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METHODS FOR OXIME CONJUGATION TO KETONE-MODIFIED
POLYPEPTIDES

BACKGROUND

A wide variety of chemical moieties (‘pavicads’) have been covalently attached {0 enzymes,
antibodies, and other large, polypeptides or proteins, io form conjugates. The payicads may
be used to iocate the protein to which they are altached (e.g., labsels}, to modify the
physicochemical properties or stability of the protein {(e.g., PEGylation), to enable the protein
{0 be attached to another molecule or protein {coupling groups for connecling the conjugaie
to another compound or another conjugate), or to modify the function or activity of the
payioad or the protein (e.g., vaccine conjugates). The prolein may also act as a carrier to
deliver the atlached pavioad to g particular tissue or cell type, such as in antibody-drug
conjugates (ADCs). Classes of payloads that can be usefully linked to proteins include
detectable moieties (labels), anchoring moieties o attach the protein o a surface or ancther
compound, antigens that elicit an immune response when conjugated o a protein, coupling
groups that react readily with a chemically complementary coupling partner (thus connedting
the protein to another entity), and therapeutic moieties such as cytoloxins and other
bicactive agenis. Altaching these diverse structures to proteins in a controlled and
reproducible fashion is often critical for the conjugates to function correctly. Thus there is a
need for a variety of methods 1o attach many types of paylcads to many different proteins or

polypeptides.

A number of methods have been developed for attaching payicads 1o proteins to form
protein conjugaies. See, e.g., Sletlen, E. M. and Bertozzi, C. R, Angew. Chem. inf. Ed.
2008, 48, 6974 - 6998; Basle’, E.; Joubert, N.; and Pucheault, M. Chemisiry & Biclogy
2010, 77, 213-227.  In some protein conjugates, the method by which the protaein and
payload are connected may have undetectable impact on the activily or relevant properties
of the conjugate; in other instances, the nature of the linkage between protein and payload
can significantly affect the aclivity or properties of the conjugate. Sometimes it is critical to
control the number of payioad moieties per protein, for example, or to control the precise
location where payloads are attached so they do not interfere with functions of the protein.
ADCs, for exampie, require the protein {0 recognize and bind to surface structures on
targeted cells to impart selectivity, 50 a payload must not be positioned to interfere with
binding of the antibody to the surface structures {antigen) that the antibody must recognize.
See, e.q., Expert Qpin. Biol Ther, 2042, 12, 1181-1206; Toxing 2011, 3, 848-883; and



WO 2015/079376 PCT/IB2014/066300

Laurent Ducry Drug Delivery in Oncology: From Basic Research to Cancer Therapy, st
Edition. Wiley-VCH Verlag GmbH & Co. KGaA. 2012, 12, 355-374.

Most methods for attaching payloads to proteins involve adding a linking chemical structure
{linker) between the protein and the particular payioad of interest. The linker provides a way
1o connect the payload of interest {o the protein using available functional groups on each
moiety. The linker ofien allows the distance between payioad and protein o be modulated,
and may also include a cleavable portion that can be lysed or degraded in vivo to refease the
pavicad from the protein where release is imporiant for the payload {o achieve its objectives.
For example, in ADCs, it may be critical for the conjugate 1o break down and release the
pavicad at a location where i can have a desired effect. Because of the diverse types of
protein-pavioad conjugates that place different demands on the manner in which the payload
and protein are connecied, there is a continuing need for novel methods o link payicads to

proteins consistently and efficiently.

The most common methods for forming protein conjugales rely upon the chemical reactivity
of certain amino acids that occur naturally in many natural proteins: lysine and cysteine are
often used because they provide g reactive site for connecting the pavioad o the protein.
Lysine has a free amine group that can react with a suitable electrophilic functionality on a
linking group or payioad, and cysieine can react through its free sulfhydryt group. However,
refying on these naturally occurring reactive sites can be complicated: when there are foo
many or too few of the particular type of amino acid in a protein of inlerest, for example, #t
becomes difficult {0 get just the right ‘loading’ of payioad on the protein. The high
abundance of lysine on protein surfaces makes site- and regio-selective conjugation difficutt,
and leads o heterogeneous products. In contrast, cysteines are comparatively rare, and
exist mainly in disulfide-linked pairs in proieins. Conjugation at cysteine often requires
reduction of a disulfide, followed by reaction with a conjugation reagent {e.g. maleimide) to
label individual cysteines separately. Because this removes a disulfide linkage, the protein

structure and stability mighi be undermined by this process.

Froteins also often have more lysines than the optimum number of payloads o be atiached:
adding enocugh payload moieties 10 occupy all of the availably lysines in order o ensure a
consistent, homogenous product may add to0 many payload moleculss for optimum efficacy.
This can be avoided by using only some of the lysines for conjugation, but such partial or
incomplete loading will generally provide a helerogeneous product, which can be
problematic for a variety of reasons—in the case of Mylotarg™, the first commercialized

ADC, for example, the heterogeneity of the ADC product seems likely to have contributed to
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the issues that led {o a decision to withdraw the product from registration. Fuenmayor, et al,,
Cancers, vol. 3, 3370-93 (2011).  Also, even when encugh aminoe acid groups of a particular
type (e.g., lysines) are present for optimal loading, some or all of them may be “buried’ inside
the protein when the protein is in iis solution conformation, rendering them effectively
unavailable for conjugation, or making them ‘partislly’ accessible which can also result in
heterogeneity of the conjugate. Thus, while lysine can be a usetul site for conjugation, in

many situations it is not ideal.

The frequency of ocourrence of cysteine in natural proteins is lower than that of lysine, and
cysteine may be suitable for use as a site for conjugation where it is available in adequate
numbers; where too few cysteines are present, one or more may be inseried by standard
protein modification methods. However, i is often preferable to aveid modifying the
sequence of the natural protein by inserting a cysteine; besides, surface-accessible
cysteines in natural proteins are often positioned near other cysteines {o form disuifides,
which may be imporiant for maintaining the protein’s active conformation. VWhile itis not
difficult to convert a disulfide inio two free cysteines by reducing the disulfide, doing s may

disrupt the secondary or tertiary structure of the protein.

Some methods for atiempting to insert g tether belween cysieine residues formed by
reducing a disulfide on a protein have been reported. One such method involves a sulfone-
substituted methacrylate derivative. US2006/0210528. This method forms a reactive
intermediate that requires an elimination step before cyclization, and the conditions for that
muiti-siep process can resuft in incomplete formation of a linker {ether) between cysieines,
and the reaction conditions can even cause protein denaiuration. Anocther approach uses a
maleimide derivative. W02011/018613. However, the conjugate formed in this process
suffers from stability problems because the Michael addition of the thiols on the maleimide is
reversible. There is thus a need for improved methods {0 conjugate chemical moieties o
proteins containing disulfide linkages to form protein conjugales. in particular, methods are
needed that use the disuifide components (sulfhydryis) without giving up the conformation
controlling effect of the disulfide, while also providing efficient conjugation, stability, and
consistent payload/protein ratios. In addition, there is a need for stapling methods o hold

proteins in a particular conformation (see, e.q., Expert Opin. Drug Discoy. (2011) 6(9):937-

963; Tetrahedron 55 (1999) 11711-11743) that also provide a means {o conjugale the
stapled protein with a payicad. The present invention provides such methaods, including
improved methods for forming an oxime between a kelone-modified protein or polypeptide

and an alkoxyamine compound.
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SUMMARY

The invention provides improved methods for conjugation of a ketone-modified polypeplide
or protein with an aminooxy compound (an alkoxyamine or aryloxyamineg, for example} to
form an oxime-modified polypeptide or protein as illustrated in the reaction below. The
method involves selection of condilions that promote highly efficient oxime formation,
providing higher yields of oxime and more complete oxime formation; the result is an
improved vield of oxime formation and, for a polypeplide or protein having two or more
ketone medifications, improved product homogeneity. The method comprises use of an
amine or amine salt as a promoter, typically in a buffer at pH 3-8, Commonly, the promoter
or the buffer or both will contain a carboxylic acid, e.q., an acelate or benzoate buffer can be
used. Optionally, the amine can be used as a carboxylate sall, or it may be a carboxy-
substituted amine compound that may be zwitterionic. Aniline, aminobenzoic acid, 3,5-
diaminobenzoic acid, hydrazines, and 3,5-dicarboxyaniline are suilable amines for use in

these methods.
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in a preferred embodiment, the ketone-modified polypeptide and the oxime are of the
formulas shown below, wherein the sulfur atoms are from cysieine groups in the polypeptide:
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where nis 2-8, preferably 2 or 4, and n indicales the number of Ketone modifications or
oximes derived from Ketone modifications that are present on the polypeptide. The

polypeptide may be an antibody or antibody fragment, where the two sulfur atoms are

4



WO 2015/079376 PCT/IB2014/066300

derived from interchain disulfide bonds of the polypeptide. Because the improved methods
increase efficiency of oxime formation, they are particularly useful in peptides where n is
more than one, because they improve the homogeneity of the conjugation product. In
antibodies, especially, where there are typically four disulfides available for ketone
modification, the improved methods increase the vield of conjugation products such as an
antibody-drug conjugate (ADC) having 4 pavioad groups per antibody molecule (DAR = 4),
The importance of homogeneity in ADCs is well established, as exemplified by the
Mylotarg™ story, where inhomogeneiy is believed 1o have contributed o withdrawal of the
first US FDA approved ADC from the market.

In one aspect, the invention provides a method to use two cysteine residues that form a
disulfide on a protein’s surface o link a payload o the protein, forming a protein conjugate.
The method involves reducing the disulfide o provide two free thiol groups, and tying the two
thiol groups together with a tether that Keeps them in about the same positions they
occupied when they formed a disulfide. Keeping the cysteine groups in their same
approximate positions minimizes any adverse effect on the protein’s conformation that may
occur upon reduction of the disulfide. The tether that is introduced 1o link the two thiol
groups together contains a reactive functional group thai can be used to atiach a payload of
interest. in some embodiments, the tether contains a carbonyl group that is reactive enough
fo form an imine or oxime or hydrazone linkage with an exiernal amine group, and the
pavicad is conjugaled {o the aclivaied protein by forming such linkage. For example, the
reduced protein can be reacied with a 1,3-dihalo acetone such as dichiorcacetone or
dibromoeacetone, thereby inserting a 3-carbon tether connecting the two sulfur atoms
fogether. This may suitably simulate the effect of the disulfide, i.e., io keep the profein in a
conformation very similar to the one it had when the disulfide was present, while it also
provides greater stability than the disulfide as well as g place to altach a pavicad. The
fethers used in the methods and compositions of the invention provide a chemically reactive
functional group, and a protein containing this type of tether between two cysieine sulfur
atoms is referred to herein as an activated protein. A preferred tether is the ketone linker
obtained by reaciing the reduced disuifide group with 1,3-dichlorcacetone, ie., -CH,-C(0O)-
CH.-. A payload can be atiached io the aclivated protein using the functional group on the
tether.

The {ether formed by reacting the thiols of a protein with a dihaloacetone provides a
carbonyt as a site for conjugation, for example. A payload containing a suitable amine
{aminated payload), preferably an aminooxy of formula R-C-NH; as further described herein,
can easily be conjugated to such an activated protein by forming an oxime between the
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aminooxy funclionality of the payload and the carbonyi group (ketone) of the {ether. Ina
preferred embodiment, the aclivated polypeptide or protein having a ketone inserted
between two cysieine residues is confacted with an alkoxyamine (RONH,) in the presence of
an amine promoter, where the alkoxy group (R} comprises a payload such as a therapeutic
agent or a reactive group capable of use o atlach a therapeutic agent. Suitable amine
promotoers include aniline or an anilinium salt (e.g., anilinium acetate, anilinium benzoate,
and the like), acylhydrazines (e.g., acetyl hydrazine), or an amincbenzoic acid such as
FPABA, 3-aminobenzoic acid, 3,5-diaminobenzoic acid, 3,5-dicarboxyaniline, and the like.

Suitable reaction conditions to promote efficient oxime formation are provided herein.

These methods can be applied to any protein having one or more accessible disulfide
linkages, and are typically useful for natural proteins having a molecular weight above 500
Da and typically above 2,000D3a, where a disulfide is present in the native or active form of
the protein. They can be used with proteins containing more than one disulfide, such as 2-
18, or typically up to 8 disulfide groups, at least one of which is surface accessible
sufficiently to be reduced by conventional disulfide reducing agents. These methods
produce a conjugate containing at least one payload for each disulfide group that is utilized,

and the tether substantially retains the native or active conformation of the protein.

in another embodiment, the invention provides g way to staple a protein by tying two
cysteine residues together, providing a rigidified conformation, wherein the stapling method
ties two cysteines together with a ketone-containing linkage that is then usable for
conjugating the stapled protein to a payload. Stapling is accomplished by reacting a protein
containing ai least two cysteine residues with a dihaloketone such as 1,3-dichloroacetone or
1,3-dibromoacetone 1o form a cyclized protein containing an {cys1}-8-CH-C{=0) ~CH-S-
[oys2] linkage, then allowing the linkage o react with an aminooxy compound of the formula
HMN-O-L-PL. 10 form a conjugate via oxime formation as further described herein. The

invention provides improved methods of making these stapled conjugaled peptides.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a scheme illustrating an application of the invention (when X is O) that begins

with a disuifide-containing protein and provides a protein-payload conjugate.

Fiqure 2 illustrates coupling of two protein-payload conjugates having complementary

coupling groups as their payloads.

Fiqure 3 shows mass specira for the starting protein, activated protein and protein conjugate

of Example 1.
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Figure 4 shows the SDS Page gel analysis of the azido substituted CRM197 construct from
Example 1.

Fiqure 5 shows a schematic depiction of the aclivated protein for Example 4 and LC-MS
data for the activated {(ketone-maodified) protein.

Fiqure 6 shows a schematic depiction of a protein-payioad conjugate described in Example
4 and LC-MS data for the product.

Figure 7 shows a gel of the conjugate and reduced conjugate of Example 6, Method A,
accompanied by a molecular weight ladder for comparison. it also shows the LC-MS of the

product of Method B, showing formation of several different conjugates.

Figure 8 shows .C-MS data for products of Step 1, Step 2, Method A (PL1); and Step 2,
Meihod B (PL2) from Example 7.

Figure 9 shows SDS PAGE gel and LC-MS data for the product of Example 8.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

‘Frotein’ and polypeptide as used herein refer to peptides containing five or more, typically
ien or more aming acid residues connected by amide {peptide} bonds. Typically the proteins
described herein comprise mainly or only naturally ocourring amino acids, though the
methods are equally useful with polypeptides that contain one or more non-natural amino
acids. Commonly (but not necessarily) the amino acids are mostly or entirely ofthe L

configuration and are selected from the common ‘essential’ amino acids.

Abbreviations

DAR Drug to Antibody Ratio

DCM Dichloromethane

DIC Diisopropyl Carbodiimide

DIPEA Diisopropyl Ethyl Amine

EDT Ethane dithiol

HBTU NN NS Tetramethyb-O-(TH-benzotriazob-1-yhuronium hexafiuorophosphate
MeCN acetonitrile
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NMP N-methy! pyrrolidinone

PBS Phosphate-buffered saline
TCEPR Tris{(carboxyethyliphosphine
TFA Trifluoroacstic acid

TIPS Triisopropyl silane

The invention provides improved conditions for the oxime formation when conjugating a
ketone-modified polypeptide with a substituled alkoxyamine. The improved conditions use
an amine promoter to facilitate oxime formation: aniline can be used, but substituted
anilines, particularly carboxy-substituted anilines such as those disclosed herein are more
suitable. Acylhydrazides such as acetylhydrazine or benzoyihydrazide can also be used.
The amine promoter can be added as a free aming, or as an amine salt having any suilable
counterion; in some embodiments, a carboxylate counterion is preferred, such as acetate or

citrate. Typically, an excess of the amine promoter is used.

The reaction is typically run in a buffer at pH 3-8, preferably pH 4-8. Various buffers can be
used including PBS, Tris, sodium phosphate, acelate, formate, cilrate, and the like o
maintain a suitable pH. Suitable polypeptide concentrations for the reaction are higher than
conventionally used concentrations: in some embodiments, the polypeptide concentration is
at least 1 mg/ml, or at least 2 mg/mlb, and is preferably about 5 mg/mb or higher, upto a

conceniration where solubility is compromised, e.g. up to about 25 mg/mL.

The reaction is typically performed al a temperature suitable for maintaining the structure
and function of the polypeptide, the temperaturs Is commonly between 4 and 70°C,
preferably between 10 and 30°C. Reaction times of 0.5 {0 48 hours may be used: an
adequate reaction time can readily be determined by monitoring progress of the reaction by
known methods. At a temperature beiween about 4°C and about 25°C, a reaction time of

fess than one hour to about 4 hours is generally sufficient.

in some embodiments, the method comprises reducing a disulfide of a polypeptide in the
presence of 1,3-dichloroacetone. Data provided herein demonstrates that adding
dichloroacetone to a buffered solution of the polvpeptide before addition of the reducing
agent that opens the disulfide bond unexpectedly provides substantial improvement in
product yield. Having the dichloroacetone present when the disulfide reduction is initiated is
particularly imporiant when more than one disulfide bond is reduced on a polypeptide. For
example, when the polypeptide is an antibody, reduction with TCEP reduces four inter-chain

disulfide bonds, allowing the reaction with dichloroacetone 1o introduce four ketone-
8
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containing tethering groups. When the reaction was conducted by first adding TCEP {0
initiate the reduction step before dichloroacetone was added, vield of fully modified antibody
was aboutf 33-35% (pH 8.0, 50 mM TRIS as buffer, ambient temperaiure). About 50% of the
polypeptide product contained a heavy chain fragment covalently linked to g light chain
fragment. YWhen 1,3-dichioroacetone was preincubated with polypeptide substrate prior to
the addition of TCEP under the same conditions, the vield of fully modified antibody
increased to 75-77%. The product composition for these reactions was assessed by
microchip electrophoresis 8DS method (ref: Elsctrophoresis 2012, 33, 765-772.) Delection
of HC-HC, HC-LC, and HC-HC-LC fragments indicates partial modification 1o the covalently
tethered product of interest (one or two of the inter-chain disulfides have been replaced by
the dichioroacetone-derived tether), and ‘Intact’ antibody corresponding to (HCHLLC),
corresponds io fully-maodified tetrameric antibody having each of the inter-chain disulfides

replaced by a dichloroacetone-derived iether.

An example of an application of the invention is shown in Figure 1. The Figure depicis a
protein, represented as a circle and having an exposed disulfide group. The disulfide is
reduced, forming a reduced protein having two free thiols derived from the disulfide. The
reduced protein is then allowed to react with a dihaloaceione or similar bis-electrophile {(e.g.,
1, 3-dichloroaceione or 1,3-dibromoacsione) to form an activated protein wherein the two
thicls are linked together through a functionalized tether: the tether in this example contains
a ketone group that is relatively reactive toward Schiff base formation. A payioad molecule
is then linked to the tether of the activated protein via a Schiff base formation to provide a
protein conjugate. The payload in the example is atiached via a linking group 1o the tether.
The compound of the formula HN-X-L-PL where PL is the pavioad compound contains an
activated amine group (H;N-) that is connected 1o PL by a linker L, and the amine is made
especially reactive by using an aminooxy or simifar activated amine, -X-NH; where Xis O,
which facilitates Schiff base formation between the ketone carbonyl and the amine attached
io PL. An alternative embodiment begins with a protein having two free cysteine groups,
such as the reduced protein in Figure 1, and uses them 1o ‘staple’ the protein into a
constrained conformation while also providing an attachment point for a payload t¢ be

conjugated onio the stapled protein.

The methods of the invention are suitable for use with any ketone-modified polypeptide, but
are especially useful to form conjugates from proteins that contain at least one disulfide
linkage between two cysteines, or that contain two free cysteine residues that can be
connecied together by reaction with a 1,3-dihalcacetone reaciant. Typically, the protein is
one where the two thiols react with dichloroacetone or dibromoacetone under conditions

S
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described herein to produce at least 50% cross-linking of the two thiols, and frequently the

exient of cross-linking is at least about 70%, 80% or 90%.

The two cysieines to be linked together may be on a single polypeptide, or they may be on
separate polypeptides that form a protein complex. In certain embodimenis, the mathods
utilize a prolein having 1-6 disulfide linkages, or 2-6 free cysieine residues, and involve
reduction of at least one of these disulfides. The disulfide-containing protein can be any
polypeptide having at least 5 amino acid residues, preferably at least 10 aming acids, that
contains a disulfide linkage within a single polypeplide sequence, or a protein complex
where a disulfide connecls one polypeptide seguence {o another aming acid or polypeptide,
provided the complex does not dissociate rapidly when the disulfide is reduced for insertion
of the iether between the sulfur atoms. Typical proteins for use in the methods of the
invention include cyclic peptides and linear peptides containing about 5 10 about 5000 amino
acids, typically at least 10 amino acids and up 1o about 1000, including functional proteins
such as enzymes or receptors; protein complexes having at least one disulfide linkage (often
connecting two separate polypeptide strands); structural proteins; proteins used as vaccine
scaffolds such as CRM197 or other proteins having adjuvant activity; and antibodies or
antibody fragments. Particularly useful proteins for these methods include antibodies,
especially monoclonal antibodies including engineered antibodies, modified antibodies and
antibody fragments; vaccine carrier proteins such as CRM187; and single-siranded proteins
having at least one disuliide linkage or at least two cysteine residues and having a molecular
weight between 500 and 500,000, typically between 1,000 and 200,000, Methods for
engineering an antibody or other protein to infroduce one or more cysteine residues, for

example, and for modifying antibodies are well known in the art

The methods are especially useful with antibodies and antibody variants that have at least
two interchain disulfides, including 1gG and Fc. The methods are also useful with vaccine
carrier proteins such as diphtheria {oxoid, non-toxic cross-reactive material of diphtheria
toxin(197) (CRM197), tetanus {oxoid, keyhole limpetl hemocyanin, N. meningitidis outer
membrane protein, and non-typeable H. influenza-derived protein D. These vaccine carrier
proteins can be functionalized with antigens by known methods and/or by the methods
disclosed herein. The present methods can also be used o attach an adjuvant compound
such as a TLR agonist (a ligand of TLR3, TLR4, TLRS, TLR7, TLRS, or TLRS) including
imiguimod, imidazoquinolines, and gardiquimod, PRR ligands, RLR ligands, NOD2 ligands,
cychic di-AMP, cyclic di-GMP, flagellin, monophosphory! lipid A, N-glycolated
muramuldipeptide, CpG oligodeoxynucieotides (CpG ODN), triacylated lipoprotein, or poly
{(:Cy, to provide an enhanced immune response.

10
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The disulfide linkages of disuffide-containing proteins for use in the methods and
compositions of the invention are reduced to form two free thiol groups: methods for such
reduction are well known in the art. In some embodiments, the reduction is performed using
a reducing agent that selectively reduces disulfide linkages that are readily accessible to
solvent around the protein: one suitable reducing agent is tris(2-carboxyethyhphosphine
(TOEP) and its salis—see Analytical Biochemisiry 273, 73-80 (1988}, Other known
disulfide-reducing agents such as dithiothreitol, Z-mercaptoethanol, cysteamine, and
dithiobutylamine (UM Perkel, Chem. Eng’g News, Feb. 29, 2012; Lukesh, et al., J Am.
Chem. Soc., 134, 4057-58 (2012)) and trialky! phosphines such as tribuiyl phosphine
QVO2008/157380) can ailso be used. Methods for reducing disulfides in proteins are well

known in the art.

The linking group L can be any suitable organic linkage that connects the payload compound
to —X-NH,, where X represents O Some examples of suitable linkages include [X}HOH )16
[PL]; [X}FCH,C(=0)-[PL], IXI-CHRC(=0)-NH-PL], [XI-CHCEO)-O-[PLY; X]HCHCHLO)n-
[PLE [X]-Phenyl-C{OINH-PLY, PXHCH10-C(=O)-NH-{CH ) 15-NH-C(=0)-(CHz)o.10-
(OCHCH o0~ {AA)10-[PL] (AA can be any of the essential amino acids, e.g. glu, gly, ala,
asp, eic.), and the like, where n is typically 1-20, and [X] and [PL] respectively indicate which
end of the lnker is atlached to X and which to PL. In some embodimenis, the linker L can
have two or three payloads aitached to increase payioad loading on the conjugate, and
where more than one payvicad is atiached to a given linker the paviocads can be the same or
different. Suitable linkers also include combinations of the components of these groups: the
nature of the linker is not important {0 the practice of the invention and can be based on
convenience and availability of methods for attachment 1o at least one payload PL, oron
desired physicochemical properties for the conjugate. Selection of a suitable linker is within
the level of ordinary skill and depends on the structure of the Payload and available methods
for maodifying it to attach linker L. Typically the linker is attached at one or both ends via an
amide or aster group,; frequently the linker L contains g peptide bond or ester {o gllow in vivo
lysis by protease or esterase aclivities (for exampile val-cit, a dipeptide that is cleaved by
cathepsin B, or Gly-phe-leu-gly, which is also cleavable by cathepsin B); optionally it
contains one or more ethylene oxide unils (+OCH,CH,-); and in many embodiments it
contains at least one and up o six amino acid moieties. Suitable embodiments of L may

also comprise one or more spacers, which may be selected from the Toliowing groups:

() a bond, -O-, -8-, -8-8-, -NH-, -N{(C-Ca)alkyl)-, ~NH-C{O}-NH-, ~C(O)-NH-, ~NH-
C{O)-;
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() (C-Cagalkyiens, (Cx-Cuakenviene, (Cr-Capalkynyiene, -2-(C-Cop)aikyiene-, -
Z2-{C-Chplalkenylene, -Z-(Co-Colalkynvlene, (C4-Coglalkylene-Z-(C~-Cogalkylene, (Co-
Coglalkenvylene-Z-(C,-Cyplalkenylene, (C,-Copalkynylene-Z-(C,-Cypialkynylene, where Zis ~
NH-, -N{C+Cglalkyl)-, -NH-C(O)-NH-, ~C{O}-NH-, -NH-Z{0)-, (C:-Cojcvcloalkylene,
phenviene, hetercaryiene, or heterooyciene and where said (C-Choalkyiene, said (Co-
Conjalkenylene, and said (C,-Cogratkynylene maoieties each independently optionally contain
one or more oxygen atoms interdispersed within said moieties, such that the oxygen atoms

are separated by at least one and preferably two carbon gtoms;

(c) (Cs-Coeycloalkylene, (Cs-Crloycloalkylene-Y-(Ca-Cricycloalkylene, -Y-(Cs-
Cyeycloalkylene, phenylene, -Y-phenviene, phenyiene-Y-phenylene, heleroarylene, Y-
heteroarylene, hetercarylene-Y-hetercarylene, heterocyclene, -Y-heterocyclene, or
heterocyclene-Y-heterocyclene, where Y is {C-Cyoalkylene, (C-Cogialkenylene, (Co-
Copyalkynylene, -O-, -C{Q)-, -G-, ~NH-, -N{{C-Cglalkyl)-, ~NH-C{O}-NH-, ~C{O}-NH-, or ~NH-
C{O)- and where said (C;-Cy)oycloalkyiene, said phenylene, said heteroarylene, and said
heterocyclene moigties are each individually optionally substituted with 1 {o 3 substituents

selected from halo, (C-Cyalkyl or halo-substituted(C-C oalkyl;
(dy -[OCHCH,l~, where vis 1-2,000, preferably 1-10; and
(&) a peptide comprising 1 to 100 amino acids, preferably 1-30 or 1-8 amino acids;

{fy & mubltivalent linker capable of carrying 2, 3, 4, 5, or 6, or 2-10, payload moieties.

Furthermore, L can be or can comprise a cleavable linker such as Val-Cit {(valine-citrulline, a
dipeptide that is seleclively cleaved by cathepsin B) or val-cit-PABC (valine-citrulling p-
aminobenzylcarbamate, see Bioconjugate Chem. 19(10), 1960-83 (2008)), a disulfide, or a

linker cleaved by glucuronidase, such as the linker present in this formula:

12
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$2—PL
/

“rom

HO OH

where Protein represents a protein for conjugation, PL represents a Payload as
described herein, and L' and L? are independently optional linkers such as the groups L
described above. (ACS Msd Chermn. Latiers, vol. 1, 277-280 (2010).

The Payload (PL) can be any moiety that is useful {o attach to a protein. Many examples of
compounds that can be usefully attached to profeins are known in the arl. Examples include
label moieties that enable a user {o locate or identify the protein, including chelators that bind
metal ions to provide detectability of the conjugate; binding moieties such as biotin or avidin,
polynucleotides, antibodies or fragments thereof, poly-Arg or poly-lys containing 5-15 amino
acid residues, etc., that make it easy 1o purify or isolate the protein or affix it to a surface;
property-modifying groups such as fatty acid groups or polyethylene ghycal (PEG); antigenic
groups such as polysaccharides or cell surface proteins that are characteristic of a particular
type of cell or bacteriumy, coupling groups that enable the modified protein or peptide to be
attached to another molecule to make more complex conjugales, such as bispecific
antibodies (see Figure 2}; and bicactive compounds including nucleic acids like RNA, DNA,
mRNA, siIRNA, and fragments of these; pharmaceutical compounds such as various
therapeutic drugs; and radionuclides and cytoloxins, which can hitchhike on the profein to a
desired tissue or cell where they can produce a desired effect. These hilchhiking
compounds may act while they remain conjugated {o the protein or a portion thereof, or they
may first detach from the protein if the linking group is one that can readily cleave in vivo.
Suitable pharmaceutical payloads for use with these methods include microtubuie inhibitors,
topoisomerase | inhibitors, intercalating agents, inhibitors of intracellular signaling pathways,
kinase inhibitors, transcription inhibitors such as siRNAs, aRNAs, and miRNAs, and DNA
minoy groove binders; these payloads include compound classes such as maytansineids,
auristatins, amanitins, calicheamycins, psymberins, duccarmycins, anthracyalins,

camptothecins, doxorubicins, taxols, pyrrolcbenzodiazepines, and the like.
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Specific examples of these pharmaceutical payloads having therapeutic or diagnostic uses
include paclitaxel, docetaxel, etoposide, tenoposide, vincristine, vinblastine, colchicine,
doxorubicin, daunorubicin, mithramycin, actinomycin, glucorticoids, puromycin, epirubicin,
cyclophosphamide, methotrexate, cytarabine, fAuorouracil, platins, strepiozotocin,
minomycin C, anthracyclines, dactinomycin or actinomycin, bleomycin, mithramycin,
anthramycin, duocarmycins, Hosfamide, mitoxantrone, daunomycin, carminomycin,
animoterin, melphalan, esperamicins, lexitropsins, aurisiatins (e.q., auristatin E, auristatin F,
AEB, AEVE, AEFP, MMAE, MMAF), eleuthorobin, netropsin, podophyliotoxins, maylansicds

including maytansine and BM1, and combretestatins.

Suitable coupling groups that can be used as payloads (groups that can be used to
couple the conjugate to another moiety) include maleimide, thiols, alpha-halo ketones (e.g., -
~CEO-CH-X where X is chiore, bromo or iodo), carboxylic acids, amines, hydroxyls,
alkenes, alkynes including cyclic octynes that can be used in copper-free ‘click’ chemistry,
azide, and the like. Methods to use these coupling groups o connect the conjugates of the
invention 1o other compounds having complementary coupling groups are well known in the
ant, and include Michael addition of a thiol {0 a maleimide, alkylation of a thiol with an aipha-
halokeione, amide bond formation between amine and a carboxylic acid, ‘click’ chemistry
(see, e.g., Meldal, et al.,, Chem Rev., vol 108, 2852-3015 (2008} to link an azide o an
alkyne by forming a 1,2, 3-triazole ring, and ‘copper-fres click’ chemistry. See e.g.,

Meeuwissen, et al. Polvmer Chemislry, vol. 3, 1783-85 (2012). ‘Complementary’ coupling

groups are two coupling groups that readily combine to form a covalent bond, such as the
pairs mentioned above (carboxylate plus amine to form an amide; azide plus alkyne to form
a 1,2,3-triazole; maleimide plus thiol, where the thiol adds to the double bond via a Michael
addition; alpha-halo ketone pilus thiol which form an alpha-thio ketone by alkylation of the
thiol; etc) A depiction of a conjugate containing a coupling group as payload being coupled
with a second conjugate containing a complementary coupling group is provided in Figure 2.
in particular examples, a coupling group o serve as a Payload (PL) is selected from the
group consisting of halogen, -CzZCH, -C=CH,;, -OH, -8H, -80,-CH=CH,, ~O-NH;, -Nj, -O-
P{OYOH),, ~CLO)-H, -C{0)-CHs, -NH-C{O)-CH,-1, maleimidyl, 3,5-dioxo-1,2 4-triazolidin-4-yl,
1H-pyrrole-2,5-dione-1-yl, pyridin-2-yi-disulfanyl, tetrahydro-1H-thieno[3,4-dlimidazol-2(3H}-
one-4-yi, 1-carbonyloxy-2,5-dioxopyrroliding, sodium 1-carbonyloxy-2,5-dioxopyrrolidine-3-
sulfonate, -SSR’ -C(O)-OR’, -N{RH, -NH-NR"H, where R' is H or {C:-Cy)alkyl, and -
C{O)-R?, where R? is H, (C,-Cy)alkyl, halo-substituted(C,-Cyalkyl, -CH=CH,, N(RDH, or-
NH- N(RH. When these Payioads are used as an initial payload (PL%), the conjugate can

14
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be reacted with a compound comprising a second payioad (PL"), and may introduce an

additional linker L in forming a new conjugate:

& Rl o PLE S
e GO
5 \O/L\PLQ‘ e s \OML\L:
i
PL

PL? is coupling group, e.g. maleimide, protected thiol, Ny, alkyne
R is the complementary reactive group for PL?
PLY is a new payicad, such as a labsal or biclogic, inciuding proteins, antibody, si-RNA, toxins, eic.

b

MNote thal in these reaclions, the person of skill in the arl will understand thatthe L and L
may retain a portion of PL® and/or R, depending upon the reaction being used to connect the

new Payload, PL®.
The following enumerated embodiments #Hustrate particular aspedcts of the invention.

1. A method to convert a ketone-modified polypeptide into an oxime-modified
polypeptide, wherein the method comprises contacting the ketone meodified polypeptide with

a group of the formula R-O-NH; in the presence of an amine promoter.

2. The method of embodiment 1, wherein the aming promoter is aniline, a
substituted aniline including 3,5-diaminobenzoic acid or 3, 5-dicarboxyaniline, or an acyl

hydrazide such as acetyl hydrazide.

in one embadiment of these methods, the ketone modified polypeptide is formed
from a disulfide by reducing the disulfide {0 form two free thiols; and the free thiols are linked
together by reaction with 1,3-dichioroaceione or 1,3-dibromoacetone. in a particular
embodiment of this method, a polypeptide having a reducible disulfide bond is contacted
with a reducing agent such as, but not limited to, TCEP and 1,3-dichlioroacetone in a buffer,
such as bul not limited to TRIS or PBS. Preferably, the polypeptide and buffer are combined
with 1,3-dichioroacetone before the reducing agent is added, so thal 1,3-dichlorcacetone is

present as the reduction ocours.

3. The method of embodiment 1 or 2, wherein the group of Formula R-O-NH; is
a compound of the formula HN-O-L-PL where L represents a Linker, and PL represents a

Fayload group.

15
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4, The method of embodiment 1, wherein the ketone-modified polypeptide is of

the formula

where the circle represents the polypeptide, and each sulfur atom is the sulfhydryl of

a cysteine residue of the polypeplide, and z is an integer from 1 1o 10.
5. The method of any of the preceding embodiments, wherein the Protein—

Pavyload conjugate is of the formula:

PL

L
s \}3
}“N
S
or
Ry
X/LG‘PLZ)
z

wherein X is O, L represents a Linker, and PL, PLY and PL? independently al each
occurrence represent a Payload group, where m and n are each independently 110 10; z is

1-10, preferably 1-8, provided that m and n are not both 0.

8. The method of any of the preceding embodiments, wherein the polypeptide is
an antibody {e.g. 1gG, Fab or F(ab),, Fo) .

7. The method of any of embodiments 1-5, wherein the polypeptide is a vaccine
carrier.

16



WO 2015/079376 PCT/IB2014/066300

8. The method of any of embodiments 1-8, wherein the Payload comprises a

therapeutic agent.

9. The method of any of embodiments 1-7, wherein the Payload comprises a
deteciable label or a reaciive group suilable for attaching a payioad group that comprises a

complementary reactive group.

10, The method of embodiment 8, wherein L comprises a cleavable linking

moiety.

11. The method of any one of embodiments 1-10, wherein L comprises at least

one spacer selected from:

(3) a bond, -O-, -8-, -NH-, -N{(C-Ca)atkyDH-, —NH-C{O)}-NH-, ~C{O)-NH-, ~NH-C(O}-

(b} (C4-Cogratkylene, (Co-Chplalkenviene, (Co-Cogjalkynyilene, -Z-{C-Cypalkylene-, -
Z-{C-Copatkenylene, -Z-(Co-Copalkynylene, (C-Cap)alkylene-Z-(C-Cagalkylene, (Cx-
Cayalkenylene-Z-(Co-Cujalkenylens, (C-Cogdalkynylens-Z-(C-Choalkynylene, where Zis ~
NH-, -N{C-Cyyaliyl)-, =NH-C{O)-NH-, =C{O}-NH-, ~NH-C{0)-, (C3-Cricycloalkylene,
phenylene, heteroarylene, or heterocyciene and where said (C,-Copalkyiene, said {Co-
Cogjalkenyiene, and said (C,-Cylalkynylene moisties each independently optionally contain

1-10 oxygen aloms interdispersed wilhin said moieties;

() {Ca-Cricycloatkylene, (Cs-Coioycloalkylene-Y-(Cs-Crioycloalkylene, -Y-(Cs-
Crcycloalkylene, phenylene, -Y-phenviene, phenylene-Y-phenylene, hetercarylene, Y-
heteroarylene, heteroarylene-Y-hetercarylene, heterocycleneg, -Y-heterocyclene, or
heterocyclene-Y-heterocyclene, where Y is (C-Cholalkylene, (C,-Cyialkenylene, {(Cy-
Ca)atkynylene, -O-, ~C(O)-, -8, =NH-, -N{{C,-Cg)atkyhH-, ~NH-C{O)-NH-, ~C{O)-NH-, or -
NH-C(O)- and where said (C-Cr)oycloalkylene, said phenylene, said heteroarylene, and
said heterocyclene moieties are each individually optionally substituted with 1 {0 3

substituents selected from halo, (C4~Cyalkyl or halo-substituled{C,-Calkyi;
{d) -fOCHCHal-, -X{CHAOCHCHol h-where vis 1-2,000, wis 1-4;, X is C or N and
(e} a peptide comprising 1 to 100 amino acids; and

{fy Dendritic macromolecules, including dendrimers, dendrons, and hyperbranched

polymers.
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12. A method to convert a polypeptide comprising a reducible disuifide bond into
a ketone-modified polypeptide that comprises a group of the formula [PP]-8-CH-C(=0)-
CH-S-[PP], where each S is a sulfur from the disulfide bond, and [PP] indicates where the

ends of the linking group are attached to the polypeptide,

wherein the method comprises forming a mbdure of a polypeptide containing a
reducible disulfide bond, an agueous buffer, and 1,3-dihalocacetone, then adding a reducing

agent capable of reducing the disulfide bond.

13. The method of embodiment 12, whersin the 1,3-dihaloacetone is 1,3-

dichloroaceions.

14, The method of embodiment 12 or 13, wherein the reducing agent is a water-

soluble phosphine or phosphine sall. TCEP is a suitable reducing agent.

15, The method of any of embodiments 12-14, wherein the polypeptide is an
antibody or antibody fragment. Suitably, the polypepiide is an antibody, which may be
monoclonal and may be humanized. Antibodies {o antigens that are characdlteristic of cancer

cells are suitable polypeptides.

18. A method to convert a ketone-modified polypeptide into an oxime-modified
polypeplide, wherein the method comprises contacting the ketone modified polypeplide with
a group of the formula R-O-NH, in the presence of an amine promoter and at a polypeptide
concentration of at least about 1 mg/mL. Typically, R in these methods comprises a payload
as described herein, and a linker. Suitable pavyloads include maytansinoids (e.g., DM1,
DM4), auristating (e.g., MMAE, MMAF), amanitins, calicheamycins, psymberins,
duocarmycins, anthracycling, camptothecins, doxorubicing, taxols, pyrrolohenzodiazepines,
and the like.

17. The method of claim 5, wherein the ketone-modified polypeptide is made by

the method of any of embodiments 12-186.

18. The method of embodiment 17, wherein the amine promoter is a carboxy-

substituted aniline or an acy! hydrazine.

19. The method of any of embodiments 12-17, wherein the group of Formula R-
O-NH; is a compound of the formula HN-O-L-PL where L represents a Linker, and PL
represents a Payload group.

18



WO 2015/079376 PCT/IB2014/066300

20. The method of embodiment 18, wherein the ketone-modified polypeptide is of

the formula

where the circle represents the polypeptide, and each sulfur atom is the sulfhvdryl of

a cysieine residue of the polypeptide.

21. The method of any of embodiments 18-20, wherein the Protein——Payload

conjugate is of the formula:

PL

or

wherein X is O, L represents a Linker, z is an integer from 1 to 10, and PL, PL! and

PL? independently at each occurrence represent a Payload group.

22. The method of any of embodiments 12-21, wherein the polypeptide is an

antibody.

23. The method of any of embodiments 12-21, wherein the polypeptide is a

vaceine carrier.

24. The method of any of embodiments 16-23, wherein the Payload comprises a

therapeutic agent.

19
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25. The method of any of embodiments 16-24, wherein the Payload comprises a

detectable label or a binding group.

28. The method of embodiment 25, wherein L comprises a cleavable linking

moiety.

27. The method of any one of embodiments 16-28, wherein L comprises at least

one spacer selected from:
(8) a bond, -O-, -S-, -NH-, -N{{C-Cg)alkyl)~, ~NH-C({O)-NH-, ~C{O)-NH-, ~-NH-C{O)~;

{by (C4-Coratkylene, (C-Chylalkenyiens, (C-Cogdalkkynyiens, -Z-(C-Chpjalkylene-, -
Z-{CCopyatkenylene, -Z-(C,-Conjalkynvilene, (C,-Chpalkylene-Z-(C+-Cogyalkyiene, (Co-
Canjalkenylene-Z-(C-Cajalkenylens, (C,-Cogdalkynylene-Z-(Co-Coodalkynylene, where Z is —
NH-, -N{C -CyialkylH~, ~NH-C(C)-NH-, ~C{O)}-NH-, -NH-C{0}~, {C:-C/)oycloalkylenes,
phenylene, heteroaryiene, or heterocyciene and where said (C-Cagalkviene, said {(Cp-
Caonalkenylene, and said (C,-Cjalkynylene moieties each independently optionally contain

1-10 oxygen atomns interdispersed within said moleties;

{C) (C4-Coycycloalkylene, (C-Cyycycloalkylene-Y-(Cs-Croycloalkylensg, -Y-(Cs-
Coyoycloalkylene, phenylene, -Y-phenviene, phenylene-Y-phenylene, hetercarylene, Y-
heteroarylene, heteroarylene-Y-heteroarylene, heterocyclene, -Y-helerocyclene, or
heterocyclene-Y-helerocyclene, where Y is (C~Cog)alkylene, (Co-Cyolalkenylene, (Cs-
Cax)atkynylene, -O-, ~-C(O)-, -8, =NH-, -N{{C-Cg)alkyhH-, ~NH-C{O)-NH-, ~C{O)-NH-, or -
NH-C(O)- and where said (C:-Cy)oycloalkylene, said phenylene, said hetercarylene, and
said heterocyclene moieties are each individually optionally substituted with 1 t0 3

substituents selected from halo, (C4-Calky! or halo-substituted(C-Calkyl;

(&) ~-IOCHCHL- or ~J-{CHOCH,CH: ) h~where vis 1-2,000, wis 1-4, and Jis CH;
or NH;

(e} a peptide comprising 1 to 100 amino acids; and

(h Dendritic macromolecules, including dendrimers, dendrons, and hyperbranched

polymers.

The methods of the invention, as summarized in Figure 1, involve reducing a disuifide of a

protein to be modified, forming a reduced protein that contains two free thiol groups. The
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reduced protein is contacted with a functionalized tethering compound that is capable of
reacting with both of the free thicls on the reduced protein to tether the free thiols fogether,
while also retaining at least one functional group on the tether that is suitable for attaching a
payicad. in some embodiments, the functional group on the tether is a carbonyl group, e.g.,
the keione obtained when the free thiols are allowed fo react with a 1,3-dihaloketone.
Because the free thiols are strongly nucleophilic, they react readily with electrophiles such as
alkyl halides or alkyl tosylates, via iiveversible reactions that involve displacing a leaving
group and forming a covalent suifur-carbon bond. Some suftable examples of functionalized
carbonyl-containing tethering compounds include 1,3-dichloroacetone and 1,3-
dibromoaceione. These reagents have been used o provide stabilization of disulfide
moieties in small cyclic peptides by tethering sulfhydryls together. See e.g. WO2008/157380
{reaction of dichigroacetone with a reduced cyclic pentapeptide, followed by reduction of the
carbonyl). Sulfonates of 1,3-dihydroxyacetone (e.g., mesylate, triflate, phenvisulfonale,
fosylate, and the like) can also be used. These reagenis are sufficiently reactive toward the
free thiols of a reduced protein 1o provide reasonably rapid reaction to form an activated
protein with two cysteine residues tethered together, wherein each of the free thiols is

covalently attached {o the functionalized tethering group.

The reduced protein and functionalized tethering compound are contacted under conditions
suitable to promote reaction between the tethering compound and the two fres thicls of the
reduced protein, and particularly under conditions of concentration and temperalure that
favor causing both of the free thiols that were previously joined in a disulfide bond 1o react
with a singie molecule of the {ethering compound so they are once again tied {ogether, bul
now with g short tether connecting them instead of a direct disulfide bond. This reaction
forms an activated protein as Hlustrated in Figure 1, having a functionalized iether
FCHC{O)-CH-] between the two sulfur gtoms. The tether in Figure 1 includes a carbony!
that can be used to efficiently attach a pavicad via clean and efficient Schiff base formation

chemistry.

it is understood throughout this discussion that the protein, even though it is depicled as a
circle or sphere, can be a small polypeplide of fewer than 10 aming acids or a large enzyime
or complex of two or more subunits or distinct proteins. The two sulfur atoms of the disulfide
can be on one subunit of 2 multimeric complex, or they can be on different subunits. In
addition fo the disulfide participating in the transformations described herein, the protein may
also contain other disulfide linkages that may be reduced and functionalized, or may not be
reduced due to their location within the protein. YWhile only a single disulfide, tethering

group, or conjugation is shown, it is understood that a polypeptide or protein comprising one
21
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such disulfide, tethering group or conjugation may also contain more than one. The
methods of the invention can utilize known methods {o selectively reduce sohvent-accessible
disulfide linkages near the surface of the folded protein, often without reducing ‘buried’
disulfides that may be essential for maintaining the overall shape and functicnality of the
protein, or for Keeping two subunits linked together in a multi-subunit complex. As the
examples illustrate, a protein or polypeptide can contain more than one functionalized
tethering group, and thus can contain more than one conjugation site, even though only one

is typically depicted for simplicity.

Once the activated protein has been formed, a payload can be agtiached to the functionalized
tether. For example, an amine-coniaining (or aminated) payload can be aftached io the
tether formed from dihaloacetone by forming a Schiff base between the payload’s amine and
the tether's ketone. Suitable payload compounds contain an —NH, amine group that is
accessible and reactive; in preferred embodiments, the amine is one that is activated toward
forming a Schiff base. Examples of suitable amines include oxyamines (X = O}, thipamines
(X = 8}, and hydrazines {{ = NHj}, for example: these heterocatom-substituted amines are
known to condense readily with ketones such as the one on the tether of an activated protein

formed from a dihaloacetione as shown in Figure 1.

The activated protein is typically contacted with an aminoc-containing payload without
purification or isolation of the activated protein. A free —NH, group on the payload (PL) can
be used if gvailable, but if none is available, one can be added via a linking group as
fiustrated in Figure 1 and in the examples. In some embodiments, once the activated
protein is generated, the amino-payload is added to the reaction mixture where the aclivaled
protein was formed under conditions that promote formation of the desired Schiff base. The
amino-payioad then reacts via its amine group with the carbonyl of the aclivated protein as
ffiustrated in Figure 1, thereby forming the desired Protein—Payload conjugale, wherein X is

O, NH or substituted N; L is a linking group; and PL represents a payioad.
EXAMPLES

The following HPLC methods are used in the examplas below,

Method A Eluent A water + §.1% Formic acid, Eluent B : Acetonitrile + ¢.08% Formic acid
Gradient : from 310 80% B in 2 min — Flow 1.0 mi/min.  Column : Proswift Monglith 4.6*50mm 40°C
Method B Eluent A water + 0.1% Formic acid, Eluent B : Acetonitrile + ¢.04% Formic acid
Gradient : from 3 t0 80% B in 2 min ~ Flow 1.0 mi/min.  Column : Proswift Monglith 4.6*50mm 40°C

Method C . Eluent A water +3.75mM ammenium acetate + 2% acetonitrile, Eluent B | Acetonitrile
22
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Gradient : from 2 10 8% B in 1.7 min - Flow 1.0 mif/min,  Column ; Acguity CSH 2.1*50mm 50°C

Method D (HRMS) : Eluent A water + 0.05% Formic acid +3.75 mM ammeonium acetate, Eluent B
Acetonitriie + 0.04% Formic acid.

Gradient : from 2 10 88% B in 4.4 min ~ Flow 1.0 mi/min.  Column : Acguity CSH 2.1*50mm 50°C

Synthesis of a Linker

HO NH;, » Ho .
Ch=—2.Ci Trt resin \(ﬂ;\o g HO o N2-Cl Tt resin

G

2-Chlorotrityl chioride resin (1.55mmol/g) (8.500 g, 8.775 mimod) in 100mL glassware was
swollen in DCM (20 mi) for 30min and it was drained. A suspension of 2-{aminooxy)aceiic
acid hemihydrochioride (0.338 g, 3.10 mmol) and DIPEA {(1.354 mi, 7.75 mmol) in NMP (7
mly/DCM (4 mi) was added to the resin, which was shaken for 5h. Solvent was drained.
Resin was rinsad with DCM/MeOH/DIPEA (17/2/1, 40mL), DCM(B0mL), NMP{80mL) and
DCM(50mL) respeciively. Resulting resin was dried with KOH/NaOH overnight.

ny

TT2-Ci Trt resin

H
HO\I.]/\Q’N_Z-CE Trt resin
¢

Resin (0.775 mmol} in 100mL glassware was swollen in DCM (20 mi) for 30min and it was
drained. Inio a suspension of (OH-fluoren-8-yDimethyl Z-amincethylcarbamate hydrochloride
(0.081 g, 0.775 mmol), HOAL (0.422 g, 3.10 mmol and DIPEA (1.354 mi, 7.75 mmoel) in
NMP (& mb was added HBTU (1.176 g, 3.10 mmob in NMP (2.5 mi), which was shaken for
2h at RT. The solvent was drained, and resin was rinsed with NMP (10mL) and DCM {(10mL)

seguentially. The resulting resin was dried overnight.
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Resin (0.775 mmol} was charged inlo a reaction vessel. 10 mb of 20% PIPERIDINE/NMP
(viv) was added, and the suspension was agilated al room temperature for 5 min. After
solvent was drained, additional 10 mbL of 20% PIPERIDINE/NMP (v/v) was added and
agitated for 20 min at room temperature. A solution of HOAL (0.316 g, 2.325 mmol} and 1-
(SH-fluoren-g-yh-3-ox0-2,7,10-trioxa-4-azadodecan-12-cic acid (0.886 g, 2.325 mimol) in
NMP (8 mlb) was added intc resin and DIC (0.362 mi, 2.325 mmol) in NMP {1 mi) was
added. The reaction mbdure was agilated for 2h at room temperature, and the resin was

fikered off and rinsed with NMP (10 mi) four times. The resuflting resin was dried overnight.

o]

o, M i he ¢ ; ;
P W \/[\T/ ~o N2 Trt resin il H

N ¢ O/\V‘U\/}l\!\"/\/ N\_('\g"NWZ—CI Tri resin
S ? " S

Q:;;:O ) % . \f j;/ [ HNTQ
} e Ko KD
\{ J - \\f \

3\

Q

Resin (0.775 mmol) was charged into a reaction vessel. 10mbL of 20% PIPERIDINE/NMP
{v/v) was added into resin, and the suspension was agitated at room femperature for 5 min.
After solvent was drained, additional 10 mbL of 20% PIPERIDINE/NMP (v/v) was added and
agitated for 20min at room temperature. A solution of HOAL (0.316 ¢, 2.325 mmol) and
Frnoce-Glu-OtBuy (0.988 g, 2.325 mmol) in NMP (8 mi) was added info resin and DIC (0.362
mi, 2.325 mmol) in NMP (2.00 mb was added. The reaction mixture was agitated for 2h at
room temperature. Resin was filtered off and rinsed with NMP (10 mb four times. The

resylting resin was dried overnight.

Attaching a Pavioad to Linker
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Resin (2-chiorotrityl chioride resin, 0.775 mmol) was charged inio a reaction vessel. 10mL of
20% PIPERIDINE/MNMP (0.775 mimol, vv) was added into resin, and the suspension was
agitaled at room temperature for 5 min. Afier solvent was drained, additional 10ml of 20%
PIFERIDINE/NMP (0.775 mmol) was added and agitated for 20 min at room temperature. A
solution of 18-tert-buloxy-18-oxooctadecanocic acid (0.862 g, 2.325 mmol) and HOAL (0.316
g, 2.325 mmol) in NMP (8 mL) was added into resin and DIC (0.362 mi, 2.325 mmol) in
NMP (2.00 ml was added. The reaction mixiure was agitated for 4 h at room femperature.
Resin was filtered off and rinsed with NMP (10 mi) four fimes. The resulting resin was dried

overnight.

o\){i § h—201Trt 1 H
! i—2-CiTrtresi
O/”\,/ N/”\/ \(’\Of 4 resin ONO\/H\ﬁwNVO’N}{Z
' ¢]

/| H G r)

Hé\r/p :}, T HN\CO s
~ 0 0
o 51
ﬁ/ \O(“WE {CH)a hJE/\

PL1

Resin from the preceding step (0.775 mmol was treated with 20mlb of cleavage cockiail
(TFAMIPS/water = 85/2.5/2.5, vivy for 1.5h at room temperature. Resin was removed by
filtration and rinsed with TFA. The filtrate was concentrated in vacuo. RP-HPLC with C18
column eluting with 15-50% MeCN/ water plus 0.1% TFA gave (8)-1-(aminooxy)-18-carboxy-
2,7,16,21tetraoxo-8, 12-dioxa-3,6,15,20-telraazaociatriacontan-38-cic  acid  with  2,2,2-
frifluorcacetic acid (1:1) (207 mg, 0.284 mmol, 37.9 % yield) (PL1). HRMS[M+1] (method D),
704.4459 (observed), 704.4486 (expecied).

Example 1
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CRM197 (ref: 3. Giannini and R. Rappuoli, Nucleic Acids Hes., 1984, 25, 4083.) was treated
with TCEP (0, resulting in reduction of the C201-C185 disulfide, with little or no reduction of
the C451-C471 disulfide (see Example 3). The reduced CRM197 was treated with 1,3-
dichloroacetone 1o provide the activated protein, having the C451-C471 disulfide intact and
with G201 tethered 1o C1858 via a ~CH-C(=0)-CH.- linkage. This activated protein was
contacted with PL1, the aminated fatty acid derivative containing an aminooxy group whose
preparation is described above, {o form an oxime linking the fatty acid derivative to the
protein. The conjugate with the attached fatty acid group is expected o reduce renal
clearance, thus exdending the circulating half-life of the CRM187 protein and increasing its
usefulness as a carrier in conjugate vaccines. Mass spectrai data for the native protein
{Figure 3A, using Method A}, the activated protein (Figure 3B) and the prolein conjugate
{Figure 3C) are provided in Figure 3.

o 0185
\\Q\\ Selective

S

/ Reduction

~N A C451
N v 2\
U, W \\
C47

Synthesis of a site-defined azido compound bearing CRM197

Method A -
Eluent A > water + 0.1% Formic Acld, Eluent B : Acatonitrile + + 0.1% Formic Acid

Gradient : from 3 to 80% B in 2 min — Flow 1.8 mi/min.  Column : AcQuity BEH300 SEC
4.6x30 mm 50°C

SDS Page Gel Analysis - NuPage 4-12% Bis-Tris Gel; 1.5mm*10 well

§—8 o
— s 5 s
[ a_A_ac v

-
CRM197 CRMAGT
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To CRM197 (32.5 mg/mb) (185 ul., 9.103 umol) in sodium phosphate buffer pH 7.4 (230 ub) was
added TCEF HCI (3 mg/mL, water, 588 uyL, 0.816 umol). The reaction was stirred at room
temperature for 16 h followed by addition of 1,3-dichicropropan-2-one (20 mg/mi, in DMSQO, 13.04
pl, 2.054 umol) . The reaction was stirred for 3.5 h, then passed {hrough 0.5 mb Zeba™ spin size
axciusion column (7K MWCQ, from Thermo Scientific) and buffer exchanged to 0.1 M sodium
phosphate buffer pH € to afford the ketone-bearing CRM187 {8.78 mg/mi, 1.3 mk., nanodrop method)

LCME [M+1] = 58465

O

N/O\//\O,/\/O\V/\O/\\/N.’s

HzN“O\/’\O/\«/O\/’/\O/\,/ Ny [
s § e i
f L_ S s
CRM197 (L i
SRME7

into a soiution of ketonemodified CRM187 {8.78 mg/mi — sadium phosphate buffer pHS, 1.3 mi,
0.151 umol) was added O-(2-(2-(2-(2~azidoethoxy)ethoxyethoxy)ethyhhydroxylamine (300 mg/ml -~
DMSO) (6.044 mi, £.045 mmoly. The reaction mixture was agitated for 36 h at 23 °C then passed
through 5 mb Zeba™ spin column eluling with PBS 7.4 to provide the title compound (4 41 mg/ml, 1.8
mik., 80% yield, Nano drop method)

LOMS [M+1] = 58682 5

Figure 4 shows the SDS Page for the title compound, the modified CRM197.

Example 2

Starting material preparation: Synthesis of pE-R-P-R-L-C-H-K-G-P-Nie-C-F-OfH (disulfide
CB_Q‘EQ) (8)
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Ci-P8
g Loading of rasin

H-F-O-P8

é SPPS

PE-R{PLE)-P-R(POH)-L-C{Tr)-H(Tr)-K(Boc)-G-P-Nie-G(Tri)-F-O-PS

L Cleavage/ PG removal
pE-R-P-R-L-C-H-K-3-P-Nig-C-F-OH

1. Cyclization
2. Purification

PE~R-P-Ral ~CeH-K-G-P-Nlg-C-F-OH
Cyelic Peptide {8}

s Preparation of intermediate 8a
{Loading of 2-chioroirity! chioride resin with Frnoc-F-OH, Fmoc removal and
determination of the loading of the resin)

2-Chlorotrityl chioride resin (40.0 g, 84.0 mmol} was washed with DOM (3%). A solution of
Fmoc-F-OH (24.8 g, 64.0 mmol) in DCM (400 mL) and DIPEA (44.7 mil., 256 mmol) was
added and the suspension was shaken for 22 h at room temperature. The resin was washed
thoroughly with DCM/MeOH/DIPEA (17:2:1) (3, DCM (3x), DMA (3x), DCM (3x). The resin
was then treated four times for 10 min with a mixiure of piperidine/DMA (1:4) (400 mbL)
followed by washing with DMA (2 x 180 mi). The piperidine/DMA solutions and DMA
washing solutions were coliected for determination of the lnading of the resin. 1 mb of the
combined solutions was diluted to 500 mb with MeOH and the UV absorption at 298.8 nm
was measured 1o be A = §.368. This corresponds to an Fmoc amount of 46.2 mmol. The
resin was washed thoroughly with DCM (3x), DMA (3xg, DOM (3x) and dried in vacuo 1o give
intermediate 8a (0.7 g; loading = .91 mmaol/g).
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¢ Preparation of intermediate 8b (Assembly of linear peptide)

Intermediate 8a (2.64 g, 2.40 mmol) was subjected o solid phase peptide synthesis on the

Prefude™ peptide synthesizer. Coupling was performed as follows:

Coupling | AA Number of couplings | Synthesis cycle
X Reaction time
i C{Try 2 x 30 min W
2 Nie 2x15 min A
3 # 2x 15 min A
4 G 2 % 30 min A
5 K({Boc) 2x15 min A
B H{Tr) 2 x 15 min A
7 C{Trt 2 x 60 min D
8 L 2 x 15 min A
9 R{PLH 4x1h A
10 P 2 x15 min A
11 R{PLH 4x1h A
12 PE 215 min A

» Preparation of intermediate 8¢ (Cleavage from the resin with profecting group removal)

intermediate 8b (2.40 mmol) was carefully washed with DCM (4x). A middure of 95% aq.
TEAEDT/TIPS (95:2.5:2.5) (50 mL) was added and the suspension was shaken at room
temperature for 1 h. The cleavage solution was fillered off, and fresh cleavage solution (35
mL) was added. The suspension was shaken at room temperature for 1 h then the cleavage
solution was filtered off. Fresh solution (35 mL) was added and the suspension was shaken
at rcom temperature for 1 h. The cleavage solution was filtered off. The combined cleavage
sclutions were poured slowly onto a stirred mixture of cold heptane/diethyl ether (1:1) (500
mb), giving a precipilate. The suspension was stirred at room temperature for 2 h and then
the precipitate was allowed to settle down. The supernatant was sucked off with a frit. The
residue was washed with cold heptane/diethyt ether (1:1) (2 x 100 mL), the supernatant was
sucked off with a fiit. The solid was dried in high vacuum to afford Intermediate 8¢ as an off-
white solid {3.75 g, 1.88 mmol).
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Preparation of Cyelic Peptide 8 (Cyclization and Furification)

Intermediate 8¢ (3.75 g, 1.88 mmoly was dissolved in HyO (375 mb). A solution of 50 mM |
in AcOHM (45.1 mL, 2.28 mmol) was added in one portion to the stirred soiution and the
solution was stirred for 10 min at room temperature. 0.5 M Ascorbic acid in H,0 (5.64 mi.,
2.82 mmol) was added to quench the excess of Iz, The solution was concentrated to near
dryness. The reaction was performed in two poroom temperatureions: 0.188 mmol scale and
1.69 mmol scale. The crudes were combined for purification. The crude was purified by
preparative HPLC and iyophilized from ACNMHLC {0 afford Compound 8 as a white solid
(1.53 g, 0.767 mmaol).

The pure product was analyzed by analytical HPLC {Anaiytical method C: {5=3.43 min) and
UPLC-MS (Analytical method B; measured: IM+31/3=5812.4; calculated: [M+31/3=512.8).

This example iHustrates formation of an activated protein starting with the cyclic peptide 8.

QHQ 1) TCEP

8d

Cyclic peptide 8 (12 mg, 6.76 umoel) was dissolved in 50mM Na phosphate buffer pHB 5 (1.5
mil}, into which was added TCERP HCI (2.81 mg, 10.13 ymol} at room temperature. This
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reaction mixdure was stirred for 1h at room temperature. into above solution was added 1,3-
dichloropropan-2-one (4.29 mg, 0.034 mmol) at room temperature, which was stirred for
30min at room femperature. RP-HPLC elufing 15-60% MeCNiwater with 0.1%TFA gave
activated protein 8¢ (6 mg, 2.93 umol, 43.4 % vield). HRMS[M+1] (method D}, 1580.7811
{observed), 15980.7812 (expecied).

pPE-R-P-B-1-C-H-K-G-P-Nig-C-F-OH with a -8-CH,-C(=Z)-CH,-S- linkage between the 2
cysieines at position 8 and 12 [C5-C"), and Z is:

g0 \A-“A..-" rn-"'i

L o
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v

WAL m(\‘rn

v*ufr, M "J*u)\r"“’*u Lt
o

4]
[ H L

CFO0CH

into a solution of Compound 8 ((S)-2-((35,6R,14R,178,208,28a8)-17-((1H-imidazol-5-
yhymethyi-20-{4-aminobutyl)-3-butyl-14-({8)-2-((S)-5-guanidino-2-((8)-1-{(8)-5-guanidino-2-
({Ey-5-oxopyrrclidine-Z-carboxamido}pentanoypyriolidine-2-carboxamido)pentanamido)-4-
methyipentanamido)-1,4,10,15,18,21,24-heptaoxchexacoesahydropyrrolofz, 1-

i1i1.23,4,7 10,13,16,18]dithiahexaazacyclohexacosine-6-carboxamido)-3-phenylpropansic

acid)

(11.5 mg, 5.62 umol) and (S)-1-{aminooxy)-19-carboxy-2,7,16,21-tetraoxo-9,12-dioxa~
3,6,15,20-tetraazaoctatriacontan-38-cic acid compound with 2,2, 2-trifluorcacetic acid {(1:1)
(8.189 mg, 0.011 mmol) in 100nM Na phosphate buffer pHS8.0 (1ml) was added aniline (2.081
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ul, 0.022 mmob at room temperature. Addition of DMSO (50 ul) gave homogeneous solution,
This reaction mixture was stirred at room temperature for 2h. RP-HPLC eluting 15-60%
MeCNswater with 8.1% TFA gave the expected conjugate, (1-((Z)-
{(35,8R,14R,178,208,28a8)-17-{(1H-imidazol-5-yhmethyi)-20-(4-aminobuty)- 3-butyk-8-((8)-
1-carboxy-2-phenylethylcarbamoy-14-((8)-2-{(S)-5-guanidino-2-({(8)-1-({(8}-5-guanidino-2-
{(8)-5-oxopyrrolidine-2-carboxamido)pentanovpyrrolidine-2-carboxamidoipentanamido)-4-
methyipentanamido)-1,4,15,18,21,24-hexaoxodocosahvdropyrrolof2, 1-
ii1,23,4,7,10,13,18,19]dithiahexaazacyciohexacosin-10(1H,8H, 1 1H)-vlidene)aminooxy)-19-

carboxy-2,7,16,21-tetraoxo-9,12-dioxa-3,8,15,20-tetraazaoctatriacontan-38-oic acid)

(4.5 mg, 1.648 umol, 29.3 % yield). HRMS (method D) [(M+3)/3}; 759.7487 (observed),
758.7482 (expected). Retention time 4.12 min.

Example 3

S8 O
E i Cl i S 5
CRM197 \)L\/ oo

CRM197

into a solution of CRM197 (200 ug, 6.2ul, 0.0034 umol} in 50mM Na phosphate buffer pH7 4
(10 ubh was added agueous solution of TCEP HCI (5.88 ug, 0.021 ymol). This reaction
mixture was left for 18h at room temperature. 1,3-dichloropropan-2-one {(4.58 ug, 0.034 ymol
10eq) was added into the midure. This reaction was left at room temperature for 2h. The
crude was passed through a Zeba™ size exclusion column. LOMS; [M+1] = 58465, This
activated profein can be reacted with an aminaled payload such as a TLR agonisi, to form a
carrier protein conjugated with a compound that may enhance immune responses {0 any

antigen added to the carrier profein.
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CRM197

into a solution of ketone-modified CRM197 (5mg/mi, Na phosphate buffer, pMH8.0y (50 ug,
0.00088 umeol) were added N-(3-{4-2-(4-(2-(5-amino-8-methylbenzolfli1,7Inaphthyridin-2-
yvhethyD-3-methylphenoxy)ethyhpiperazin-1-yhpropyb-2-(aminocoxylacetamide (86.8  ug,
0.064 pymoly and aniline (0.0020 pi, 0.021 umol). This reaction was left for 14h at 23°C {0
give the desired conjugate A based on LOMS analysis. Reaction mbdure was passed
through 0.5mbL Zeba™ size exclusion column eluting PBS pH7.2 buffer. LCMS, [M+i] =
58032.

Synthesis of PL:

into a solution of tert-butyl 2-(3-bromopropylamine)-2-oxoethoxycarbamate (53.3 mg, 0.171
mimoh and 8-methyi-2-(2-methyl-4-2-(piperazin-1-
vhethoxy)phenethyhbenzo[fl[1, 7inaphthyridin-5-amine (52 mg, 8.114 mmoh in DMF (0.5 mb
was added potassium carbonate (38.4 mg, 0.285 mmol) at RT, which was stirred for 24h at
RT. water and EtOAC was added. The organic layer was separaied. The aqueous layer was

extracted with EtOAc. The combined organic layer was dired over Na,S0,, fitered and
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concentrated in vacuo 1o give crude Boc-protected material. this was dissolved in DMF (0.5
mi), into which was added TFA (0.5 mL, 6.49 mmol). this was stirred for 30min at RT. After
removal of solvent, RP-HPLC purification eluting 15-80% MeCN/water with 0.1%TFA gave
N-(3-(4-(2-(4-(2-(5-amino-8-methvibenzo[fli1, 7lnaphthyridin-2-yDethyh-3-
methyiphenoxylethylipiperazin-1-ylipropyl)-2-(amincoxy)acetamide (25 mg, 0.024 mmol,
21.02 % yield). LOMS; [M+1] = 5886,

Example 4

The following example uses an anti-VEGF antibody fragment (VEGF-Fab), and a fatty acid
derivative that is added {o increase serum half-life of the antibody fragment. Selective
reduction of the inter-chain disulfide in the presence of several less accessible intra-chain
disulfide linkages is achieved using TCEP in PBS gt pH 7. The reduced protein is reacied
with a dihaloacetone {dibromoacetone or dichloroacetone) 1o provide an activated protein
having the three-carbon iether ~CH-C{=0)-CHy- linking the sulfur atoms together. The
activated protein is contacted with a linker-payload moiety having an aminooxy as the
reactive portion to form an oxime with the kelone derived from the dihaloacetone. The

linking group L in this example is

) [ofalnly!
H H
~iPL]
,:izﬂ NV\NJK/QWG/A\/N NH"’LL
X} N
Q (4]

where [X] and {PL] indicate the points of attachment for —{-NH, and pavicad PL,
respectively, and the payload is a C18 fatly acid group. In the example, X is -ONH,, which
forms an oxime with the carbonyl of the acetonyl ketone of the aclivated protein. Figure 5
depicts the formation of the activated protein for this example and shows the mass spectral
evidence for its formation.

)
§—8 @ i
i I+ a ko 5§
VEGF-Fab P
VEGF-Fab
A B
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into a solution of & (72.72 ug, 6.0ul, 0.0015 umol} in PBS pH7.4 (8 ul) was added TCEP
HCI (2.863 pg, 0.0092 pymol). This reaction mixture was lefl for 3h atf room temperature. 1,3-
dichloropropan-Z-one {1.945 ug, 0.015 ymob was added and the reaction was allowed o
stand at room temperature for 1h. A was consumed and converied into desired product B.

The crude was passed through a size exclusion column. LCMS; [M+1] = 47538

o
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VEGF-Fab

inio a solution of B (38.38 ug, 0.00078 umol) in PBS pH7.4 (22.5 ul) wers added (8)-1-
(aminooxy}-19-carboxy-2,7,16,21-telraoxo-9,12-dioxa-3,8,15,20-letraazaoctatriacontan-38-

oic acid compound with 2,2 2-triflugroacetic acid (1:1) 64.33 ug, 0.078 ymolb) and aniline
(0.00105 yi, 0.011 umol) at room lemperature, which was stirred for 14h at 23°C. B was
consumed and converted into desired product €. The crude was passed through a Zeba™
Spin Desalling Column, 7K MWCO (from Thermo Scientific)) LCMS; [M+1] (method A) =
48222, Figure 6 depicts formation of the protein conjugate and shows mass spectral

evidence for conjugate formation.
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Example 5

Vo ﬁ O
HN A , NH;
H o 0
A
~% [ § [ © ~OH
HN A = N A N
~ B O 5
' B

Peptide A (1 mg, 0.519 ymol) was dissolved in buffer (2.5 miy (30mM sodium phosphate
buffer pH8.58 (1.5ml), 40%MeCN (0.9ml}, 2.5% DMF (0.1mL}}, into which was added TCEP
HCH{0.164 mg, 0.571 ymol) at room temperature, this reaction mixture was stirred for 60min,
1,3-dibromoacetone (0.184 mg, 0.571 umol} in DME (0.1ml) was added inio the reaction
mixture at room temperature. After being stirred for 3min, acetone adduct B was observed
to form in guantitative conversion based on LCMS analysis. LCMS (Method C) [M+21/2 =
991,

Example 6: preparation of antiHer2 antibody-drug coniugates.

Method A

Step 1.

§——8
T Cl —

Anti-HER?2 IgG WT S 08

o ! f
Anti-HERZ IgG WT
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Step 1) Info a solution of Anti-HERZ 1gG (20.36mg/mi in G.1M Tris/HCI, 30 yi, 610.8 ug,
0.0041 umoly and 1,3-dichloropropan-2-one (66.1 ug, 0.495 umol) was added TCEP HCI
(14.17 ug, 0.049 umol), which was agitated for 16h at 4°C. The reaction midure was passed

through 0.5mbL Zeba™ spin column eluting PBS buffer (pH7.2). Modification of 4 inter chain
disulfides was confirmed by analysis with PNGase F (New England Biolab), Endoproteinase
Lys-C (Roche) and non reducing/reducing SDS PAGE {(4-12% Bis-Tris Gel with colloidal
blue staining) performed with samples taken from the reaction solution. LCMS (method B),
145394 {after deglycosylation with PNGase F).

Slep 2;
o T L
o \)1\ L.
C.) HQN’ S N ; 4y, \
o L
] S
| |
Anti-HER2 1gG

Arti-HERZ 19G

inio a solution of modified Anti-HERZ2 1gG prepared in Step 1, (7. 14mg/mi., 100mM anilinium
acetate buffer pH4.8, 600 ug, 0.0040 pmol) was added (8)-2-((2R,3R}-3-({(8)-1-((3R ,45,58)-
4-((8)-2-((S)-2-(6-(aminooxy)-N-methylhexanamido)-3-methylbutanamido)-N, 3-
dimethyibutanamido)-3-methoxy-5-methylheptanoyhpyrrolidin-2-yh-3-methoxy-2-
methyipropanamido)-3-phenyipropanocic acid (30mg/mi, 104 ug, 0.121 pmob at room
tfemperature. The resulting mixture was agitated at room temperature for 19 h. The mixiure
was passed through 0.5mi Zeba™ spin column one time eluting with PBS buffer (pH7.2).
Modification of ketones was confirmed by analysis with PNGase F (New England Bioclab),

Endoproieinase Lys-C (Roche) and non reducing/reducing SDS PAGE {(4-12% Bis-Tris Gel
38
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with colloidal blue staining, shown below) performed with samples faken from the reaction
solution. DAR  {drug-antibody ratio) was 3.2 LCMS (method B), 148770 (afler
deglycosylation). Figure 7 shows the conjugate and the conjugate following reduction (see
befow). SeeBlue Plus2® Pre-Slained Standard (invitrogen) was used as apparent
molecular weighis ladder. This demonstrates that litlle or no unconjugated antibody is
present in the conjugation product unconjugated antibody would produce a lower-molecular
weight band upon reduction due to dissociation of the antibody held together only by
disulfide bonds. The conjugate, having the fragments covalently linked through the -S-CHs-

CE=X)-OH,-S- linkage, cannot dissodciate upon reduction.
Method B:

Step 1:

L 1 i
Anti-HERZ 1gG WT & oo

Anti-HERZ IgG WT

inio a solution of Anti-HERZ2 1gG (20.36mg/mi in 0. 1M Tris/HCH (610.8 pg, 0.0041 ymol
(30ul} and 1,3-dichioropropan-2-one (856.1 ug, 0.495 umol) was added TCEP HCI (14.17 yg,
0.049 umol), which was agiiated for 16h at 4°C. The reaction mixture was passed through
0.5mi. Zeba™ spin column eluting PBS pH7.2. Successful maodification at inter chain
disulfide by 4 acetone formation was confirmed by analysis with PNGase F (New England
Biclab), Endoproteinase Lys-C (Roche) and non reducing/reducing SDS PAGE (4-12% Bis-
Tris Gel with colloidal blue staining) performed with samples taken from the reaction
solution. LCMS (method B); 145394 (after deglycosylation). Reduced sample for SDS PAGE

was prepared following the procedure described before.,

Step 2:
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into a solution of modified Anti-HERZ 1gG (7.14mg/ml., 100mM anilinium acetate buffer
pH4.8) (800 pg, 0.0048 umoh was added {(83-2-{((ZR,3R}-3-{(8}-1-{(3R 43 ,58}-4-((8)-2-((8)-
2-{6-(aminooxy)-N-methylhexanamido}-3-methylbutanamido)-N, 3-dimethyibulanamido)-3-

methoxy-5-methylheptanoybpyrrolidin-2-y-3-methoxy-2-methylpropanamido)-3-

phenyipropanocic acid G0mg/mi, 104 ug, 0.121 umol) at 1, which was agitated for 18h at RT.
The resulting mixiure was passed through 0.5mi Zeba™ spin column one time eluting PBS
pH7.2. Successiul modification of ketones was confirmed by analysis with PNGase F (New
England Biolab), Endoproteinase Lys-C (Roche) and non reducing/reducing SDS PAGE (4-
12% Bis-Tris Gel with colloidal blue staining, shown in Figure 8) performed with samples
taken from the reaction solution. DAR was 3.8 LCMS (method B);, 148770 (after
deglycosyiation). SeeBlue Plus2™ Pre-Stained Standard (Invirtogen) was used as apparent
molecular weights ladder. Reduced sample for SDS PAGE was prepared following the

procedure described before. The SDS PAGE is presented in Figure 8.

Example 7. Preparation of Antibody B-DM1 conjugate:
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Step 1:

Ci S

GG
]

Antibody B igG o f |

Antibody B lgG

into a solution of dichloroacetone (7.35 mg, 0.055 mmol, 368ul) in Tris buffer (4800ul) was
added antibody B 1gG {Antibody B 1gG recognizes a different antigen from Her2: 68.2mg,
0.458 ymol, 400ub, which was cooled 1o 4°C for 80min. TCEP HC! (1.576 mg, 5.50 umol,
524ub at 4°C, which was lefi for 16h at 4°C room. The mixture was concentrated vie 10K
Amicon® membrane filtration and diluted with PBS. This oycle was repeated by 2 times.
After filtrgtion, sample was passed through 5mi Zeba™ desalting column. Successiul
modification at inter chain disulfide by 4 acetone formation was confirmed by analysis with
PNGase F (New England Biolab) and non reducing/reducing SDS PAGE (4-12% Bis-Tris
el with colloidal blue staining) performed with samples taken from the reaction solution.
LOMS (method B);, 146020 {(after deglycosylation). Reduced sample for SDE PAGE was

prepared following the procedure described before.
Step 2.

PL1 (mathod A):
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into a solution of modified Antibody B IgG (48 mg, 0.322 umol, 1.2ml} were added DMSO
solution of DM-1 derivatives (10.00 mg, 8.05 umol, 87ul} and 3,5-diamincbenzoic acid (14.70
mg, 8.097 mmel, 30uly, which was stirred at 23°C for 15h. The mbdure was concentrated via
10K Amicon® membrane filtration and diluted with PBS. This cycle was repeated by 3
times. After filiration, sample was passed through 5mi Zeba™ desalting column. Successiul
modification of Ketones was confirmed by analysis with PNGase F (New England Biolab).
DAR was 4 based on LCMS. LCMS (method B); 150815 (afier deglycosylation).

PL1 {method B):

° o
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into a sclution of modified Antibody B IgG (679 ug, 0.0046 umol) in 0.1M Na phosphate
pHB.0 were added Z-(aminocoxy)-N-(1-2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yi-4,13-dioxo-
6,9,15,18-tetraoxa-3,12-diazaicosan-20-yhacetamide in DMSO (563 pg, 0.911 pmol, 2.25ub
at RT, which was stirred for 20h at 23°C. The reaction mixture was passed through 0.5mi
desalting coulmn eluting with 100mM HEPES with EDTA 3 tfimes. introduction of 3.8
maleimide linker / antibody (DAR = 3.8)was confirmed by LCMS. LCMS {method B); 147968
(after deglvcosylated with PNGase F (New England Biolab)).
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into a solution of modified Antibody B IgG (177 ug, 0.0012 umel} in 100mM HEPES buffer
with 10mM EDTA was added DM-1 in DMSO (8.865 yg, 0.012 ymol, 0.288ul) at RT, which
was agitated for 8h at 23°C. Ne-methylmaleimide (1.3mg/mi in DMSO} (2.083 ug, 0.618 pmol)
was added into the reaction solution, which was agitated for 10min. The reaction mixiurs
was passed through 0.5 mb desaliing column eluting 100mM HEPES buffer. DAR was 3.7
based on LCME, LCMS (method B), 153967 (DAR4) (glycosylaled).

PL2:
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into a solution of modified Antibody B IgG (420 ug, 0.0028 umol) in HEPES buffer withi0mM EDTA
was added DM-1 in DMSO (10.81 ug, 0.014 pmol, 8.55ul) at RT, which was agitated for 8h at RT. The
reaction mixture was passed through 0.5ml desalting column eluting with 100mM HEPES with EDTA
3 times. The reaction mixture was passed through 0.5 mb desalting column eiuting 100mM HEPES
buffer. DAR was 3.8 based on LCMS. LCMS (method B), 150101 (DAR4) (after deglycosylated with
PNGase F (New England Biolab)).
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Antibody B 1gG

Antibody 8 IgG

inio a solution of modified Antibody B 1gG (420 pg, 0.0028 umol} in HEPES buffer with10mb
EDTA was added DM-1 in DMSO (10.61 ug, 0.014 umol, 0.55ul) at RT, which was agitated
for 8h gt RT. The reaction mixture was passed through 0.5mi desalting coulmn eluting with
100mM HEPES with EDTA 3 times. The reaclion mixture was passed through 0.5 mL
desalting column eluting 100mM HEPES buffer. DAR was 3.6 based on LCMS. LCMS
{method B); 150101 (DAR4) (afier deglycosylated with PNGase F (New England Biolab)).

PL3:
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inio a solution of modified Antibody B 1gG (47.3 mg, 0.317 umol, 1.1mi) were added DMSO
solution of DM-1 derivatives (8.34 mg, 6.35 umol, 42.3ul) and 3,5-diaminobenzoic acid
(13.52 mg, 0.088 mmol, 27ul), which was stired at 23°C for 15h. The mixure was

concentrated via 10K Amicon® membrane filtration and diluted with PBS. This cycle was

repeated by 2 times. After filtration, sampie was passed through 5mi Zeba™ desaiting
column. Successful modification of ketones was confirmed by analysis with PNGase F (New
England Biolab). DAR was 4 based on LCM3. LCMS (method B); 150910 (afler

deglycosylation).

PL4:
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inio a solution of modified Antibody B IgG (250 pg, 0.0017 pumol, 10ul) in PBS were added
the required alkoxyamine shown above (21686 upg, 0.025 umol, 0.245ul) and 3,5-
diaminobenzoic acid (383 ug, 2.52 umol, 0.43ul) at RT, which was agitated for 24h at 23°C.
The reaction mixture was passed through 0.5 mb desalting column twice eluting with PBS.
DAR was 4 based on LCMS. LCMS {(method B); 152448 (glvcosylated).

FPL1 synthesis:

O 18]
/k o Y N
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tert-butyl  (2-(2-(2-(2,5-dioxo-2,5-dihydro-1H-pyrrok-1-yhethoxy)ethoxy)ethyhcarbamate (245
mg, 0.746 mmol) was dissolved in 4N HCI in dioxane (2 mk, 8.00 mmol} at RT, which was
stirred for 1h al RT. After removal of solvent, the crude was used for next reaction without

further purification.
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into a solution of 2-(((ert-butoxycarbonyhaminojoxy)acetic acid (185 mg, 0.970 mmob and
TEA (0.520 mbL, 3.73 mmol} in DCM (& mlL) were added EDC (172 mg, 0.885 mmol) and
HOBT (114 mg, 0.746 mmol) at RT, which was stired for Smin at RT. 1-(2-(2-(2-
aminoethoxylethoxy)ethyh-1H-pyrrole-2,5-dione (187 mg, 0.746 mmol) in DCM 4 mbL) was
added into the above reaction midure. After stirring for th, DCM and water were added.
The organic layer was separeted. The agueous layer was exracted with DCM. The
combined organic layer was dried over Na,S0,, fillered and concentrated in vacuo. RP-
HPLC purification eluting 15-85% MeaCN/water with 0.1% TFA gave tert-butyl 2-((2-2-(2-
{2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yhethoxyyethoxy)ethyhaming)-2-oxoethoxycarbamate (62
mg, 0.154 mmol, 20.70 % vyield for 2 sieps) as a colorless cil. ESEIMS (method A) m/z
402[M+1}+, Retention time: 1.60min.  "H-NMR (CDCls-d, 400 MHz); 1.48 (s, 8H), 3.48-3.78
{m, 14H), 8.71 (s, 2H).
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inio a soluticn of fert-butyt 2-{{2-(2-(2-{2,5-diox0-2,5-dihydro-1H-pyrrol-1-

yhethoxy)ethoxyjethyllamino}-2-oxoethoxycarbamate (682 mg, 0.154 mmol) in DCM (400 ul) was
added TFA (400 pi) at RT, which was stirred for 1h at RT. After removal of solvent, the crude was put

in vacuurmn for O.N. used without further purification. ESI-MS (methed A) miz: 302[M+17

PLZ synthesis:

o -
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into a suspension of 2-CI Trt resin (1.70mmol/g) (0.086 g, 1.7 mmeol) and 1-(9H-fluoren-g-

yh-3-0x0-2,7 10-trioxa-4-azadodecan-12-cic acid 2 ¢, 5.1% mmod in DCM (8 mLYDMF &4

mb) was added DIPEA (2.67 mL, 15.30 mmol} dropwise, which was stirred for 15h at RT.
48



WO 2015/079376 PCT/IB2014/066300

Solvent was drained. The resin was rinsed with DCM/MeOH/DIPEA (17/2/1, 40mi), DCM
EmL*2), DMF (8mL * 2), DCM (8ml. * 2) and dried in vacuo.
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Resin (0.679 g, 1.7 mmob was charged into reaction vessel. 5mb of 20%Piperidine in DMF
was added, which was stirred gently for 1min and removed. Another 10mb of 20%Piperidine
in DMF was added, waited for 20min with intermittent stirring and removed. DMF (16 mi)
was added stirred for 15s and removed via vacuum filtration. Repeated this step four times
{check with Kaiser test ; posilive, violet-deep biue). Solution of HOAL (0.483 g, 3.40 mmol)
and 2-{({tert-butoxycarbonyhamincjoxy)acetic acid (0.650 g, 3.40 mmobin DMF {8 mL) was
added into resin and DIC (0.530 mL, 3.40 mmol} in DMF (4 mL) was added. reaction mixiure
was agitated for 1.5h at RT. Resin was fillered off, rinsed with DMF (10 mi} four times and

dried in vacuo.
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Resin (0.926 g, 1.7 mmol) was charged into reaction vessel. 5mb of 20% Piperidine in DMF
was added, which was stirred gently for 1min and removed. Ancther 10mb of 20% Piperidine
in DMF was added, waited for 20min with intermittent stirring and removed. DMF (16 mi)
was added, stirred for 155 and removed via vacuum filtration. Repeated this step four times
{check with Kaiser test; positive, violet-deep blue). Solution of HOAL (0.463 g, 3.40 mimol)
and 2-{({tert-butoxycarbonyhamincjoxy)acetic acid (0.650 g, 3.40 mmobin DMF {8 mL) was
added into resin and DIC (0.530 mL, 3.40 mmol) in DMF & mL) were added. The reaction
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mixture was agitated for 1.5h at RT. Resin was filtered off, rinsed with DMF (10 mi) four

times and dried in vacuo.
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Resin was suspended with 30%HFIP (hexafluorcisopropanoly in CHCl; (20 mil, 1.700
rmol), which was agitated for 2h at RT. Solvent drained was concentrated to give crude 2,2-
dimethyl-4 8 17-riox0-3,6,12,15,21,24-hexaoxa-5,9,18-tniazahexacosan-26-oic acid (1.13 g,
2.347 mmol, 138 % vyield). This was used for the next reaction without further purification.
ESI-MS m/z: 482[M+1]+, Retention time: 1.10min (method B).
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into a solution of 2,2-dimethyl-4 8,17-triox0-3,6,12,15,21,24-hexaoxa~-5,9,18-
trigazahexacosan-26-oic acid (819 mg, 1.7 mmol) in DMF (6 mL) were added HOAL (463 mg,
3.40 mmeoland DIC (0.530 mi., 3.40 mmol) at RT respeclively, which was stirred for Smin at
RT. intoc above mixiure were added 1-Z-aminoethyd-1H-pyrrole-2,5-dione (518 mg, 2.040
mmoh and DIPEA (diisopropyt ethylamine, $.594 mi, 3.40 mmol) at RT, which was stirred
for 1h at RT. The reaction mbdure was diluted with water and EIOAc (ethyl acetate). The
organic layer was separeted. The aqueous layer was exiracted with EtOAc. The combined
organic layer was dried over Na,80,, filtered and concentraled in vacuo. The desired
compound was mostly in agueous laver based on LCMS. After lyophilization of agueous
layer, The crude was purified via RP-HPLC eluting 15-70% MeCN/water with 0.1% TFA
gave ferl-bulyl (23-(2,5-dioxo-2,5-dihydro-1H-~pyrrol-1-yD-2,11,20-triox0-6,8,15,18-letraoxa-
312,21 -riazatricosyhoxycarbamate (600 mg, 0.994 mmol, 58.5 % vield). ESI-MS m/z:
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804[M+11+, Retention time: 1.14min (method B).  *H-NMR (CDCI3-d, 400 MHMHz); 1.48 (s,
7.5H),1.55 (s, 1.5H), 3.47-3.71 (m, 20H), 3.97 (5, 2H), 4.04 (s, 2H), 4.37 (s, 1.65 H), 4.47 (s,
G.535H), 8.72 (5, Z2H).
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into  a solution of ter-butyl (23-(25-dioxe-2,5-dihydro-1H-pyrrol-1-yh-2,11,20-trioxo-
8,9,15,18-1tetracxa-3,12,21-triazatricosyhoxycarbamate (8.4 mg, 0.014 mmol} in DCM (100
ul} was added TFA (100 ub) at RT, which was agitated for 1h at RT. Removal of soivent
resufied in 2-(aminooxy)-N-(1-(2,5-dioxo-2,5-dihydro- 1 H-pyrrob4-yh-4 1 3-dioxo-6,98,15,18-
tetraoxa-3,12-diazaicosan-20-yhacetamide. This was used for next reaction without further
purification. ESI-MS nvz: 504{M+ 1]+, Retention time: 0.868min {method A}.
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PL3 synthesis: Into a solution of 2-(aminooxy)-N-(1-(2,8-dioxo-2,5-dihydro-1H-pyrrolk1-yh-
4,13-diox0-6,9,15,18-tetraoxa-3,12-diazaicosan-20-ylacetamide (22.79 mg, 0.031 mmol) in
DMA (0.6 mL) was added DM-1 (23 mg, 0.031 mmol) and 100mM Na phosphate pH7 4
(0.600 mbL) at 5°C. DIPEA (10.88 ul, 0.062 mimol) was added at the same temperature. This
reaction mixture was letting warm to RT and stirred for 1.5h. The reaction mixture was
diluted with DCM and sat. sodium bicarbonate ag. The organic layer was washed with
sal. NH,CI {ag) and brine. The combined organic layer was dried over Na,S80,, filtered and
concentrated in vacuo. Silica gel chromatography sluting with 0-15% MeOH/DCM gave the
desired compound (21 mg, 0.017 mmol, 54.3 % yieid). ESI-MS nvz: 1242[M+1]+, Retention
time: 1.00min (method A). *"H-NMR (CDCI3-d, 400 MHz); 0.80 (s, 3H), 1.21-1.33 {(m, 8H},
1.41-1.51 (m, 1H), 1.56-1.59 (m, 1H), 2.31-2.39 {m, 1H), 2.57-2.65 (m, 2H), 2.79-2.88 (m,
1H), 2.86 (s, 3H), 2.91-3.13 {m, &5H), 3.18-3.24 (m, 1H), 3.20 (s, 3H), 3.36 (s, 3H), 3.43-3.76
{m, 25H), 3.90 (d, J = 3.8Mz, 2H), 3.98 (s, 3H), 4.02 (s, 2H), 4.17 (s, 2H), 4.25-4.32 {m, 1H),
4.77-4.80 (m, 1H), 5.30-5.37 (m, 1H), 5.62-5.89 (m, 1H), 8.26 (5, 1H), 8.38-6.45 (m 1H),
6.63-8.68 (m, 2H), 6.82-8.84 (m, tH), 8.92 (brs, 1H), 7.14-7.24 2H).
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into a solution of ter-butyl (2-(2-(2-aminoethoxy)ethoxy)ethylcarbamate (320 mg, 1.289
mmol) in DCM (3 mb) were added 2-bromoaceiyl bromide (0.225 mil, 2.58 mmol) and
DIFEA (0.563 mi, 3.22 mmol) at 5°C, which was stirred for 15min lelting warm to RT. After
removal of solvent, silica gel column chromatography purification eluting 0-40-100%
EiDAc/heplane gave fert-buiyl (2-(2-(2-(2-bromoacetamido)ethoxyiethoxy)ethylcarbamate
(317 mg, 0.858 mmol, 66.6 % yield). ESI-MS m/z:269[M+1 -Boc]+, Retention time: 1.41min
(method A}, H-NMR (CDCI3, 400 MHz); 1.45 (5, 9H), 3.34 (brs, 2H, 3.48-3.52 (m, 2H), 3.53-
3.80 (m, 4H), 3.83 (s, 4H), 3.88 (5, 2H).
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into a solution of tert-butyl (2-(2-(2-(2-bromoacetamido)ethoxy)ethoxylethybearbamate (317
mg, 0.858 mmol) in DCM (1 mL) was added TFA {1 mL), which was stirred for 30min at RT.
After removal of solvents, the resuiting crude was used for next reaction without further

purification.
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into a solution of N-(2-(2-(2-amincethoxy)ethoxyjethyl}-2-bromoacetamide (328 mg, 0.858
mmol) in DCM (1.5 ml) were added pre-activated ester (prepared from 2-(({tert-
butoxycarbonyhaminojoxylacetic acid (328 mg, 1.716 mmol), HOAL (175 mg, 1.287 mmol)
and DIC (0.267 mi, 1.7186 mmol} in DMF (1.5 mL) being stirred for 5min at RT) and DIPEA
(0.749 mk, 4.29 mmol) at 5°C, which was stirred for 20min letling warm to RT. EtOAc and
water was added. The organic layer was separeled. the agueous laver was extracted with
EtOAc. The combined organic layer was dired over Na2S04, filtered and concentrated in
vacuo. Silicagel chromatography purification eluting 0-5% MeOH/DCM tert-buty! (14-bromo-
2,13-dioxo-8,9-dioxa-3,12-diazatetradecyloxycarbamate (150 mg, 0.339 mmeol, 395 %
vield). ESI-MS m/z:343[M+1 -Bocg)+, Retention time: 1.30min ((method A). H-NMR (CDCi;,
400 MHz); 1.49 (s, OH), 3.47-3.55 (m 4H), 3.58-3.83 (m 4H), 3.65 (5, 4H), 3.88 (5, 2H), 4.34
(s, 2H).
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tert-butyl  (14-bromo-2,13-dioxo-6,9-dioxa-3,12-diazatetradecyhoxycarbamate (150 mg,
0.339 mmob) was dissolved in DOM (Volume: 1 mL, Ratio: 1.080), into which was added TFA
(Volume: 1, Ratio: 1.000) at RT. this reaction mixture was stirred for 30min at RT. After
removal of solvent, RP-HPLC eluting with 10-25% MeCN/water containing 0.1%TFA gave 2-
{(aminooxy}-N-{2-(2-(2-(2-bromoacetamido)ethoxy)ethoxyjethyhacetamide (110 mg, 0.241
mimol, 71.1 % vield}. ESI-MS mvz: 344[M+ 2]+, Relention time: 8.44min (method A).
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into & solution of 2-{aminooxy)-N-(2-(2-(2-(2-

bromoacetamidojethoxylethoxy)ethylacetamide(42.9 mg, £.075 mmol) in DMA {1 mbL) was
added DM-1 (37 mg, £.050 mmob and 75mM Na phosphate pH8.5 (1mbl) at 5°C. DIPEA
(0.026 mi, 0.150 mmol) was added at the same temperature. This reaction mixiure was
letting warm 10 RT and stirred for 1h. reaction mixture was diluted with DCM and sat
sodium bicarbonate aqg., and the organic layer was washed with satNHClag and brine.
combined organic fayer was dried over Na, S0, filtered and concentrated in vacuo. Silica gel
chromatography eluting with 0-15% MeOH/DCOM gave the desired compound (31 mg, 0.031
mmol, 81.9 % vyield). ESI-MS m/z; 1000[M+1]+, Retention lime: 1.81min (method A).  *H-
NMR (CDCI3-d, 400 MHz); 0.78 (s, 3H), 1.20-1.33 {m, 8H), 1.41-1.50 (m, 2H), 2.17-2.22 (m,
1H), 2.50-2.83 (m, 2H), 2.70-2.81 (m, 2H), 2.86-2.94 (m, 3H), 2.89-3.01 (m, 1H), 3.10-3.13
(m, 1H), 3.18-3.20 (m, 4H), 3.38 (s, 3H), 3.48-3.82 (m, 14H), 3.98 (5, 3H), 4.17 (s, 2H), 4.25-
431 {m, 1H}, 4.78-4.82 (m, 1H), 5.30-5.35 {m, 1H), 5.63-5.89 (m, 1H), .27 {5, 1H), 6.39-
8.45 {m 1H), 6.61-6.84 (m, 2H), 8.83 {(5,1H), 6.87 {brs, 1H).

Exampie 8: Antibody C Fab conjugate;

Step 1.
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into a soiution of Antibody C Fab (Antibody C binds a different target antigen from Her2 and Antibody
B: 1868 ug, ¢.035 umol, 120ul) in 100mM Na phosphate with EDTA, pH7.4 was added TCER HCI
{35.2 ug, 0.123 umol, 11.73ul) at RT, which was agialed for 1.5h at 23°C. 1,3-dichioropropan-2-one
(117 ug. 0.878 umol, 5.85ul) was added into the reaction mixture, which was agitated for 40min at
23°C. 1 acetone bridge modification was ocbserved by LOCMS. The reaction mixiure was passed
through 0.5 desalting column eluting with 100mM NaOAc buffer pH5.2. LCMS (method B); 47554,

Step 2
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into a soiution of modified Antibody C Fab (1668 ug, 0.035 umol, 148ul) in 100miM NaOAc buffer
pH5.2 and the aminooxy-substituted fatty acid shown (1852 ug, 2.83 umol) was added 3,5~
diaminobenzoic acid (884 ug, 4.56 umol, 5.34ul) at RT, which was agilaied for 20h at 23°C. Additional
aminooxy-fatty acid (1852 ug. 2.63 ymol) was added into the mixture, which was agitated for 24h at
RT. The reaction mixture was passad through 5mi desaiting column eluting with PBS pH7 .4 10 give
the expected Antibody C Fab-fatly acid conjugate {30% yield). LOCME {method B); 48238,

SDS PAGE image and mass spectrum for the conjugate are provided in Figure 9,
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Example 9. Effect of order of addition of dichloroacetone and TCEP.

All reactions were run at 25 °C, using 50 mM buffer (TRIS unless otherwise specified) at pH
8.0. The reactions were run with (58.8 microliters) and buffer (20 microlilers of 1M buifen) in a wali,
then adding igG1 (6.6 microliters of a solution containing 170.5 mg/mL) and TCEP (8.8 microliters of
an aguecus solution with 3 mg/mb TCEP). Afier waiting for the time period indicated, 1,3-

dichloroacetone (8 microliters of a solution with 20 mg/mi in DMSO) was added.

in a first series of experiments, reactions were run by adding the reducing agent (TCEP-HCH
first, and adding 1,3-dichloroacetone one hour later. Product distribution was analyzed by Microchip
alectrophoresis-SDS method after reduction of the product mixture by DTT or TCER (Electropfioresis
2012, vol. 33, 765-72). The results are shown in the following table: LC = light chain, HC = heawvy
chain, HL = heavy + light chain, HH = heavy chain + heavy chain; HHL = HO + HC + LG, and LHHL =
LC + HC +HC + LC. The data shows that the major product is an HC-LC (heavy chain-light chain}
adduct, after reduction to cieave any remaining disulfides. This demonstrates that oniy pariial
reaction occurred under these conditions. The data aiso demonstrates that the reaction was
essentially done within the first half hour,

Sample Name Rel Area RelAreg | RelArea | RelArea | RelArea | RelArea

% LC % HC % HiL % HH % HHL | % LHHL
TCEP first t=0.5h 33 54 50.9 08 6.5 333
TCEP first t=1h 32 4.7 51.8 0.8 59 338
TCER first t=1.5h 2.9 48 50.1 0.8 5.4 358
TCEP first t=2h 30 4.5 51.8 0.7 6.0 339
TCEPR first t=3h 2.9 4.0 52.2 08 8.1 342
TCEP first t=17h 2.7 4.5 50.8 0.8 5.4 35.0

A second set of experiments were run under the same conditions, except that 1,3-dichioroacetone
was added o the polypeptide/buffer reaction mixiure before the addition of the reducing agent. The
results from these experiments are shown in the following table, which shows a significant increase in
LHHL, corresponding to conversion of at least three of the four disulfides of the antibody inte covalent
linkages formed by reaction of 1,3-dichioreacetone with both sulfur atoms from the disulfide. Again,

the reaction appears 10 be essentially complete within 30 minutes.
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Sample Name Rel Area | Rel Area | RelArea | Rel Area | Rel Area | RelArea

% LC % HC % HL % HH % HHL | % LHHL
Dichlaroacetone first t=0.5h 2.83 0.82 713 0.98 13.01 75.23
Dichioroacetone first t=1h 2.85 0.72 5.94 1.17 13.42 74.81
Dichioraacetons first i=1.5h 2.64 0.61 6.42 1.09 13.61 7563
Dichloroacetone first {=2h 283 0.61 6.43 1.08 1349 7577
Dichicroacetone first t=3h 238 0.51 6.4 1.07 13.41 76.23
Dichioroacetons first t=17h 2.47 0.56 5.94 1.04 13.38 76.59

These experiments demonstrate that adding dichloroacetone before initiating the
reduction of the disulfides provides a surprisingly large increase in efficiency of the

sulfhydryil-to-sulthydryl crosslinking reaction. Product yields were lower with PBS as buffer.

in separate experiments, it was demonsirated that increasing the amount of
dichlorpacetone used by ten-fold hindered the reaction, and that reducing the pH to 7.40,
718, 6.80 and 6.80 resulted in similar or slightly improved yields of the LHHL product.

Example 10: Screen of buffers,

Reactions were run by addition of the reducing agent (TCEP-HCH o a premixed solution of
1,3-dichloroacetone and IgG in buffer (100mM) at room temperature. Product distribution
was analyzed by Microchip slectrophoresis-SDS method afier reduction of the product
mixture by OTT or TCEPR after 7 h.  The results are shown in the following table: LT = light
chain, HC = heavy chain, HL = heavy + light chain, HH = heavy chain + heavy chain; HHL =
HC + HC + LC; and ‘intact’ = (HCL(LC),, LHHL =LC + HC +HC + LC. The yield was

derived from the percentage of LHMHL.
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measured pH buffer Reaction vield [%6]
7 Bis-TRIS 87.7
8.9 Bis-TRIS-Propane 874
6.5 Suoccinate 75.3
6.8 ADA 88.2
6.8 Imidazole 85.5
7.4 TRIS 88.5
6.6 MES 85.0
6.6 Citraie 70.6
6.6 PIPES 833
6.6 MOPS 889
7.2 Tricine 86.8
8.3 TES 85.9
8.3 HEPES 827
7.1 EPPS 84.3
7.1 Bicine 86.5
7 PBSSC/TRISED 885
74 TAPS 85.1
6.8 Glyciglycine 86.6
8.5 PBS75/TRISZ5 86.1
6.1 PBSSU/TRISIO 847
8.7 Carbonate 67.8
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CLAIMS

1. A method 1o convert a polypeptide comprising a reducible disulfide bond into
a ketone-modified polypeptide that comprises a group of the formula [PP-8-CHz-C(=0)-
CH,-5-[PP], where sach S is a sulfur from the disulfide bond, and [PP] indicates where the

ends of the linking group are attached ic the polypeptide,

wherein the method comprises forming a mixiure of a polypeptide containing a
reducible disulfide bond, an aqueous buffer, and 1,3-dihaloacetons, then adding a reducing
agent capabie of reducing the disulfide bond.

2. The method of claim 1, wherein the 1,3-dihaloacetone is 1,3-dichloroacetone.

3. The method of claim 1 or 2, wherein the reducing agent is a waler-soiuble

phosphine or phosphine sait.

4, The method of any of the preceding claims, wherein the polypeptide is an
antibody or antibody fragment.

5. A method to convert a ketons-maodified polypeptide inte an oxime-modified
ciypeptide, wherein the method comprises conlacting the ketone modified polypeptide with
a group of the formula BR-O-NH: in the presence of an amine promoter and at a polypeptide

conceniration of at least about 1 mg/ml.

6. The method of claim 5, wherein the ketone-modified polypeptide is made by

the methed of any of claims 1-4.

7. The method of claim 8, wherein the amine promoter is a carboxy-substituted

aniline or an acyl hydrazine.

8. The method of any of claims 5-7, wherein the group of Formula R-O-NH, is a
compound of the formula HoN-O-L-PL where L represents a Linker, and PL represents a

Payload group.

9. Ths method of claim 5, whersin the ketons-modified polypeptide is of the

formuia
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where the circie represents the polypeptide, and sach sulfur atom is the sulfhydryl of
a cysteine residue of the polypeptide.

10. The method of any of claims 5-9, wherein the Protein—Payicad conjugate is
of the formula:

wherein X is O, L represenis a Linker, zis an integer from 1 t0 10, and PL, PL', and
PL? independently at each ocourrence represent a Payload group.

11. The method of any of claims 5-10, wherein the polypeptide is an antibody.

i2. The method of any of claims 5-10, wherein the polypeptide is a vaccine

carrier.

13. The method of any of claims 5-12, wherein the Payload comprises a
therapeulic agent.

14, The method of any of claims 5-13, wherein the Payload comprises a
detectable label or a binding group.

15. The method of claim 14, wherein L comprises a cleavabis linking moisty.
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16. The method of any one of claims 5-15, wherein L comprises at least one

spacer selected from:

{(b) (Ci-Coplalkylene, {Co-Coglalkenylene, (Co-Cuy)alkynylene, -Z-(C-Cuglalkylene-, -
Z-{Cy-Coglalkenylene, -Z-(C,-Coglalkynylene, (Ci-Coglalkylene-Z-(C,-Coglalkylene, (Cs-
Caglalkanylene-Z-(Co-Coglalkenylene, (Cz-Copjalkynylene-Z-(Co-Coolalkynviene, whare Zis -~
NH-, -N{C-Cglalkyl}-, ~NH-C{O})-NH-, ~C{O}-NH-, ~NH-C(0}-, (C4-Crieycloalkyiens,
phanylene, heteroarylens, or heterocyciene and where said (C1-Cuxalkylene, sald (Cy-
Cop)alkenyiene, and said (Go-Cyplalkynylene moieties each independently optionally contain
1-10 oxygen atoms interdispersed within said moieties;

{2} (Cs-Cricycloalkylens, (Cs-Crjeycloalkylens-Y-(Cy-Cr)eycicalkylane, -Y-{Cs-
Crjcycioalkylene, phenylene, -Y-phenylene, phenyiene-Y-phenylene, hetercarylens, Y-
hateroarylens, heteroarylene-Y-heteroarylens, heterocyclene, -Y-heterocyclens, or
haterocyclene-Y-heterocycleng, where Y is (C-Cyglatkylene, (Cy-Coglatkenylens, (Co-
Coglalkynyleng, -O-, -G(O)-, -8-, ~NH-, -N{C,-Csialkyi)-, ~NH-CG{O}-NH-, —~C(0)-NH-, or ~NH-
C{O)- and where said (Cs-Crjeycloalkylene, said phenylene, said heteroarylene, and said
heterocyclene moieties are sach individually oplionally substituted with 1 1o 3 subsiituents

selected from halo, (C-Cllalkkyl or halo-substituted{C,-C Jalkyl;

{d) -[OCHCHo)v- or -J-{CHJOCHCHyl l-where vis 1-2,000, wis 1-4, and d is CH,
or NH;

{2} a peplide comprising 1 to 100 aming acids; and

(fi Dendritic macromolecules, including dendrimers, dendrons, and hyperbranched

olymers,



