way. For example such
antibody molecules (or other binding partners), or
target entities, may be administered locally at the
site where action is required or may be attached or
otherwise associated with entities which will
facilitate the targeting of the antibody molecules (or
other binding partners), or target entities, to an
appropriate location in the body. Pharmaceutical
compositions comprising the antibody molecules (or
other binding partners), or target entities, as
defined herein, together with one or
morepharmaceutically acceptable carriers or excipients
form a yet further aspect of the invention. Yet
further aspects are methods of diagnosis or imaging of
a patient comprising the administration of an
appropriate amount of an antibody molecule (or other
binding partner), or target entity, as defined herein
to the patient and detecting the presence, location
and/or amount of the antibody molecule in the patient.
The antibody molecules (or other binding partners), or
target entities, identified, selected, etc., from the
expression libraries of the invention may equally be
used in methods of diagnosis which are carried out in
vitro, if appropriate, e.g. carried out on a tissue
sample or some other kind of sample, e.g. blood,
obtained or derived from a patient. Preferred diseases
to be treated or diagnosed, etc., are cancer,
infectious diseases caused by infectious agents,
inflammatory diseases, autoimmune diseases or
degenerative diseases. The terms "therapy" or
"treatment" as used herein include prophylactic
therapy. The terms "therapy" and "treatment" include
combating or cure of disease or infections but also
include the controlling or alleviation of disease or
infection or the symptoms associated therewith.
AffiSelect Method The AffiSelect method provides a
novel technique to indirectly identify the library
member (candidate binding partner) via detecting its
ligand (or at least by detecting 



an entity with which the ligand is associated) as
opposed to detecting the library member (candidate
binding partner). This is of particular value in
screening small libraries against complex ligands like
live cells, although the applicability of the method
is not limited to those applications. Thus, at its
most general the AffiSelect method provides a method
of screening a library of molecules (in this case the
candidate binding partners which are to be subjected
to further analysis) to identify and/or select one or
more members thereof which are candidate binding
partners for one or more ligands (target entities)
comprising:a) contacting an expression library of
candidate binding partners in solution with one or
more ligands; b) capturing ligands which have become
bound to one or more members of the expression library
onto a solid phase; and c) detecting the presence of a
ligand, thereby detecting the presence of one or more
members of the expression library which are candidate
binding partners for the ligand. Thus, when used in
combination with the screening methods of the present
invention, in order to further analyse the candidate
binding partners which have been identified, the
AffiSelect method comprises the steps of: i)
contacting one or more of said candidate binding
partners in solution with one or more target entities;
ii) capturing target entities which have become bound
to one or more of the candidate binding partners onto
a solid phase; and iii) detecting the presence of a
target entity, thereby detecting the presence of one
or more candidate binding partners for the target
entity. Thus, taking the terminology used in the
description of the screening methods of the present
invention, in the discussion of the AffiSelect method
below, any reference to an expression library can be
taken to refer to one or more of the candidate binding
partners which are to be subjected to further analysis
and any reference to ligands can be taken to refer to
target entities. One of the main requirements for the
expression libraries (in this case the candidate
binding partners which are to be subjected to further
analysis) to be used in the AffiSelect method is that
they must be in solution when they are initially
brought into contact with the ligands (target
entities) against which they are being screened. By
"in solution" is meant that the expression libraries
are not attached to a solid phase when they are
initially brought into contact with the ligands
against which they are being screened, i.e. the
initial expression libraries are nonimmobilized
expression libraries. The expression library
(candidate binding partner) constructs for use in the
AffiSelect method (and therefore also the candidate
binding partner constructs making up the expression
library screened in step (a) of the methods of the
presentinvention) may optionally additionally contain
other appropriate components, for example origins of
replication, inducible or non-inducible promoters for
initiating transcription, enhancers, antibiotic
resistance genes and markers, general tags or reporter
molecules, primer binding sites to enable
amplification of the constructs by e.g. PCR, or other
desirable sequence elements. Appropriate sources and
positioning of such additional components within the
library constructs so that they perform their desired
function would be well within the normal practice of a
skilled person in 



the art. The inclusion of general tags or markers in
the library constructs and in the expressed library
members (candidate binding partners) is particularly
important in the expression libraries for use in the
AffiSelect method and such tags are used to facilitate
the binding of library members (candidate binding
partners) to a solid phase in the capture step of the
method, i.e. are used to facilitate the capture step.
Any appropriate tag may be used in this regard
providing it can facilitate binding of the library
members (candidate binding partners) to a solid phase.
However, conveniently such tags are affinity molecules
which can facilitate binding to a solid phase by
binding to a partner affinity molecule immobilized
directly or indirectly onto the solid phase. Exemplary
tags may be c-myc tags (which can for example be
captured via an anti c-myc antibody) or His tags
(which can for example be captured via a Nickel
surface) or biotin (which can for example be captured
via streptavidin molecules), or a phage surface
protein such as gp8, (which can for example be
captured via an anti gp8 antibody), or antigen peptide
tags such as FLAG or HA which may be recognized by an
antibody. Such tags or markers may conveniently also
be directly or indirectly detectable. Such tags or
markers are typically general tags or markers which
are present in all the library constructs and can be
used to capture the library members onto a solid
phase. Such tags or markers are not required for the
detection step of the AffiSelect methods (as detection
is carried out via the detection of the ligand rather
than the library member, see in more detail below).
However, if desired such tags can be used to detect
the presence of library members. Their presence can
prove extremely useful in determining the affinity of
a ligand for a library member.Once the appropriate
expression library (candidate binding partner)
constructs have been obtained at the nucleic acid
level, these can then be expressed for screening and
for use in step (i) of the method in appropriate
expression systems. Appropriate conditions and methods
of expression are well known and described in the art.
The target entities for use in the AffiSelect method
can take any of the forms as described above for the
screening methods of the present invention. Thus, for
example, the target entities may be cell surface
molecules provided for example as a component of whole
cells or as membrane fractions of cells, or may be an
isolated target entity of interest attached to
appropriate solid phase. Preferably said target
entities are cell surface molecules. Conveniently, as
the AffiSelect method is used for further analysis of
initial candidate binding partners identified by the
organic phase separation screening methods described
herein, the target entities can be the same as those
used in step (a) of these methods. Whether the ligand
(target entity) is a cell surface molecule or a
molecule of interest attached to an appropriate solid
phase, for use in the AffiSelect method the ligands
contain or are associated with a reporter moiety to
enable detection of the ligands. Such reporter
moieties are preferably nucleic acid molecules, more
preferably DNA molecules, which can then be detected
by nucleic acid based methods. A preferred method of
detection is by PCR but any appropriate method can be
used, for example hybridisation of a labelled probe.
Alternatively, the ligand may be attached to a
non-magnetic fluorescent bead, or to another
population of beads of a distinguishable size that can
be counted/detected in microscopy or by a 



Coulter Counter ZM (Coulter Electronics Ltd.). Thus,
it can be seen that such reporter moieties can take a
large variety of different forms providing detection
of said reporter moieties is possible. Such reporter
moieties may be inherently associated with the ligands
(target entities). For example, if the ligand (target
entity) is a cell surface molecule, then a preferred
reporter moiety to be detected would be a DNA
molecule, e.g. a gene (i.e. a reporter gene) which is
present in the cells on which the ligand is
expressed/displayed. Appropriate and preferred
reporter moieties are therefore moieties which are
present in all cell types, e.g. a housekeeping gene
such as b-actin.Alternatively an exogenous reporter
moiety may be associated with the ligand (target
entity). For example, in the case of cells, an
exogenous reporter moiety (e.g. a reporter gene) may
be introduced into the cells by standard methods, e.g.
transfection, including but not limited to
lipofection, retroviral systems or electroporation. If
the ligand (target entity) is a naked molecule, e.g. a
naked polypeptide then this may be tagged or
associated with an appropriate reporter moiety using
methods well known and described in the art, for
example if the ligand is associated with its encoding
nucleic acid or another nucleic acid based tag, e.g.
as described above, the reporter moiety can
conveniently be provided within this nucleic acid
molecule. If the ligand is a molecule, e.g. a
polypeptide, attached to a particulate solid phase
then said reporter moiety might be attached to the
solid phase separately to the polypeptide, for example
using similar methods to those described above. In
particular, if streptavidin beads are used then the
reporter moiety is preferably a biotinylated DNA
fragment comprising a site or region which can
facilitate detection of the reporter moiety, e.g. a
primer site to enable PCR amplification of a fragment
of the reporter gene or a probe binding site. Each
bead can then carry a mixture of biotinylated reporter
moiety and biotinylated polypeptide (or other ligand).
It can be seen therefore that such "association"
between a reporter moiety and the ligand (target
entity) may comprise a direct interaction between the
reporter moiety and the ligand, i.e. the reporter
moiety and the ligand are part of the same molecule,
e.g. the ligand protein and the reporter moiety are
conjugated to one another as part of the same
molecular entity. Alternatively, such "association"
may be indirect, e.g. the reporter moiety is attached
to or contained within a moiety to which the ligand is
attached, e.g. is contained within the cell on which
the ligand is expressed or displayed or immobilized
onto the solid phase to which the ligand is attached.
Such reporter moieties are preferably general reporter
moieties which are associated with all the ligands
(target entities) being displayed and can thus be used
as a general reagent to detect the presence of any and
all target ligands (and thereby the presence of a
candidate binding partner).The step of bringing the
ligands (target entities) into contact with the
expression library (candidate binding partners) or
vice versa in the AffiSelect method can be carried out
in any appropriate way under conditions such that
appropriate candidate binding partners can interact
with or bind to the ligands (target entities) which
are present. Such conditions will generally vary
depending on the nature of the expression library
(candidate binding partners), the ligand (target
entity) and the moiety with which the ligand (target
entity) is associated. However, 



appropriate conditions to facilitate binding can be
readily determined by a person skilled in the art.
Such a "contacting" step will generally occur in an
appropriate solution or aqueous medium. Thus, if the
ligand is present on a cell which is cultured as a
monolayer or cells which are obtained from a mammalian
subject, e.g. from a mammalian organ or tissue, then
these are generally harvested and resuspended in an
aqueous medium by appropriate techniques before being
contacted by the expression library. Importantly, it
has been found that in the AffiSelect method the
contacting step can be carried out in bacterial
expression medium, for example L Broth, as well as in
standard aqueous media such as PBS. This is important
and surprising because it means that library members
(candidate binding partners) can be expressed in
bacteria (e.g. by culturing them in a bacterial
expression medium such as L Broth) and clones can be
taken directly from the expression plate for use in
the AffiSelect screening methods. Preferably such
bacterial expression medium is made isotonic (e.g. to
approximately 140 mM NaCl, (LB is usually
approximately 171 mM NaCl)) before the ligands (target
entities) are added but after expression of the
library members has been induced. This step of making
the bacterial medium isotonic is especially preferred
when the ligands (target entities) are cell surface
molecules on live cells rather than on beads.
Exemplary "contacting" conditions may comprise
incubation on ice or at 40C for between 30 minutes and
4 hours. However, these may be varied as appropriate
depending on the nature of the ligands, expression
libraries, etc. The expression library - ligand
mixture may optionally and preferably be subjected to
gentle rocking, mixing or rotation. In addition other
appropriate reagents such as blocking agents to reduce
non specific binding may be added. For example 1-4%
BSA orother suitable blocking agent (e.g. milk) may be
used. It will be appreciated however that the
contacting conditions can be varied and adapted by a
skilled person depending on the aim of the screening
method. For example, if the incubation temperature is
increased, for example to room temperature, this may
increase the possibility of identifying binders to a
different subset of ligands, e.g. binders to cell
surface proteins which are readily internalized. Again
such adaptations to the conditions are within the
ambit of the skilled person. Conveniently the number
of copies of ligands (target entities) can be varied
by altering the number of moieties present with which
the ligands are associated. For example, when the
ligand is a cell surface molecule or a molecule
attached to a solid support, then the number of target
ligands can be adjusted by increasing or decreasing
the number of cells or solid supports present in the
contacting mixture. The number of ligands required can
readily be determined by trial and error, but for
example when the ligand is a cell surface molecule 5
000 to 200 000 cells are conveniently used. Indeed it
is an advantage of the AffiSelect method that it is
sensitive enough to work with cell numbers as low as 5
000 or 1 000 cells (or even lower, e.g. the use of PCR
as a method of detection should potentially enable the
detection of a single cell). In this regard,
particularly when screening with live cells derived
from mammalian subjects, e.g. human patients, such
cells are often rare resources and may not be
available in large numbers. Thus, to be able to carry
out screening on such low numbers of cells is an
important advantage. It has been shown that where
detection takes place by PCR and the candidate binding
partners 



are antibodies, only 40 pg of antibody is required to
enable detection. This means that the AffiSelect
method should be suited for analysing candidate
binding partners for ligand molecules which are
expressed at a very low level, for example when less
than 1000 molecules are expressed. One or more types
of candidate binding partners (i.e. one or multiple
candidate binding partners) may be present in the same
reaction vessel or assay compartment (e.g. assay well)
for contacting step (i) of the AffiSelect method (and
hence in the following steps of the method).
Preferably however only one type of candidate binding
partner is present in the reaction vessel or assay
compartment for the contacting step (i).Once ligands
(target entities) have been contacted with the
expression library (candidate binding partners) under
conditions such that the ligands can become bound to
one or more members of the expression library, the
ligands which have become bound in this way are then
captured onto a solid phase to facilitate their
isolation or removal or purification from the other
components of the reaction mixture such as nonbound
ligands. In other words, during the capture step only
the ligands (target entities) which are bound to an
expression library member (candidate binding partner)
are captured onto the solid phase. Preferred solid
phases in this regard are particulate solid phases
which facilitate easy manipulation and washing.
Magnetic solid phases and in particular magnetic
particles^eads are especially preferred. In order to
distinguish these solid phases from the solid phases
to which the ligands (target entities) may be attached
(as described above), such solid phases can be
referred to as "capture solid phases". Suitable
magnetic beads are available commercially from Dyno
Specialty Polymers AS of Lillestrm, Norway and Dynal
Biotech ASA. Particular examples of magnetic beads
which can be used in the methods described herein are
the M-450, M-270 or M-280 beads from Dynal Biotech
ASA, Norway. Ligand (target entity)-library member
(candidate binding partner) complexes can be captured
onto a solid phase by any appropriate method. A
preferred method in accordance with the AffiSelect
method involves the interaction of a capture molecule
on the solid phase with a partner molecule or tag
associated with the members of the expression library
(candidate binding partners), i.e. the capture step is
facilitated by a molecule or tag on the candidate
binding partner. In this way only ligands which are
bound to members of the expression library are
captured onto the solid phase. AUligands not binding
to members of the expression library can, if desired,
be removed by one or more steps of washing the solid
phase, or simply by separating the solid phase from
the reaction mixture after capture has taken place.
Thus, it can be seen that as the capture step is
facilitated by the expression library members rather
than the ligands, the isolation of the solid phase
from the rest of the mixture will allow the removal of
ligands which have not bound to library members. The
interaction between a capture molecule on the solid
phase and the partner molecule or tag on the
expression library member is conveniently based onan
affinity interaction, although any other appropriate
reaction may be used. For example, the members of the
expression library can be engineered to express one
component of the affinity interaction and the other
component can be attached to the solid phase by any
appropriate means. Preferred examples of such affinity
interactions are antibody-antigen interactions,
streptavidin-biotin interactions. Streptavidin coated
beads are commercially available and these can be used



to capture ligand-library member conjugates via the
presence of a biotin molecule in the library member
part of the conjugate. Alternatively, if the
expression library is a phage library then capture can
readily be achieved using a solid phase to which an
antibody to a phage surface protein has been attached,
e.g. anti gp8. Alternatively the library members may
be engineered to express a tag which is recognized by
an affinity partner that facilitates binding to the
solid phase. Examples of appropriate tags are c-myc
(or other antigen peptide tags) or His tags which can
be recognized by anti c-myc antibodies (or other
appropriate antibodies) and metal ions (for example
Ni2+ ) respectively, which can in turn facilitate
capture to the solid phase. Where antibodies are used
to facilitate capture, these can be attached to the
solid phase either directly or indirectly, e.g. via an
appropriate secondary or tertiary antibody such as an
anti IgG antibody. Capture can be effected in any
appropriate way depending on the reagents used. Thus,
the antibodies may be attached to the solid phase,
which is then brought into contact with the mixture
containing ligand (target entity)-library member
(candidate binding partner) complexes. Alternatively,
the antibodies may be allowed to bind to the library
members in the reaction mixture before the antibodies
are bound to the solid phase (e.g. via a secondary
antibody) to facilitate ligand-library member capture.
Indeed, this is a preferred embodiment of the AffiS
elect methods. Appropriate capture conditions in terms
of temperature and time can readily be determined by a
person skilled in the art. However, exemplary
conditions may comprise incubation for 10 minutes to 2
hours at room temperature or 40C (depending on the
stability of the ligand or library member), preferably
with gentle rocking, mixing or rotation. The amount of
solid phase to include, or the ratio of solid phase to
ligand to include in order to facilitate capture of
the ligand - library member complexes can be readily
determined by a person skilled in the art.One or more
washing steps can be carried out at any appropriate
stage in the AffiSelect method. For example, as
described above, a washing step (or at least a
separation step) is carried out after step (ii) in
order to remove ligands (target entities) which have
not bound to expression library members (candidate
binding partners). One or more steps of washing the
moieties with which the ligands are associated (e.g.
washing the cells or the solid phases with which the
ligands are associated), might also be carried out
after step (i), in order to remove expression library
members which have not become bound to ligand. Indeed,
such washing steps are preferred. Also, one or more
washing steps may be carried out on the moieties with
which the ligands are associated, or on the solid
phases, at other appropriate times during the course
of the method, e.g. to remove non bound entities. How
many wash steps to include can readily be determined
by a person skilled in the art. The step of detecting
the presence of a ligand (target entity) is carried
out by detecting the ligand directly or at least by
detecting an entity (not the library member) with
which the ligand is associated. This step provides a
contrast to prior art methods where detection
generally occurs by detection of the library member
which is bound to the ligand rather than the detection
of ligand. Detection of the presence of a
ligand/target entity (and therefore the presence of a
ligand-library member complex, as the non-complexed
ligands should have been removed by the capture step
as they will not have become bound to the solid phase)



is conveniently carried out by detecting the presence
of a reporter moiety on or associated with the ligand.
Appropriate reporter moieties are discussed above. As
described above, said reporter moieties are usually
present on or associated with all ligands, i.e. are
general labels for all ligands. Thus, as the same
reporter moiety is present on (or associated with)
each ligand, the presence of a positive signal
indicates the presence of a ligand-library member
conjugate and therefore a library member which is a
candidate binding partner for a ligand. It should be
noted however that if the reporter moiety is present
within a cell, i.e. in embodiments where the ligand is
a cell surface molecule, then this will have to be
exposed, e.g. by cell lysis or other means of cell
disruption, before detection can take place. Thus, in
these embodiments of the invention, where the
AffiSelect methods are used forfurther analysis of
candidate binding partners, the presence of a positive
signal provides a further indication of the presence
of a candidate binding partner which potentially binds
the relevant target entity. If more than one candidate
binding partner is present in the detection reaction
then further analysis can be carried out to determine
which of the candidate binding partners bind to the
target entity. Preferably however, as discussed above,
only one type of candidate binding partner will be
present in the detection reaction and thus the
presence of a positive signal will indicate the
presence of a candidate binding partner which
potentially binds the relevant target entity.
Appropriate methods of lysing/disrupting cells to
expose the reporter moieties which are for example
present in the nucleic acids contained within the
cells, are well known and described in the art. A
preferred lysis buffer for use in the AffiSelect
method involving eukaryotic cells contains proteinase
K, which digests protein and can remove histones from
the DNA before the detection step. Other proteases
might also be included in the lysis buffers for use in
the AffiSelect method. As described above PCR is the
preferred method of detection in the AffiSelect
method. However other appropriate methods of reporter
moiety detection could be used, e.g. probe
hybridisation, fluorescent beads, different size
beads, etc (see above). PCR is preferred because of
the high sensitivity of the method (even one ligand
(or cell) may be detected using PCR), and also because
it allows information to be obtained about the ligand,
for example sequence information (if for example the
ligand is associated with the nucleic acid encoding
it), or identification of the ligand if for example
the ligands are tagged with DNA molecules to enable
identification of the ligand, e.g. tagged with DNA
molecules of different sizes, or tagged with DNA
molecules with specific sequence tags which can be
used to specifically identify the ligand. Conveniently
the PCR reaction is carried out in solution (although
it could also be carried out on a solid phase) and the
presence or absence of a PCR product detected in
standard ways, such as on an agarose gel (for example
the E-gel 96 system, Invitrogen, makes it possible to
analyse 96 samples in 20-30 minutes).Generally the
samples are well mixed before carrying out the PCR (or
other detection step). Appropriate PCR primers to
amplify all or a portion of the reporter moiety are
selected according to the sequence of the reporter
moiety by methods well known and described in the art.
If the nucleic acid content of the assay wells is
appropriate, for example if the ligand is encoded for
by nucleic acid which has been 



transfected into cells using an appropriate expression
vector (which contains an appropriate reporter
moiety), or the ligand is associated with the DNA
encoding it, then PCR primers may be selected to
amplify the nucleic acid encoding the ligand sequence
as well as the reporter moiety. This can be
advantageous in that the PCR products can be cloned
directly into an appropriate vector for sequencing,
thereby resulting in the identification of the ligand
sequence. The detection of a positive signal, by PCR
or otherwise, is indicative of solid phases which
require further investigation. For example, if PCR is
carried out in solution in the wells of an assay
plate, a positive signal is indicative that the well
or wells in question contain at least one potential
binding partner for a ligand (target entity) which can
then be subjected to further analysis and
investigation. For example, the bacterial colonies (or
other library members) present in that well can be
subjected to thorough screening, e.g. by cell-ELISA to
identify the colony (library member) which expressed
the candidate binding partner for the ligand.
Appropriate analysis can then be carried out to
further identify and characterise the binding partner
at the gene and protein level. A positive signal,
generated by PCR or otherwise, is conveniently
determined by comparison to a background signal or a
known negative signal. Means and methods of measuring
and comparing said positive, background, and/or
negative signals are well known to a skilled person.
In embodiments where the target entities are cell
surface modules, preferred negative signals for
comparison are provided by carrying out the screening
on irrelevant or negative cells, e.g. cells which do
not express the target entities on their surface, or
express the target entities only at low levels. The
invention will now be described in more detail in the
following nonlimited Examples with reference to the
following Figures in which:Figure 1 shows FACS
analysis of candidate antibody clones 1 (scFvl) and 2
(scFv2) selected by the methods of the present
invention on mammary tumour cells and demonstrates
that both these clones bind to mammary tumour cells
thereby demonstrating that target antigens for both
these clones are expressed on mammary tumour cells.
Figure 2 shows a table of FACS analysis results to
assess the binding of candidate antibody clones 1
(column 2) and 2 (column 1) to different cell lines.
The results show that clone 1 is specific to the
breast carcinoma cell lines tested whereas clone 2
binds to tumour cell lines of different origin. Figure
3 shows polyclonal phage ELISA on lung carcinoma cell
line A-549 with phage dilutions after panning round
1-4 (R1-R4) using 2 washes and organic phase
centrifugation (org) and lectin coated magnetic beads
(beads). Figure 4 shows an example of AffiSelect PCR
results showing amplified beta-actin DNA in cases
where the tested scFv expression was binding to cells
(A- 549, HUVEC and PBL). Results of the same scFv
expression samples are shown (in the same order) on
the three cell types. Arrows mark the scFv expression
samples that showed tumor-specific DNA amplification.
Figure 5 shows a FACS result of one of the scFv found
after panning using 2 washes and organic phase
centrifugation. The scFv was tested on the same cell
types that were used in the panning and pre-panning
steps (A-549, HUVEC and PBL). Figure 6 shows a
filterscreening result for the antigen identification
with 



scFv 2. Five tumor cDNA expression samples are shown
(circles) with high binding signals towards the scFv
2-coated filter. These samples were negative on a
PBS/3% BSA-coated filter (not shown). EXAMPLES
Materials and methods Cells Two human breast carcinoma
cell lines (PM-I and MT-I, kindly provided by the
Department of Tumorbiology, Norwegian Radium Hospital
(DNR), Oslo, Norway),lung carcinoma cell lines (A-549,
ATCC CCL-185, kindly provided by Viventia Biotech
Inc.; SW900, ATCC HTB-59, kindly provided by the
Department of Tumorbiology, DNR), and an endothelial
cell line (HUVEC, ATCC CRL- 1730, kindly provided by
Viventia Biotech Inc.) were used for panning
experiments. Both breast carcinoma cell lines were
cultured in RPMI- 1640 medium (Cambrex) supplemented
with 10% FCS (Gibco BRL), 2mM L-glutamine (Cambrex)
and 1OmM HEPES (Cambrex). A-549 was cultured in Ham's
F12 (BioWhittaker) supplemented with 10% FCS and 2mM
glutamine. The endothelial cell line was cultured in
RPMI- 1640 medium supplemented with 10% FCS, 15 mg/1
endothelial growth factor supplement (Sigma) and 50
mg/1 heparin (Sigma). Cells were cultured at 37C with
5% CO2 and a humidified atmosphere. For each
experiment cells were washed with PBS, harvested with
ImM EDTA in PBS, washed once with PBS and counted. For
panning experiments, cells were either resuspended in
PBS/3% BSA (Sigma) or PBS/4% skimmed milk (Merck).
Peripheral blood lymphocytes (PBL) were isolated from
fresh human blood or buffy coats using lymphoprep
(Axis-Shield; see manufacturer's protocol for
details). Cells were washed once with PBS, counted and
resuspended in PBS/3% BSA or PBS/4% skim milk.
Lectin-coated magnetic beads M-450 epoxy beads (Dynal)
were coupled with lectin (WGA: Wheat Germ, Triticum
vulgaris; Calbiochem) according to manufacturer's
protocol. In short, epoxy -beads were washed and
subsequently incubated in 0.1M borate buffer, pH 8.5
with l Omg lectin/10 7 beads rotating overnight at
room temperature. Beads were washed three times with
PBS/0. 1% BSA and stored at 40C in PBS/0. 1% BSA/0.02%
sodium azide at 4xlO 8 beads/ml. Phage scFv display
library For the panning experiments an IgM scFv
library was used that was constructed from PBL of 6
healthy donors and cloned into a phagemid display
system based on pSEX 8 1 (Welschof et al., 1997, PNAS,
94:1902-1907, Lset, et al, 2005, J .Immunol. Methods
299:47-62) after N-terminally moving the HindIII site
of the linker, resulting in a 2 1 amino acid linker
sequence. Panning/Contacting Step To remove phages
binding to common cell proteins 3.75xlO 12 phages
(150ml library of approx. 2.5x1013 cfu/ml) was
incubated with 2x1 05-2x106/ml cells of non-tumor
origin in a blocked tube rotating for 1 hr at 4C (=
negative pre-panning). As blocking reagent either
PBS/3% BSA or PBS/4% milk were used. In one project
PBL were used for the negative pre-panning step. After
negative prepanning the PBL were washed twice with
block solution, after which the reduced phage library
plus two wash-supernatants were incubated with breast
tumor cells as described above (panning). 



In another project two negative pre-panning steps were
performed one after the other. In a first pre-panning
step, the library was incubated with PBL as described
above. After the first pre-panning the PBL were washed
twice with block solution, after which the reduced
phage library plus two wash-supernatants were
incubated with HUVEC in a blocked tube rotating for
1-2 hr at 40C as a second negative prepanning step.
After two washes of the second negative pre-panning,
the supernatant plus wash-supernatants were incubated
with lung tumor cells as described above (panning).
Washing/Separation Four methods were tested to
separate free phages from cell -bound phages: 1)
Single step organic phase separation according to the
BRASIL method (Giordano et al., 2001, supra): After
panning, 2xl50 ml of the tumour cell suspension were
directly layered on top of 2x300ml organic phase
solution (dibutyl phthalate:cyclohexane 9 :1 [v:v];
d=1.03 gml 1) . After centrifuging at lO.OOOgfor 10
min. at room temperature (RT), the tubes were snap
frozen in liquid nitrogen, the bottom of the tube was
sliced off and the cell pellet was transferred to
another (blocked) tube.2) As method 1, but with one or
two washing steps with 1ml PBS/0.4% BSA before
resuspension in 300ml PBS/0.4% BSA and organic phase
centrifugation. 3) Classical method: After panning,
the tumor cells were spun down (50Og, 5 min. 4C) and
the pellet was washed five times with 1ml PBS/0.4%
BSA. 4) Using magnetic beads After panning, the tumor
cells were spun down (50Og, 5 min. 4C), resuspended in
PBS/0. 1% BSA at 5xlO6 cells/ml and incubated with
lectincoated beads (1:4 cell.bead ratio) rotating for
20 minutes at 4C. The beads were washed 10 times in
1ml PBS/0. 1% BSA using a magnet and resuspended in
200ml PBS/0.1% BSA. Infection Cell pellets or beads
were added to 10 ml E.Coli XLl blue in log phase and
incubated at 37C for 15 min. at 60 rpm, then for 45
min at 200 rpm. Bacteria were plated at different
concentrations on LBTAG plates (LB added 30mg/ml
tetracyclin (T), lOOmg/ml ampicillin (A) and 10OmM
glucose (G)) for evaluation and on two large
rectangular plates (243x243x18 mm; Nunc) for later
packaging. AUplates were incubated overnight at 370C.
Packaging Bacteria from the two large plates were
harvested by scraping. The bacteria were propagated in
liquid culture, and the phagemid in those cells was
packaged into phage particles with M13 helper phage
(Stratagene), overnight at 30C. The next day, phages
were precipitated with PEG/NaCl and resuspended in 1ml
PBS of which lOOml phages (approx. 10 13 cfu) were
used for a new round of panning.Polyclonal pha e ELISA
After blocking 30 min. 4C with PBS/3% BSA, tumor cells
and PBL were incubated for 1 hr at 4C with lOOml
phages ( 1:10-1 :10 6 dilutions) from each panning
round. After 3 washes with PBS, the cells were
incubated for 1 hr at 4C with lOOml rabbit anti-Fd
(Sigma; 1:4000) antibody. After washing 3 times with
PBS, the ELISA was 



developed with a monoclonal horseradish peroxidase
(HRP) conjugated goat-antirabbit Ig antibody (Dako;
1:4000) and the substrate ABTS (Calbiochem). The
absorption was measured at 405 nm. (Similar
methodology was used where appropriate to carry out
ELISA assays with single phage as opposed to
polyclonal phage). Expression and purification of scFv
inE.Coli ScFv DNA from the panning round that showed
an increase in tumor -specific binding (polyclonal
phage ELISA) was cloned into the secretion vector
pHOG21 (Kipriyanov etal, 1997, J . Immunol. Methods,
200: 67-77) and individual scFv clones were expressed
in E.Coli XL-1-Blue as described previously (Dorsam et
al., 1997, FEBS Letters, 414: 7-13) or in 96 deep well
format (100-200 microliter volume). Deep well
expressions were performed overnight at 30C with ImM
IPTG (Sigma). The next day the plates were centrifuged
for 10 min. at4000rpm, 40C and the supernatants
(containing the expressed scFv) were used in further
experiments. In case the expression samples were to be
used in AffiSelect, the polyclonal collection of
cloned scFv DNA was transformed into competent XL-I
Blue E.Coli and plated on LB-TAG 22x22 cm bioassay
trays (Corning). Individual clones were picked using
QPix2 robot (Genetix, ltd., UK) into 384-well plates
containing LBTAG growth medium [30mg/ml tetracyclin
(T), lOOmg/ml ampicillin (A), 1% (w/v) glucose (G)]
added 4% glycerol and grown overnight at 37C. Single
scFv clones were re-inoculated in 384-well plates
containing LB-TAG medium and expressions were done
with lOOmM IPTG. The next day 50ml PBS/3% BSA was
added to each well (containing lOOml expression)
before centrifuging the plates. Expressed scFv were
tested for their binding to cells using 5 different
methods:I) SCFVELISA After blocking 30 min. 4C with
PBS/3% BSA, tumor cells and PBL were incubated for 1
hr at 40C with scFv (lOOml deep well expression or l
Omg/ml purified scFv). After 3 washes with PBS, the
cells were incubated for 1 hr at 4C with lOOml mouse
monoclonal HRP conjugated anti-c-myc (Invitrogen;
1:4000) antibody. After washing 3 times with PBS, the
ELISA was developed with the substrate ABTS and
measuring the absorption at 405 nm. 2) 8200 Cellular
Detection System (AppliedBiosystems), 5ml of 96 deep
well scFv expressions were tested in 384 well plates
containing 5xl0e4 tumor cells (PM-I) or PBL and
anti-c-myc -FMAT Blue (AppliedBiosystems) or a
combination of mouse anti-c-myc antibody (Invitrogen;
1.25mg/ml) plus goat anti mouse IgG-Alexa Fluor R647
(Molecular Probes; 2.5mg/ml). After 2-4 hour
incubation, binding of the scFv to the cells was
measured using the 8200 Cellular Detection System,
with the signal intensities of only secondary
antibody- and irrelevant scFv binding as negative
controls. 3) AffiSelect 5ml of 96 deep well scFv
expressions were tested on tumor cells (A-549), PBL
and HUVEC using the AffiSelect method. For this,
2.2xlO4 cells were pelleted (1600 rpm, 40C, 5 min.)
and incubated shaking for 1 hour at 40C together with
5ml expression sample and 45ml PBS/3% BSA. The cells
were washed with 150ml PBS/3% BSA and centrifugation
(1600 rpm, 40C, 5 min.). After the adding 50ml
anti-c-myc antibody (Invitrogen; 1:500) to the
pellets, the plates were incubated shaking for 1 hour
at 4C. 



The cells were washed twice as described before and
incubated shaking for 1 hour at 4C together with 25ml
M-450 pan mouse IgG bead (Dynal) suspension of 5xlO6
beads/ml (celLbead ratio = 1:5). After washing the
beads twice with lOOml PBS/3% BSA using a magnet, they
were resuspended in lOOml PBS/3% BSA and transferred
to a PCR plate. The bead samples were incubated
overnight at 55C in 30ml PCR buffer containing
proteinase K (200mg/ml), 0.45% Tween 20 and 0.45%
NP40, and stored afterwardsat -20 0C until use. After
heat-inactivating the proteinase K for 30 min. at 95C,
the samples were placed on a magnet and 5ml of the
supernatant was used for PCR with human beta-actin
specific primers. In this assay, the presence of a
beta-actin PCR product in a well signifies the
possible presence of an scFv expression clone which
has bound to cells. 4) FACS 1-5x1 05 cells were
stained for 1 hour at 40C with 50ml scFv deep well
expression. After washing 3 times with 150ml PBS and
centrifugation (1600 rpm, 5 min, 4C), the cells were
incubated with 50ml FITC-conjugated anti-c-myc
antibody (Invitrogen; 1:30) for 1 hour at 4C. Cells
were washed 3 times as described above, fixed with
200ml PBS/1-2% formalin (Sigma) and stored at 4C until
being measured with a FACS machine (Coulter). 5) Guava
IxIO5 cells were stained with 50ml scFv deep well
expression as described for FACS. To avoid
internalization, in some cases cells were fixed with
50ml PBS/1-2% formalin (30 min, 4C) and washed three
times with PBS (1600 rpm, 5 min., 4C) before
incubating the cells with the scFv expressions.
Visualization of the bound scFv was performed with an
FITC-conjugated anti-c-myc antibody as described for
FACS, or with a combination of anti-c-myc antibody (1
hour, 4C; 5mg/ml; Sigma) followed by three PBS washes
as described for FACS and an incubation with a
FITC-conjugated anti mouse IgG antibody ( 1 hour, 4C;
1:200; Dako). After three PBS washes and fixation as
described for FACS, the samples were stored at 40C
until being measured with a Guava EasyCyte (Guava
Technologies). Cellular filter screening experiments
Test-strips To determine the optimal concentration of
cells for immobilization onto nitrocellulose membranes
(Schleicher & Schuell), test strips (approx. 6x4 cm)
were coated for 2 hrs at RT with different amounts of
cells (5xl0 4-5xl0 6 cells/ml) in PBS. After washing
twice with PBS, the membranes were incubated with a
mousemonoclonal auti-MHC class I antibody (Dako;
1:600) for 1 hr at RT. Coated cells were visualized by
incubation with a HRP-conjugated rabbit-anti-mouse Ig
antibody (Dako; 1:10.000) and ECL detection
(Amersham). Test array ScFv clones that have been
shown earlier to be positive in cell ELISA were tested
in a filter screening assay (Stacy et al, 2003, J.
Immunol. Methods, 283 :247 -259). In short, scFv
clones were arrayed onto a nitrocellulose filter.
After overnight expression with IPTG the scFv were
tested for their binding to a cell-coated filter. The
filters were incubated with a mouse monoclonal
anti-MHC class I antibody ( 1:600) and binding was
visualized by an HRP- conjugated anti-c-myc antibody (
1:10.000) and ECL detection. Five different blocks
(PBS/2% BSA, PBS/4% skim milk, SuperBlock (Pierce),
Casein Blocking Buffer (Sigma), 2% Blot Block (BDH)) 



were tested for their reduction in background signal.
Antigen identification Construction of tumor cDNA
library andpanning A cDNA phage display library was
constructed as described before (Fossa et al., 2004,
Cancer Immunol. Immunother., 53 :43 1-438) from tumor
cell line SW900. To find the antigen corresponding to
a scFv of interest, biopanning was performed on scFv
coated maxisorp tubes (Nunc). In short, maxisorp tubes
were coated rotating overnight at 4C with l Omg/ml
scFv in PBS/3% BSA or PBS/4% milk. The next day the
cDNA phage display library was blocked for 15 minutes
in PBS/3% BSA or PBS/4% milk before adding into the
scFv coated tubes. After incubating the library
rotating for 2 hr at RT, the tubes were washed 10x
with PBS/0.05% tween followed by 10 washes with PBS.
Binding phages were eluted by incubating the tubes 5
minutes rotating with 500ml 10OmM TEA (Sigma). After
neutralizing the eluted phages with 500ml IM Tris-HCl
pH 7.5, 500ml was used for the infection of 10ml XLl
-Blue (as described above). After packaging as
described previously, the phages were used for a new
round of panning on scFv coated tubes. Recovered
phages from 3 rounds of panning were tested in a
polyclonal phage ELISA (see above) on scFv coated
maxisorp plates (Nunc).Filter screening of expressed
tumor cDNA clones The tumor cDNA from the panning
round that showed an increase in scFv-specific binding
(polyclonal phage ELISA) was amplified by PCR and
cloned into a modified secretion vector pHOG21
containing an HA tag. Tumor cDNA clones were arrayed
onto a nitrocellulose filter and after overnight
expression with IPTG tested for their binding to a
scFv coated filter (de Wildt, RM et al, Nat.
Biotechnol. 2000, 18(9), 989-994). The filters were
incubated with a mouse monoclonal anti-HA antibody
(0.2mg/ml; Roche) and binding was visualized by an
HRP- conjugated rabbit anti-mouse antibody (1:10000;
Dako) and ECL detection. Example 1 - Testing the
BRASIL method Two breast cancer cell lines and PBL
were centrifuged through an organic phase after 1-2
hour incubation with the phage-library, and their
recovery in aqueous (upper phase) and organic layer
(pellet) after organic phase centrifugation was
tested. As a negative control 10 u phages were
centrifuged to evaluate the number free phages that
slip through the organic phase. Recovery after panning
on human tumor cell lines (PM-I and MT-I) and PBL was
tested. It turned out that PBL have to be freshly
isolated. Thawed PBL from a frozen aliquot tend to
become sticky during the panning procedure. After
centrifugation 75 % (PM-I), 97 % (MT-I) and 7 1 %
(PBL) was found in the cell pellet of the organic
phase. These percentages are too high to have a
biological significance; it is expected that only a
few percent of a whole nave antibody library will bind
to cell surface proteins of a given cell type. The
number of free phages that slip through the organic
phase was only 2xlO 5% and can be ignored in the
future. Thus, the BRASIL method turned out to be not
useful as such: by using only organic phase
centrifugation as the separation step, too many
(non-specific) binders were found in the cell
pellet.Example 2 - Comparison of four methods to
separate free phages from cellbound phages 1) Single
step organic phase separation based on the BRASIL
method (Giordano et al, 2001): 



After panning, 2xl50 ml of the tumour cell suspension
were directly layered on top of 2x3 00ml organic phase
solution (dibutyl phthalatexyclohexane 9:1 [v:v];
d=1.03 gml "1) . After centrifuging at lO.OOOgfor 10
min. at room temperature (RT), the tubes were snap
frozen in liquid nitrogen, the bottom of the tube was
sliced off and the cell pellet was transferred to
another (blocked) tube. 2) As method 1, but with one
or two washing steps with 1ml PBS/0.4% BSA before
resuspension in 300ml PBS/0.4% BSA and organic phase
centrifugation. 3) Classical method: After panning,
the tumor cells were spun down (500g, 5 min. 4C) and
the pellet was washed five times with 1ml PBS/0.4%
BSA. 4) Magnetic beads: After panning, the tumor cells
were spun down (500g, 5 min. 4C), resuspended in
PBS/0. 1% BSA and incubated with lectin-coated beads (
1:4 cell .bead ratio) rotating for 20 minutes at 40C.
The beads were washed 10 times in 1ml PBS/0. 1% BSA
using a magnet and resuspended in 200ml In a first
experiment the new method (2) was compared to the
BRASDL method (1) and the classical method of 5
washing steps (3). The tumour cells used were the PM-I
breast carcinoma cell line and negative pre-panning
with PBL was carried out as described in the Materials
and Methods section.In another experiment a direct
comparison was made between method (2) and the use of
lectin-coated magnetic beads to separate free phages
from cell -bound phages (method 4). The tumour cells
used were the A-549 lung carcinoma cell line and
negative pre-panning with PBL and HUVEC was carried
out as described in the Materials and Methods section.
Comparison of methods 1, 2 and 3: After 4 rounds of
panning, separation (using method 1, 2 or 3, as
appropriate), infection and packaging, a polyclonal
phage ELISA was performed separately on phages
recovered from each of the 4 rounds to detect an
increase in phages binding to the tumor cells but not
to the PBL. After only 2 rounds of panning such an
increase was seen with method 2, whereas method 1 and
3 showed an enrichment after 4 and 3 rounds,
respectively. After subcloning into the expression
vector pHOG21 a scFv ELISA was performed with 95
clones from round 3 of each method. Method 2 turned
out to be best method considering not only the time
point of enrichment (round 2) and but also the amount
of scFv binders (39/95) as compared to method 1 (round
4, 11/94) and method 3 (round 3, 27/95). Comparison of
methods 2 and 4: Results of the polyclonal phage ELISA
revealed that after only 2 rounds of panning an
increase in phages binding to the tumor cells was seen
with both method 2 and 4 . In contrast, method 2
showed an increased enrichment (curve is going up
after diluting the phages 10 2) after the third and
fourth round of panning when compared to method 4
(Figure 3). Thus, method 2 (i.e. the method of the
invention) shows significant advantages over prior art
methods, especially in terms of being able to conduct
fewer rounds of panning and identifying more positive
clones. Example 3 - Successful panning projects using
organic phase separation after 1 



or 2 washes.Two panning projects have successfully
used the combination of 1 or 2 washes and organic
phase separation: 1) Breast carcinoma project A breast
carcinoma cell line (PM-I) has been used for panning
with a phage scFv display library. Negative
pre-panning was performed on fresh human PBL as
described in the Materials and Methods section. In
these experiments the effect of washing before organic
phase centrifugation and its comparison with the
classical method was investigated (see above). After
one wash and organic phase centrifugation, single
phages as well as scFv from round 3 of panning were
tested for its specificity in cell ELISA and FACS
measurements against PBL and the tumor cell line.
Three unique and tumor cell line-specific clones were
found (clones 1, 2 and 3). Testing single scFv
expressions with the 8200 Cellular Detection System
and Guava measurements, five more unique and tumor
cell line-specific clones were found (data not shown).
Closer investigation of the first three clones at the
Norwegian Radium Hospital (DNR, Oslo, Norway) in FACS
experiments showed that one scFv clone (1) binds
primarily breast carcinoma cell lines, whereas another
scFv clone (2) binds to tumor cell lines of different
origin, e.g. prostate, glioblastoma, lung and
colorectal tumour cell lines (Figures 1 and 2).
Results have also shown that the target antigens for
both these clones on tumour cells are not Her-2/neu,
EGF-R nor CEA, thereby suggesting that they might
recognise a novel tumour antigen. FACS and confocal
microscopy data showed that in this case both scFv
clone 1 and 2 bind to internalizing antigens. Thus, it
can be seen that the methods of the invention can be
used to identify specific binding partners (in this
case scFv antibody fragments) for molecules expressed
on the surface of cells. 2) Lung carcinoma projectA
lung carcinoma cell line (A-549) has been used for
panning with a phage scFv display library. Negative
pre-panning was performed on fresh human PBL and an
endothelial cell line (HUVEC) as described in the
Materials and Methods section. In these experiments a
direct comparison was made between the method using 2
washings before organic phase centrifugation (method
2) and the method using lectin-coated magnetic beads
for separation of free from cell-bound phages (method
4). After two washes and organic phase centrifugation,
scFv expressions from round 3 of panning were tested
for its specificity in AffiSelect and cell ELISA
against PBL, HUVEC and the tumor cell line A-549
(figure 4). As shown in the example of figure 4, eight
scFv expression samples tested against the tumor cell
line showed PCRamplified beta-actin DNA, whereas no
such product was seen with HUVEC and PBL. This shows
that in this case 8 of the tested scFv samples were
binding to the tumor cell line, but not to HUVEC or
PBL. After confirming tumor cell line-specific binding
by FACS (Figure 5 shows an exemplary clone) and Guava
measurements (data not shown), ten unique and tumor
cell line-specific clones were found. Thus, it can
again be seen that the methods of the invention can be
used to identify specific binding partners (in this
case scFv antibody fragments) for molecules expressed
on the surface of cells. Example 4 - Testing different
brands of PCR tubes 0.5 ml thin walled PCR tubes of
different brands were tested for their stability 



during organic phase centrifugation and cutting after
freezing. 0.5 ml thin-walled Eppendorf PCR tubes
(#0030 124.502) and Axygen PCR-05-C (#321-05-051) were
the best tubes tested. After freezing the organic
phase, tubes had to be cut just above the V-shaped
area to avoid splitting of the tube.Example 5 - Effect
of organic phase on phage infectivity 10 and 10 phages
together with 100 and 200ml organic phase were used to
infect 10 ml of E.CoIi XLl-Blue (Stratagene) in log
phase. Bacteria were incubated at 37C for 15 min. at
60 rpm, then for 45 min at 200 rpm and plated at
different concentrations on LBTAGplates. After
overnight incubation at 37C the number of colonies was
counted. Working with low phage-titer (10 8 compared
to 10 11), the presence of organic phase had a
negative effect (reduction of app. 50%) on the
infectivity rate. At high phage titer, no such effect
was seen. As it can be seen from the results and
discussion herein, with the described methods for
screening antibody expression libraries with cells,
screening for antibodies is not dependent on the
availability of purified and/or recombinant antigen
and even new cell type-specific antigens can be
discovered. The combination of cellular panning using
the methods of the invention in combination with
cellular filter screening or other methods, such as
AffiSelect or the 8200 Cellular Detection System
(Applied Biosystems), thus provide a technology
platform for high-throughput screening and selection
of antibodies against cell surface antigens. Example 6
- Target identification of tumor specific clones from
successful panning projects using organic phase
separation after 1 or 2 washes. Two scFv clones (clone
1 and 2, see Figures 1 and 2) from the breast
carcinoma panning project using organic phase
centrifugation after 1wash were used for the
identification of their target entities. For the
target identification a tumor cDNA phage display
library was constructed from a positive cell line
(SW900; highly expressing antigens to both scFv 1 and
2). This library was then used for panning on tubes,
coated with scFv 1 and 2respectively. After 3 rounds
of panning, expressions of single tumor cDNA clones
were tested by fiiterscreening for their binding to
scFv 1 and 2 coated fil ters. In case of scFv 2
antigen identification, 5 tumor cDNA clones were found
that bind to the scFv 2-coated filter (Figure 6).
Sequence analysis showed that all 5 clones correspond
to the same nucleotide sequence. In case of scFv 1
antigen identification, 12 tumor cDNA clones showed
binding to the scFv 1-coated filter (data not shown).
Binding of the tumor cDNA clones to the scFv was
verified by ELISA on scFv coated plates.In addition,
both scFvs 1 and 2 are now used in immune
precipitation experiments, 1 and 2D PAGE, peptide
extraction and mass spectrometry analysis. Thus, it
can be seen that the methods of the invention can
further be used to identify target entities (in this
case target antigens) which interact with the binding
partners identified by the improved organic phase
separation methods described herein.Claims 1. A method
of screening a library of molecules to identify or
select one or more members thereof which are candidate
binding partners for one or more target entities
comprising: (a) contacting an expression library with
one or more target entities; (b) subjecting said
target entities to at least one washing step; (c)
separating target entities which have become bound to
one or more 



members of the expression library from unbound members
of the expression library by separation through an
organic phase, thereby separating candidate binding
partners for said target entities from other library
members. 2. The method of claim 1wherein said
expression library is a phage display library. 3. The
method of claim 1 or claim 2 wherein said expression
library is an antibody expression library. 4 . The
method of claim 3 wherein said antibody expression
library comprises scFv antibodies. 5. The method of
any one of claims 1 to 4 wherein said target entity is
a cell surface molecule or a molecule which is
attached to a solid phase. 6. The method of claim 5
wherein said cell surface molecule is provided as a
component of whole cells or as a membrane fraction of
cells. 7. The method of any one of claims 1 to 6
wherein said target entity is an antigen. 8. The
method of any one of claims 5 to 7 wherein said cells
are transformed or transfected with nucleic acid
encoding said target entity or are transformed
ortransfected with nucleic acids encoding a library of
target entities, or are cells which overexpress said
target entity. 9. The method of any one of claims 5 to
8 wherein said cells are eukaryotic cells. 10. The
method of any one of claims 5 to 9 wherein said cells
are associated with a disease state. 11. The method of
any one of claims 5 to 10 wherein said cells are
cancer cells. 12. The method of claim 5 wherein said
solid phase is a particulate solid phase. 13 . The
method of any one of claims 1 to 12 wherein more than
one target entity is provided in step (a). 14. The
method of any one of claims 1 to 13 wherein at least
2, at least 3, or at least 4 washing steps are carried
out in step (b). 15. The method of any one of claims 1
to 13 wherein 1, 2, 3 or 4 washing steps are carried
out in step (b). 16. The method of any one of claims 1
to 15 wherein said separation through an organic phase
is carried out by centrifugation. 17. The method of
any one of claims 1 to 16 wherein said method further
comprises one or more pre-panning steps carried out
before step (a) of the method, wherein said expression
library is contacted with one or more non-relevant
entities. 18. The method of any one of claims 1 to 17
wherein steps (a) to (c) are repeated one or more
times.19. The method of any one of claims 1 to 18
wherein steps (a) to (c) are repeated 1, 2 or 3 times.
20. The method of any one of claims 1 to 19 wherein
said target entities which are bound to one or more
members of the expression library are subjected to
further analysis. 21. The method of claim 20 wherein
said further analysis is a further analysis of the
candidate binding partners and/or the target entities.
22. The method of any one of claims 1 to 2 1 further
comprising a step wherein said candidate binding
partners are detached, removed, eluted, or isolated
from said target entities, or are expressed or
produced in isolation from said target entities. 23.
The method of claim 2 1 or claim 22 wherein said
further analysis of the candidate binding partners
comprises the steps of: i) contacting one or more of
said candidate binding partners in solution 



with one or more target entities; ii) capturing target
entities which have become bound to one or more of the
candidate binding partners onto a solid phase; and
iii) detecting the presence of a target entity,
thereby detecting the presence of one or more
candidate binding partners for the target entity. 24.
The method of claim 23 wherein said target entity is
as defined in any one of the preceding claims. 25. The
method of claim 23 or claim 24 wherein said candidate
binding partners comprise a tag or marker to
facilitate the capture step (ii). 26. The method of
any one of claims 23 to 25 wherein said target
entities contain or are associated with a reporter
moiety to enable the detection of the target
entities.27. The method of claim 26 wherein said
reporter moiety is a DNA molecule. 28. The method of
claim 26 or claim 27 wherein said target entity is a
cell surface molecule and said reporter moiety is a
DNA molecule present in the cells on which the target
entity is expressed. 29. The method of claim 27 or
claim 28 wherein said DNA molecule is an endogenous
housekeeping gene or is an exogenous reporter moiety.
30. The method of any one of claims 23 to 29 wherein
said solid phase in step (ii) is magnetic and
preferably particulate. 31. The method of any one of
claims 23 to 30 wherein said capture step is
facilitated by an interaction between a capture
molecule on the solid phase with a tag or molecule
associated with the candidate binding partner. 32. The
method of any one of claims 23 to 31wherein said
detection step is carried out by detecting the
presence of a reporter moiety on or associated with
the target entity. 33. The method of claim 32 wherein
the detection step is by PCR. 34. A method for
isolating and/or identifying an unknown target entity
comprising the steps as defined in any one of claims 1
to 33 and further comprising: (d) isolating one or
more expression library members which bind to said
unknown target entity and (e) using said library
member to isolate and/or identify the target entity to
which it binds. 35. A method of selecting, identifying
and/or isolating a library member which is a specific
binding partner for a target entity, or a method of
selecting, identifying and/or isolating a target
entity, from an expression library, said method
comprisingthe steps as defined in any one of claims
1to 33 to select molecules which display certain
properties and optionally (e) identifying and/or
isolating the relevant library member(s) which are
specific binding partners for the target entity and
optionally (f) using said library member to identify
and/or isolate the target entity to which it binds.
36. The method of claim 34 or claim 35 wherein step
(e) of claim 34 or step (f) of claim 35 comprises
using said library member to screen a cDNA library
prepared from cells on which the unknown target entity
is expressed. 37. The method of any one of claims 1to
36 further comprising the step of manufacturing or
expressing said binding partner or target entity, or a
component, fragment, variant, or derivative thereof,
and optionally formulating said binding partner or
target entity with at least one pharmaceutically
acceptable carrier or excipient. 



38. Binding partners or target entities identified,
selected, isolated, manufactured, expressed or
formulated using a method as defined in any one of
claims 1 to 37. 39. Use of a binding partner or target
entity identified selected, isolated, manufactured,
expressed or formulated using a method as defined in
any one of claims 1 to 37 for in vitro assays or in
vitro diagnosis assays. 40. Use of a binding partner
or target entity identified, selected, isolated,
manufactured, expressed or formulated using a method
as defined in any one of claims 1 to 37 in the
manufacture of a medicament or composition for use in
therapy or in vivo diagnosis. 41. A method of
treatment of a patient comprising the administration
of an appropriate dose of a binding partner or target
entity identified, selected, isolated, manufactured,
expressed or formulated using a method as defined in
any one of claims 1 to 37. 


