- 1 BENZIMIDAZOLE COMPOUNDS AND THEIR USE AS 5
CHROMATOGRAPHIC LIGANDS BACKGROUND OF THE INVENTION
Immunoglobulins or antibodies constitute a very important class of
proteins which are present in various body fluids of mammals, birds and
fish functioning as protective agents of the animal against substances,
bacteria and virus challenging the 10 animal. Immunoglobulins are
typically present in animal blood, milk, andl-saliva as well as other body
fluids and secretions. The biological activity, which the immunoglobulins
possess, is today exploited in a range of different applications in the
human and veterinary diagnostic, health care and therapeutic sectors. 15
All the above mentioned applications of immunoglobulins require some
sort of isolation of the antibody from the crude raw material, but each kind
of application has its own varying demands with respect to the final purity
and allowable cost of the antibody product. Generally, there exists a very
broad range oBdiferEvit Drediuids avai@ole) foD 2B N0 TUIFIRIUSE AS

5 immunoglobulins giving ¥R MaaH@ERAP Hf final(puriss, yields and
cost of the product. Traditional methods for isolation of immunoglobulins
are based on selective reversible precipitation of the protein fraction
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15 All the above mentioned applications of immunoglobulins require some sort
of isolation of the antibody from the crude raw material, but each kind of application
has its own varying demands with respect to the final purity and allowable cost of
the antibody product.

Generally, there exists a very broad range of different methods available for

20  isolation of immunoglobulins giving a very broad range of final purities, yields and
cost of the product.

Traditional methods for isolation of immunoglobulins are based on selective
reversible precipitation of the protein fraction comprising the immunoglobulins
while leaving other groups of proteins in solution. Typical precipitation agents

25  being ethanol, polyethylene glycol, lyotropic (anti-chaotropic) salts such as
ammonium sulfate and potassium phosphate, and caprylic acid.

Typically, these precipitation methods are giving very impure products while
at the same time being time consuming and laborious. Furthermore, the addition of

the precipitating agent to the raw material makes it difficult to use the supernatant



5 fractionation frequently used for isolation of immunoglobulins. However,
this method is not generally applicable because of the restraints in ionic
strength and pH necessary to ensure efficient binding of the antibody
together with the varying isoelectric points_of different immunoglobulins.
Protein A and Protein G affinity chromatography are very popular and 10
widespread methods for isolation and purification of immunoglobulins,
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Therefore, there is a need for new methods for isolation and purification of

20  immunoglobulins.

SUMMARY OF THE INVENTION
The invention is based upon the discovery that solid phase matrix, formed by
linking certain substituted benzimidazole ligand to a solid phase material, can be
utilized in a method for the isolation and/or purification of immunoglobulins of
25  different kinds from widely different raw materials with high efficiency and with
special advantages with respect to the use of little or no salts, especially lyotropic
salts, in the binding process and with respect to the ability to bind a wide range of
inmunoglobulins. Furthermore, these matrices have special advantages with respect
to stability in NaOH, which is especially relevant when the solid phase matrices are
30  to be regenerated after use.
One embodiment of the present invention is directed to a method for the

isolation of immunoglobulins from a solution containing one or more



solution; c) optionally washing the solid phase matrix; and d) contacting

the solid 5 phase matrix with an eluent in order to liberate the one or more
immunoglobulins from the solid phase matrix. M designates the matrix
backbone, SP designates a spacer, and k designates a ligand

represented by structural formula (I): N N H (I), 10 or a tautomer thereof,
wherein: Rl is -Z-N(R3)2, -Z-SR3, or -Z-OR3; R2 is -H, -halogen (e.g, -F,
-Clinﬁmmﬁgﬂc)btﬂ)mcewiﬁﬂsi@ky) ecbmztin@fhekbldﬂéﬁia)ﬁ(@hhh@%ﬁ pinore
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to A%fcp I S(glh }gsoet 2- mercapto -5-nitro-benzimidazole,
2- amlno enzimidazole X25 mercaptobenzimidazole, and

2- am|norriﬂtkiybilgamwmlﬁamtaxﬁaelmwﬂﬂ’imelgjmteiwﬁpacmmidiésdasignates
SO|Id hage matrlx cz‘&},prtlsm alfl funlct 1alized matrix backbone

carrylﬁg a p?B Tety 0 {%nafgroups re@;}sented by the following

formula: M-SP-L. The preﬁ%ﬁl%/ tion is also directed to a compound

represented by the X N

or a tautomer thereof, wherein:
R, is -Z-N(R3),, -Z-SR3, or —Z-OR3;
R, is -H, -halogen (e.g, -F, -Cl, -Br, or —I), -OR4, -NH,, -alkyl, -NO,,
-SO;H, -N(R3)C(O)N(R3)2,

N llol : N Hﬁ,
N —N N _—N \R
53
Rj, for each occurrence, is independently —H or an optionally
substituted alkyl;
R4, for each occurrence, is independently —H or an optionally
substituted alkyl;
Rs, for each occurrence, is independently —H or an optionally
substituted alkyl;
Z is a single bond, an optionally substituted alkylene, an optionally
substituted alkenylene or an optionally substituted alkynylene;
n is an integer from 0 to 4,
provided L is not 2-mercapto-5-nitro-benzimidazole, 2-amino-benzimidazole, 2-

mercaptobenzimidazole, and 2-aminomethyl-benzimidazole.

The present invention further provides a solid phase matrix, comprising a
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following structural formulas: /N N /N N HN\N/\ HN\\ NHp N ~CHpNHp
NHN 2H Zzz~N/N N VAHNN or\SH NH 5 3 The solid phase
matrix and the method of the present invention can be used to isolate
and/or purify immunoglobulins with high_gfficiency and high purity.
DETAILED DESCRIPTION OF THE INVENTION 10 The present

invention is directed to a method of isolating and/or purifying
imrfuncaglebubd comiprisinkboantextinig @asplutadiycaifiaintigdngapmnefaesented
immuno ulins with sqlid matrices described herein. The present
inve%@?)er?%gﬁ% 318%%16}@3 'tlc§Ef t[;?g "s?b'lid phase matrices described herein.
Thus, the Tedipitions ibetaviorelatdsto direcmé tihadcaagardidg ¢prisented by the
inv%][io%\i as S\{vr%gtﬁgaf% Otpngu?glid phase 15 matrices according to the

[ invVertion is also directed to certain ligands for

invention. The presen
making the so ase matrices described herein. Solid Phase Matrices
As describedNﬁbov , the method according to thé& invention includes the
use 20 of a solidph ix; Where the'Sqli atrix comprises a
functionalized >Nk, N \>7

N CH2NH2

N

- -

The solid phase matrix and the method of the present invention can be used

to isolate and/or purify immunoglobulins with high efficiency and high purity.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a method of isolating and/or purifying
immunoglobulin comprising contacting a solution containing one or more
immunoglobulins with solid phase matrices described herein. The present invention
is also directed to the solid phase matrices described herein. Thus, the definitions
below relate to the method according to the invention as well as to the solid phase
matrices according to the invention. The present invention is also directed to certain

ligands for making the solid phase matrices described herein.

Solid Phase Matrices

As described above, the method according to the invention includes the use
of a solid phase matrix, where the solid phase matrix comprises a functionalized
matrix backbone carrying a plurality of functional groups represented by the

following formula:
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matrix backbone carrying a plurality of functional groups represented by
the following formula: 5- M-SP-L, wherein M designates the matrix
backbone, SP designates a spacer, and L designates a ligand
represented by the structural formula (I): §~RZ\N N H 5 or a tautomer
thereof, wherein R1 is -Z-N(R3)2, -Z-SR3, or -Z-OR3; R2 is -H, -halogen,
-OR4, -NH2, -alkyl, -NO2, -SO3H, -N(R3)C(O)N(R3)2 or N\/N RS-N\ or
N\\ NON WMR&R3, for each occurrence, is independently -H or an
optignall bstituted 1 aIk(}‘.R4 for each,gcecurrence, is independently .
P e sl o R S NS e ST Wb igmate
inde pemaké ntpyreddroedhyopiionakyusaibeitutdd (Iadkyl; 15 Z is a single bond,
an optionally substituted al[:glézne, an optionally substituted alkenylene or
an optionally substituted alky is an integer from O to 4; provided L
is not 2-mercapto-5-nitro-benzfinidazo -am\yo-benzimidazole, 2-
mercaptobenzimidazole, and Y;minom thyl-belyzimidazole. 20 In one
embodiments, R1 is -Z-N(R3) -Z-@R3. In another
embodiment, R1 is NH2, -SH, -C H or-CI—Q-NHZ. In one embodiment,
Z is a single bond, an optionally substituted alkylene, an’optionally
sulsstitiaetpaikeprend, whapioptionally substituted alkynylene. In another

embodim%tig_is_@(&l gl_@_gkxlgpgzl_@)ﬁgpther embodiment, Z is a CI-C5
R, is -H, -halogen, -OR4, -NH,, -alkyl, -NO,, -SOsH, -N(R3)C(O)N(R3); or

. /N\ 211% /N\ HH“
* \j TN

Rj, for each occurrence, is independently —H or an optionally substituted

alkyl;

Rs -

3

R4, for each occurrence, is independently —H or an optionally substituted

alkyl;

Rs, for each occurrence, is independently —H or an optionally substituted

alkyl;

Z is a single bond, an optionally substituted alkylene, an optionally

substituted alkenylene or an optionally substituted alkynylene;

n is an integer from 0 to 4;
provided L is not 2-mercapto-5-nitro-benzimidazole, 2-amino-benzimidazole, 2-
mercaptobenzimidazole, and 2-aminomethyl-benzimidazole.

In one embodiments, R; is -Z-N(R3),, -Z-SR3, or —Z-ORj. In another
embodiment, R; is -NH,, -SH, -CH,SH or —-CH,-NH,.

In one embodiment, Z is a single bond, an optionally substituted alkylene, an
optionally substituted alkenylene, or an optionally substituted alkynylene. In
another embodiment, Z is a C1-C10 alkylene. In another embodiment, Z is a C1-C5
alkylene. In another embodiment, Z is a single bond.

In one embodiment, R,, for each occurrence, is independently -H, -halogen,
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25 alkylene. In another embodiment, Z is a single bond. In one
embodiment, R2, for each occurrence, is independently -H, -halogen, -6-
-OR4, -NH2, -alkyl, -NO2, -SO3H, -N(R3)C(O)N(R3)2, N\\ /N RS-N\or N
\ NON\N/N Rs In one embodiment, R2 {s/N\/N RS-N\ or N\ NON N~
Rs . Preferably, R5 is H. In 5 another embodiment, R2 is -H. In another
embodiment, R2 is a CI-CIO alkyl. In another embodiment, R2 is a CI-C5
alkyORg, oNél g rrdioglini ar;, RSO {6t els CR;pCODIN(RSS;, is independently -H or
an optionally substituted alkyl. In one embodiment, R3 is -H. In another
embodiment, R3is g CI-CIggKyI. In another emRodimjﬂ%EB is a CI-C5
alkyl. 10 In one embo R4, for each occurr, ig"Independently -H
or an optioRatty substituted alkyl. In gpe embogiment, R4 is -H. In another
embodiment, R4\|‘s zg— 10 alkyl. In another e?ﬁbodi nt, R4 is a CI-C5
alkyl. In one embodiment, R5, for each occurrencmﬁnd‘qpendently -H or
an optionally substituted alkyl. In one embodiment, R5 is “H. In another
emhmoatimenbodBRE,i8aiCI-ClO alkyl. In another embodiment, R5 is a
CI-C5 alkyl. In one gmbodiment, n is an integer from O to 4. In another
embodimentyn is 1%%‘?r!other embodimeqt, n is%\g\ a specific
embodimep, <210 alkyl; R3, for gac urrénce, is

inthly -H ¢r a CI-CIO glkyl; R4 \for each|occurrence, is
independently-H 20 or a CI-C10 alkyl; R§, f())rq@ch occurrence, is

independently -H or a CI-CIO alkyl. In anotNér spe};ifgc emp&%mgl%égqﬁ In

CI-C5 alkyl; R3, for each occurrence, is independently -H or a
alkghoter fonleedmecclirendd; ibiatetbendahtigdinpensr Re Gl bl ik aligy]. In

for GRGhePERHEANAEAISHERPendestin or a CI-CS alkyl.

In one embodiment, R3, for each occurrence, is independently —H or an

optionally substituted alkyl. In one embodiment, R3 is —H. In another embodiment,
Rsis a C1-C10 alkyl. In another embodiment, R; is a C1-C5 alkyl.

In one embodiment, R4, for each occurrence, is independently —H or an
optionally substituted alkyl. In one embodiment, R4 is —H. In another embodiment,
R4 is a C1-C10 alkyl. In another embodiment, R4 is a C1-C5 alkyl.

In one embodiment, Rs, for each occurrence, is independently —H or an
optionally substituted alkyl. In one embodiment, Rs is —H. In another embodiment,
Rsis a C1-C10 alkyl. In another embodiment, Rs is a C1-C5 alkyl.

In one embodiment, n is an integer from 0 to 4. In another embodiment, n is
1. In another embodiment, n is 0.

In a specific embodiment, Z is a C1-C10 alkyl; Rs, for each occurrence, is
independently —H or a C1-C10 alkyl; R4, for each occurrence, is independently —H
or a C1-C10 alkyl; Rs, for each occurrence, is independently —H or a C1-C10 alkyl.

In another specific embodiment, Z is a C1-C5 alkyl; R3, for each occurrence,
is independently —H or a C1-C5 alkyl; R4, for each occurrence, is independently —H
or a C1-C5 alkyl; Rs, for each occurrence, is independently —H or a C1-C5 alkyl.

In another specific embodiment, ligand L is represented by structural formula
(I), wherein Z is a single bond; n is 1 and other variables are as described above for

structural formula (I). In a more specific embodiment, Z is a single bond; n is 1; R3,
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In another specific embodiment, ligand L is represented by structural
formula 25 (1), wherein Z is a single bond; n is 1 and other variables are
as described above for structural formula (I). In a more specific
embodiment, Z is a single bond; nis 1; R3,-7- for each occurrence, is
independently -H or a C1-C10 alkyl; R4, for each occurrence, is
independently -H or a CI-CIO alkyl; and R5, for each occurrence, is
ind&pendeotyudrencen i€1xddfeadentl yn-Bhathe MO0 sitetific, cimbediment,

Zis a single bond; n is 3, for each,occurr end H or
2 s e s o T A LB o e, i
alkyddepch 5 fpr Haeta 6¢eﬁ]m(emkb@1 |§M&nmntb/sﬂd®ﬂaeﬁilkﬁ5lm&yﬂ Zisa

In ano specific e igand L is. re en d e str

For R U e R e R R ) S g
(I Riofor ad:hlﬂmneemhe,rmhdﬂpenéﬂmwﬁﬁﬁbdesa are-@s aild;sd:;rmfeﬁfabﬁxeaach
for structural form Ia 921 (r)e&s;ec&c eﬂ;ntfodlment R5is H. In
another more s gdlment Isa smﬁ’le bond or a CI-C5 allkyl;

and R5 |slﬂ—hﬂotlmcs;ir®nﬁ;@embocb1mﬂandhgmi Ithekgarsdriteid g phe semigdral
by tructfj formula (lM): N Rs-N\'"N\N RiorRRi15HH (HI), ora
tautomer the eof wherein variables are as described above for structural
formula SJ'Fh&pa more specific embodiment, R5 8+ Nn another more

spegiig/embodiment, Z |s a single bond or a (1-C5 &llkyl; and R5 is -H. In

certain et esented by the fols
\>7R1 or RI

N N
"R H "R H (ID),

o]

or a tautomer thereof, wherein variables are as described above for structural
formula (I). In a more specific embodiment, Rs is —H. In another more specific
embodiment, Z is a single bond or a C1-CS5 allkyl; and Rs is —H.

In another specific embodiment, the ligand L is represented by structural

formula (III):

N§N N\N
_/ 7 \
Rs N\ _ N\
N N N \
\>7R1 or R/5 \>7R1
N N (110),

or a tautomer thereof, wherein variables are as described above for structural
formula (I). In a more specific embodiment, Rs is —H. In another more specific
embodiment, Z is a single bond or a C1-C5 allkyl; and Rs is —H.

In certain embodiments, L is represented by the following structural

formulas:
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20 formulas: -8- /NN NN HNVHN\NH2NCHzNHz HN_ N2NH /
HN N SH/NSH HH 34 N\ or NH2 HzN H 5 or a tautomer thereof.
Even though the ligands are named or depicted by structural formula
herein and in the following using the nomgenclature corresponding to the
individual and 5 discrete chemical compound, from which they are
derived, it should be understood that the actual ligand L is a radical of
such a ¢Bmpeund. Ligand can be linked to the matrix backbone at
differefit connecting position of the ligand. y'%%ennecting position varies
depending orrthe identity of the ligand. Thg connegting position of the

ligand is the mosfj reactive posion of the ligandefider théxeaction
condition for 10 i igand o the matm?'backbne Forlexamie, ., .
ligand can be linked gt yeizimidazole nitrogen, r¢ led by the "% *
following structural formula with the ¢onnecting positio oted With s
_ m, 2
avvv- " }}Q@N
HN
\N/ N N
D [ T >
SH
, SH
N N
3 4
N
H,N N
5

or a tautomer thereof.

Even though the ligands are named or depicted by structural formula herein
and in the following using the nomenclature corresponding to the individual and
discrete chemical compound, from which they are derived, it should be understood
that the actual ligand L is a radical of such a compound. Ligand can be linked to the
matrix backbone at different connecting position of the ligand. The connecting
position varies depending on the identity of the ligand. The connecting position of
the ligand is the most reactive position of the ligand under the reaction condition for
linking the ligand to the matrix backbone. For example, ligand can be linked at the
benzimidazole nitrogen, represented by the following structural formula with the

connecting position denoted with v

n(R2)
P N
‘ o \>7R1
Z Ty

Y
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N N -9- In certain embodiments, when R1 is represented by Z-NHR3,
-Z-SH, or Z-OH, wherein Z is not a single bond, -L can be represented by
the following structural formula: n~P2)\\ N n~P2)\\ N Pia Z-N - 1\ Z-S /N
?>?S /N ?7?7 HH n(P2) N or\Z-O Hd._In certain instances,

tautomeric forms of the disclosed ligand exist, such as the tautomeric
structures shown below: n(RzZ\\n(R2)H \N N_XHH X X=S,0, or

NRB teritiis dmbﬁlimdmstwhdltﬁaﬁmiam&ﬁmmyism Gﬂ{ﬂd{esenﬂad)H

by a Setpejf:nt <’1.-1S| r}‘grg]éjllria {%eg in, a]IJ oth er tautomerlcf riI]ch may, c ural
for‘f‘ﬁe compound are ncompass byf Sl ur rmu

phdsemlatrix may comprise, as the matrix backbone, any natural or 15
syr;g}%gic and organic or inorganic material @é)wn per se to be applicable
separation of proteins and b eculespe.g., natural

Reeipe s
n(R2)

N PG =
PE=s

In certain instances, tautomeric forms of the disclosed ligand exist, such as

the tautomeric structures shown below:

n( RZ) n(RZ)

N

Y

X =38, 0, or NR;

It is to be understood that when a ligand is named or represented by a structural
formula herein, all other tautomeric forms which may exist for the compound are
encompassed by the structural formula.

The solid phase matrix may comprise, as the matrix backbone, any natural or
synthetic and organic or inorganic material known per se to be applicable in solid
phase separation of proteins and other biomolecules, e.g., natural or synthetic
polysaccharides such as agar-agar and agaroses; celluloses, cellulose ethers such as

hydroxypropyl cellulose, carboxymethyl celluose; starches; gums such as guar gum,



polysaccharides such as agar-agar and agaroses; celluloses, cellulose
ethers such as hydroxypropyl cellulose, carboxymethyl celluose;
starches; gums such as guar gum, -10- and gum arabic, gum ghatti, gum
tragacanth, locust bean gum, xanthan gyg. pectins; mucins; dextrans;
chitins; chitosans; alginates; carrageenans; heparins; gelatins; synthetic
polymers such as polyamides such as polyacrylamides and
polymethacaydaiviges gbdtyi‘mfgﬂm lmgwthr%mwm@mwmhm giny, 5
com unds such s pol vaaJcoh 1%and p gst renes. E}J alken

111S; MUCINS. T S S, Ca na E arms
mo?ganlc matenalssuen®as'si ICIOUS Mmaterars' suc a& Siticon dioxi 83

ch,aihmgamnphmerhmmaMlquaﬁﬂysM sneliad sspled e sy leondes! ledl

pore ramlc me aI OXf es easndO |£It es,. or i:omblnatlrgarfs of
the]%e atural o ﬁétPc orga 0T Morganic materas. 10 The'

5 maanmpamkﬂmmmlmpqnjbmhmeéedﬁmﬂedﬂcbpnlagaremgwpagatbm inorganic

cellulgses, cell Iose thers such.as hydrox cellyl
o T e T N B oL o AL AR et et amorphous

polsiice lald afuatsz;silioas, ardatericattsdopote tasses. gspesially ceramics; metal
mtereatlngnsgolld ase maltjté-;glal .as maHllx bacglt%(@:l)p(()erssgr%1 (—:Erlg an& X ggmc or

or agarose S 'Stich as Rarose and uperose b rom
Pharongmiec Biotecis. Sweden and Biogel A from Biorad, USA; dextran
based be su%pl a8, g(%%hgdsaxﬁPh ,I I?gtgrch cellulogcf:- ggg,r%csies
beads an mem ranes suc oz ce ose romg§ aﬁ
Czedhds@sakealudnmm ptsite duebds budtvampBeyh ac:ﬂylloancb&peydmthyl

Pharﬁ]qcéa?fg)lqte e%l(;c Ofs )Eetl 9% IEIP FX liyvsiHC lcoho(i)s silicas, and

Fractoge m ‘Toso-Haas, erc ptlve
Biozystetts] BAglBiosRex, B|o Gel P and Macro Prep from Biorad,

SioSepra ULA LA ACIor L o AT U Lt o NGB (-
15 matgriats sgoiosesbeadtolbdpSrpliass, awmaﬁsdmmlmogémma
for%%@réjgﬁ‘%%%%'ls rgi%gﬁﬁ'ﬁi&%%?%%?aﬁ%% 8%5%3&@&9%

eads or membra as ACTI D an
CySkrhegefrohaxran a Bovtndho giakiloss Aaseyidicadly atdenrambirisackisbrae,

as P %QE PRSI EDG, %&%&9&3{%9&8& q/aﬁﬁa%‘é@%rs% EQ s {Eh as Sephacryl

example, be in the form of irregular part|c es or spherical
meanﬁr&mdwcsﬂbmama@u@@bubmdéyf@wgtmmmem@%ms such as

20 maﬁﬁ@bgel from Toso-Haas, USA; POROS media from Perceptive Biosystems, USA,
Bio-Rex, Bio-Gel P and Macro Prep from Biorad, HEMA and Separon from
TESSEK and Hyper D and Trisacryl media from BioSepra, USA, Enzacryl and
Azlactone, 3M, USA; beads of siliceous materials such as controlled pore glass,
PROSEP, from Bioprocesing, England and Spherocil, BioSepra; and coated silica

25  composites in the form of beads or membranes such as ACTI-DISK, ACTI-MOD
and CycloSep from Arbor Technologies, USA.

Typically, the matrix backbone, as well as the resulting functionalized solid
phase matrix, may, for example, be in the form of irregular particles or spherical
beads, membranes or sheets, moulded surfaces, or stick. The solid phase material

30  may further be fully or partly permeable or completely impermeable to proteins. In
a particularly interesting embodiment of the present invention, the matrix is in the

form of irregular spherical beads with sizes in the range of 1-10000 pum, preferably



30 may further be fully or partly permeable or completely impermeable to
proteins. In a particularly interesting embodiment of the present invention,
the matrix is in the form of irregular spherical beads with sizes in the

range of 1-10000 m, preferably -11- 10-4G00 m; such as 10-60 m for high
performance applications and such as 50- 500 m, preferably 50-300 m, for
preparative purposes. A particular interesting form of matrix is a density
cornipolle@ matyikath el fason.eh foedngigradtaieaaoaupipsingi0ensity such as 50-
controlling particles. These 5 conglomerates, which are especially
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techniques in non-packed columns, e.g., simple batch adsorption in stirred
tani@ThPé AROSIIBErHE AR 98/8079Y, SORTEH o s eSS Shcdiorated

5 by esfpnenrgdRdtsyisRHAY cJR iy Iganiatidnay.pe atiackpdriridhe &liGuidized
phase material by any type of covalent bond known per se to be

apPREBRTSHR plvpRatossapy By vetirs G EHER RafchedforFRIRRkAgHAPhY
therdiganguanehthensplickphhasrimalesial, iyl @ik edingpastivatanaf thes, are
solid phase material or of the ligand with a suitable reagent known per.se

malRer P pbUs B WHiRK e Mari duisdissry dRcPtRet AR elersseingts

15 smehitsuitable activating reagents are epichlorohydrin, epibromohydrin,

allyl glycidylether; bis-epoxides such as butanedioldiglycidylether;
10 halogen-shibstigids Lipmate iaspediideseHdR s AT ptoy 4nsitype of

giV'tlia)yJﬁtqm ﬁﬁeb@nyaﬂigatdaﬁﬁppn%erwﬂﬁﬂgy 9&@5@%&%@ by a direct
ialdehyde; quinones; cyanaogen bromide; perjodates such as )
so&%ﬁw%fgﬁﬁgﬁag)&&eear%&rﬁﬁ@@%ms oM A5l a preceding
cyaiurigttofides selilopyhshiandasvidT ak gy Chlatidesiamsidieaybnt known
chlorides; N-hydroxy succinimides; 2-fluoro-lI-methylpyridinium toluene-4-
sulP5hated? %%B‘%%ﬁ&’éﬂéﬁﬁ%ﬁ%?ﬁ%ﬁ%ﬁa%ﬂﬂgé&f{%ﬁ}% sﬁéﬁﬁlples of
15 allyudeniiabibrotiinen Areaig tthasepiosl aciivaliig ¢prgemishirane allyl
spager.group SP . different from a sjngle bond, e.g., epichlorohydrin, )
o AR R PO s e e b R ettt
aliphiptiatcocopponads dihyks sLifblves PepandE sliviuyiasuedneyanogen
bromide; chlora-triazines; oxazolones; maleimides; pyridyl djsulfides; and
A R Ao e RS by G s grogen
thebioimdia ptd odidEd{ @ YodidR)} Metivperiednt® irbodiimides; chloro-triazines

20 such as cyanuric chloride; sulfonyl chlorides such as tosyl chlorides and tresyl

chlorides; N-hydroxy succinimides; 2-fluoro-1-methylpyridinium toluene-4-
sulfonates; oxazolones; maleimides; pyridyl disulfides; hydrazides; and allyl
bromide/bromine. Among these, the activating reagents leave a spacer group SP
different from a single bond, e.g., epichlorohydrin, epibromohydrin, allyl-

25  glycidylether; bis-epoxides; halogen-substituted aliphatic compounds; divinyl
sulfone; aldehydes; quinones; cyanogen bromide; chloro-triazines; oxazolones;
maleimides; pyridyl disulfides; and hydrazides. In a specific embodiment, the
spacer SP is represented by the formula: —(O-CH,CH,(OH)-CH;)y—, wherein m is
an integer from 1 to 10. More specifically, m is an integer from 1 to 5. Even more

30  specifically, m is an integer from 1 to 3.

In certain instances, the activating reagent may even constitute a part of the

functionality contributing to the binding of immunoglobulins to the solid phase



an integer from 1 to 10. More specifically, m is an integer from 1 to 5.

Even more 30 specifically, m is an integer from 1 to 3. In certain

instances, the activating reagent may even constitute a part of the

functionality contributing to the binding of #)mmunoglobulins to the solid

phase -12- matrix, e.g., in cases where divinyl sulfone is used as the

activating reagent. In other cases the activating reagent is released from
thenmaisxedgiringeesactidrefdhen flnctional guetiay ithe teivaatirehbisiis In other

the case When C%rbodumld?zole an arb d||m|grlX re used. 5 In
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abdvecnerni gnag passithit tesrira KBs stisaleverse to laefice ibéi jprekents ohd
an %Dgo(ri]al spacer S T:dnklng the matrix M and the ligand L. In the present
the

conte s%sa%g is to be considered as the part of the activating

5 reagent whicrsfeoiis d:hé)dldinteety\themmmﬁlgmgmmbtﬁéyﬁ@mdidémmhm.

spacer Sk Thedbove ORAE 0108 H2AGH f“ets!“ QFreﬁsevan%to ?Ea%pd'l@%resence of
reactions involve somec ses e.g en using car mides, the

acmmmwmmﬁmmammﬁm afdiiee igarist br lof fiepiigsemd context,
ent. Aft uplin art e activ agent is left e

b e A L g S T R R S Forms

casbs liletspacen SR maamqategﬂw beandf ffialﬁ,lﬂuﬂqvwlegﬁitjpoﬁésponds to the

effecpn the b|nd| acterls ICS i.e..theli an émg this wil Ibe
10 ¥ acuvating rea nffa}:he cou ac’tlons1 n S€S, €.

especially sign ican € sp comprlses nctlon Oﬁi} active sﬂ%’sWhen
or wb@nummaﬂlamwga&mmmm@mwpstlgalﬁdrfetgu@ipm matrix or

Nitro-gro droxy. gr St nltr Ie S Or sabet

i, S S S R G
chdmgmmrtbf@hgm&eﬂmmez&MISIlﬂrdthénedﬁesi shrepdpacengeboral
comprise all t | | role
for the bin r?gﬂg ara%féﬁé:lse é?{)gaé he so ‘?éﬂ P?%ayggﬁ%h%?@rﬁ%éﬁé ‘\%%lg{éf%?%

15 exaffipttiethedrakedchuingoestios, chloﬂmﬁ@mgnmwe wibleasspecially
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iments, t acer SPisa smg abir erived from
an @mbaﬁm@n@agedtosgie@p@dsﬂﬁmegmhmmwdmnowwlgistmdylerheps nitrile
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bondlng or repulsion, charge transfer or the like.

20 In still other cases, the spacer SP may comprise an aromatic or
heteroaromatic ring which plays a significant role for the binding characteristics of
the solid phase matrix. This would for example be the case if quinones or
chlorotriazines where used as activation agents for the solid phase matrix or the
ligand.

25 In certain embodiments, the spacer SP is a single bond or a biradical derived
from an activating reagent selected from epichlorohydrin, allyl-glycidylether, bis-
epoxides such as butanedioldiglycidylether, halogen-substituted aliphatic
compounds such as 1,3-dichloropropan-2-ol, aldehydes such as glutaric dialdehyde,
divinyl sulfone, quinones, cyanogen bromide, chloro-triazines such as cyanuric

30  chloride, 2-fluoro-1-methylpyridinium toluene-4-sulfonates, maleimides,

oxazolones, and hydrazides.



compounds such as 1,3-dichloropropan-2-ol, aldehydes such as glutaric
dialdehyde, divinyl sulfone, quinones, cyanogen bromide, chloro-triazines
such as cyanuric 30 chloride, 2-fluoro-lI-methylpyridinium
toluene-4-sulfonates, maleimides, oxazqglpnes, and hydrazides. - 13 In
certain embodiments, the spacer SP is selected from short chain aliphatic
biradicals, e.g., of the formula-CH2-CH(OH)-CHz- (derived from
epichlorohiyaxinthin-¢GHAYJROREHRAG Y EHPI s Rel (derivirdifrehort chain aliphatic

?:l:ﬁ%ﬁ%dgl%t%%%g{ﬁé?*&%@%%%f%égﬁ\)églﬁ% r%derived from epichlorohydrin),
butdOetgielhGiciAyHediay) Coh-3 desiglérbond]yDigéytadylethisk of l€zikaga(OH)-
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PO Th I ORI SRR T RN G e

Anothcsignifickactibd veeitdge avfdhvingthe smddiest op dssiltimpeotextstarbind to,

weigh he ki he li - er-arm.copnj ' any

oroh TAE AL NG SRR IR R AR
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more preferably below 300 Dalton, s low 250 Dalton, or even
belpvys20l0 Malesnlanithigbspéthadighadigaritiedpzaek sanceonjugengugate) is that

20 ('Sfﬂrle!ltktg‘d%%tgffﬁth may not have been separated from the immunoglobulin
prior to injection/ingestion in the patient will elucidate a minimum of antigenicity
the lower the molecular weight and therefore in general be relatively more
acceptable to the organism than higher molecular weight ligands.

It is therefore preferred that the ligand L has a molecular weight below 500

25  Dalton, preferably below 400 Dalton, more preferably below 300 Dalton, such as
below 250 Dalton, or even below 200 Dalton.

With respect to the ligand-spacer arm conjugate (-SP-L), it is preferred that
the molecular weight is below 500 Dalton, more preferably below 400 Dalton, such
as below 300 Dalton, or even below 260 Dalton.

30 According to the invention, the matrix comprises ligands which either alone

or in combination with a spacer SP (and even the matrix backbone) make it possible



the molecular weight is below 500 Dalton, more preferably below 400
Dalton, such as below 300 Dalton, or even below 260 Dalton. 30
According to the invention, the matrix comprises ligands which either

alone or in combination with a spacer SP4(and even the matrix backbone)
make it possible -14- to bind immunoglobulins thereto. It is found that a
crucial part of the ligand is a substituted benzimidazole. It is envisaged
thatocbaahibimatioplobilvoseheraoe of ithfeditfehant ligacidspaeifietNayeid is a

on ;[ Sﬁ?rp% g]]eatzr}x P&% one may lead to certain advantages with 5
resﬁlec 0 an |n13|ng e ﬁbiency and/or high purity of the immunoglobulin.

However, linisatmiiyagetdtitae mbadbneniofdheveresentrinvethiiatiffatcof tpands
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phase backbone. If the liga%d concentthion is kept lc?w, the ligands will be spaced
20  with larger distances and therefore not cause the binding of impurities by binding at
multiple sites. Another negative effect of too high ligand concentration is the risk of
binding the wanted protein, e.g., the immunoglobulin by multiple binding sites.
Such a multiple binding may lead to difficulties in releasing the protein, e.g., the
immunoglobulin with an appropriate elution buffer. In some instances, it may even
25  be necessary to utilize strongly denaturing conditions and/organic solvents for
release of the product from such to highly substituted solid phase matrices--with loss
of biological activity as a consequence.
Ligand concentration of solid phase matrices may be disclosed in several
different ways. One way of describing the ligand concentration is to disclose the
30  amount of ligand present per gram of dry matter (e.g., in pumol/g dry matter). This is

the result obtained directly if for example the ligand concentration is measured by

elemental analysis of dried (e.g., freeze-dried) samples of the solid phase matrix.



Ligand concentration of solid phase matrices may be disclosed in several
different ways. One way of describing the ligand concentration is to

disclose the 30 amount of ligand present per gram of dry matter (e.g., in
pmol/g dry matter). This is the result obtpined directly if for example the
ligand concentration is measured by elemental analysis of dried (e.qg.,
freeze-dried) samples of the solid phase matrix. - 15 The ligand
condentigatioinconaynativevenyalsowrs disdlaske dscthscdmpothntanidigand ligand
present n one mlwet a % ment dso |d hase al oft
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preferably in the range of 1-130 pmol/g wet, but suction drained solid

phale lgaidecagentzdianthe soksHiiAse maracs Pt s wtabibRIB Rjay in the
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solid phase matrix may be derivatized so as to comprise covalently linked

|igaﬁdelonu1e<§m'ﬁ¢rﬁhledtﬁoh09mmmg ter métmétsr RAcY paradanleoy the
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ba%lﬁ%gpe’ Pl}lo?é) Il)J l%n Igably 20-100 pmol/g, in particular 20-90 pmol/g.
20
Synthesis of Solid Phase Matrices
Generally a solid phase matrix may be derivatized so as to comprise
covalently linked ligands of the present invention according to methods know per se,
e.g., activation of the matrix backbone with a suitable reagent known per se
25  followed by coupling of the ligand to the activated matrix backbone, optionally
incorporating a spacer SP between the ligand and the matrix backbone by coupling
the spacer to the activated matrix backbone first followed by coupling the ligand to
the spacer via a suitable condensation reagent or even a second activation of the
spacer followed by coupling of the ligand.
30 The sequence and choice of reagents may depend on the actual ligand to be

coupled and the matrix backbone to be derivatized with consideration to, e.g., the

content of reactive groups such as hydroxyl, amino, mercapto, and silanols etc. In



the spacer to the activated matrix backbone first followed by coupling the
ligand to the spacer via a suitable condensation reagent or even a
second activation of the spacer followed by coupling of the ligand. 30 The
sequence and choice of reagents may degend on the actual ligand to be
coupled and the matrix backbone to be derivatized with consideration to,
e.g., the content of reactive groups such as hydroxyl, amino, mercapto,
andcﬁﬂamakegﬁc nhay- bepseﬁafmtﬂaseacitwmwbéepir&fézahile e aciivateal of the
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invention Is directedto a compoun
to ensure that hydrolysis of reactive species are kept at a minimum. However, the

20  use of organic solvents adds to the cost and risk of the process because of the risk of
explosions, the risk of health damage, the waste problems and the relatively high
cost of the solvents themselves. Thus, the activation and/or the coupling procedure is
preferably performed without the addition of any organic solvent to the reaction
medium.

25 In certain embodiments, the present invention is directed to a compound
represented by structural formulas (I), (II) and (IIT) described above. In a specific
embodiment, the compound of the present invention is selected from the following

structural formulas:
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15

20

represented by structural formulas (1), (1) and (I11) described above. In a
specific embodiment, the compound of the present invention is selected
from the following structural formulas: -17- HN /N N/ N \N/\HN\\ N NH,
N CHzNHz HN2H /NNHN or\N/\SH _NH 3 The compounds
described above serve as ligands for preparing solid phase matrices of
the present invention described herein. 5 Isolation of Immunoglobulins In
generghthgmethod of the present invention for isolation of

imrpm oglobulins may be divided into severalsteps: (a) equilibration of the
solid “rhasetuatrix:{l) contacting the salif phase matrix with

o, (ON ashlng the s\&h pHase; (drseparation of

however, depend on the spétific application whether alsteps arey ,
performed each time or at all. Thus, the only mandatory steps arthhe
contacting, separation, and the elution steps, while the equilibration,
washing, and regeneration steps may or may not be performed according

to the specific requirements resl?lren&;ﬁ to the actual application. The type

of the separation step depen(HjN on theg actual set-

\N/ N
or \>j
SH
N
H
3
The compounds described above serve as ligands for preparing solid phase matrices

of the present invention described herein.

Isolation of Immunoglobulins

In general, the method of the present invention for isolation of
immunoglobulins may be divided into several steps: (a) equilibration of the solid
phase matrix; (b) contacting the solid phase matrix with immunoglobulin solution;
(c) washing the solid phase; (d) separation of the solid phase from the solution; (d)
elution of the bound immunoglobulin; (e) regeneration of the solid phase matrix

It may, however, depend on the specific application whether all steps are
performed each time or at all. Thus, the only mandatory steps are the contacting,
separation, and the elution steps, while the equilibration, washing, and regeneration
steps may or may not be performed according to the specific requirements relevant
to the actual application. The type of the separation step depends on the actual set-

up (see below).

Equilibration
Before contacting the solid phase matrix with the immunoglobulin
containing solution, it is preferred to ensure that both the matrix and the solution are

in a condition resulting in the wanted binding of immunoglobulin. In this respect, it



up (see below). Equilibration Before contacting the solid phase matrix
with the immunoglobulin 20 containing solution, it is preferred to ensure
that both the matrix and the solution are in a condition resulting in the
wanted binding of immunoglobulin. In thiggrespect, it -18- may therefore be
necessary to adjust parameters such as pH, ionic strength, and
temperature and in some instances, the addition of substances of different
kinchig theestatebloindiessafyimomdjueghabatintandiarhtasgyByéntibisteingtiofand
impurities. Thus |t |s an optional step to perfor U|I|br fth
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alsthbeobdrfdrased in a simple batch operatlon where the solid phase
matrix is mixed with the solution for a certain 15 time to allow binding of
the immunoglobulin(s). Whenever the solid phase matrix is in the form of
peGosdddtny semi- permeable membranes or sheets, the contacting is
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solution across the surtace and/or t rougn a porou structure O

membgahe forshést torEm@mg dfatsihletROr icomamogicinglior arercomimgnirglobulins

cloge C%ntacrtfy)vrlrtlpe 1t 9 H’ldg érg.‘llnzwlched err;[rli] 8r 181%J arlf?l%ldlze e;( Ira]m(rfed bed

porous structures. Further gui s for this process are given |
"Pmiwanmmﬂtemmgjﬂld\ﬂoh@@lmwmﬂzodte@ay@ba@rhmp@fpmwmm@osimple
Qﬁ %rajng%‘s %?rf\:’\(ﬁ‘@hén Alfltaesre?ﬁél@ﬂ'é’%%@ed% i %@%%?uwc%r Sr a certain
munog in contairti ng solution, there Is an optiona
15 pertﬁmqtecaumﬂmmglpg)@’é@ar'mmmﬂg@mmn@und or loosely bound

substancagSyeh A3 RMET RIHEIDSHRIZS: TAlSIRARIP RLRKe or semi-

permeable membranes or sheets, the contacting is generally performed by
pumping/forcing the immunoglobulin containing solution across the surface and/or
through a porous structure of the membrane or sheet to ensure that the
20  immunoglobulins are coming in close contact with the ligands immobilized on the
surface and/or in the porous structures.
Further guidelines for this process are given in "Purification Tools for

Monoclonal Antibodies", Gagnon, P., Validated Biosystems, 1996.

25  Washing
After contacting the solid phase matrix with the immunoglobulin containing
solution, there is an optionally performed washing procedure to remove unbound or
loosely bound substances such as other proteins, lipids, nucleic acids or other
impurities from the matrix. However, in some cases where very high purity of the
30  immunoglobulin is not critical, the washing procedure may be omitted saving a
process-step as well as washing solution.

In other cases where very high purity of the immunoglobulin is needed, there



impurities from the matrix. However, in some cases where very high purity
of the 30 immunoglobulin is not critical, the washing procedure may be
omitted saving a process-step as well as washing solution. In other cases
where very high purity of the immunoglolylin is needed, there -19- may be
employed several different washing procedures with different washing
buffers before elution is commenced. The washing buffers employed will
dermei}dbemmlqﬂmwse\@fahéiffﬂrmmmmlm)piomgmbwmmﬁﬁﬁ“m&ﬂigzasnhing
blhl()il r%% ﬁ {:nm p(%g)lobullns The gwashmg buffer should not disturb the
bi ndtllng of erl?nmuunogﬁo% Ulin o the adsorbent, i.e., pH, salt concentration
and otherﬁmwmmﬂféﬂsemﬂjuywdmﬁ ﬂe@brﬂrﬂyl the nmwantdhe
|mp rltles are remov. ither ltutl n of the 9 ti
o T A e T E R TR AS Skl e
5 Wasjasigﬂgdﬁeffemhimuhﬂ)rrdnidiatmh ﬁerbmdtnglsbtheleamugugﬂqmmhem lotind
to th sorbe The releasing of i im tles und t matr
e AR e i B THERc A B o e e B R g
a swiﬂstﬂracmmwhtedmagfungebaﬂéeembmd gitbeadts mnlpﬂpeumeetytwmmrof the
e S dsaRenL sheITeu and by At iRyl
from the adsorbent=The was |ng ( pera ion he metho accordlng ?o
thewavlengdm)ffsrl@pméembiyaperfdmtedﬂm aisdeekmsmmweunﬂmhdmd to the
from th solu ntaining.the | Q in orde to remove
10 e AR R b TR e

gerslaihbpetformeg iy wﬁmonng: Setigthsol iab'pﬂddsgmau’thm poishegvashing
theb ?f%nd m?ﬂ I‘lrtlolgcllotkﬁ)’]l('lll(l)rflld\glngl ?0%11;{% ﬁh%%ﬁ[ﬁ le ss(()ar eRf Iro%le 1mPur1ty, and

|mmunog rom t on‘the matrix. The immunoglobulin
hertebsebeléwwmgihhemmm;arﬁrambamdberMhed out of the matrix.

The solut
R M T T B e
15 Immrﬁ@rghibmfcmgedtheomesmunmmaymaqudﬁﬁemhe pblpaqmmrémmng the

;Oor;v%%[[l%?p% e@é%‘gf%h htSFH?f{@%?o Raay! 5'1%‘8u‘?593”'°

y on y small amounts ter nts, c aotropes or other
denaturing reagents. Combinations of changes in these different
PaRMstRrs are also generally employed.

Elution of the bound immunoglobulin is generally performed by contacting
20  the solid phase matrix comprising the bound immunoglobulins with a solution that
releases the immunoglobulin from the ligand on the matrix. The immunoglobulin is
hereby released into the solution and can be washed out of the matrix. The solution
employed to release the immunoglobulin should generally have different
characteristics than what was used for binding of the immunoglobulin, e.g., the
25  solution may have a different pH, a different ionic strength, a different temperature
and/or it may comprise organic solvents (preferably only small amounts), detergents,
chaotropes or other denaturing reagents. Combinations of changes in these different
parameters are also generally employed.
Elution may also be performed by applying a solution gradually changing the
30  conditions from binding to non-binding conditions, a procedure which typically is
phrased gradient elution.

Once the immunoglobulin have been released from the solid phase matrix
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Elution may also be performed by applying a solution gradually changing

the 30 conditions from binding to non-binding conditions, a procedure

which typically is phrased gradient elution. Once the immunoglobulin

have been released from the solid phasegatrix -20- into the eluting

solution, it may be recovered from this by different optional means known
per se. In the most simple case, the immunoglobulin may be used directly
withaottinylctiag gelsitben, it manpdnstances §mnet]sier1byz>ﬂﬁiﬁmenﬁmi@l means

cedure woul refe red uItr -filtration f
e S e T B B RIS T bagrectty
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charac} I, Re nerg\tlon 'Ii&eef%gtpha se mat iX.may o tlon

i e e S s

pramﬁ@lu?ﬂle31nym¢adiglplmfmmeutn@gndaylylﬁo nmmrzldalibelh'uﬁekﬂnﬁynnlpeofn a
E}es foulln sfurff%\c (L es I|d phase and/or to sterilize the
I'OC 0 6] charac
0 Jvoid inaton of the pro Gct with microorganisms
prollferatlng and escaplng from the solid phase and the equipment used
dur[_li%% ?ﬁ%ess A standard method of performing such a regeneration
step § wash the solid phase matrix with solutions able to clean the
matrix and/oe killichplcasongenismsy Dypioad ohetidasniat, mwwmbafter

d be, 0. 1 1.0 diu droxide. s tlons CIdS or

hyc%f‘jrﬂgtglgrrll ?:e)%e%loem e, oP r%qa?ur%}ﬂntsri}ﬁg g%ceéﬁlgemdl Im groc rimrl(gl Legularly to

soIMnmlwmphsM@Upeﬁmmmeﬁluhsg Iupptbclslofﬂeesnﬂ lﬂlﬁ‘)ﬂﬂld phase
Iv nt: h as ethanol; detergents etc. A es

S SR R AR B0 S SIS 1 AR SRR AN

duemordwgwnyﬂmghcéﬁ‘mﬁn@aﬂdw&captng&semﬁmeotrdl;mugranmhe equipment

hydraghian tfg HiC 30 %‘C‘A il (5169 J’%}‘gp‘é}f%lﬁgﬁa%'ﬁﬁ a*%%%ﬂ}%‘l S step

the present | ven lon, the met equl on Op'[l
stejs)jo(iyasbritectinl i) swashimg Wabtrohetictephl¢iW) o aeibarationk and/or kill

elufion3h \g‘a&’ WP ?%ﬁ'%ru‘f‘{@% SPHHEL |£> ﬁéésés(o %@lﬁf‘ﬁ% €3eq o m

one or se tlmes efore regeneration, a asé atrix is

reuseliuaftby degederstiotiomhef condlitibry émngeecpmdmﬂh,tﬁelbmmmg such as
Wagm'ﬁgdﬁﬁgrﬁ w&%c%tﬁ)?ﬁ%, solutions comprising active chlorine such as

hypochlorite solutions, organic solvents such as ethanol; detergents etc. An
especially preferred method for this purpose is to use 0.1-1.0 M sodium hydroxide
due to the very high efficiency, low cost, ease of neutralization with hydrochloric
acid and lack of waste problems.

In a specific embodiment of the present invention, the method includes: (i)
equilibration (optional step), (i1) contacting, (iii) washing (optional step), (iv)
separation, (v) elution, and (vi) regeneration, where cycle of steps (i)-(v) are
repeated one or several times before regeneration, and the solid phase matrix is
reused after regeneration.

The conditions employed in both the binding, washing and elution step(s)
may be very decisive for the resulting binding efficiency, yield and purity of the
immunoglobulin. Different solid phase matrices according to the invention may
need different binding, washing and elution conditions to ensure an optimal result.

Likewise, the nature of the raw material will have a very significant impact on the



may be very decisive for the resulting binding efficiency, yield and purity of
the 30 immunoglobulin. Different solid phase matrices according to the
invention may need different binding, washing and elution conditions to
ensure an optimal result. Likewise, the_ngture of the raw material will

have a very significant impact on the -21- conditions chosen for that
particular isolation procedure, e.g., very dilute solutions of monoclonal
anttbadiasrsn dhyisein 6onshaepatittule supainaiaote diypicay 16-100ug/molutions

behave differently than the. same.type of antinodies present in more
coR AT L S0 G TG A (Pt 10-100

immgmnogylodhdie ipkeseny thae Ge vdheyt{pclomgltitipdiecdroiberiaanditons
than immunoglobulin from plasma/serun (5622 m?/ ) etc, Also th% ’
oSSR SO B HENES G o BHE e B B YAY lafpins
5 sigpiticantly, ketwednr d(ffeIeng fialy moadesibls, c:glitRay ok daswenvglybulins from

different composition as compared to hybridoma cell culture
su ?‘ﬂgf‘fﬁe@%és Ag&rﬂ%ﬂ’g%%%'above it is generally possible to add
different sybstancesnipdbieioimruribglabubntconthifiitnghsolpéiosfamparities may
enhance. the bin(tjéi}r)%?f antiﬁo{}gies to the solid F%)‘{hase matrix Irlllcertain eeront
emBdi e AR e T VSR Bh P ARt veockShor e 38 S atibn dfferen
imrunpotaniins aaaipingdan isodldtkehimeiloogiobulipeaiaapuyity of at 15
least 10% such as at least 30%, preferably at least 5094 h as at least

10756, mor RTINS JPRUSE 4bBE STVSBUBLE 1 RSS oL HEEP A e to the
99%mmAsnogatiolie doadue gtsid inlie ve ch thdidie e dingl eftioenaybodies to the
maximu%é)H va%lue for the solid phase matrices is in the range of 2.0 to
108 M8 f’l‘igff} imthe range of 3.0 to 9.0. It is therefore most relevant to
conduct the tsolaticmbraliess tdetic 20cat maxinemdateicto ofabudsdaneye
vari)égpr.diffe ent comb tilons of c'immuno%ll%%élin/solid pr S iﬁn&trices

Td TP BT SalEON EontdRg e A TGS I i otaniE o

15 genersl) (8psetbrably ivatihé (an gectirablytat 1E3ss G0k ascinahet lamgd @fo3Bore

© ST ERRTa e st e bacoone

when the Aganehtontainbavwe.acidibeticowd, tiae theltohdinez siiotemey maximum pH
corNIR R MABROR R S e R0 NS PR
5.5:a0genofhie0 to 9.0. It is therefore most relevant to conduct the isolation process near

20  that maximum (which of course may vary for different combinations of
immunoglobulins/solid phase matrices). Thus, the pH of the solution containing the
immunoglobulins (or proteins in general) is preferably in the range of 2.0 to 10, such
as in the range of 3.0 to 9.0. However, depending on the ligand type and the matrix
backbone, the pH range is preferably 3.0 to 7.0 or 6.0 to 9.0.

25 It is believed that, when the ligand contains an acidic group, the pH of the
solution containing the immunoglobulins is preferred to be in the range of 2.0 to 6.0,
more preferably in the range of 2.5 to 5.5 such as in the range of 3.0 to 5.5, or in the
range of 4.0 to 5.5, corresponding to an expected binding efficiency maximum for
that specific type of matrix.

30 As used herein, an “acidic group” refers to a group having a pKa-value of

less than about 6.0.
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range of 4.0 to 5.5, corresponding to an expected binding efficiency
maximum for that specific type of matrix. 30 As used herein, an "acidic
group” refers to a group having a pKa-value of less than about 6.0. -22-
With respect to contacting step above, itfyas been found that it is not
necessary to add excessive amounts of lyotropic salt in order for the
immunoglobulins to bind to the matrix. Thus, the total salt content,
including, Wigh, révpéct, tofddnﬁmin@ietmahbaziminglﬂseammfumngthbuhnsmed
on%@g sothati 3(?&%%@%5 onds tg a| |8ts(t)reig Tfhe S t2 0,
pre erai)siyr}/n e range 8 6.9 %0 tf 8 g4 e espeC|aIIy in
theimangeogfdhObnkotd ]ﬁnASoaheahnaman\Elmeqhmmtaésalﬁhenmnpemﬂltahng, e.g.,
of lalronie 331l 49 sueh SO D as o 25 passible st ag AeS,
shown IS possﬁ%l% flo ope ution tontainin
|mrmntngpkmhislmwmaoe;ﬂmgihmfetnM|nmﬂwD@mf&r?ﬁ&§tsnslmmm.05 to
refer Bé tthe mos 03 artl tt stO
RS TR S AR SR LT
usedqﬁmpteﬂlofctymmpanealﬁ brmgxpfersaﬂt “Bunficabiondbols fow as possible,
Mopoclanal Antibagies: Granon. By aldaied Blosysiems,d898. uhere
the ofinelster series of yo tI‘OpIB long are presented. 15 1n aspec
eminmn:iunegltolthﬁrsolvhwm tthmumnﬁmgfmnmcmf hyotepmsalis ag ko bodi nmlsid%éhM
e.ran of20t als conte resppnding, o
nic s%?rélﬁ tﬁ%@q &t the. r(@]é(s%t/% t rgrsge%}[ 0 t g‘?:ofﬁem?aﬁiﬁosnﬁ ¢most 0.1
mrMuingl@ba:mﬁs mrﬂbmisnmmdm tyisrggslieadidsthatdhe solid phase
matrlces rat or a.very large ran 0.60n ratiqn range,
itis belleve)éarﬁ t(ﬁoﬁ)hase rsng‘zlatrl e\%%hnerg}[len(geaﬁ%?@ ef?li?:?é%rlt
corfoairiraties’ dﬁmgtmurbgMbluﬂatsdrBuheystﬂumoﬁl%nwhmwghhéiofmelster series
im I;n of 0.001 to 0.2, preferably 0.01 to 0.1,
rﬁ%%%@{é’% ﬁrl%r@ng glQﬁ%ulture supernatants, in the range of 0.2 to
2.0 mg/mllag ﬂpmlﬁ@aﬂmquheyninﬂuh@whngm obﬁz()rtmgormgimiqs for
d'ﬁ ﬁ%r ﬁa%%cﬁgﬂ eenp\% L2t SYRI T I0GA896:8 AH Bhtent

as f rco ostrum und that the present invention Is
esg@aaﬂgogdmﬁﬁe dopnsoRitemgshcoimptisimepint 2Hs range of 0.1 to 30 mg

immunle%Hﬂ?@sﬁ&r‘[ g %ncentration of immunoglobulins in the solution, it is

believed that the solid phase matrices can operate for a very large range

onoblonal

concentration range, thus, it is believed that the solid phase matrices operate equally
efficient for concentration of immunoglobulins in the solution containing the
immunoglobulins in the range of 0.001 to 0.2, preferably 0.01 to 0.1, mg/ml, as in
hybridoma cell culture supernatants, in the range of 0.2 to 2.0 mg/ml as in milk and
whey, in the range of 5.0 to 20 mg/ml as for different animal sera and plasma, and
even in the range of 20-80 mg/ml as for colostrum.

It has been found that the present invention is especially suitable for
solutions comprising in the range of 0.1 to 30 mg immunoglobulins per gram of
solid phase matrix, such as in the range of 0.2 to 2 or in the range of 5.0 to 25 mg
per gram of solid phase matrix.

Thus, the solution containing the immunoglobulins may be artificially as
well as biologically derived or the like solution of immunoglobulins such as crude

fermentation broths; mammalian cell cultures such as hybridoma cell cultures;



solid phase matrix, such as in the range of 0.2 to 2 or in the range of 5.0
to 25 mg per gram of solid phase matrix. 30 Thus, the solution containing
the immunoglobulins may be artificially as well as biologically derived or
the like solution of immunoglobulins suchas crude fermentation broths;
mammalian cell cultures such as hybridoma cell cultures; -23-
fermentation broths from cultures of genetically engineered
mi(femregaﬁﬁmmb@ﬂ@fﬁﬁnEmmreaMimdthr&emmmmmsms such as
as tes ﬂUI whey, blood, plasma and serum from. e, fa
oo Sl B T R e R R R Fasma
chiehkéneegQ Yol hdrrienvare, dogh pigritytdf ingoungglahuyins méyddekey; and
obtained henhthe ution co 9?{nlng the immunoglobulins comprises a
neggﬁ\Yecly cstl1large0c erge%% hout being bound to any theory it is

5 believed tEatttteemtﬁmﬂgghtmmﬂpnﬁsmdheghﬁhhmnneydjmbmned when the

blomplgcule o the atrlx Exa .of such detergen ia\re octP{I éf%te
n CO, C 1mm u 1NS ,COMRPIiscs a & ar c ergent.
bromop €eno ane su o ate, sodium‘laurylsarcosinate,

heXsbold lsmtfgrh:@tmd mocaryaiheem boﬂlhwélet&dmateh;aﬂmlggdnmgqﬂesses the
dete({ é*r%'cse% %%11 Alg'o ! ues ?Slaqn%st[ &Oﬁth gého Oft gt rreesn are octyl
invention, Itis pro o the S dme reasons, adva tageou o us
negaﬁb@lybmhm@drerddtbh@m:taﬁh sdﬁiea@lsbdmayl bﬂlmmcalﬂnﬁm raml hexane
Comtﬁ%a“ wth. an, buffers der% nfs YR %aﬁlve ffer § Liyougelg
sal?s in the was |ng step (sma ?vo1ume epre dents minor waste
product prdlsierm chenpasied gwtepusi rtigelymtﬂmd@é&ltspmha [ivdimipn, it is

proc o%sﬁ? (RRSHRIM AN tha&%ﬁﬁtg"%Qhr‘s%&ﬁog%%sn'en%ﬂ g3 Eﬁ‘qar 8 & Cergent.
large’ volumes Is most cases i certam em ments -no §eyterge tan
lyotrbpidesalisramaydediindhbonashing srdpndtiso, with exdelféant pg}pzemee'omc

of (0% SQHLPNBSE PR ”&8 L3 Q%gs%lﬁ‘e@ ARG CNEHE n%eisnents only

invention may be ex ess even wit OU'[t organlc SOlv
15 theaghitionvsets, thagbiop refdriablycamp ahdewithssthgdyapripes Jelssiththe binding

;?;’é%%%&%ﬁ%&ﬁf& s%Ylheﬁq%t“ﬁff‘é‘b%ﬁ ng 1%%%‘%%80’&@%@49@& large

y, N0" organic solvents are use ternatively, a larger
amodnteh nomeskiessvénesreig. cpropliioregiyeclst@Sananhéyagepic salts are

e. gusé’cPlh ﬁg(é’a%ﬂ? é}? glycol. The contacting step as well as the

following step, I.e ation, washing,
Also, the excellent properties of the solid phase matrices for use in the

20  method according to the invention may be expressed even without the use of organic
solvents in the elution step, thus, preferably, the eluent used comprises less than
10% (v/v), more preferably less than 5%, of organic solvents. Most preferably, no
organic solvents are used at all.

Alternatively, a larger amount of non-toxic solvents, e.g., propylene glycol,

25  may be used, e.g., up to 40% propylene glycol.

The contacting step as well as the following step, i.e., separation, washing,
and elution, may be performed in various way. The physical measures selected are
often guided by the scale and whether the process has to be repeated. The solid
phase matrices according to the invention may be used in almost any of the set-ups

30  used for development and for industrial purposes. Thus, the solid phase matrix may
be contacted with the solution containing the immunoglobulins, e.g., in a stirred

batch process, in a packed bed chromatographic column process, or in a fluidized
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and elution, may be performed in various way. The physical measures

selected are often guided by the scale and whether the process has to be

repeated. The solid phase matrices according to the invention may be

used in almost any of the set-ups 30 useg;for development and for

industrial purposes. Thus, the solid phase matrix may be contacted with

the solution containing the immunoglobulins, e.g., in a stirred batch
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In ¢Q %?'ﬂlg%@?&?&d BUISRS, %é*}?ﬁ%ﬁ?ﬁwem&@gmla%xea@g %@t@ﬂ'ﬁg clear,

More specifically, sol matrices e present invention are stable in 1 M
Nag@tlahesHonHolvinghdigsamicklsmesbe regenerated. As in the method for

the isolatign, of, g T HRORIORINS IO LS COMEBhOL f s

containing thé proteins preferably corresponds to an' ionic 25 stre
at tineaniosn L@reviste aslid phescangiriof0hasing 2 0igin Padiieg Ifafrﬁmetme' In

addition, solid matrices of the present invention have high stability. More
specifically, solid matrices of the present invention are stable in 1 M NaOH, which
allows the matrices to be regenerated.

As in the method for the isolation of the immunoglobulins, the total salt
content of the solution containing the proteins preferably corresponds to an ionic
strength of at the most 2.0, such as in the range of 0.05 to 2.0, in particular in the
range of 0.05 to 1.4, especially in the range of 0.05 to 1.0, and/or the concentration
of lyotropic salts preferably is at the most 0.4 M, such as at the most 0.3 M, in
particular at the most 0.2 M. especially at the most 0.1 M. In certain embodiments,
no lyotropic salts are used for the isolation of the immunoglobulins.

The method for the isolation of proteins and other biomolecules may be
employed for a number of proteins, examples of which are proteases such as pro-

enzymes, trypsins, chymotrypsins, subtilisin, pepsin, plasminogen, papain, renin,
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range of 0.05 to 1.4, especially in the range of 0.05 to 1.0, and/or the
concentration of lyotropic salts preferably is at the most 0.4 M, such as at

the most 0.3 M, in particular at the most 0.2 M. especially at the most 0.1

M. In certain embodiments, no lyotropicsalts are used for the isolation of

the immunoglobulins. 30 The method for the isolation of proteins and

other biomolecules may be employed for a number of proteins, examples

of whightdne b téases slipisas ghocositaymesy kypsinsiectiymmatbypsins, proteins
subllisin. pepsin plasminogen, panain, fepin, 2oy trombin, apd clariage:
lipases, g ucosuﬁases, xyla Segiedind” afotimins: ﬁ‘rgtrelns From
ferpientatiang onotns ppoatein fikomfisil kvastd; wheyinsrivteind foghtdolamde waste
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phasghmatasiaibombmgeratitestinets; mangs prated) sofroito vagetalle.g., horse
ext{g&%%s%%gx?(f Eeotato, tomato, coconut, e.g., horse radish peroxidase.
As'use Hereln,at e term "alkyl" refers to a saturated straight chain,

branched or cyclic hydrocarbon. Preferably, alkyl is a CI-CIO alkyl. Even

more preferaplyy A0.afis & Cl-GR Akl T e CleG 10 AU 8/ Branched
to an alkyl groups With 1-10'Carbon atoms which mayabe straight,

bramohediohyyclizybach Rsfieretthy) abthl/ls pfolpyl] (salisdpydybutylre preferably,

isobutyl. terbutyl, pentyl.hexyl. actyl dadecyl, cyclopentyl,.cyclohexyl,.. .
ot e A EE R IR, RS R i -1
carohoatetos swiluhhmaay be straiigltit, ioaantedreycliclisycduahnastiiyd, ethyl,

methyl, ethyl. propyl. isqpropyl. butyl, isobutyl. tertibutyl, tyl,

oy LR LSRR R A R MonlSTIROR B
magybepptiphaliylsbbsyitudechlwith etee Gherfera SGHstituelid.' Telertetoran alkyl
"option it Ikyl" IS i t n r i
A DR AN AP o
20 wathpixytprbteord daebmy b leiyasi s ardosrtdsitr, @antyl, cyclopentyl, etc.
(C Al 'q inoe 't efition may be optionally substitute
d|(%é%%?é@ﬁ/l)%eﬁ@w%lcagriggprﬁ%@%ﬁ%t(@%)[&%%{ﬂ(%ﬁ ar%i]?locgtr]bonl% bstituted
monwshand di({©reG®)alitybrimino-(C1-C6)alkyl-aminocarbonyl; amino;
mono- angdi - nQ: Ikyle laminQ: ;
protectad Tyl S e e e T o
25 Wisrh kyisubosybeiiutaitraith eyt presayrebarabb) aidy igioalogeate aiedifsom

angarboxy; protected carboxy such as a carboxy ester, e.g., (C1-C6)alkoxycarbonyl;

aminocarbonyl; mono- and di((C1-Cé6)alkyl)-aminocarbonyl; amino-(C1-C6)alkyl-
aminocarbonyl; mono- and di((C1-Cé6)alkyl)amino-(C1-C6)alkyl-aminocarbonyl;
amino; mono- and di((C1-Cé6)alkyl)amino; (C1-C6)alkylcarbonylamino; hydroxy;
protected hydroxy such as acyloxy, e.g., (C1-C6)alkanoyloxy; sulfono; (C1-
Cé6)alkylsulfonyloxy; nitro; phenyl; phenyl-(C1-C6)alkyl; halogen; nitrilo; and
mercapto.

As used herein, the term “alkylene” refers to an alkyl group that has two
points of attachment. The term “(C1-C10)alkylene” refers to an alkylene group that
has from one to ten carbon atoms. Non-limiting examples of alkylene groups
include methylene (-CH;-), ethylene (-CH,CH,-), n-propylene (-CH,CH,CH;-),
isopropylene (-CH,CH(CH3)-), and the like. The term “(C1-C5)alkylene” refers to

an alkylene group that has from one to five carbon atoms. Non-limiting examples of



mercapto. As used herein, the term "alkylene" refers to an alkyl group that
has two points of attachment. The term "(C1-C10)alkylene" refers to an
alkylene group that has from one to ten carbon atoms. Non-limiting
examples of alkylene groups 30 include mgethylene (-CH2-), ethylene
(-CH2CH2-), n-propylene (-CH2CH2CHZ2-), isopropylene
(-CH2CH(CH3)-), and the like. The term "(C1-C5)alkylene" refers to an

aIkylbmrgrgumﬁsahkiadefmmhymuxmzenmhmlate i€ HNGRHUNitHpgopylene

O R e SO g SIS G2 I RN Broups may

( Cbé&@ﬁ@ﬁdﬂl&)s);baﬁdﬂétédxkh chtkylenergraiystneays. be optionally

SUbStItUtegwlllts% gr(ggl Subs %uen S Asérlljssa? gahelgela t’[ral E{n]lam branched
"alkenyl" meansasatur sI{malg chain, ranche or cyc efc

5 hydnoqmihmhyldmagaan Ihxaahgraelemhmecarbmndmbdnhedbob\kd Herefefabtygrably,
alk I |, The term enlr ers to an
eﬁ'(% 13 a%:navm agﬁo ?[]0 ll]E T %5%1? ers to an a% eﬁlafll L group

alken roup carbon atom epres ntatevesral h
and@mg@@l@@r@ﬂnaﬂmnﬁspmmtwayha&m dl}hﬂter@btﬁmhmir(ﬂz
iSO ente y thy]-I- but n
e R BV el ST pus pentenyt 2
3- hwﬁﬂw,l Bhaq:ﬁadyl @twpieﬁyhd%hbré@tbnsdnﬁko’bﬁedyh@hﬂel@ybnyl 1-
3-octen on nonenyl y ceny i
10 de%lgﬁ)e/ %h]c?iqh i eny g%é %eéj r1bbe%ic§3 ti na1|§5/s stl?thJdOCt?ﬁyl 2
on@@enm;ﬁeostdmmdemwmd li’saddaeyé,lr’:’r tloecern!' dbmyleaeie@mrb o
an Iken r th two, 15 points of atta hm ke 8roups
e e R A A PR AR S
hemmethéawtmﬂsslkynyl means a saturated straight chain, branched or

lich d
reterably Sy SR AL LA A AN M pat s o
15 to a0iG alk;tmdkgn@up Hdkimy 21te droursrben htorms oRalresesitttive with one or

str%lgpé g@@g ranched alkynyls include acetylenyl, propynyl,
1-butynyl, 2 utyn , 1-pentynyl, 2- pentynyl, 3-methyl-I-butynyl,
4 pentynyAﬂuh@kbngﬂlmﬂheiynyl“GMY@W nyicdnsteptimgic@ stepthhyghain,

8 nonyny hl&d%cy&yby%gg%?nﬁ ﬂa9§1 %yny S8 hggllltl)lél @%{P\ér%/ﬁdjrlgubposn d
Preferably, alkynyl is a C2-C10 alkynyl. The term “C2-C10 alkynyl” refers to an
20  alkynyl group having 2 to 10 carbon atoms. Representative straight chain and
branched alkynyls include acetylenyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-
pentynyl, 3-methyl-1-butynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 5-hexynyl, 1-
heptynyl, 2-heptynyl, 6-heptynyl, 1-octynyl, 2-octynyl, 7-octynyl, 1-nonynyl, 2-
nonynyl, 8-nonynyl, 1-decynyl, 2-decynyl, 9-decynyl, and the like. Alkynyl groups
25  may be optionally substituted with one or more substituents.
As used herein, the term “alkynylene” refers to an alkynyl group that has two
points of attachment. Alkynylene groups may be optionally substituted with one or

more substitutents.

As used herein, the term “halogen” refers to —Cl, -F, -Br, or —I.

30
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25 may be optionally substituted with one or more substituents. As used
herein, the term "alkynylene" refers to an alkynyl group that has two
points of attachment. Alkynylene groups may be optionally substituted
with one or more substitutents. As used-ierein, the term "halogen” refers
to -Cl, -F, -Br, or -I. 30 -27- EXEMPLIFICATION EXAMPLE 1 LIGAND
SYNTHESIS (1) (1H-Benzo[d]imidazol-2-yl)-methanethiol (4) N~ N 'SH 5
H TEXERIphiglariddidmine (1.88g, I7mmol) in 50%v/v hydrochloric acid

(2 d < t icacid (1.3m1, 1.7g, 19 mmol). The
re%ﬁ)&%ﬁr}%&tﬁe&v@@mﬁﬁ$§§ nitrogen, at 60C then at 90C for 48
houts. AddititbBah2emhencdprobletiy-acithidOihl530mg, 6 mmol) was
added in this time. A sample was analyzed by HPLC. The reaction

MIXIL e obled and neutralized to pH 5 with 40% v/v NaOH. The
shed with water (50m1) and dried under vacuum to
Benzold]imidaz-2-yl)-methanethiol 1.95g, 93% yield, Rt 15

f, purity > 95% together with disulfide (Rt=8.0mins) 4%. 1H NMR(
d6- DMSO, 400MHz) 14.3ppm (bs,0.5H), 7.46ppm (m,2H), 7.13 (m,2H),
4.17ppm(s O.1H). MS (Electrospray+) 164 mz(M+), 131 m/z (M-SH). (2)
5-(2H-Tetmaz 0)25pHbnd13ndihyaiabe nBsignicazs e 2Hi 0ng,/2 By iko M I 4did

g_p?,%'%ﬁﬁgy%gﬂ%d;g?dﬁé?éﬁ{{%&?éﬂﬁﬁ’c?ﬁ T E A2, T8%050T he reaction

mixture was heated, under nitrogen, at 60°C then at 90°C for 48 hours. Additional 2-
mercaptoacetic acid (400 pul, 530mg, 6 mmol) was added in this time. A sample was
analyzed by HPLC. The reaction mixture was cooled and neutralized to pH 5 with
40% v/v NaOH. The resulting solid was washed with water (50ml) and dried under
vacuum to yield (1H-Benzo[d]imidazol-2-yl)-methanethiol 1.95g, 93% yield, Rt
=7.6 min, purity > 95% together with disulfide (Rt=8.0mins ) 4%. 'H NMR( d¢-
DMSO, 400MHz) 14.3ppm (bs,0.5H), 7.46ppm (m,2H), 7.13 (m,2H), 4.17ppm(s
0.1H). MS (Electrospray+) 164 mz(M+), 131 m/z (M-SH).

(2) 5-(2H-Tetrazol-5-yl)-1,3-dihydrobenzoimidazole-2-thione

Y
NH
H
/\:S
N
H

To 4-amino-3-nitrobenzonitrile (4.98g,36mol) in 2-propanol (15ml) and
water (30ml) was added zinc bromide (13.80g, 61 mmol) followed by sodium azide
(5.81g, 89 mmol). The reaction mixture was at heated at 80°C for 10 hours. The
reaction was cooled and then analyzed by HPLC. Water (15ml) was added and the
orange colored mixture adjusted to pH 3.0 with 50% (v/v) HCIL. The solid was

washed with water (50ml) and dried in an oven at 90°C to yield an orange yellow



water (30m1) was added zinc bromide (13.80g, 61 mmol) followed by
sodium azide 25 (5.81g, 89 mmol). The reaction mixture was at heated at
80C for 10 hours. The reaction was cooled and then analyzed by HPLC.
Water (15ml) was added and the orange golored mixture adjusted to pH
3.0 with 50% (v/v) HCI. The solid was washed with water (50m1) and
dried in an oven at 90C to yield an orange yellow -28- colored solid
2-nitroréd 2blite2raiod-3-YDFphenylariinyd) (hbAghRited @tips, R-\diks, 'H

O SRS A B R e B AP e 2 Lo,
206, M8 ))ppa2@n¥H e+ Blap. pio(1H d,9Hz). MS (Electrospray+) 206m/z (M+),

2-Nitro-4-(2H-tetrazol-5-yl)-phenylamine (6.80g) in methanol (450 ml) and
40%%3/‘??/% ﬁgﬁg@iloric acid (20m1) was added 10% Pd on carbon. The
5 reaction Ves3eViasieiZddtueatadadsidydrahgedlavitné ol Roge musktaaol (450 ml)

ballogn, After 4 hours the reactio anal JHBELC. Water w. .
e Hbru IR ARG OMRT SRENERT BBl o YRS Bfe reacton
withieS0Stowas metheartal imdveliergdDOnti)hildrogbd seivgntbalNeoa.ediporhteairs the
under reduced pressu ar.then 50 mBar 0C. toyield a .. .
b A AP, 20 R RRR ATORT R hction mixture
dihfitteoeth GFickectBadibg yv it wdaShal rveitH-b OOARY (o6t DS My 4008 KI)PmI). The

7.82ppm.(1H d, 2Hz 67ppm (1H.d of d, 8.5 .03ppm o
10 RROpHka (BBI UG SRty Sl b Rl at a0
15 fﬁ?li@l@ﬂbmu@z’_m-@ygddimi@néaﬂﬁmmnbﬁmth@iﬂé@mﬂgQS
m In. acetonitr S a t f =M
S R B YO o 2 0Bom (11
thedh 2ftzad. 6GpBrh 6Lk i Tkl AnaN3pehbyl HRLE Fiag d6%sent
wastem ed pr re an added (100ml). The pH
of t elgrcéugogér?gar# r%?ﬁﬁ?re%\%%% %P gg?l?sgtjﬁgdémﬁé )and the solid filtered and
15 washed with 4v&tbk @ Gml) STHE benatedal Ardsadrine ddhgilvechloride (6.40g,25

B e e

adjonsed) toA1 fuoheith0f0vd of/a)eremdinic e shadded(15he Peovtioneas dbjefestirred
fol |?(¥¥ %ql(}%%s’oé?ltcﬁv ‘ee%&&f%? Qﬁ%@%‘?’ﬁﬁﬂ% mf%téjggﬁ%ﬁgagolregnggw ‘under

The mixture was 25 filtered a e solvent removed, under reduce

pre@sluﬁ@,dtprmmwvc_} leater atthb(jl s adjostd o6 hOroveh ORI K was
20 hy%(ﬂﬁplj@(f 'ﬁ)?)(ﬂdZt@ Xh%l"?h@%&fﬁ‘mé?eﬁ%%- washed with water (50 ml). The

material was dried to give 5-(2H-tetrazol-5-yl)-1,3-dihydrobenzimidazole-2-thione
(3.35g, 61% yield). The material was suspended in water (300ml) and the pH
adjusted to 11.0 with 40% (v/v) NaOH. Methanol (15 ml) was then added followed
by Activated carbon (0.38g) and the mixture stirred for 1 hour. The mixture was

25  filtered and the solvent removed, under reduced pressure, to half its volume. The pH
was adjusted to 2.0 with 50% (v/v) hydrochloric acid to yield an off white solid.
The solid was filtered off and washed with water. The purity was >98% by hplc
Rt=7.8 mins. The material was dried to yield 5-(2H-tetrazol-5-yl)-1,3-
dihydrobenzimidazole-2-thione (2.37g). 'H NMR (ds-DMSO,400MHz) 12.88ppm

30 (1H,s), 12.84ppm(1H,s), 7.82ppm(1H,dd,8.4Hz,1.6Hz), 7.78ppm(1H,m),
7.30ppm(1H,d,8Hz). MS (high resolution EI): Found 218.036514 m/z CgHgNgS to

+4ppm mass accuracy.
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The solid was filtered off and washed with water. The purity was >98% by
hplc Rt=7.8 mins. The material was dried to yield 5-(2H-tetrazol-5-yl)-1,3-
dihydrobenzimidazole-2-thione (2.37g). 'H NMR (d6-DMSO,400MHz)
12.88ppm 30 (1H,s), 12.84ppm(1H,s), 7 £2ppm(1H,dd,8.4Hz,1.6Hz),
7.78ppm(1H,m), 7.30ppm(1H,d,8Hz). MS (high resolution El): Found
218.036514 m/z C8H6NG6S to +4ppm mass accuracy. -29- (3)
5-(2H-Tetrazol-5-yl)-1H-benzimidazol-2yl-amine (1) /N~ N NH N \\ -N H2
N/ (B S5TQM4-{2aiairazolyorM)beanzasiaszé12 diamine dihydrochloride
(8.569,34 mmol) in water (45 ml) was adjusted to pH 6.0. Cyanogen
bromide (3.91g, 37 mmol) was added and the mixture stirred for 4 hours.
The reaction mixture was an g@ﬁd by HPLC. The pH of the reaction
mixture was adjusted to pNi4.0 with 10 40% (v/v) sodium hydroxide. The

water. The material was dried to yield|a broyn saiid 5

Rt =7.3 mins. To a suspension of crude H
5-(2H-tetrazol-5-yl)-1H-benzimidazol-2ylamine (4.10g) in water (40m1),
the pH was adjusted to 1.2 with 50%(v/v) hydrochloric 15 acid. Activated
carbon wasthepradeted ¢0.29) a5 tbgemiztdienstiz eahiairdehhais (8T3ey, 34

T s ]

>91mbly W £ddetH NVIRS B xRMSEAHACMHHZ) A sO AT me (2, 3)i xkdr®Kas

(B 3 Sl 35BN e podpiay g e 0wt

m/Z 22 Bsddivia (Mdﬂ&ﬁi)de(ﬂr_)ﬂ_le mixture was cooled to 4°C and the brown solid

(o TG AR sl iR et [ materid] Was 1ed o yich & Drown Sl 5-
(2H-tetrazol-5-yl)-1H-benzimidazol-2y-amine (4.10g) with a purity of 88%, Rt =7.3
mins. To a suspension of crude 5-(2H-tetrazol-5-yl)-1H-benzimidazol-2ylamine
(4.10g) in water (40ml), the pH was adjusted to 1.2 with 50%(v/v) hydrochloric
acid. Activated carbon was then added (0.2g) and the mixture stirred for 18 hours.
The mixture was filtered and the pH of the filtrate adjusted to pH 3.7 to yield a tan
colored solid. The material was dried (3.01g) and had a purity of >97% by HPLC.
'H NMR (ds-DMS0,400MHz) 13.04ppm (0.3H,s), 12.99 ppm(0.3H.s),
8.85ppm(1H,s), 8.074ppm(1H,s), 7.96ppm (dd,8.4Hz,1.2Hz), 7.55ppm(d,8.4Hz).
MS: (Electrospray +) 201.8 m/z(M+),223.7 m/z (M+Na).

(4) [5-(2H-Tetrazol-5-yl)-1H-benzoimidazol-2-yl]-methanethiol hydrochloride (3)

NN
NH
\N/ N
\: N,
N SH
H



/INtNNH\N~NN SH 25H-30-To
4-(2H-tetrazol-5-yl)-benzene-1,2-diamine dihydrochloride (9.40g,37.7

mmol) in 50%(v/v) hydrochloric acid (105ml). 2-mercaptoacetic acid

(2.4m1, 3.18g, 34.5 mmol) was added af¢l_the reaction mixture heated
under nitrogen at 110C for 48 hours. Additional mercaptoacetic acid
(0.5ml,0.669, 7.20 mmol) was added 5 after 24 hours. The reaction

mixture wads daalddanrddd-Sayhpbearatyd et dynipke difiyd gridenidd (9.40g,37.7

| | I Th lid w
Ry SRR e S S R T
benacimidadphasyildedthaett mabydmmtmdel@tamnmm@ at 110°C for

Rt— 4m|ns HPLC> 97% S OO
3. 4@ppm &H cl‘;dfl Oé)g?o merieg)t& &t %%K&f%eﬂ%%fg AO was added
5 9.24w=), m&mmn(ohahiesgcnérﬂﬂmm@was)com& @Edlecuaonplmyna)yzsd% 16y ripic.
(|v| 463.0m . .
ARG INET oM s ihereq offand washed with water The sgfid was
\N SHRANEBDH ubBeFa 4a(2|ﬂnne(ﬁﬁzﬂ}£)yb Yiehk FréE2H 2edizavirfeyl)- 1 H-

dlhgdro ‘é%d 913%% %hane r50%0 (rvﬁ/e) (E( o f?ég)éﬁaaﬁi? % Dﬂ?mms

Glycme Was a C for
12@1&1@@%@&@@%&&@@@1@1@6 Momﬁamm)sga@ammw{ Yy8.22ppm

thr h r s t| the

EH%—IC%?’? é(;ﬁrzéggql}gﬁ mixtdr was adjgste g ﬁl 81% P%ﬁBﬁEH )
Thmdﬁlcﬁmmalydw)vwdbmén(ldﬂ@ 403l Qhe/d&2keblpbred product
filtered off and washed with water (100ml). The crude product was dried
(5.62g) and had a purity of 93% Rt=7.0 mins. This crude product was
sugpgndegs ipwatetrd20ml, AocHhe idiadiastach {9) b it naaio 2\
hydrochloric acid. Activated (&Flrbon

/ =N
NH
NT N:
\
N NH,
H
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To 4-(2H-tetrazol-5-yl)-benzene-1,2-diamine dihydrochloride (6.40g,25.7
mmol) in 50% (v/v) hydrochloric acid (50ml). Glycine (2.60g, 34 mmol) was added
and the mixture heated to 130°C for 120 hours. Additional glycine (2.01g, 26.7
mmol) was added half way through this period. After this time, the reaction was
20  analyzed by hplc. The pH of the reaction mixture was adjusted to 4.0 with 40%v/v
NaOH. The reaction mixture was cooled to 4°C and the dark colored product
filtered off and washed with water (100ml). The crude product was dried (5.62g)
and had a purity of 93% Rt=7.0 mins. This crude product was suspended in water
(50ml) and the pH adjusted to 1.4 with 50% v/v hydrochloric acid. Activated carbon
25  was then added (0.59g) and the mixture stirred at 20-25°C for 18 hours. The carbon
was filtered off and washed with water. The pH was adjusted to 4.0 with 40%(v/v)
NaOH to yield a light orange solid which was dried under vacuum to yield [5-(2H-
tetrazol-5-yl)-1H-benzoimidazol-2yl]-methylamine (4.22g). Purity by HPLC >98%.
'"H NMR (ds-DMSO, 400MHz) 8.31ppm (1H,s), 7.96ppm (1H,d,6.4Hz),



25 was then added (0.59g) and the mixture stirred at 20-25C for 18 hours.
The carbon was filtered off and washed with water. The pH was adjusted
to 4.0 with 40%(v/v) NaOH to yield a light orange solid which was dried
under vacuum to yield [5-(2H- tetrazol-5-4)-
1H-benzoimidazol-2y1]-methylamine (4.22g). Purity by HPLC >98%. 1H
NMR (d6-DMSO, 400MHz) 8.31ppm (1H,s), 7.96ppm (1H,d,6.4Hz), -31-
7 70pPppihH d,o aﬁlﬂk)m(@ﬂs) WES: (Electrogpray+ L2682/ (M),

esolyti om/
PG Tt S e DAL S R Y o -
OFlLSQM\hﬂﬁsTa(acS@tyD PHASE BACKBONE General Procedure To
ligand (4.1 mmol) in NMP (2m1) was added water (7m1) followed by
bromine activated allylated cross linked agarose (10ml, 150Pmot/ml of
5 allﬁﬁmMRDE 20MOM BoH 1A HyaixoKid & [ Nxss Thesildde 8 A8 Ehe
Lf& IﬁT;i r 18 hours at 20-25C. [For ligands containing thiol
func ional groups a small amount of NaBH4 was added]. The gel was
washedraliftrd@duref NMP water, 0.5M HCI, water,0.5M NaOH and then
20cv wat he filtrat and.w dh L The I
suspend:(ij: g %?53} 2F ano g n m?é ﬁ/lvﬁéﬁhe(rg\yv%g V\?\% Wed by
eth@wh;ﬂeSaWa\temd)aﬂMa%mwmmR@d:‘agﬂatw (T@mlgéﬁ@mcé’mhafwléﬂ groups).
by Qm tric titratio Ieme tal an SIS
10 > Fg U _l%_ﬁ)o)i]]c_l'e 1mb w aglglnzayi? amaII}lctla tPf)rrthure rolled for 18 hours at
5 (Zm%@aiﬁbﬁlggaxmsl dvatmimmddholl 2yhetming ¢838mg ,smallmnml)ltronOaBm

[l\lll\S/l‘g ?dl?)(ﬁ; glh?%t?elbrl‘%ssa%ross Wdtﬂzl%% agarosé‘?aﬁoa\l/f/:el\é lq1@)4‘/! At fosm
sodﬂ@erwdid)@déQWvaﬁrhe thmﬁﬂambgmmwwmmﬁimdrb}aHPDQS@he gel
§§Hé{%ﬁsg%%¥"£hh%9 c%f }HM@ V(‘f%%f PQC?%&\QV'& (?fgwﬁh CTV ethanol,

cv water rate igand was analyse
15 gehwa@ Juspehaet m@%%%an&h@cgﬂamﬂg @t:JBMz:ekUbyherﬂwasm@otltratlon

W“andoﬁkén?é%“?ih "l‘%ﬁr 0.5M NaOH and 20cv water. Titration gave a
value of 77pmol mi. emental analysis gave 61 mol/ml based on
nitrogen.

5-(2H-Tetrazol-5-yl)-1H-benzimidazol-2-yl-amine (1)
To 5-(2H-Tetrazol-5-yl)-1H-benzimidazol-2yl-amine (838mg, 4.1 mmol) in
20  NMP (2ml) and water (7 ml) was added 10 ml bromine activated allylated
[150pumol/ml of allyl groups] cross linked 6% agarose followed by 10M sodium
hydroxide (1ml). The mixture was rolled for 18 hours at 20-25°C. The gel was
washed with 10cv of NMP, water, 0.5M HCIl, water,0.5M NaOH and then 20cv
water. The filtrate ligand was analysed by hplc. The gel was suspended in 50%
25  ethanol containing 0.5M HCI then washed with 10cv ethanol, water, 0.5M NaOH
and 20cv water.
Titration gave a value of 77umol/ml, elemental analysis gave 61pumol/ml based on

nitrogen.

30  5-(2H-Tetrazol-5-yl)-1,3-dihydrobenzoimidazole-2-thione
Similar to the procedure described above using (676mg, 4.1 mmol) of 5-(2H-
Tetrazol-5-yl)-1,3-dihydrobenzoimidazole-2-thione and NaBH4 (3mg). Titration



30 5-(2H-Tetrazol-5-yl)-1,3-dihydrobenzoimidazole-2-thione Similar to the
procedure described above using (676mg, 4.1 mmol) of 5-(2H-
Tetrazol-5-yl)- 1,3-dihydrobenzoimidazole-2-thione and NaBH4 (3mg).
Titration -32- gave a value of 133pmol/mjyelemental analysis gave
177mol/ml based on nitrogen.
[5-(2H-Tetrazol-5-yl)-IH-benzoinidazol-2-yl]-methanethiol hydrochloride (3)
5 Simited taltheopaceduse dEsteinent dboveysisiogvel 174 dehdtAnbazel) e
[5- (2H-Tetrazol-5-yl)-1H-benzoimidazol-2-yl]-methanethiolhydrochloride
and'Ni8&i4 (3mg). Titration gave a value of 78pmol/ml, elemental
analysis gave 6lmol/ml based on nitrogen. 10

5-(2H- azol-5-y)-1H-henzoimidazol-2y1]-methylamine (2). Simijlar to
o S e L e B Ao thIcHdS )

5 (2H-Tetragahfayoltht: hesrainidésokiByd hbwsihykangi 0k 1 F2gatd dngave) af [5-
valye of. 76pmal/ml, elemental analysi ve 49mol/ml| based on nitro
o S B BRA e melel Pars B oA R
1H¢BeRzo[Tiifibazelec? aniaaing (modsnligaethMePaprRas e ace Oliehidgml
to the procedures described above. EXAMPLE 3 IMMUNOGLOBULIN
BINBIRIENBAEITY AND PURITY MEASUREMENTS 20 Static higG

capacity measurement. Two disposable columns were packed with 2mL of
ligand-agarose sample ﬂlj%_6mm above the column frit) for each matrix

10 garpion B tESlet e B R SR B (Bharose was
allowed tssaitle thdRymRYitindREEHud iRt Wihd G4Fhe cobmARIyOrgS-

labeled appropriately. 25 350 mg of human IgG was, dissolved in 7 mL
PBS 'ﬂzﬁfé?aép%érﬁhlﬂdr é‘éﬂ“‘&tﬂﬁ?ﬂqﬁ%ﬁo‘@? GiMPhe hilfAdpmgtye @ value of

solugamyyasi filrisehtiraHal 9s2Ave Jersel/MilbadedibHignrobdhe filtered

IgG solution was prepared by serial dilution and the concentration of IgG
was calculated as follows: concentration of human IgG (mg/mL) =

15 OD2gonny¥iRPiagR 30 iihe |86 siuigmias A Contrbabenithaasdsle-2,6-

mg/mL. Each column was washed with 4 x 5 mL of PBS buffer. 5 mL of
theligtinsoienihl 193 S4de AP USRI A0 ATEEEHES T SGHHIBER RDOVE-
(FT) in a glass

EXAMPLE 3 IMMUNOGLOBULIN BINDING CAPACITY AND PURITY
MEASUREMENTS
20  Static hlgG capacity measurement.
Two disposable columns were packed with 2mL of ligand-agarose sample
(46mm above the column frit) for each matrix sample to be tested including one
reference column. The agarose was allowed to settle under gravity in PBS buffer at
pH 7.4. The columns were labeled appropriately.
25 350 mg of human IgG was dissolved in 7 mL PBS buffer at pH 7.4 for each
colunm to be tested. The human IgG solution was filtered through 0.22 pm filters.
A 1:50 dilution of the filtered IgG solution was prepared by serial dilution
and the concentration of IgG was calculated as follows:
concentration of human IgG (mg/mL) = OD;gonm x 50/1.38
30 The IgG solution has a concentration of 35-45 mg/mL.
Each column was washed with 4 x 5 mL of PBS buffer. 5 mL of the IgG

solution was loaded to each column and collect the flowthrough (FT) in a glass



-33- universal. Each column was washed with 4 x 5 mL of PBS buffer to
remove any unbound IgG and the wash was collected into the universal
containing the flowthrough. The bound IgG was eluted with 10 mL of 0.1
M glycine/HC1 buffer pH 2 and 5 the elufion was collected in a glass
universal. The two universals were mixed for about 5 minutes. The
0D280r,,,, of IgG in each universal was measured using the
specirapkdtdiadiecamnavh Swisiguiawtizicd velten PP Ra duedtasdnlank any
when,easuing e flowtnouoh And wash and 0.4 Mavcinelt et puffer
was used a ank when measuring the elution. The volume
ligdtwvdgargde in the column was determined by measuring the bed
height (mm). Perc e of recovery was calcylat ?v1b the s féﬁG [
the oWt g SR e i SR B0 F o Ay e B 2 ana
5 loathectligiGn sapacity(tod)imi plassuralemated by the amount of IgG in
elution di\ﬁ}gq bg&hevééa sql&f@gr}/ﬁ))!gcrln% L"chllrtl% ut%li%?éion value (mg/ml)
was calcula ed“by divi ing the amount of f'g eluted with the amount of
ligand (m@hinGhsnatoik] feoinctectahbynesalier Sapecity dd @asigr ément.
Using a standard Dynamic capacity method (20%BT, 10% BT 3+ 10% non-
P s S b AR T ST C AR
Onméfisucomigitha Aod thigGeivasdappiiedntd R 094 IgtgakittdUbbu fTérenaotedd as
10 waglggl nw%lg&ed aasﬂgl thghceoelru 1nncleaned, the OD280 of the elution was
measured and the voltme o f)gG applied was noted. Measurement
conditionsTareviidten: lnélbganBlogarate 2. hminlresntints (@8miined)y 25casuring
Equilibration. buffer RB H7.4Lod|m/mIIGE%E HWWashP .
o DB R P b ST DO AR SRR hE e S b3 in
|gGhefuivtit¢o gic hievie 20slBTowdy Wetbbyihedoity) teodoilohigg loaded. 1gG
pro&a%%f& (mg/mL) was calculated by the amount of IgG in elution divided by the
15  column volume. Ligand utilization value (mg/ml) was calculated by dividing the

amount of IgG eluted with the amount of ligand (mg) in the matrix.

Polyclonal Dynamic Capacity Measurement.
Using a standard Dynamic capacity method (20%BT, 10% BT + 10% non-
20  binding) and standard buffers, 2ml of each sample was packed into an Omnifit
column and hlgG was applied to 20% breakthrough. The protein was then eluted
and the column cleaned, the OD»g( of the elution was measured and the volume of

hlgG applied was noted. Measurement conditions are listed below:

Flow rate 2.5min res time (0.8ml/min)
25 Equilibration buffer PBS pH 7.4

Load Img/ml IgG PBS pH 7.4

Wash PBS pH 7.4

Elution 0.1M Glycine pH 2

Clean 0.5M NaOH

30
The amount of IgG required to achieve 20% BT was determined by the

following procedure.
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-34- A solution of IgG was passed through a test column containing solid
phase matrix of interest in bypass mode until a plateau level was reached.
The amount of IgG is measured in terms mAU. An amount of IgG equal to
20% of the amount of IgG in the flowthrgygh was loaded onto another
column packed with the solid phase 5 matrix followed by washing and
eluting 1gG from the column. Feedstock Capacity Assay Using a standard

feedstockmmmidranﬂlg@mmmammempﬁgmhoéﬂmgamlﬁammg p;atilslqmase

into a Orr}mft colum 660m3 nt| n| ds ock was ag(;ipl
%{] mn S'[ mn 4SS Mo GVG as reach € amount of
untit reakt roug 35 Teacned rmmed y a’separate

Prdgﬂmsﬁmeatumd)n'lfmmm \Aasathemebﬁég{}amﬁheodﬂ%mf tﬂeanm:imt of

As dit} gre listed ow ra |n res

o Bt DO s s PSR e Rl e T SR Ry P phase
Wmmﬁﬁﬂméd%ﬁlmdm@bwﬁhdlugﬂglﬁrﬁmmﬂdéc&iﬁm 0.5M NaOH
20 The amount of anti-nip feedstock required to achieve 20% BT was
determined by the following procedure. The Anti-nip feedstock was loaded
onteeadsisckdlapacitpAss@ing solid phase matrix of interest until the
flowthrough reach e flowthro ollecte na ts
and analyqzyecil for ?ga@(%gcrl? us]?nraea (rlzj eiHn% P rﬁilt?))/ % ?umn Pglah% sample
100%4s Backabidetemiined fwkehimi@ oblgd amdlh’érﬁ;tanpf é@dbtock was applied
(anal o tein A affinity cq ?{ ual mAuU of 1gG,in.the flow
througﬁ%frc?rﬁ) the %?éls?u erﬁ% y n%ar(i:g:m Htllenlp t&edBto % foteln ‘&
corcebpamdihlgetprd2890vBik thes ¢hede drohtioe anbtiver detnath pPaskedomittiions are
SOlhstpH%S? matrix of interest followed by washing and eluting IgG from
the column. 30 -35 - Impurity Binding Study with CHO Medium 5 CHO
Medium Shlves lased to study color biddingrared imeu(t§rbinding of the

Equilibration buffer PBS pH 7.4

Load Anti-nip (wave 74&75) pH 7.4
Wash PBS pH 7.4

Elution 0.1M Sodium Citrate pH3
Clean 0.5M NaOH

The amount of anti-nip feedstock required to achieve 20% BT was
determined by the following procedure.

The Anti-nip feedstock was loaded onto a test column containing solid phase
matrix of interest until the flowthrough reached a plateau. The flowthrough was
collected in aliquots and analyzed for IgG content ( using a Protein A affinity
column). The 100% BT was determined when mAu of IgG in the start feedstock
(analyzed on a Protein A affinity column) is equal to mAu of IgG in the flow
through from the test column. An amount of Anti-nip feedstock corresponding to
20% BT was loaded onto another column packed with solid phase matrix of interest

followed by washing and eluting IgG from the column.



5

matrices of the present invention. The breakthrough (BT) and wash, the
elution, the clean (with 1% hexadecyltrimethylammonium bromide (hexa),

pH 1.5) and a final 5 0.5M NaOH wash were collected and values of the
0oD280l,,,, were recorded. Measuremeni4l. Iml of each matrix sample

was measured in a small gravity fed column and equilibrated using 15ml

PBS pH 7.4 2. 10m1 of CHO Medium 5 was applied and allowed to drip
throongloy ttyeBBTdin§ Stadycoibe@idOn\dediuvetsal, 10ml of PBS was then

applied a {ﬁYII w through (FT) was collected in.the same vessel. 3.

o of 8 KIS B G S SN e VD P g ofthe
colleetacked of @ hiebtheihexdjpH Tz Wwaslappliedth 4R coltbotedh (chelemmion, the
the matrix..15.3, 10m1 of 0.5M NaOH was then ang‘)f‘:%lie and coll dt
e e s e R SRR A, B i na
a niaEel Dalait e/ tshbe ccatolilated. H.dTaduSDRP 80K ) Miasihesreeacbfdedll

the amp d to enable a direct comparison. The OD280l,,,, values

we'r\g con'f/ger%ré% into percentages of the 20 total OD280r,,,, obtained.
Interpretinigithef dath fhative S@ADP8Cyas, wasuedd fer saaedh gamiyldedt e@hcinn and
stage i.e, BT+ lytion, clean H wash 25 2. This value was

then muIti% 'ue11 “f}?%%y %ﬂgﬁogn aﬁcf?ogrﬁ%.q'ﬁhe OD value after adjusted with

dilutior fattonhed < thenMvieditiplie dvby ahpliedianden lofved ito thepfthctigeh,i the BT

was co
calculated as fhe sum o valuefor each fraction mu

o 20mL for QWM f900. 06T SSRE A0 QOB i o

15

20

25

30

number oftmhighedch frastiohlc8@binTthe tatad @Bswlas then used to

calculate % of contaminants | h stage. :36- EXAMPLE 4

INDING R e AR T A p T S A ha e PT s
INVENTIONIStttic capacities The static capacity for matrix with ligands 1,
2,3, 449 r q’(ﬁ%?mh?és }ge’x%,’ &1415 was applied and collected to clean the matrix.

5. 10ml of 0.5M NaOH was then applied and collected to ensure all the bound
contaminants had been washed off, this will enable a mass balance to be
calculated.

6. The ODagonm Was then read for all the samples and to enable a direct
comparison. The ODygonm Values were converted into percentages of the

total OD,gonm Obtained.

Interpreting the data

1. The ODsgonm Was read for each sample at each stage i.e, BT+W, elution,
clean and NaOH wash

2. This value was then multiplied by any dilution factors.

3. The OD value after adjusted with dilution factor was then multiplied by the
number of ml in the fraction i.e 20ml for BT+W, 10ml for the other steps.

4. A total OD was then calculated as the sum of OD value for each fraction
multiplied by the number of ml in each fraction.

5. The total OD was then used to calculate the % of contaminants in each stage.
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5 or 5) was measured according to the procedure described above. Static
capacity for solid phase matrix with 2-aminobenzimidazole as ligand L

was also measured as control. Tables 1-5 summarize the static capacity
data. Static Capacity % elution ligand IgGghinding Sample (mg/ml)

recovery ("mot/nil) mg | G/ molliand control 65 95 115 0.6 1 68 90 77 0.9

10 Table 1. Static IgG binding capacity for sample 1. Static Capacity %
eluEOMIMBOLE W GINIIING HaRHIIR Vhghiil Erecovess RIGHBIQN THE PRBSENT
“af}ﬁ]\?g&tf 10397 0.7 258 102 76 0.76 Table 2. Static IgG binding
capacity for sample 2. Static Capacity % elution ligand 1gG binding

SafiptiE gagdnit)esecovery (mol/ml) mg IgG/mol ligand) control 66 101 107
0.62 352,103 78.0.67 Table 3. Statlc l bln |n acit sar pI

Static Ca;}]glcnyzg% i %Cﬁ k% gl?gr& b|n gp?é% g#n%) ver1 2,3,4
(mol/ﬁﬂ)wwﬂg@s&mﬂ hgand)ngmthd m&ﬁlﬂriztlﬁcﬁribm&@s 31816 dabail:ﬁy for

Tabl }lggc I%Cls b|n mlg ﬁlt tor am0 eI%S = Etatlc Cfsga acit ure d as

eluflon IPg d'P Binc ing ! amp % recove%/? mo‘fvnﬁ) mg e

motkatichl.control 65 95 115 0.6 5 44 93 40 1.1 Table 5. Static IgG

binding ca}o%(fltéllfcg sam Ie 5 és,[h%v(r:\alnaCTl@b les 1-4, samples 1-5 have
ic

comparable or superlor Sta INg capacity comparing to control
sample. Specifically, samples 1 and 5 have a
Static Capacity |% elution ligand IgG binding
Sample (mg/ml) recovery | (umol/ml) |(mg IgG/umol ligand),
control 65 95 115 0.6
1 68 90 77 0.9

Table 1. Static IgG binding capacity for sample 1.

Static Capacity |% elution ligand IgG binding
Sample (mg/ml) recovery [ (umol/ml) |(mg IgG/umol ligand)
control 63 103 97 0.7
2 58 102 76 0.76
Table 2. Static IgG binding capacity for sample 2.
Static Capacity | % elution ligand IgG binding
Sample (mg/ml) recovery [ (umol/ml) |(mg IgG/umol ligand),
control 66 101 107 0.62
3 52 103 78 0.67

Table 3. Static IgG binding capacity for sample 3.

Static Capacity | % elution ligand IgG binding
Sample (mg/ml) recovery [ (umol/ml) |(mg IgG/umol ligand),
control 69 95 114 0.61
4 55 103 118 0.47

Table 4. Static IgG binding capacity for sample 4.
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5 much higher ligand utilization value comparing to the control sample.

Fe

edstock capacity Feedstock capacities for samples 1-5 were measured

using anti-nip feedstock and the data are summarized in Table 6.

Fe
as

edstock capacity for solid phase matrix; 10 with 2-aminobenzimidazole
ligand was also measured as control. Purity of the IgG eluted were

determined by using PrA column. Purity percentage is calculated by the

amount of 19G [suietapadi eotimindividaibydthe fotal agmbhidaidgG

elutedagdgirrm(ned(bgmepsurngcRABP!, (usample Hraipaganalysisigand)
Elutlogoﬁrqu Purity C 20% BJ52.5 min (Iﬂ IgG/rnI) RT (ra%/ml)

oW, Ba 404 420\ Do AN —al 4 A0

Cco

5 27 45 B0 Tahle 6. F&edstock 1g@dinding cafécity fgr samplek 11-4. *

D0 laVal A L
Inrorol o4 L|-J_OJ.J’-|- VU 40 12 74] o o0 1£2 OU 444443 0040,0

badeaberbtvBatiktl getbrmdingtiapscifys feheawmpie Fable 6, samples 1 and 5
have similar anti-nip capacity comparing to the control. However, 1gG

pu

rity eluted from Sample 1 is higher than that eluted from the control

sample. Sasyhles2iafhBlemns-dirvilapleoital lmvalysisRiabiduesapdilowetic

elution values c mparin 1o those or the control s indic
e LR R R Aty RS Pana s have o
5 of igGehbitgltfrbogarshntipiesidravad (8, tonpeverg arellslgmﬁndmi;nplgher than

the -38- control sample. Sample 4 has a slightly lower anti-nip binding

capacity comparing to the control sample. Impurity binding of samples 1-5
weleedswdoeapaceyl with that of the control sample by visualizing the

3)

color of elggo#tsé% utio a((st gnﬁlétlo\ﬁ’@ ere

slﬁ] e(? rgﬁg%ﬁ?l%g |fleedstock

and the COIor Of Strif p SO utlon i collected w
and the data are summarized in Table 6. Feedstock capacity for solid phase matrix

with 2-aminobenzimidazole as ligand was also measured as control. Purity of the
IgG eluted were determined by using PrA column. Purity percentage is calculated
by the amount of IgG bound to a PrA column divided by the total amount of IgG

eluted, determined by measuring OD2gonm.

sample Frontal analysis Elution % 1IgG Purity
DBC 20% BT, 2.5 min| (mg IgG/ml)
RT
(mg/ml)
control 31 34 64
1 31 34 70
2 26 12 74
3 38 12 80
4* 24, 24 29, 38 46, 68
5 27 45 60

Table 6. Feedstock IgG binding capacity for samples 1-4. * based on two
determinations.

As shown in Table 6, samples 1 and 5 have similar anti-nip capacity
comparing to the control. However, IgG purity eluted from Sample 1 is higher than
that eluted from the control sample. Samples 2 and 3 has similar frontal analysis
values and lower elution values comparing to those for the control sample,
indicating samples 2 and 3 bind to IgG stronger than the control sample. The purity
of IgG eluted from samples 2 and 3, however, are significantly higher than the



NaOH wash). The elution solution and strip solution for control sample
were cloudy and yellow. The elution solution and strip solution for sample
1 were clear and slightly yellow. The elution solution for sample 2 was
clear and slightly yellow. The elution solggion for sample 3 was clear and
colorless. The elution solution for 10 sample 4 was colorless and slightly
cloudy. The elution solution for sample 5 was clear and colorless.
Theuvefosk saapipleSahpldrddhde ssstighotybliowtitrg iniaum il tah dihtheapeeity @omparing
Po%%lgggéd%glagyrig l?einding capacity 15 Polyclonal dynamic binding
capacities for sampﬁ’es’ 1-4 were measured and compared to the control
sample (sbhigyphadéndiatriafwitingearhyf oo zitudanglerad wWigiaricht §f Teecontrol
bindingeapacty data ahroom (erpRRIatie Wit 2096, 21,200 22.miNG 1
residence time, are ]Ilﬁela ifTable 7. samp(ie Hro tsa? anarfy3|s ation™
5 (mgdahiyrinegthatt) acobtd) 38d3d el c8lbR3f 119 sbFut® i §s61id® @Blebtdd Rith 0.5 M
20 515985% e E’Q‘%’ ‘i‘u?é‘@id@? TG béﬂs ing capacity data {051]%%@ 8% & cloudy
and control sample. ampI}es Tand4hay S|m|far or slfgf%1 fy oW
polyadoy] wyndimic: hinding leapaaitibstep spatiog fio faenpntrelesanipde and
25 -39- Impurity binding with 5 Medium Impurity,binding of samples
L s A S B SN BT AT e
cordrdi sasnple anthrdaatidaiethagosadealisl (g drbs el bea solvtioh for
10 havenadgand immabllzed bytyere AU PHOD B IMTORIZEY0N e 5 was
proceo%re) were also measured. The m%hng ata are summarized i
Tablesr @tl0colorless. Therefore, samples 1-5 had less color binding than that of the

control.

Polyclonal dynamic binding capacity

15 Polyclonal dynamic binding capacities for samples 1-4 were measured and
compared to the control sample (solid phase matrix with 2-aminobenzimidazole as
ligand L). The binding capacity data at room temperature with 20% BT and 2.5 min

residence time, are listed in Table 7.

sample Frontal analysis Elution
(mg/ml) (mg/ml)
control 39 34
1 34 27
2 19 17
3 19 6
4 29 26
5 30 21
20  Table 7. Polyclonal IgG dynamic binding capacity data for samples 1-4 and control
sample.

Samples 1 and 4 have similar or slightly lower polyclonal dynamic binding

capacities comparing to the control sample.

25



% total contaminants Total %BT %Elutio %Clean NaOH strip bound XL
allylated 97.66 97.3 1.45 0.9 0.3 2 control 90.47 75.8 20.342.51.323 1
90.99 85.1 10.65 2.5 1.8 13 Table 8. Impurity binding data for sample 1,
control sample and XL allylated agaroseggsing CHO 5 medium. 10 % total
contaminants % % NaOH bound (%) Total %BT Elution Clean strip
control 86.27 74.9 20.29 4.0 0.82 25.12 2 95.58 98.1 1.22 0.6 0.08 1.86
Talbep@ribgnpindip dimdmgHdata kdedsample 1, control sample and XL

allylated
Total %B

REY

MR e

tal contamirgants b

471878576 00

SO

10’3096, 3[21P6rity7bi0m S FRAT abterd Dsdmydlaritydiidinly tatd domsanipleds

4. contiol sp
sh V\%1 in E\ra

S

Sam

ignifnca

I L allylated .using CHO 5 ium. 20 A
RIS A0 e e ARSI HG, GHO 2 e, 20 AS

y less

5 impomitiets Icomparnng ¢ditte sentrdksanepieradlll fBierendeszréderped fommarized in
her.'leérg)ogrseﬁlrlﬁorporated by reference in their entirety. -40- While this
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inven

as been patrticularly shown and described with references to

example embodiments thereof, it will be understood by those skilled in

the-art-thatvarious-changesjn-form-and-detallsmay be-made-therein
without % total contaminants
Total | %BT [%Elution| %Clean | NaOH strip bound (%)
XL
allylated | 97.66 | 97.3 1.45 0.9 0.3 2
control | 90.47 | 75.8 | 20.34 2.5 1.3 23
1 90.99 | 85.1 10.65 2.5 1.8 13

Table 8. Impurity binding data for sample 1, control sample and XL allylated
agarose using CHO 5 medium.

%

total contaminants

% % NaOH bound (%)
Total [ %BT | Elution| Clean strip
control | 86.27 74.9 | 20.29 4.0 0.82 25.12
2 95.58 98.1 1.22 0.6 0.08 1.86

Table 9. Impurity binding data for sample 1, control sample and XL allylated
agarose using CHO 5 medium.

total contaminants

bound (%)
Total %BT %E %Hexa NaOH
Control 97.13] 75.4 18.78 59 0.00 24.64
4 101.39] 96.3 2.06 1.7 0.00 3.74

Table 10. Impurity binding data for sample 4, control sample and XL allylated
agarose using CHO 5 medium.

As shown in Tables 8-10, samples 1, 2, and 4 bind significantly less
impurities comparing to the control sample.

All references referred to herein are incorporated by reference in their

entirety.




departing from the scope of the invention encompassed by the appended
claims. -41- CLAIMS What is claimed is: 1 A method for isolation of
immunoglobulins from a solution containing one or more
immunoglobulins, comprising: 5 a) contagging the solution containing one
or more immunoglobulins with a solid phase matrix of the general formula
M-SP-L, wherein M designates the matrix backbone, SP designates a
spacer, andhiledasigmatesom hgabdaephesaritely bidiva sﬂdjdusmiﬁairwﬁﬂhi

A A D S IR N
- N{RIE (RUNERIB) B, dR &P Trofolti ahkﬂ)tétiﬂquR}sbRﬁ),atmthamn w1thout

o deparing PO}H?Ege”de”tP’ OhH 059”181%'8&? asse [1) dta%':{éﬁqa%j o
eacVoceurrence, is ind pen ently -H or an op ona stitute

R5, for each occurrence, is independently -H or an optlonally substltuted

alkyl; Z is a single bond, an optionally substituted alkylene, an optionally
substituted alkenylene or an optionally substituted alkynylene; n is an

integer from O to 4; -42-
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provided L is not 2-mercapto-5-nitro-benzimidazole, 2-amino-
benzimidazole, 2-mercaptobenzimidazole, and 2-aminomethyl-
benzimidazole; b) separating the solid phase matrix having
immunoglobulins bound thereto 5 from the_solution; c) optionally washing
the solid phase matrix; and d) contacting the solid phase matrix with an
eluent in order to liberate the one or more immunoglobulins from the solid
phase matrix, thereby isolating the immunoglobulin. 10 2. The method of
Claim 1, wherein L designates a ligarffdb-ép¥Sented by the structural
formaula ﬁ%l)éleMJM:N NRSNV/\NNI\N NN RiorRRi "(R2)H
"(R2)" H (I~~ or a tautomer thereof. 3. The method of Claim 3, wherein L

designates a Ii%baﬂnd represented by the 15 following structural formula:.
NN/NF ~NYPretbrd feg NaleRor of nRnegl ety RiHiony i o gt ansamspiipg one
thereof. 403_51%{@%%%9@&%%,669%&55 is H. 5. The method of

Claim 1, wherein Z is a single bond and nis 1. 20 6. The method of Claim
5, wherei RIS thRg OB PO PREIEIR Imgusigalailigs with a

ligand repgesepiedmihex ilawingsHrGHiRlormulas: NN -43-
M-SP-L,
wherein M designates the matrix backbone, SP designates a spacer, and L

designates a ligand represented by the structural formula (I):

n(R2)
\ \ N\
| >
/ N
H D
or a tautomer thereof, wherein:

R1 is -Z-N(R3)2, -Z-SR3, or —Z-OR3;
R» is -H, -halogen, -OR4, -NH,, -alkyl, -NO,, -SOsH, -

N(R;3)C(O)N(R3)s,
%

/Nﬁ/llt‘v ’ /
Rs™N or N
N N N

R3, for each occurrence, is independently —H or an optionally

Rs
substituted alkyl;

R4, for each occurrence, is independently —H or an optionally
substituted alkyl;

Rs, for each occurrence, is independently —H or an optionally
substituted alkyl;

Z is a single bond, an optionally substituted alkylene, an optionally
substituted alkenylene or an optionally substituted alkynylene;

n is an integer from 0 to 4;



10

15

20

HN\YHN\ NNH,N/NICHzNHz HN N2H/N HN ~N&:: NN )-\SH
(:CNSH H34 N\ orIrNH2HIVCN H 5 8. The method of Claim 1,
wherein the pH of the solution containing one or more immunoglobulins is
in the range of 6.0 to 10.0. 5 9. The methad of Claim 1, wherein the matrix
backbone is agarose. 10. The method of Claim 1, wherein the spacer SP
is represented by the following formula: -(O-CH2CH2(OH)-CH2)m ,
wherein m is an pitegéedrons dotdifierddptdieninetbeddiidainic] 2vanarein:

10 the matrix ba%kbone 'ﬁs agar se; the spacer SP is repr(-:-c§§nted bxlt e
€ fl‘_|§ f_ﬁ)% omet

following formula®*~(O" 2 (Bﬂf-a@ S W arole andLzamy eger yl-

from 1 to 3; and bhezligaladdles represented by the following structural
formulas: Bgfés‘ré];{awalﬂan me/ Iglc_)l{\(li p}h\ageNr}latrix having immunoglobulins bound thereto
from the solution;
¢) optionally washing the solid phase matrix; and

d) contacting the solid phase matrix with an eluent in order to liberate the

one or more immunoglobulins from the solid phase matrix, thereby isolating

the immunoglobulin.

2. The method of Claim 1, wherein L designates a ligand represented by the
structural formula (II):
N=—o N—0{u
/7] /7
Re—
’ \N/ AN

N
Xx—N Xx—N
S TRASeS
P! N

or a tautomer thereof.

n(R2)

3. The method of Claim 3, wherein L designates a ligand represented by the
following structural formula:
N=—ou N—{
N/ | N// \N
Re—
’ \N/ N \N N
\>7R1 or RI5 \>7R1
N N
H H
or a tautomer thereof.
4. The method of Claim 3, wherein Rs is —H.
5. The method of Claim 1, wherein Z is a single bond and n is 1.
6. The method of Claim 5, wherein R3 is —H.
7. The method of Claim 1, wherein L designates a ligand represented by the

following structural formulas:
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NH, N ~CHzNHz NHN H /NN2HN\WN~\N\N )\SHSH NN HH 34
\NorlINH, H2N/NH 5 12. The method of Claim 1, wherein the solution
containing one or more immunoglobulins has a pH in the range of 2.0 to
10.0. 5 13. The method of Claim 12, whefgin the solution containing one
or more immunoglobulins has a total salt content corresponding to an
ionic strength of at the most 2.0, and lyotropic salts in a concentration of
at the most Q"=vk 14. The method of Claim 13 wherein the solution
containingi@ne or\more |mmunoglobul|ns hﬁs TG Iyotroplc salt. 10 15. A
solid phase ny Sentec
M designates the ma
designates a ligand
-45-

N
HN/
N\ =
N
N
or \>7N Hy
HoN N
5
8. The method of Claim 1, wherein the pH of the solution containing one or

more immunoglobulins is in the range of 6.0 to 10.0.
0. The method of Claim 1, wherein the matrix backbone is agarose.

10. The method of Claim 1, wherein the spacer SP is represented by the
following formula:

—(O-CH,CH,(OH)-CH;)y—, wherein m is an integer from 1 to 10.

11. The method of Claim 1, wherein:
the matrix backbone is agarose;

the spacer SP is represented by the following formula:

—(0O-CH,CH,(OH)-CH;),—, wherein m is an integer from 1 to 3; and

the ligand L is represented by the following structural formulas:



or a tautomer thereof, wherein: Rl is -Z-N(R3)2, -Z-SR3, or -Z-OR3; R2 is
-H, -halogen, -OR4, -NH2, -alkyl, -NO2, -SO3H, - N(R3)C(O)N(R3)2,
RS-N\ I or N\ NON ~,- N5 N R5 R3, for each occurrence, is
independently -H or an optionally substifited alkyl; R4, for each
occurrence, is independently -H or an optionally substituted alkyl; 10 R5,
for each occurrence, is independently -H or an optionally substituted
alkyl; Z is @'siagle bond, an optionally substituted alkylene, optionally
substityigd alke! ylene or optlonally substltu}gﬁ ynylene n is an mteger

< thyl'
ein LS)—ch,nk,
; "\‘ N N
b

2-amino- ben2|m|d J-mer toan2|m| F70le
benzimidazole. 16 gliid phése matrix of Claim
designates a ligand representid by the structural fo

RSNNNIN NN C\IN_RiorRRi20n(R2) " n(R2)’

H,N H

12. The method of Claim 1, wherein the solution containing one or more

immunoglobulins has a pH in the range of 2.0 to 10.0.

13. The method of Claim 12, wherein the solution containing one or more
immunoglobulins has a total salt content corresponding to an ionic strength

of at the most 2.0, and lyotropic salts in a concentration of at the most 0.4 M.

14. The method of Claim 13, wherein the solution containing one or more

immunoglobulins has no lyotropic salt.

15. A solid phase matrix represented by the general formula:
M-SP-L,
wherein M designates the matrix backbone, SP designates a spacer, and L

designates a ligand represented by the structural formula (I):

n(R2)
P N
‘ o \>7R1
Z T~y
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15

20

INN~N_NRCNN/NNWINRiorRIRiHH (H1), or atautomer
thereof. 18. The solid phase matrix of Claim 17, wherein R5 is H. 19. The
solid phase matrix of Claim 15, wherein Z is a single bond and nis 1. 5
20. The solid phase matrix of Claim 19, wherein R3 is H. 21. The solid
phase matrix of Claim 15, wherein L designates a ligand represented by
the following structural formulas: HNAN/\HN\N /\' N NH, N N | rCHzN Hz
H N NN Db2aHakifNoheNh&teYSHhbr¢itN~ SH HH 3 4\ N\ or I rN Hz HzN
/NH 510 22. Tﬂe .sqéh?ga@e rzaéﬂx of g?_i 15, wherein the matrix
backbone is agardse. 23. The’sblid phase matrik of Claim 15, wherein the
spacer SP is repResenri&dlimopie, fallBwingHermlidgt, -NO,, -SOsH, -

-(O-CH2CH2(0OH)-CH L H@ rein mis an integer from 1 to 10. -47- 24.
The solid phaseli}ﬁ(zg??é@ |ﬁ3215, wherein:
P

/ Nﬁ}i ’
Rs™N or N
\NéN \\N/N\

Rj, for each occurrence, is independently —H or an optionally

Rs -
substituted alkyl;
R4, for each occurrence, is independently —H or an optionally
substituted alkyl;
Rs, for each occurrence, is independently —H or an optionally
substituted alkyl;
Z is a single bond, an optionally substituted alkylene, optionally
substituted alkenylene or optionally substituted alkynylene;
n is an integer from 0 to 4;
provided L is not 2-mercapto-5-nitro-benzimidazole, 2-amino-
benzimidazole, 2-mercaptobenzimidazole, and 2-aminomethyl-

benzimidazole.

16. The solid phase matrix of Claim 15, wherein L designates a ligand

represented by the  structural formula (II):

N=—u N—~{u
R —N/ \ // \N
) N\ A N\

N
XN XN

‘ \>frz1 or R;: ‘ \>fR1
/ 7 N N

or a tautomer thereof.

n(R2)

17. The solid phase matrix of Claim 16, wherein L designates a ligand

represented by the following structural formula:



the matrix backbone is agarose; the spacer SP is represented by the
following formula: -(O-CH2CH2(OH)-CH2)m , wherein m is an integer
from 1 to 3; and 5 the ligand L is represented by the following structural
formulas: HN /N NAN/A\\HN\\N NH, NggHzZNHz HHN t2 /N__ NH
HNNNN H)\SH HH34 N orNH,HzZNN H 5 25. A compound
represented by the following structural formulas: Nzzzz N/N N HN\N/ I\\

HN\ NHz N=GGHzN Hz HNZH /N N N —n
/ 7 \
Rs—™N N
\N/ N \N N
\>7R1 or RI5 \>7R1
N N (110),
or a tautomer thereof.
18. The solid phase matrix of Claim 17, wherein Rs is —H.
19. The solid phase matrix of Claim 15, wherein Z is a single bond and n is 1.
5 20. The solid phase matrix of Claim 19, wherein Rj3 is —H.
21. The solid phase matrix of Claim 15, wherein L designates a ligand
represented by the following structural formulas:
N§N
N——
HN/ / N
N\ = N HN
N \: N\ =~ N
NH, N \>7
CH,NH,
N
1 N ’
/N 2
HN
\N/ N
~ —
\ SH : o
3 4
N
or \>7NH2
H,N H
5
10 22.  The solid phase matrix of Claim 15, wherein the matrix backbone is agarose.

23. The solid phase matrix of Claim 15, wherein the spacer SP is represented by
the following formula:

—(0O-CH;,CH2(OH)-CH3),—, wherein m is an integer from 1 to 10.
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HNAN~N orSH NH 310

- 47 -

24. The solid phase matrix of Claim 15, wherein:
the matrix backbone is agarose;
the spacer SP is represented by the following formula:

—(0O-CH,CH(OH)-CH3)y—, wherein m is an integer from 1 to 3; and

the ligand L is represented by the following structural formulas:
N—0u
e /=
N\ = N HN
N \: \N/ N
NH
’ \>7CH2NH2
N
1 ) N :
N—~0u
ot
HN
\N/ N\ N
>jSH : \
, SH
i i
3 4
N
or \>7NH2
H,N N
5
25. A compound represented by the following structural formulas:
NQN
HN/ / ==
N\ =~ N HN
N AN N\ =~ N
NH; N \>7
CH2NH;z
N
, N ,
1 ) N
NQN
HN/
\ =~ N
or N \>j
SH

N
H
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