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TITLE: GLUCOSE SENSITIVE INSULIN DERIVATIVES

TECHNICAL FIELD

The present invention relates to novel insulin derivatives, and their pharmaceutical use.
Furthermore, the invention relates to pharmaceutical compositions comprising such insulin
derivatives, and to the use of such compounds for the treatment or prevention of medical

conditions relating to diabetes.

BACKGROUND

Insulin is the most effective drug for treatment of high blood glucose, but insulin dosing is a
delicate balance between too much and too little since the physiological glucose window is
narrow. Healthy persons have glucose levels at fasted state near 5 mM, and diabetes
patients try to dose both meal and basal insulin preparations to get near 5 mM. However,
blood glucose values below approximately 3 mM (hypoglycemia) often occur during insulin
treatments, and hypoglycemia can result in discomfort, loss of conciseness, brain damage or
death. Diabetes patients are thus hesitant to treat their high or moderately high blood sugar
values aggressively out of fear for hypoglycaemia. It could help diabetes treatment if insulin
drugs were developed that were only active or released from a depot at higher blood glucose
values and were inactive or weakly active at lower glucose values. Such goals have been
approached in numerous papers since the 1970's (Brownlee et al. Science 1979, 1190;
Zaykov et al. Nature Rev. Drug Disc. 2016, 425) but most often via glucose-sensitive
polymers that entrap and release insulin in a glucose-depending fashion from subcutaneous
depots. Such systems are however slow, and thus not good for treatment of quickly
fluctuating blood glucose values after for example meals. Consequently, subcutaneous
glucose-sensitive release systems have never reached clinical trials.

It would be better if glucose-sensitive tuning of insulin bioactivity could be done in the blood.
One approach that could fulfil this wish could be glucose-sensitive albumin binding, as
described before with fatty acid-monoboronate insulin derivatives where the fatty acid part
gives rise to albumin binding (Novo Nordisk W02011/000823; WO 2014/093696; Chou et al.
Proc. Nat. Acad. Sci. 2015, 2401). The main driving force of the albumin interaction in these
systems arise from the fatty acid part of the fatty acid-monoboronate insulin derivative (not
the boronate), and the impact of glucose on albumin affinity is weak. To increase the glucose
sensitivity of the albumin binding, there is thus a need for glucose sensitive albumin binding
motifs that are directly displaced by glucose. Monoboronates are known to bind glucose and
other sugars with affinities (Kd) in the medium to high millimolar range (Hansen et al.
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Sensors Actuators B 2012, 45). However, to provide adequate glucose sensitivity at
physiological glucose levels, stronger affinities to glucose are needed. Diboron compounds
with two boronates/boroxoles placed in proper geometry relative to the hydroxy groups on
glucose can give increased glucose affinity relative to monoborons, namely low mM Kd or
sub-mM Kd (Hansen et al. Sensors Actuators B 2012, 45). Most such diborons described in
the literature include fluorescent probes, because the aim of those studies were to make
optical glucose sensors. Fluorescent probes are not desirable in drug candidates as these
probes can be sensitive to light, toxic and coloured. There is thus a need for insulin

derivatives with increased glucose sensitivity within physiological blood glucose levels.

SUMMARY
In the broadest aspect, the present invention relates to insulin derivatives.
The compounds of the present invention have surprisingly been found to bind to both
albumin (HSA) and glucose, and the HSA affinity is glucose-sensitive. Human insulin
receptor (HIR) affinity in presence of HSA thus also become glucose-sensitive. The fraction
of insulin that is HSA-bound is shielded from binding to HIR, but glucose-promoted release
from HSA increase the free fraction of insulin, and glucose thus increase the HIR affinity.
As opposed to previously disclosed insulin derivatives with alleged glucose-sensitive albumin
binding, the compounds of the present invention do not rely on a fatty acid part for the
albumin binding, but comprises an albumin binding motifs that are directly displaced by
glucose, leading to increased impact of glucose on the albumin binding, and thus increased
glucose sensitivity of the insulin.
Albumin binding can in general prolong the in vivo half-life of peptides and protein-based
drugs. The prolonged effect is achieved as the albumin bound fraction is protected from
enzymatic degradation and kidney elimination, and only the free fraction is biological active,
thus preventing receptor mediated clearance of the albumin bound fraction.
The compounds of the present invention thus display insulin activity dependent of the
glucose concentration, and thus serves as glucose sensitive insulin derivatives.
In one aspect, the compounds of the present invention comprise insulin or an analogue
thereof, and one or more modifying groups.
In one aspect, the modifying group has affinity to glucose and to albumin.
In one aspect, the insulin peptide or analogue thereof optionally comprises a spacer.

In one aspect, the compound of the present invention comprises

i) human insulin or a human insulin analogue; and
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if) one or more modifying groups M, wherein each of the modifying groups M comprises two
aryl moieties, wherein a boron atom is attached to each of the two aryl moieties. Each of the
one or more modifying groups M is attached, optionally via a spacer, to the amino group of
the N-terminal amino acid residue of the A-chain or B-chain of said human insulin or human
insulin analogue or to the epsilon amino group of a lysine in said human insulin or human
insulin analogue.

In one embodiment, the one or more modifying groups M is attached, optionally via a spacer,
to the sulfide of a free cysteine in said human insulin or human insulin analogue.

In one aspect, the compound of the present invention comprises

i) human insulin or a human insulin analogue; and

ii) two or more modifying groups M, wherein each of the modifying groups M comprises two
aryl moieties, wherein a boron atom is attached to each of the two aryl moieties. Each of the
two or more modifying groups M is attached, optionally via a spacer, to the amino group of
the N-terminal amino acid residue of the A-chain or B-chain of said human insulin or human
insulin analogue or to the epsilon amino group of a lysine in said human insulin or human
insulin analogue.

As can be seen from the examples, compounds having two or more modifying groups M in
general display a higher degree of glucose sensitivity (higher glucose factor) than
compounds having only one modifying group M.

In one aspect, the invention provides intermediate products in the form of novel insulin
analogues, including novel insulin analogues comprising a peptide spacer.

In one aspect, the compounds of the present invention activate the insulin receptor as a
function of the glucose concentration in the blood and tissue.

In one aspect, the compounds of the present invention have low availability (low non-bound,
plasma free fraction) and thus low or no activity during situations of low blood glucose, for
example levels below about 3 mM glucose (hypoglycaemia).

In one aspect, the compounds of the present invention have high availability (high non-
bound, plasma free fraction) and thus high activity in response to high blood glucose, for
example above about 10 mM glucose (hyperglycaemia).

In one aspect, the compounds of the present invention display glucose-sensitive albumin
binding.

In another aspect, the invention relates to a pharmaceutical composition comprising a
compound according to the invention. In another aspect, the invention relates to a compound

according to the invention for use as a medicament. In another aspect, the invention relates
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to a compound according to the invention for use in the treatment of diabetes. In another
aspect, the invention relates to medical use(s) of the compounds according to the invention.
The invention may also solve further problems that will be apparent from the disclosure of the

exemplary embodiments.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 shows PK profile of i.v. bolus of insulin aspart at 10 mM and 3.5-4 mM glucose
(Example E).

Fig. 2 shows PK profile i.v. bolus of insulin degludec at 10 mM and 3.5-4 mM glucose
(Example E).

Fig. 3 shows PK profile of i.v. bolus of example number 210 (triangles) and example number
211 (circles) at 10 mM (closed) and 3.5-4 mM (open) glucose (Example E).

Fig. 4 shows PK profile of i.v. bolus of example number 233 (iriangles) and example number
234 (squares) at 10 mM (closed) and 3.5-4 mM (open) glucose (Example E).

Fig. 5 shows PK profile of i.v. bolus of example number 240 (triangles) and example number
227 (circles) at 10 mM (closed) and 3.5-4 mM (open) glucose (Example E).

Fig. 6 shows PK profile of i.v. bolus of example number 241 (triangles) and example number
181 (squares) at 10 mM (closed) and 3.5-4 mM (open) glucose (Example E).

Fig. 7 shows PK profile of i.v. bolus of example number 205 (triangles) and example number
239 (squares) at 10 mM (closed) and 3.5-4 mM (open) glucose (Example E).

Fig. 8 shows PK profile of i.v. bolus of example number 285 (triangles) and example humber
273 (squares) at 10 mM (closed) and 3.5-4 mM (open) glucose (Example E).

Fig. 9 shows PK profile of i.v. bolus of example number 280 (triangles) and example number
272 (squares) at 10 mM (closed) and 3.5-4 mM (open) glucose (Example E).

Fig. 10 shows a comparison between the baseline-adjusted glucose infusion rate areas
under the curve for clamps at 3.5-4 mM glucose vs 10 mM glucose for example numbers
205, 239, 272 and 280 (Example E).

DESCRIPTION

The present invention relates to insulin derivatives. In one aspect, the present invention
relates to glucose sensitive insulin derivatives.

In one embodiment, the present invention relates to a compound comprising human insulin
or an analogue thereof and a modifying group, which modifying group displays affinity to both
glucose and to albumin.

In one embodiment, the modifying group displays glucose-sensitive albumin binding.
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In one embodiment, the insulin analogue is an analogue of human insulin (SEQ ID NO:1 and
SEQ ID NO:2).

In one embodiment, the human insulin or human insulin analogue of the present invention
may comprise a spacer.

In one embodiment, the invention provides a compound comprising a human insulin or a
human insulin analogue; and one or more modifying groups M, wherein each of the
modifying groups M comprises two aryl moieties, wherein a boron atom is attached to each
of the two aryl moieties. Each of the one or more modifying groups M is attached, optionally
via a spacer, to the amino group of the N-terminal amino acid residue of the A-chain or B-
chain of said human insulin or human insulin analogue or to the epsilon amino group of a
lysine in said human insulin or human insulin analogue.

In one embodiment, the invention provides a compound comprising a human insulin or a
human insulin analogue; and two or more modifying groups M, wherein each of the modifying
groups M comprises fwo aryl moieties, wherein a boron atom is attached to each of the two
aryl moieties. Each of the two or more modifying groups M is attached, optionally via a
spacer, to the amino group of the N-terminal amino acid residue of the A-chain or B-chain of
said human insulin or human insulin analogue or to the epsilon amino group of a lysine in
said human insulin or human insulin analogue. The modifying groups M may also be
attached, optionally via a spacer, to the sulfide of a free cysteine in said human insulin or

human insulin analogue.

General definitions

The term “compound” is used herein to refer to a molecular entity, and “compounds” may
thus have different structural elements besides the minimum element defined for each
compound or group of compounds. The term “compound” is also meant to cover
pharmaceutically relevant forms hereof, i.e. the invention relates to a compound as defined
herein or a pharmaceutically acceptable salt, amide, or ester thereof.

The term “peptide” or “polypeptide”, as e.g. used in the context of the invention, refers to a
compound which comprises a series of amino acids interconnected by amide (or peptide)
bonds. In a particular embodiment the peptide consists of amino acids interconnected by
peptide bonds.

The term “analogue” generally refers to a peptide, the sequence of which has one or more
amino acid changes when compared to a reference amino acid sequence. Analogues
“comprising” certain specified changes may comprise further changes, when compared to

their reference sequence. In particular embodiments, an analogue "has" or “comprises”
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specified changes. In other particular embodiments, an analogue “consists of” the changes.
When the term “consists” or “consisting” is used in relation to an analogue e.g. an analogue
consists or consisting of a group of specified amino acid mutations, it should be understood
that the specified amino acid mutations are the only amino acid mutations in the analogue. In
contrast an analogue “comprising” a group of specified amino acid mutations may have
additional mutations.

The term “derivative” generally refers to a compound which may be prepared from a native
peptide or an analogue thereof by chemical modification, in particular by covalent attachment
of one or more substituents.

In the context of the present invention, the modifying group M is a covalently attached
substituent.

The term "amino acid" includes proteinogenic (or natural) amino acids (amongst those the
20 standard amino acids), as well as non-proteinogenic (or non-natural) amino acids.
Proteinogenic amino acids are those which are naturally incorporated into proteins. The
standard amino acids are those encoded by the genetic code. Non-proteinogenic amino
acids are either not found in proteins, or not produced by standard cellular machinery (e.g.,
they may have been subject to post-transiational modification).

In general, amino acid residues (peptide/protein sequences) may be identified by their full
name, their one-letter code, and/or their three-letter code. These three ways are fully
equivalent. In what follows, each amino acid of the peptides of the invention for which the
optical isomer is not stated is to be understood to mean the L-isomer (unless otherwise
specified). Amino acids are molecules containing an amino group and a carboxylic acid
group, and, optionally, one or more additional groups, often referred to as a side chain.
Herein, the term *amino acid residue” is an amino acid from which, formally, a hydroxy
group has been removed from a carboxy group and/or from which, formally, a hydrogen atom
has been removed from an amino group.

As is apparent from the below examples, amino acid residues may be identified by their full
name, their one-letter code, and/or their three-letter code. These three ways are fully
equivalent and interchangeable.

Herein, the term "aryl” means a cyclic or polycyclic aromatic ring having from 5 to 12 carbon
atoms. The term aryl includes both monovalent, divalent, and multivalent species. Examples
of aryl groups include, but are not limited to, phenyl, biphenyl, naphthyl, anthracenyl and the
like. In a particular embodiment, an aryl is phenyl. Herein, the term “aryl” also comprises a

"heteroaryl". The term "heteroaryl" means an aromatic mono-, bi-, or polycyclic ring
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incorporating one or more (for example 1-4, particularly 1, 2 or 3) heteroatoms selected from

nitrogen, oxygen or sulfur.

Insulin

The term “human insulin” as used herein means the human insulin hormone whose
structure and properties are well-known. Human insulin has two polypeptide chains, named
the A-chain and the B-chain. The A-chain is a 21 amino acid peptide and the B-chain is a 30
amino acid peptide, the two chains being connected by disulphide bridges: a first bridge
between the cysteine in position 7 of the A-chain and the cysteine in position 7 of the B-
chain, and a second bridge between the cysteine in position 20 of the A-chain and the
cysteine in position 19 of the B-chain. A third bridge is present between the cysteines in
position 6 and 11 of the A-chain.

The human insulin A-chain has the following sequence: GIVEQCCTSICSLYQLENYCN (SEQ
ID NO:1), while the B-chain has the following sequence:
FVNQHLCGSHLVEALYLVCGERGFFYTPKT (SEQ ID NO:2).

The term “insulin peptide”, “insulin compound” or “insulin” as used herein means a peptide
which is either human insulin or an analogue or a derivative thereof with insulin activity, i.e.,

which activates the insulin receptor.

Insulin analogues

The term “insulin analogue” as used herein means a modified human insulin wherein one
or more amino acid residues of the insulin have been substituted by other amino acid
residues and/or wherein one or more amino acid residues have been deleted from the insulin
and/or wherein one or more amino acid residues have been added and/or inserted to the
insulin.

The term “insulin analogue” as used herein means an insulin analogue displaying insulin
activity, i.e. which activates the insulin receptor.

The insulin analogue comprises less than 10 amino acid modifications (substitutions,
deletions, additions (i.e. extensions), insertions, and any combination thereof) relative to
human insulin, alternatively less than 9, 8, 7, 6, 5, 4, 3, 2 or 1 modification relative to human
insulin. In one aspect, the insulin analogue has less than 10 amino acid modifications
(substitutions, deletions, additions (i.e. extensions), insertions, and any combination thereof)
relative to human insulin, alternatively less than 9, 8, 7, 6, 5, 4, 3, 2 or 1 modification relative

to human insulin.
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Modifications in the insulin molecule are denoted stating the chain (A or B), the position, and
the one or three letter code for the amino acid residue substituting the native amino acid
residue.

Herein terms like “A1”, “A2” and “A3” etc. indicates the amino acid in position 1, 2 and 3 etc.,
respectively, in the A chain of insulin (counted from the N-terminal end). Similarly, terms like
B1, B2 and B3 etc. indicates the amino acid in position 1, 2 and 3 elc., respectively, in the B
chain of insulin (counted from the N-terminal end). Using the one letter codes for amino
acids, terms like A21A, A21G and A21Q designates that the amino acid in the A21 position is
A, G and Q, respectively. Using the three letter codes for amino acids, the corresponding
expressions are A21Ala, A21Gly and A21Gln, respectively.

By “desB30” is meant a natural insulin B chain or an analogue thereof lacking the B30 amino
acid.

Herein the terms “A-1” or "B-1” indicate the positions of the amino acids N-terminally to A1 or
B1, respectively. The terms A-2 or B-2 indicate the positions of the first amino acids N-
terminally to A-1 or B-1, respectively.

The terms “A22” or “B31” indicate the positions of the amino acids C-terminally to A21 or
B30, respectively.

Thus, e.g., A14E B1K B2P B25H desB27 desB30 human insulin is an analogue of human
insulin where the amino acid in position 14 in the A chain is substituted with glutamic acid,
the amino acid in position 1 in the B chain is substituted with lysine, the amino acid in
position 2 in the B chain is substituted with proline, the amino acid in position 25 in the B
chain is substituted with histidine, and the amino acids in positions 27 and 30 in the B chain
are deleted.

Examples of insulin analogues having substitutions are such wherein Tyr at position A14 is
substituted with Glu. Furthermore, the amino acid in position B1 or B4 may be substituted
with Lys. The amino acid in position B2 may be substituted with Pro. The amino acid in
position B25 may be substituted with His.

Examples of insulin analogues with deletions are analogues where the B30 amino acid in
human insulin has been deleted (desB30 human insulin), insulin analogues wherein the B1
amino acid in human insulin has been deleted (desB1 human insulin), insulin analogues
wherein the B1 and B2 amino acids in human insulin has been deleted (desB1 desB2 human
insulin), and desB27 human insulin.

Examples of insulin analogues wherein the A-chain and/or the B-chain have an N-terminal
extension (i.e. where one or more amino acid residues have been added to the N-terminus)

is a human insulin analogue comprising A-2K and A-1P, i.e. an analogue of human insulin,
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wherein the A-chain has been extended at the N-terminal with KP. Another example is a
human insulin analogue where one glycine residue is added to the N-terminal of the B-chain,
i.e. the human insulin analogue comprises B-1G.

Examples of insulin analogues wherein the A-chain and/or the B-chain have a C-terminal
extension (i.e. where one or more amino acid residues have been added to the C-terminus)
are human insulin analogues comprising A22K.

Further examples are insulin analogues comprising combinations of the mentioned

mutations.

Examples of insulin analogues include:

desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:11);

A21Q desB30 human insulin (SEQ ID NO:3 and SEQ ID NO:11);

A14E B25H desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:12);

A14E B1K B2P B25H desB27 desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:13);
A14E A22K B25H desB27 desB30 human insulin (SEQ ID NO:5 and SEQ 1D NO:14);
A14E A22K B25H B27P B28G desB30 human insulin (SEQ ID NO:5 and SEQ ID NO:15);
A14E desB1-B2 B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:16);
A14E desB1-B2 B3G B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:17);
A14E B-1G B1K B2P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:18);

A22K desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:11);

A22K B29R desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:19);

A22K B22K B29R desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:20); and

A-2K A-1P desB30 human insulin (SEQ ID NO:7 and SEQ ID NO:11).

Spacer
As stated above, the insulin analogue of the invention comprises less than 10 amino acid

modifications (substitutions, deletions, extensions, and any combination thereof) relative to
human insulin, alternatively less than 9, 8, 7, 6, 5, 4, 3, 2 or 1 modification relative to human
insulin. In addition to these up to 9 modifications, the human insulin or human insulin
analogue of the present invention may comprise a spacer at the C-terminal of the A-chain of
human insulin or the human insulin analogue, or at the N-terminal of the B-chain of human
insulin or the human insulin analogue.

In one embodiment, the spacer is a peptide, which is herein referred to as a spacer peptide
or a peptide spacer. In another embodiment, the spacer is a non-peptide linker L.
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Peptide spacer
Various spacer peptides are known in the art, and may be used in the compounds of the

present invention. In one embodiment, the spacer is a peptide segment consisting of 4-40
amino acids connected via peptide bonds. In one embodiment, the spacer is a peptide
segment consisting of 4-24 amino acids connected via peptide bonds.
In one embodiment, the spacer comprises one or more of the following amino acid residues:
Gly (G), Glu (E), Ser (S), Pro (P), Arg (R), Phe (F), Tyr (Y), Asp (D), and Lys (K). In one
embodiment, the spacer comprises one or more of the following amino acid residues: Gly
(G), Glu (E), Ser (S), and Lys (K). In one embodiment, the spacer comprises one or more of
the following amino acid residues: Gly (G), Ser (S), Pro (P), Arg (R), Phe (F), Tyr (Y), Asp
(D), and Lys (K). In one embodiment, the spacer comprises one or more of the following
amino acid residues: Gly (G), Ser (S), Pro (P), and Lys (K). In one embodiment, the spacer
comprises at least one Lys (K) residue.
In one embodiment, the human insulin or human insulin analogue of the invention comprises
a peptide spacer at the C-terminal of the A-chain of said human insulin or said human insulin
analogue. In one embodiment, said peptide spacer comprises (GES):K, wherein p is an
integer from 3 to 12.
Examples of peptide spacers at the C-terminal of the A-chain of said human insulin or said
human insulin analogue include: (GES):K (SEQ ID NO:29); (GES)K (SEQ ID NO:30); and
(GES)12K (SEQ ID NO:31).
In one embodiment, the human insulin or human insulin analogue of the invention comprises
a peptide spacer at the N-terminal of the B-chain of said human insulin or said human insulin
analogue. In one embodiment, said peptide spacer comprises GKPG, GKP(G4S)q, KP(G4S):,
GKPRGFFYTP(G4S)s, or TYFFGRKPD(G.S), wherein each of q, r, s and t is independently
selected from an integer from 1 to 5. In another embodiment, the peptide spacer comprises
GKPG, GKP(G4S)q, KP(G4S)3, GKPRGFFYTP(G4S)2, or TYFFGRKPD(G4S)s, wherein q is an
integer from 1 to 3.
Examples of peptide spacers at the N-terminal of the B-chain of said human insulin or said
human insulin analogue include:
GKPG (SEQ ID NO:32);
GKPGGGGS (GKP(G4S)) (SEQ ID NO:33);
GKPGGGGSGGGGS (GKP(G4S).) (SEQ ID NO:34);
GKPGGGGSGGGGSGGGGS (GKP(G4S)s) (SEQ ID NO:35);
KPGGGGSGGGGSGGGGS (KP(G4S):) (SEQ ID NO:36);
GKPRGFFYTPGGGGSGGGGS (GKPRGFFYTP(G4S)2) (SEQ ID NO:37); and
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TYFFGRKPDGGGGSGGGGSGGGGS (TYFFGRKPD(G4S)s) (SEQ ID NO:38).

Examples of insulin analogues comprising a peptide spacer at the C-terminal of the A-chain
of said human insulin or said human insulin analogue include:

A21Q (GES)sK desB30 human insulin (SEQ ID NO:8 and SEQ ID NO:11);

A21Q (GES)eK desB30 human insulin (SEQ ID NO:9 and SEQ ID NO:11); and

A21Q (GES)12K desB30 human insulin (SEQ ID NO:10 and SEQ 1D NO:11).

Examples of insulin analogues comprising a peptide spacer at the N-terminal of the B-chain
of said human insulin or said human insulin analogue include:
B1-KPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:21);
B1-KPGGGGSGGGGSGGGGS A14E B25H desB30 human insulin (SEQ ID NO:4 and SEQ
ID NO:22);

B1-GKPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:23);
B1-GKPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:24);
B1-GKPGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:25);

B1-GKPG desB30 human insulin (SEQ ID NO:1 and SEQ ID NQ:26);
B1-GKPRGFFYTPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID
NO:27); and

B1-TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ
iD NO:28).

Linker L
In one aspect, the spacer is a non-peptide linker L. Various non-peptide linkers are known in
the art, and may be used in the compounds of the present invention.
In one embodiment, the human insulin or human insulin analogue of the invention comprises
a linker L at the N-terminal of the B-chain of said human insulin or said human insulin
analogue.
in one embodiment, the linker is of Formula L1:

o] OH

*1 /\/\I
~n ,

N
H H

O

Formula L1
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wherein *1 denotes the attachment point to the modifying group M and *2 denotes the
attachment point to the amino group of the amino acid residue at the N-terminal of the B-

chain of human insulin or the human insulin analogue.

In one embodiment, the linker is of formula L2:

Formula L2
wherein *1 denotes the attachment point to the modifying group A and *2 denotes the
attachment point to the amino group of the amino acid residue at N-terminal of the B-chain of
human insulin or the human insulin analogue, and wherein u is 1, 2 or 3. In one embodiment,

uis 2 or3.

In one embodiment, the linker is of formula L3:

NH,

O
. , N 0
LN , N~ N N ~N
H H
0

Formula L3,

wherein *1 denotes the attachment point to the modifying group A and *2 denotes the
attachment point to the amino group of the amino acid residue at N-terminal of the B-chain of

human insulin or the human insulin analogue, and wherein v is 2 or 3.

Insulin derivative

The term “insulin derivative” as used herein means a chemically modified insulin or an
analogue thereof, wherein the modification(s) are in the form of attachment of one or more
modifying groups M.

In one embodiment, each of the one or more modifying groups M is attached, optionally via a
spacer, to the amino group of the N-terminal amino acid residue of the A-chain or B-chain of
said human insulin or human insulin analogue or to the epsilon amino group of a lysine in

said human insulin or human insulin analogue.
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In one embodiment, each modifying group M is attached to an attachment point selected

from one of the following groups:

a) the amino group of the N-terminal amino acid residue of the A-chain of said human
insulin or human insulin analogue;

b) the epsilon amino group of a lysine in position 22 of the A-chain of said human
insulin analogue; or
the epsilon amino group of the lysine in said optional peptide spacer at the C-
terminal of the A-chain of said human insulin or human insulin analogue;

c) the amino group of the N-terminal amino acid residue of the B-chain of said human
insulin or human insulin analogue;
the epsilon amino group of a lysine residue in position 1 or position 4 of the B-chain
of said human insulin analogue;
the epsilon amino group of a lysine in said optional peptide spacer at the N-terminal
of the B-chain of said human insulin or human insulin analogue; or
the distal amino group marked with *1 in said optional linker L at the N-terminal of
the B-chain of said human insulin or human insulin analogue; and

d) the epsilon amino group of a lysine in position 22 or position 29 of the B-chain of
said human insulin or human insulin analogue.

In one embodiment, not more than one modifying group M is attached to a point of

attachment within each of the groups a), b), ¢) and d).

In one embodiment, the compound of the invention comprises two modifying groups M,
wherein one modifying group M is attached to the amino group of a lysine residue in position
1 or position 4 of the B-chain of the human insulin analogue, or the epsilon amino group of a
lysine in the optional peptide extension at the N-terminal of the B-chain of the human insulin
or the human insulin analogue; and the other modifying group M is attached to the epsilon
amino group of a lysine in position 29 of the B-chain of the human insulin or the human
insulin analogue.

In one embodiment, the compound of the invention has exactly two modifying groups M,
wherein one modifying group M is attached to the amino group of a lysine residue in position
1 or position 4 of the B-chain of the human insulin analogue, or the epsilon amino group of a
lysine in the optional peptide extension at the N-terminal of the B-chain of the human insulin
or the human insulin analogue; and the other modifying group M is attached to the epsilon
amino group of a lysine in position 29 of the B-chain of the human insulin or the human

insulin analogue.
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In one embodiment, the compound of the invention comprises two modifying groups M,
wherein one modifying group M is attached to the amino group of the N-terminal amino acid
residue of the A-chain of said human insulin or human insulin analogue; and the other
modifying group M is attached to the epsilon amino group of a lysine in position 29 of the B-
chain of said human insulin or human insulin analogue.

In one embodiment, the compound of the invention has exactly two modifying groups M,
wherein one modifying group M is attached to the amino group of the N-terminal amino acid
residue of the A-chain of said human insulin or human insulin analogue; and the other
modifying group M is attached to the epsilon amino group of a lysine in position 29 of the B-
chain of said human insulin or human insulin analogue.

In one embodiment, the compound of the invention comprises two modifying groups M,
wherein one modifying group M is attached to the epsilon amino group of a lysine in position
22 of the A-chain of said human insulin analogue, or to the epsilon amino group of the lysine
in the optional peptide spacer at the C-terminal of the A-chain of said human insulin or
human insulin analogue; and the other modifying group M is attached to the epsilon amino
group of a lysine in position 22 or position 29 of the B-chain of said human insulin or human
insulin analogue.

In one embodiment, the compound of the invention has exactly two modifying groups M,
wherein one modifying group M is attached to the epsilon amino group of a lysine in position
22 of the A-chain of said human insulin analogue, or to the epsilon amino group of the lysine
in the optional peptide spacer at the C-terminal of the A-chain of said human insulin or
human insulin analogue; and the other modifying group M is attached to the epsilon amino
group of a lysine in position 22 or position 29 of the B-chain of said human insulin or human
insulin analogue.

In one embodiment, the compound of the invention comprises one modifying group M,
wherein the modifying group M is attached to the epsilon amino group of a lysine in position
22 of the A-chain of said human insulin analogue; or to the epsilon amino group of a lysine in
position 29 of the B-chain of said human insulin or human insulin analogue.

in one embodiment, the compound of the invention has exactly one modifying group M,
wherein the modifying group M is attached to the epsilon amino group of a lysine in position
22 of the A-chain of said human insulin analogue; or to the epsilon amino group of a lysine in
position 29 of the B-chain of said human insulin or human insulin analogue.

In one embodiment, the compound of the invention comprises three or four modifying groups
M, wherein a first modifying group M is attached to the epsilon amino group of a lysine in

position 22 of the A-chain of said human insulin analogue; a second modifying group M is
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attached to the epsilon amino group of a lysine in position 22 or position 29 of the B-chain of
said human insulin or human insulin analogue; with the remaining modifying groups M each
being attached to either the amino group of the N-terminal amino acid residue of the A-chain
of said human insulin or human insulin analogue; to the epsilon amino group of a lysine in
position 22 or position 29 of the B-chain of said human insulin or human insulin analogue; or
to the distal amino group marked with *1 in said optional linker L at the N-terminal of the B-
chain of said human insulin or human insulin analogue.

In one embodiment, the compound of the invention has exactly three or four modifying
groups M, wherein a first modifying group M is attached to the epsilon amino group of a
lysine in position 22 of the A-chain of said human insulin analogue; a second modifying
group M is attached to the epsilon amino group of a lysine in position 22 or position 29 of the
B-chain of said human insulin or human insulin analogue; with the remaining modifying
groups M each being attached to either the amino group of the N-terminal amino acid residue
of the A-chain of said human insulin or human insulin analogue; to the epsilon amino group
of a lysine in position 22 or position 29 of the B-chain of said human insulin or human insulin
analogue; or to the distal amino group marked with *1 in said optional linker L at the N-

terminal of the B-chain of said human insulin or human insulin analogue.

Modifying group M
The compounds of the present invention comprise one or more modifying groups M. In one

embodiment, the compound of the present invention comprises one, two, three or four
modifying groups M. In one embodiment, the compound of the present invention comprise
two or more modifying groups M. In one embodiment, the compound of the present invention
comprises two, three or four modifying groups M. In one embodiment, the compound of the
present invention comprises two modifying groups M. In one embodiment, the compound of
the present invention has exactly two modifying groups M. The one or more modifying
groups may be identical or different. The two or more modifying groups may be identical or
different. In one embodiment, the modifying groups are identical.

Some of the modifying groups comprises one or more amino acid residues. Each of these
amino acid residues can independently be the D- or the L-form of the respective amino acid
residue, i.e. each of the chiral atoms in the modifying groups can independently be of the
(R)- or (S)- form. In one embodiment, the amino acid residues of the modifying groups are L-
amino acid residues.

Each modifying group M comprise a diboron moiety, wherein the diboron moiety (i.e. the
modifying group M) comprises two aryl moieties, wherein a boron atom is attached to each of
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the two aryl moieties. The boron atom can be part of a boronic acid (or boronate depending
on pKa/pH), or it can be part of a boroxole (or boroxolate depending on pKa/pH).

The terms “comprises” or “comprising” certain features are to be interpreted as meaning that
the subject matter in question includes those certain features, but that it does not exclude the
presence of other features. Thus, a modifying group M may have more than two aryl
moieties, wherein a boron atom is attached to each of the aryl moieties. In one embodiment,
the modifying group has exactly two aryl moieties, wherein a boron atom is attached to each
of the two aryl moieties. In one embodiment, the modifying group has exactly four aryl

moieties, wherein a boron atom is attached to each of the four aryl moieties.

The diboronates/diboroxoles of the present invention binds glucose stronger than
monoboronates, as shown in Example A. Moreover, surprisingly, the diboron compounds of
the invention are capable of binding to human serum albumin (HSA), thus possessing a dual
action, as the HSA binding binding also is glucose-sensitive (the HSA-bound fraction of the
diboron peptide is inactive due to blocking of the receptor binding sites on the peptide) (data
shown in Example B).

In one embodiment, the modifying group is of formula M1:

H fR‘l

N N
s G
w1
Formula M1 © ’
which represents a D- or an L~-amino acid form, and
wherein n represents an integer in the range of 1 to 4;
wherein W1 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W1 represents
NH-CH2-C(=0)-*,
NH-CH2CH2-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-NH-CH,CH,-C(=0)-*, or
NH-CH2CH2-C(=0)-NH-(CH3)2-0-(CH2),-0-CH»-CO-*,
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and

wherein R1 is selected from
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Formuia R1a , FormulaR1b

Formula R1c .

wherein Y1, Y2, Y3, Y4, Y5 and Y6 is independently selected from H, F, Cl, CHF, and CFs.
In another embodiment, the modifying group is of formuta M1, wherein Y1 and Y2 is H, and
Y3isForCFs YdisHorF,and YSisHand Y6 is F.

In yet another embodiment, the modifying group is of formula M1, wherein n is 1;

W1 represents NH-CH2CH2-C(=0)-* or the L-form of NH-CH(COOH)-CH,CH.-C(=0)-*,
wherein * represents the point of attachment to said human insulin or human insulin

analogue; and R1 is of

Formula R1a ,
wherein Y1 and Y2 are H; and Y3 is F or CFa.

In one embodiment, the modifying group is of formula M2;

H
R2 N
\“M’/\\/ NR2

W2

Formula M2 © ,

wherein W2 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W2 represents the D- or L-form of NH-CH(COQH)-CH,CH.-
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C(=0)-*, or NH-CH2CH>CH,-C(=0)-*, wherein * represents the point of attachment to said
human insulin or human insulin analogue; and

wherein R2 is selected from

Formula R2a Y9 , Formula R2b

Y12

B/DH

Formula R2¢ OH

wherein Y7, Y8, Y9, Y10, Y11 and Y12 are independently selected from H, F, Cl, CHF», and

CFa.

In another embodiment, the modifying group is of formula M2, wherein Y7 is H; Y8 is H, Cl,
10 CHF2, or CF3; Y9is H, F, or CF3; Y10 is F; Y11 is H; and Y12 is F; with the provisio that only

one of Y8 and Y9 is H.

In yet another embodiment, the modifying group is of formula M2, wherein W2 is absent and

represents the point of attachment * to said human insulin or human insulin analogue, or W2

represents the L-form of NH-CH(COOH)-CH,CH,-C(=0)-*, wherein * represents the point of

15  attachment to said human insulin or human insulin analogue; and wherein R2 is of

Formula R2a ,
wherein Y7 and Y8 are H; and Y9 is Cl, CHF;, or CF3.

20
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In one embodiment, the modifying group is of formula M3:

Formula M3 ,
which represents a R,R or S,S or R, S stereoisomer of the 3,4-diamino-pyrrolidine; and
wherein * represents the point of attachment to said human insulin or human insulin

5 analogue; and wherein Y13 and Y14 are independently selected from H, F, Cl, CHF3, and
CFs.

In another embodiment, the modifying group is of formula M3, wherein Y13 is H or F; and

Y14 is H or CF3; with the provisio that only one of Y13 and Y14 is H.

10 In one embodiment, the modifying group is of formula M4:

HO xOH HO\ OH

Formula M4

wherein * represents the point of attachment to said human insglin or human insulin
analogue, and wherein Y15 and Y16 is independently selected from H, F, Cl, CHF2, and CF3,
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In another embodiment, the modifying group is of formula M4, wherein Y15 and Y16 is
independently selected from H, and F.

In yet another embodiment, the modifying group is of formula M4, wherein Y15 is H, and Y16
is F.

In one embodiment, the modifying group is of formula M5:

/B\

B
HO OH HO” “SOH

Formula M5
wherein each of the amino acid residues independently represents a D- or an L-amino acid
10 form, and wherein * represents the point of attachment to said human insulin or human

insulin analogue.

15

20
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In one embodiment, the modifying group is of formula M6:

HO\BxOH HO\,«’OH

Formula M6
wherein the a—amino acid residue represents a D- or an L-amino acid form, and wherein *
represents the point of attachment to said human insulin or human insulin analogue; and
wherein Y17 and Y18 is independently selected from H, F, Cl, CHF,, and CFs.
In another embodiment, the modifying group is of formula M6, wherein Y17 is H or F; and
Y18 isHor F.
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In one embodiment, the modifying group is of formula M7:

o]

W3

sues

B B
HO” SoH HO” “oH

n=Z

F3C

o=

Formula M7

H

wherein W3 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W3 represents the D- or L-form of NH-CH(COOH)-CH,CH,-

5 C(=0)-*, wherein " represents the point of attachment to said human insulin or human insulin
analogue. In one embodiment, W3 represents the L-form of NH-CH(COOH)-CH,CH.-C(=0)-*

, wherein * represents the point of attachment to said human insulin or human insulin
analogue.

10  In one embodiment, the modifying group is of formula M8:

0
V4

h ‘

B B
HO” SOH HO” SOH

Formula M8 ,
wherein W4 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W4 represents NH-CH,-C(=0)-*, wherein * represents the point
of attachment to said human insulin or human insulin analogue; and wherein Y19 is H, F, Cl,

186 CHF2, and CF3 or SFs.
In another embodiment, the modifying group is of formula M8, wherein Y19 is CF3 or SFs.

In yet another embodiment, the modifying group is of formula M8, wherein Y19 is CF3.

20
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In one embodiment, the modifying group is of formula M9:
Y20

Y21

Y22

B B
&~ PN
Formula M9 HO™ ~OH HO™ ~OH ,

wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, F, Cl,
CHF3, and CFs. ,

In another embodiment, the modifying group is of formula M9, wherein each of Y20, Y21,
and Y22 is independently selected from H, and F; with the provisio that when Y21 is F, then
Y20 and Y22 are H; and when Y21 is H, then Y20 and Y22 are F.

In one embodiment, the modifying group is of formula M10:

B B
HO” NOH HO” SOH

Formula M10

wherein * represents the point of attachment to said human insulin or human insulin

analogue.

15

20
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In one embodiment, the modifying group is of formula M11:

w’OH

HO\B/OH HO\

B

B

B
HO” SOH HO” ™SOH

Formula M11
wherein each of the amino acid residues represents a D- or an L-amino acid form, and
wherein ¥ represents the point of attachment to said human insulin or human insulin

analogue.

Compounds of the present invention

In one embodiment, the compound of the invention comprises human insulin or a human
insulin analogue; and one or more modifying groups M, wherein each of the modifying
groups M comprises fwo aryl moieties, wherein a boron atom is attached to each of the two
aryl moieties; and wherein each of the one or more modifying groups M is attached,
optionally via a spacer, to the amino group of the N-terminal amino acid residue of the A-
chain or B-chain of said human insulin or human insulin analogue or to the epsilon amino

group of a lysine in said human insulin or human insulin analogue.

In another embodiment, the compound of the invention comprises human insulin or a human

insulin analogue; and 2 modifying groups M, wherein each of the modifying groups M
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comprises two aryl moieties, wherein a boron atom is attached to each of the two ary!
moieties; and wherein a first modifying group M is attached to the epsilon amino group of a
lysine residue in position 1 or position 4 of the B-chain of said human insulin analogue, or to
the epsilon amino group of a lysine in an optional peptide spacer at the N-terminal of the B-
chain of said human insulin or human insulin analogue; and a second modifying group is
attached to the epsilon amino group of a lysine in position 22 or position 29 of the B-chain of
said human insulin or human insulin analogue.

In another embodiment, the compound of the invention comprises human insulin or a human
insulin analogue; and 2 modifying groups M, wherein each of the modifying groups M
comprises two aryl moieties, wherein a boron atom is attached to each of the two aryl
moieties; and wherein a first modifying group M is attached to the amino group of the N-
terminal amino acid residue of the A-chain of said human insulin or human insulin analogue;
and a second modifying group is attached to the epsilon amino group of a lysine in position
29 of the B-chain of said human insulin or human insulin analogue.

In another embodiment, the compound of the invention comprises human insulin or a human
insulin analogue; and 2 modifying groups M, wherein each of the modifying groups M
comprises two aryl moieties, wherein a boron atom is attached to each of the two aryl
moieties; and wherein a first modifying group M is attached to the epsilon amino group of a
lysine in position 22 of the A-chain of said human insulin analogue, or to the epsilon amino
group of the lysine in an optional peptide spacer at the C-terminal of the A-chain of said
human insulin or human insulin analogue; and a second modifying group is attached to the
epsilon amino group of a lysine in position 22 or position 29 of the B-chain of said human
insulin or human insulin analogue.

In another embodiment, the compound of the invention comprises human insulin or a human
insulin analogue; and 1 modifying group M, wherein the modifying group M comprises two
aryl moieties, wherein a boron atom is attached to each of the two aryl moieties; and wherein
the modifying group M is attached to the epsilon amino group of a lysine in position 22 of the
A-chain of said human insulin analogue, or to the epsilon amino group of a lysine in position
22 or position 29 of the B-chain of said human insulin or human insulin analogue.

In one embodiment, the invention relates to compounds independently selected from the
group of compounds of examples 181, 205, 210, 211, 227, 233, 234, 239, 240, 241, 272,
273, 280, 284, 285, 288, 291, 300, 301, 324, 327, 331, 333, and 335.

In one embodiment, the invention relates to compounds independently selected from the
group of compounds of examples 181, 205, 210, 211, 227, 233, 234, 239, 240, 241, 272,
273, 280, 285, 288, 291, 300, 301, 327, 331, 333, and 335.
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In one embodiment, the compound of the invention is the compound of Example 181. In one
embodiment, the compound of the invention is the compound of 205. In one embodiment, the
compound of the invention is the compound of 210. In one embodiment, the compound of the
invention is the compound of 211. In one embodiment, the compound of the invention is the
compound of 227. In one embodiment, the compound of the invention is the compound of
233. In one embodiment, the compound of the invention is the compound of 234. In one
embodiment, the compound of the invention is the compound of 239. In one embodiment, the
compound of the invention is the compound of 240. In one embodiment, the compound of the
invention is the compound of 241. In one embodiment, the compound of the invention is the
compound of 272. In one embodiment, the compound of the invention is the compound of
273. In one embodiment, the compound of the invention is the compound of 280. In one
embodiment, the compound of the invention is the compound of 284. in one embodiment, the
compound of the invention is the compound of 285. In one embodiment, the compound of the
invention is the compound of 288. in one embodiment, the compound of the invention is the
compound of 291. In one embodiment, the compound of the invention is the compound of
300. In one embodiment, the compound of the invention is the compound of 301. In one
embodiment, the compound of the invention is the compound of 324. In one embodiment, the
compound of the invention is the compound of 327. in one embodiment, the compound of the
invention is the compound of 331. In one embodiment, the compound of the invention is the
compound of 333. In one embodiment, the compound of the invention is the compound of
335.

Intermediate products
The invention furthermore provides an intermediate product in the form of a novel insulin

analogue or an insulin analogue comprising a peptide spacer.

The invention thus also relates to intermediate products independently selected from the
group consisting of:

A14E desB1-B2 B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:16);
A14E desB1-B2 B3G B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:17);
A14E B-1G B1K B2P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:18);

A22K B22K B29R desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:20);

A21Q (GES)3K desB30 human insulin (SEQ ID NO:8 and SEQ ID NO:11);

A21Q (GES)6K desB30 human insulin (SEQ ID NO:9 and SEQ ID NO:11);

A21Q (GES)12K desB30 human insulin (SEQ ID NO:10 and SEQ ID NO:11);
B1-KPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:21);
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B1-KPGGGGSGGGGSGGGGS A14E B25H desB30 human insulin (SEQ ID NO:4 and SEQ
ID NO:22);

B1-GKPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:23);
B1-GKPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:24);
B1-GKPGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:25);

B1-GKPG desB30 human insulin (SEQ ID NO:1 and SEQ ID NQ:26);
B1-GKPRGFFYTPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID
NO:27); and

B1-TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ
ID NO:28).

Insulin function

The relative binding affinity of insulin analogues for the human insulin receptor (IR) can be
determined by competition binding in a scintillation proximity assay (SPA) as described in
Example B.

In one embodiment the compounds of the invention have the ability to bind to the insulin
receptor. In one embodiment, the compounds of the invention have higher insulin receptor
affinity in presence of 20 mM glucose than when no glucose is present.

The AKT phosphorylation assay described in Example C and the lipogenesis assay
described in Example D can be used as a measure of the functional (agonistic) activity of an

insulin analogue.

Pharmaceutical composition
The invention also relates to pharmaceutical compositions comprising a compound of the

invention, including e.g. an analogue of the invention, or a pharmaceutically acceptable salt,
amide, or ester thereof, and one or more pharmaceutically acceptable excipient (s). Such
compositions may be prepared as is known in the art.

The term "excipient” broadly refers to any component other than the active therapeutic
ingredient(s). The excipient may be an inert substance, an inactive substance, and/or a not
medicinally active substance. The excipient may serve various purposes, e.g. as a carrier,
vehicle, diluent, ahd/or to improve administration, and/or absorption of the active substance.
Non-limiting examples of excipients are: solvents, diluents, buffers, preservatives, tonicity
regulating agents, chelating agents, and stabilisers. The formulation of pharmaceutically
active ingredients with various excipients is known in the art, see e.g. Remington: The
Science and Practice of Pharmacy (e.g. 21st edition (2005), and any later editions).
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A composition of the invention may be in the form of a liquid formulation, i.e. aqueous
formulation comprising water. A liquid formulation may be a solution, or a suspension. A
composition of the invention may be for parenteral administration, e.g. performed by
subcutaneous, inframuscular, intraperitoneal, or intravenous injection.

Aryl boron compounds generally have low stability in aqueous solutions at pH near neutral
value. The C-B bond can hydrolyse to give the phenyl residue and free borate, Ph-H +
B(OH);, or the compound can be oxidized to give the phenolic residue + free borate, Ph-OH
+ B(OH);. Certain preferred diboron compounds and diboron insulin conjugates of the
invention are found to be more stable than other aryl-borons of the invention and aryl-borons
in general. Stability can for instance be assessed by measuring the purity of the insulin
derivatives after standing in aqueous solution at neutral pH at 25° or 37° Celcius for an

extended period of time, for instance a week.

Pharmaceutical indications

Diabetes

The term “diabetes” or “diabetes mellitus” includes type 1 diabetes, type 2 diabetes,
gestational diabetes (during pregnancy) and other states that cause hyperglycaemia. The
term is used for a metabolic disorder in which the pancreas produces insufficient amounts of
insulin, or in which the cells of the body fail to respond appropriately to insulin thus
preventing cells from absorbing glucose. As a result, glucose builds up in the blood.

Type 1 diabetes, also called insulin-dependent diabetes mellitus (IDDM) and juvenile-onset
diabetes, is caused by beta-cell destruction, usually leading to absolute insulin deficiency.
Type 2 diabetes, also known as non-insulin-dependent diabetes mellitus (NIDDM) and adult-
onset diabetes, is associated with predominant insulin resistance and thus relative insulin

deficiency and/or a predominantly insulin secretory defect with insulin resistance.

Other indications

In one embodiment, a compound according to the invention is used for the preparation of a
medicament for the treatment or prevention of hyperglycemia including stress induced
hyperglycemia, type 2 diabetes, impaired glucose tolerance, or type 1 diabetes.

In another embodiment, a compound according to the invention is used as a medicament for
delaying or preventing disease progression in type 2 diabetes.

In one embodiment of the invention, the compound is for use as a medicament for the
treatment or prevention of hyperglycemia including stress induced hyperglycemia, type 2

diabetes, impaired glucose tolerance, or type 1 diabetes.
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In a further embodiment the invention is related to a method for the treatment or prevention
of hyperglycemia including stress induced hyperglycemia, type 2 diabetes, impaired glucose
tolerance, or type 1 diabetes, the method comprising administering to a patient in need of
such treatment an effective amount for such treatment of a compound according to the

invention.

Mode of administration

The term “treatment” is meant to include both the prevention and minimization of the
referenced disease, disorder, or condition (i.e., "treatment” refers to both prophylactic and
therapeutic administration of a compound of the present invention or a composition
comprising a compound of the present invention unless otherwise indicated or clearly
contradicted by context).

The route of administration may be any route which effectively transports a compound of this
invention to the desired or appropriate place in the body, such as parenterally, for example,
subcutaneously, intramuscularly or intraveneously.

For parenterally administration, a compound of this invention is formulated analogously with
the formulation of known insulins. Furthermore, for parenterally administration, a compound
of this invention is administered analogously with the administration of known insulins and
the physicians are familiar with this procedure.

The amount of a compound of this invention to be administered, the determination of how
frequently to administer a compound of this invention, and the election of which compound or
compounds of this invention to administer, optionally together with another antidiabetic
compound, is decided in consultation with a practitioner who is familiar with the treatment of

diabetes.

While certain features of the invention have been illustrated and described herein, many
modifications, substitutions, changes, and equivalents will now occur to those of ordinary skill
in the art. It is, therefore, to be understood that the appended embodiments are intended to

cover all such modifications and changes as fall within the true spirit of the invention.

EMBODIMENTS
The invention is further described by the following non-limiting embodiments of the invention:

1. A compound comprising
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i) human insulin or a human insulin analogue; and

i} one or more modifying groups M, wherein each of the modifying groups M comprises two
aryl moieties, wherein a boron atom is attached to each of the two aryl moieties; and

wherein each of the one or more modifying groups M is attached, optionally via a spacer, to
the amino group of the N-terminal amino acid residue of the A-chain or B-chain of said
human insulin or human insulin analogue or to the epsilon amino group of a lysine in said

human insulin or human insulin analogue.

2. The compound according to embodiment 1, wherein each of the modifying groups M is

independently selected from the group of

R1

o}
Formula M1 ,

which represents a D- or an L-amino acid form, and
wherein n represents an integer in the range of 1 to 4; ,
wherein W1 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W1 represents
NH-CH.-C(=0)-*,
NH-CH2CH2-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH2CH.-C(=0)-NH-CH,CH,-C(=0)-*, or
NH-CH2CH2-C(=0)-NH-(CH3)2-0-(CH,)-0-CH2-CO-*,
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and
wherein R1 is selected from

Formula R1a , Formula R1b
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Formula R1c ,
wherein Y1, Y2, Y3, Y4, Y5 and Y6 is independently selected from H, F, Cl, CHF,, and CFa;

H

R2 N
\.N/\/ NR2

W2

Formula M2 ©

wherein W2 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W2 represents the D- or L-form of NH-CH(COQOH)-CH,CH.-
C(=0)-*, or NH-CH2CH.CH,-C(=0)-*, wherein * represents the point of attachment to said
human insulin or human insulin analogue; and

wherein R2 is selected from

Formula R2a , Formula R2b

Formula R2¢
wherein Y7, Y8, Y9, Y10, Y11 and Y12 is independently selected from H, F, Cl, CHF,, and
CFs3;
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Formula M3 ,
which represents a R R or S,S or R,S or stereoisomer of the 3,4-diamino-pyrrolidine; and
wherein * represents the point of attachment to said human insulin or human insulin

analogue; and wherein Y13 and Y14 is independently selected from H, F, Cl, CHF2, and

CF3;

Formula M4 )

wherein * represents the point of attachment to said human insulin or human insulin

analogue, and wherein Y15 and Y16 is independently selected from H, F, Cl, CHF2, and CF3;
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B B
HO” SOH HO” “OoH

Formula M5,
wherein each of the amino acid residues independently represents a D- or an L-amino acid
form, and wherein * represents the point of attachment to said human insulin or human

5 insulin analogue;

! Y17

HO__ OH HO
Y175
v1g<” '
O %
0% NH HNT S0

Y18

Formula M6,
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wherein the a—amino acid residue represents a D- or an L-amino acid form, and wherein *
represents the point of attachment to said human insulin or human insulin analogue; and
wherein Y17 and Y18 is independently selected from H, F, Cl, CHF;, and CF3;

W3

O=un—==

Formula M7 HO/B\OH HO/B\OH ,
wherein W3 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W3 represents the D- or L-form of NH-CH{COOH)-CH2CHj-
C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin

analogue;

0 0
¢

L l I Y19

B B
HO” ™SOH HO” SOH

w4

Formula M8 ,
wherein W4 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W4 represents NH-CH2-C(=0)-*, wherein * represents the point
of attachment to said human insulin or human insulin analogue; and wherein Y19 is H, F, Cl,

CHF3, and CF3 or SF5;

Formula M9



10
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wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, F, Cl,
CHF;, and CF3;

B
N PN
Formula M10 HO™ ~"OH HO™ ~“OH

wherein * represents the point of attachment to said human insulin or human insulin

analogue; and

Formula M11,
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wherein each of the amino acid residues independently represents a D- or an L-amino acid
form, and wherein * represents the point of attachment to said human insulin or human

insulin analogue.

3. The compound according to any one of embodiments 1 to 2, wherein each of the
modifying groups M is independently selected from the group of

Formula M1 ,
which represents a D- or an L-amino acid form, and
wherein n represents an integer in the range of 1 to 4;
wherein W1 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W1 represents
NH-CHz-C(=0)-*,
NH-CH2CH,-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH,CH.-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH.CH-C(=0)-NH-CH2CHz-C(=0)-*, or
NH-CH2CH2-C(=0)-NH-(CHz)2-O-(CHz)2-O-CH,-CO-*,
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and

wherein R1 is selected from

Y4
0
g—OH
/
Formula R1a Y3 , Formula R1b © , and
Y5
o
Y6
E;/o H
|
OH

Formula R1c
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wherein Y1 and Y2 is H, and Y3 is For CF3; Y4disHorF,and Y5is Hand Y6 is F;

H
Rz“‘“N /\/N\Rz
w2
Formula M2 ° ,
wherein W2 is absent and represents the point of attachment * to said human insulin or
5 human insulin analogue, or W2 represents the D- or L-form of NH-CH(COOH)-CH2CH.-
C(=0)-*, or NH-CHCH,CH>-C(=0)-*, wherein * represents the point of attachment to said
human insulin or human insulin analogue; and

wherein R2 is selected from

10  Formula R2a Y9 . Formula R2b

Y12

Formula R2¢ .
wherein Y7 is H; Y8 is H, Cl, CHF2, or CF3; Y9is H, F, or CF3; Y10 is F; Y11 is H; and Y12
is F; with the provisio that only one of Y8 and Y9 is H;

15
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WO 2020/201041 38 PCT/EP2020/058641

Q

Formula M3 ©

which represents a R,R or S,S or R,S stereocisomer of the 3,4-diamino-pyrrolidine; and
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein Y13 is H or F; and Y14 is H or CF3; with the provisio that only one of

Y13 and Y14 is H;

Formula M4 )

wherein * represents the point of attachment to said human insulin or human insulin

analogue, and wherein Y15 and Y16 is independently selected from H, and F;
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B 8
HO” SOH HO” “OH
Formula M5,

which represents D- or L-amino acid forms, and wherein * represents the point of attachment

to said human insulin or human insulin analogue;

HO OH
"‘\B/
Y17
Y18
O %
0
0 NH
o]
N
H
NH
0
OH
Y18 |
OH
Y17

Formula M6,
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wherein the a-amino acid residue represents a D- or an L-amino acid form, and wherein *
represents the point of attachment to said human insulin or human insulin analogue; and
wherein Y17 isHor F; and Y18 is H or F;

W3

CF,

B B
PN N
Formula M7 HO OH HO OH ,

wherein W3 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W3 represents the D- or [-form of NH-CH(COOH)-CH,CH,-
C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin

analogue;

B
HO” SMOH HO” “OH
Formula M8 )

wherein W4 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W4 represents NH-CH,-C(=0)-*, wherein * represents the point
of attachment to said human insulin or human insulin analogue; and wherein Y19 is CF; or
SFs,’
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B B
PN PN
Formula M9 HO OH HO OH ,

wherein * represents the point of attachment to said human insulin or human insulin

analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, and F;

with the provisio that when Y21 is F, then Y20 and Y22 are H; and when Y21 is H, then Y20
5 andY22areF,

B B
N PN
Formula M10 HO OH HO OH ,

wherein * represents the point of attachment to said human insulin or human insulin
analogue; and
10
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B B
HO” SOH HO” “OH
Formula M11,
wherein each of the a-amino acid residues independently represents a D- or an L-amino acid

form, and wherein * represents the point of attachment to said human insulin or human

5 insulin analogue.

4. The compound according to any one of embodiments 1 to 3, wherein each of the
modifying groups M is independently selected from the group of

10 Formula M1 ,

which represents a D- or an [-amino acid form, and wherein n is 1;
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W1 represents NH-CH2CH2-C(=0)-* or the D- or L-form of NH-CH(COQOH)-CH,CH,-C(=0)-*,
wherein * represents the point of attachment to said human insulin or human insulin

analogue; and

R1 is of Formula R1a
wherein Y1 and Y2 are H; and Y3 is F or CFa;

H

R2 N
NN N “R2

W2

Formula M2 © ,

wherein W2 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W2 represents the D- or L-form of NH-CH(COOH)-CH,CHg-
C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin

analogue; and

wherein R2 is of Formula R2a
wherein Y7 and Y8 are H; and Y9 is Cl, CHF,, or CF3;
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Y16 ~

Formula M4 )
wherein * represents the point of attachment to said human insulin or human insulin

analogue, and wherein Y15 is H, and Y16 is F;

w3

=2

o=

B B
P o
5 Formula M7 HO™ ~OH HO™ “OH

wherein W3 is absent and represents the point of attachment * tc said human insulin or
human insulin analogue, or W3 represents the D- or L-form of NH-CH(COOH)-CH,CH2-
C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin
analogue;

10

Formula M8 ,
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wherein W4 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W4 represents NH-CH.-C(=0)-*, wherein * represents the point

of attachment to said human insulin or human insulin analogue; and wherein Y19 is CF3; and

B

B
PN PN
Formula M9 HO OH HO OH ,

wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H and F;
with the provisio that when Y21 is F, then Y20 and Y22 are H; and when Y21 is H, then Y20
and Y22 are F.

5. The compound according to any one of embodiments 1 to 4, wherein the modifying

groups M are identical.

6. The compound according to any one of embodiments 1 to 5, wherein said human insulin

or human insulin analogue optionally comprises a spacer selected from the group of

a) a peptide spacer at the C-terminal of the A-chain of said human insulin or human
insulin analogue, wherein said peptide spacer comprises (GES),K, wherein p is an

integer from 3to 12; or

b) a peptide spacer or a linker L at the N-terminal of the B-chain of said human insulin or

human insulin analogue;
wherein said peptide spacer comprises GKPG, GKP(G48),, KP(G4S):,
GKPRGFFYTP(G4S)s, or TYFFGRKPD(G4S);, wherein each of g, r, sand t is

independently selected from an integer from 1 to 5; and

wherein said linker L is selected from



WO 2020/201041 46 PCT/EP2020/058641

o OH
o
*1 {
Y N
H H .
2

Formula L1
wherein *1 denotes the attachment point to the modifying group M and *2 denotes the
attachment point to the amino group of the amino acid residue at the N-terminal of the B-

5  chain of said human insulin or human insulin analogue;

O OH
, 6 .
i /\/\j: ‘ ° H 2
LN N A\ W .
H H
O

Formula L2

wherein *1 denotes the attachment point to the modifying group M and *2 denotes the

10 attachment point to the amino group of the amino acid residue at N-terminal of the B-chain of

said human insulin or human insulin analogue, and wherein uis 1, 2 or 3; and

NH, 0
. H
(N AN W N N =
N YHO ]
0 X

Formula L3
15 wherein *1 denotes the attachment point to the modifying group M and *2 denotes the

attachment point to the amino group of the amino acid residue at N-terminal of the B-chain of

said human insulin or human insulin analogue, and wherein v is 2 or 3.

7. The compound according to embodiment 6, wherein q is an integer selected from 1 to 3; r

20 is3;sis2;andtis 3.

8. The compound according to any one of embodiments 1 to 7, wherein the chiral amino
acids are in the L-form.
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9. The compound according to any one of embodiments 1 to 8, wherein each modifying

group M is attached to an attachment point selected from one of the following groups:

a)

b)

d)

the amino group of the N-terminal amino acid residue of the A-chain of said human
insulin or human insulin analogue;

the epsilon amino group of a lysine in position 22 of the A-chain of said human insulin
analogue; or

the epsilon amino group of the lysine in said optional peptide spacer at the C-terminal
of the A-chain of said human insulin or human insulin analogue;

the amino group of the N-terminal amino acid residue of the B-chain of said human
insulin or human insulin analogue;

the epsilon amino group of a lysine residue in position 1 or position 4 of the B-chain of
said human insulin analogue;

the epsilon amino group of a lysine in said optional peptide spacer at the N-terminal
of the B-chain of said human insulin or human insulin analogue; or

the distal amino group marked with *1 in said optional linker L at the N-terminal of the
B-chain of said human insulin or human insulin analogue; and

the epsilon amino group of a lysine in position 22 or position 29 of the B-chain of said

human insulin or human insulin analogue.

10. The compound according to embodiment 9, wherein not more than one modifying group

M is attached to a point of attachment within each of the groups a), b), ¢) and d).

11. The compound according to any one of embodiments 1 to 10, having exactly one, two,

three or four modifying groups M.

12. The compound according to any one of embodiments 1 to 10, comprising at least two

modifying groups M.

13. The compound according to any one of embodiments 1 to 10, having exactly two, three,

or four modifying groups M.

14. The compound according to any one of embodiments 1 to 10, having exactly two

modifying groups M.
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15. The compound according to any one of embodiments 1 to 14, wherein said human

insulin or human insulin analogue is a human insulin analogue comprising desB30.

16. The compound according to any one of embodiments 1 to 15, wherein said human
insulin or human insulin analogue is a human insulin analogue selected from the group of
desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:11);

A21Q desB30 human insulin (SEQ ID NO:3 and SEQ ID NO:11);

A14E B25H desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:12);

A14E B1K B2P B25H desB27 desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:13);
A14E A22K B25H desB27 desB30 human insulin (SEQ ID NO:5 and SEQ ID NO:14);
A14E A22K B25H B27P B28G desB30 human insulin (SEQ ID NO:5 and SEQ ID NO:15);
A14E desB1-B2 B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:16);
A14E desB1-B2 B3G B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:17);
A14E B-1G B1K B2P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:18);

A22K desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:11);

A22K B29R desB30 human insulin (SEQ 1D NO:6 and SEQ ID NO:19);

A22K B22K B29R desB30 human insulin (SEQ 1D NO:6 and SEQ 1D NO:20); and

A-2K A-1P desB30 human insulin (SEQ ID NO:7 and SEQ ID NO:11).

17. A compound according to embodiment 1, comprising
i) human insulin or a human insulin analogue, wherein said human insulin or human insulin
analogue optionally comprises a spacer selected from a peptide spacer or a linker L at the N-
terminal of the B-chain of said human insulin or human insulin analogue;
wherein said peptide spacer comprises GKPG, GKP(G4S)q, KP(G.S),
GKPRGFFYTP(G4S)s, or TYFFGRKPD(G4S), wherein each of g, r, s and tis

independently selected from an integer from 1 to 5; and

wherein said linker L is selected from
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O -
K /\/\i
SN : N
H
*2
Formula L1,

wherein *1 denotes the attachment point to the modifying group M and *2 denotes
the attachment point to the amino group of the amino acid residue at the N-terminal

of the B-chain of said human insulin or human insulin analogue;

O OH
0
%* o “
1 NN ’ N N N0 TN
H H ‘

Formula L2,
wherein *1 denotes the attachment point to the modifying group M and *2 denotes
the attachment point to the amino group of the amino acid residue at N-terminal of

the B-chain of said human insulin or human insulin analogue, and wherein uis 1, 2

or 3; and
NH» @)
* ;\} 0 '
1\N ' , NN N , N
H “H |
0 s
Formula L3,

wherein *1 denotes the attachment point to the modifying group M and *2 denotes
the attachment point to the amino group of the amino acid residue at N-terminal of

the B-chain of said human insulin or human insulin analogue, and wherein vis 2 or

3;

i) two, three or four modifying groups M, wherein each of the modifying groups M is

independently selected from the group of



WO 2020/201041 50 PCT/EP2020/058641

R1

2T
Iz

R1
wi
Formula M1 © ,
which represents a D- or an L-amino acid form, and
wherein n represents an integer in the range of 1 to 4;
wherein W1 is absent and represents the point of attachment * to said human insulin or
5 human insulin analogue, or W1 represents
NH-CH2CH2-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-*,
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and

10 wherein R1 is selected from

Formula R1a ., Formula R1b

Formula R1c ,
15  wherein Y1 and Y2is H, and Y3 is F or CF3; Y4 is F; and Y5 is H and Y6 is F;

H

R2 N
\N/\/ “R2

w2

Formula M2
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wherein W2 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W2 represents the D- or L-form of NH-CH(COOH)-CH,CH,-
C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin
analogue; and

wherein R2 is selected from

Y10

Formula R2a Y9 _ Formula R2b

Formula R2¢ ,
wherein Y7 is H; Y8 is H, Cl, CHF, or CF3; Y9is H, F, or CF3; Y10is F; Y11is H; and Y12
is F; with the provisio that only one of Y8 and Y9 is H;

0

Formula M3 © )

which represents a R,R or S,S or R, S or sterecisomer of the 3,4-diamino-pyrrolidine; and
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein Y13 is H or F; and Y14 is H or CF3; with the provisio that only one of
Y13and Y14 is H;
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Y16

Y16

Y15 Y15

Formula M4

wherein * represents the point of attachment to said human insulin or human insulin
analogue, and wherein Y15 is H and Y16 is F;

Y17

Y18

o) Y18

Y17

OH

O—m
T N\

Y17
Formula M6,
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wherein the a-amino acid residue represents a D- or an [-amino acid form, and wherein *

represents the point of attachment to said human insulin or human insulin analogue; and
wherein Y17 is F; and Y18 is H;

W3

==z

F3C

Q=

B ;]
HO” “SOH HO” “SoH
5 Formula M7 °

wherein W3 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W3 represents the D- or L-form of NH-CH(COOH)-CH2CH,-

C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin

analogue;
10
0 o) 8]
| N\
S'/ Y19
w4 ‘ ‘!illn
B B
PN P
Formula M8 Ho Of HO oH

wherein W4 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W4 represents NH-CH,-C(=0)-*, wherein * represents the point

of attachment to said human insulin or human insulin analogue; and wherein Y19 is CF; or
16 SFs;

Formula M9
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wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, and F;
with the provisio that when Y21 is F, then Y20 and Y22 are H; and when Y21 is H, then Y20
and Y22 are F; and

B

B
PN PN
Formula M10 HO™ ~“OH HO™ ~oH

wherein * represents the point of attachment to said human insulin or human insulin

analogue; and

wherein each modifying group M is attached to an attachment point selected from one of the
following groups:
a) the amino group of the N-terminal amino acid residue of the A-chain of said human
insulin or human insulin analogue;
b) the epsilon amino group of a lysine in position 22 of the A-chain of said human insulin
analogue; or
the epsilon amino group of the lysine in said optional peptide spacer at the C-terminal
of the A-chain of said human insulin or human insulin analogue;
c) the amino group of the N-terminal amino acid residue of the B-chain of said human
insulin or human insulin analogue;
the epsilon amino group of a lysine residue in position 1 or position 4 of the B-chain of
said human insulin analogue;
the epsilon amino group of a lysine in said optional peptide spacer at the N-terminal
of the B-chain of said human insulin or human insulin analogue; or
the distal amino group marked with *1 in said optional linker L at the N-terminal of the
B-chain of said human insulin or human insulin analogue; and
d) the epsilon amino group of a lysine in position 22 or position 29 of the B-chain of said
human insulin or human insulin analogue,
wherein one modifying group M is attached to one of the attachment points ¢) and one

modifying group M is attached to the attachment point d).
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18. A compound according to embodiment 17, wherein not more than one modifying group M
is attached to a point of attachment within each of the groups a), b), ¢) and d).

19. A compound according to any one of embodiments 17 to 18, wherein the compound has
exactly two modifying groups M, wherein one madifying group M is attached to the epsilon
amino group of a lysine in position 22 or position 29 of the B-chain of said human insulin or
human insulin analogue; and one modifying group M is attached to

the amino group of the N-terminal amino acid residue of the B-chain of said human

insulin or human insulin analogue;

the epsilon amino group of a lysine residue in position 1 or position 4 of the B-chain of

said human insulin analogue;

the epsilon amino group of a lysine in said optional peptide spacer at the N-terminal

of the B-chain of said human insulin or human insulin analogue; or

the distal amino group marked with *1 in said optional linker L at the N-terminal of the

B-chain of said human insulin or human insulin analogue.
20. A compound according to any one of embodiments 17 to 19, comprising

i) human insulin or a human insulin analogue, wherein said human insulin or human insulin
analogue optionally comprises a peptide spacer at the N-terminal of the B-chain of said
human insulin or human insulin analogue;
wherein said peptide spacer comprises GKPG, GKP(G4S)q, KP(G4S):,
GKPRGFFYTP(G4S)s, or TYFFGRKPD(G4S), wherein q is an integer from 1 to 3; ris
3;sis2andtis 3;

i) two modifying groups M, wherein each of the modifying groups M is independently

selected from the group of

R1

2L
Iz

w1
o)
Formula M1 ,
which represents a D- or an L-amino acid form, and wherein n is 1; W1 represents
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NH-CH2CH,-C(=0)-*, or the D- or L-form of NH-CH(COOH)-CH,CHz-C(=0)-*, wherein *
represents the point of attachment to said human insulin or human insulin analogue; and

wherein R1 is of

Formula R1a
5 wherein Y1 and Y2 is H, and Y3 is CF3;

w3

—n—zZ

B B
PN S
H
Formula M7 © OH HO OH ,

wherein W3 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W3 represents the D- or L-form of NH-CH(COOH)-CHCH.-
10 C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin

analogue;
6] 0 (6}
| N\ /
‘ S/ Y19
" O
B B
PN PN
H H
Formula M8 HO™ oM HOT oM

wherein W4 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W4 represents NH-CH,-C(=0)-*, wherein * represents the point

15  of attachment to said human insulin or human insulin analogue; and wherein Y19 is CF3;
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B B
PN N
Formula M9 HO OH HO OH )

wherein * represents the point of attachment to said human insulin or human insulin

analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, and F;

with the provisio that when Y21 is F, then Y20 and Y22 are H; and when Y21 is H, then Y20
5 and Y22 are F; and

wherein one medifying group M is attached to the epsilon amino group of a lysine in position
29 of the B-chain of said human insulin or human insulin analogue; and one modifying group
M is attached to
10 the epsilon amino group of a lysine residue in position 1 or position 4 of the B-chain
of said human insulin analogue; or
the epsilon amino group of a lysine in said optional peptide spacer at the N-terminal

of the B-chain of said human insulin or human insulin analogue.
15 21. The compound according to any one of embodiments 17 to 20, comprising

i) a human insulin analogue, wherein said human insulin analogue comprises a peptide

spacer at the N-terminal of the B-chain of said human insulin or human insulin analogue;

wherein said peptide spacer comprises GKP(G4S)q, or KP(G4S),, wherein q is an integer from
20 1to3;andris 3;

i) two modifying groups M, independently selected from the group of

R1
-

H N
S ‘ n H
w1
O
Formula M1 ;

R1

which represents a D- or an L-amino acid form, and wherein n is 1; W1 represents
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NH-CH,CHz-C(=0)-*, or the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-*, wherein *
represents the point of attachment to said human insulin or human insulin analogue; and

wherein R1 is of

Formula R1a )
5 wherein Y1and Y2is H, and Y3 is CFj3;

wherein one medifying group M is attached to the epsilon amino group of the lysine in said
peptide spacer; and one modifying group M is attached to the epsilon amino group of a lysine
in position 29 of the B-chain of said human insulin or human insulin analogue.

10
22. A compound according to any one of embodiments 17-21, consisting of

i) a human insulin analogue, wherein said human insulin analogue optionally comprises a
peptide spacer at the N-terminal of the B-chain of said human insulin or human insulin
15  analogue;
wherein said peptide spacer comprises GKPG, GKP(G4S)q, KP(G4S)r,
GKPRGFFYTP(G4S)s, or TYFFGRKPD(G4S), wherein q is an integer from 1 to 3; ris
3;sis2andtis 3;

20 i) two modifying groups M, wherein each of the modifying groups M is independently

selected from the group of

R1
&

pqun
Iz

R1
wi
0
Formula M1 ,
which represents a D- or an L-amino acid form, and wherein n is 1; W1 represents
25  NH-CH2CH,-C(=0)-*, or the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-*, wherein *

represents the point of attachment to said human insulin or human insulin analogue; and
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wherein R1 is of

Formula R1a Y3
wherein Y1 and Y2 is H, and Y3 is CF3;

FaC

5 Formula M7
wherein W3 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W3 represents the D- or L-form of NH-CH(COOH)-CH,CHa-

C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin

analogue;
10

O

7
. ) 5/ ~ Y19
B B
N PN
Formula M8 HO OH HO OH

wherein W4 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W4 represents NH-CH,-C(=0)-*, wherein * represents the point

of attachment to said human insulin or human insulin analogue; and wherein Y19 is CF3;
15
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B B
PN PN
Formula M9 HO OH HO OH )

wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, and F;
with the provisio that when Y21 is F, then Y20 and Y22 are H; and when Y21 is H, then Y20
and Y22 are F; and

wherein one modifying group M is attached to the epsilon amino group of a lysine in position
29 of the B-chain of said human insulin or human insulin analogue; and
one modifying group M is attached to:
the epsilon amino group of a lysine residue in position 1 or position 4 of the B-chain of
said human insulin analogue, or
the epsilon amino group of a lysine in said optional peptide spacer at the N-terminal

of the B-chain of said human insulin or human insulin analogue.
23. The compound according to any one of embodiments 17 to 22, consisting of

i) a human insulin analogue, wherein said human insulin analogue has a peptide spacer at
the N-terminal of the B-chain of said human insulin or human insulin analogue; wherein said
peptide spacer is GKP(G4S)q, or KP(G4S),, wherein g is an integer from 1 to 3; and ris 3;

i) two modifying groups M, independently selected from the group of

R1
e

/ ‘ 4 n H
w1
O
Formula M1 \

R1

which represents a D- or an L-amino acid form, and wherein n is 1; W1 represents
NH-CH,CH2-C(=0)-*, or the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-*, wherein *

represents the point of attachment to said human insulin or human insulin analogue; and
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wherein R1 is of

Formula R1a )
wherein Y1 and Y2 is H, and Y3 is CF3;

wherein one modifying group M is attached to the epsilon amino group of the lysine in said
peptide spacer; and one modifying group M is attached to the epsilon amino group of a lysine

in position 29 of the B-chain of said human insulin or human insulin analogue.

24. The compound according to any one of embodiments 17 to 23, wherein the chiral amino

acids are in the L-form.

25. The compound according to any one of embodiments 17 to 24, wherein the compound

has exactly 2 modifying groups M.

26. The compound according to any one of embodiments 17 to 25, wherein the modifying

groups M are identical.

27. The compound according to any one of embodiments 17 to 26, wherein said human

insulin analogue comprises desB30.

28. The compound according to any one of embodiments 17 to 27, wherein said human
insulin or human insulin analogue is a human insulin analogue selected from the group of
desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:11);

A14E B25H desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:12);

A14E B1K B2P B25H desB27 desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:13);
A14E desB1-B2 B4K BSP desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:16);
A14E desB1-B2 B3G B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:17);
A14E B-1G B1K B2P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:18);

A22K desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:11);

A22K B29R desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:19); and
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A22K B22K B29R desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:20),

29. The compound according to any one of embodiments 17 to 28, wherein said human
insulin analogue comprising said spacer is selected from the group of
B1-KPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:21);
B1-KPGGGGSGGGGSGGGGS A14E B25H desB30 human insulin (SEQ ID NO:4 and SEQ
ID NO:22);

B1-GKPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:23);
B1-GKPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:24); and
B1-GKPGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:25).

30. The compound according to any one of embodiments 17 to 29, wherein the compound is
selected from the group of:

The compound of Example 280; The compound of Example 284; The compound of Example
285; The compound of Example 288; The compound of Example 291; The compound of
Example 300; The compound of Example 301; The compound of Example 324; The
compound of Example 327; The compound of Example 331; The compound of Example 333;
and the compound of Example 335.

31. The compound according to any one of embodiments 17 to 30, wherein the compound is
selected from the group of:

The compound of Example 280; The compound of Example 285; The compound of Example
288; The compound of Example 291; The compound of Example 300; The compound of
Example 301; The compound of Example 327; The compound of Example 331; The
compound of Example 333; and the compound of Example 335.

32. The compound according to any one of embodiments 17 to 31, wherein the compound is
the compound of Example 280.

33. The compound according to any one of embodiments 17 to 31, wherein the compound is
the compound of Example 284.

34. The compound according to any one of embodiments 17 to 31, wherein the compound is
the compound of Example 285.

35. The compound according to any one of embodiments 17 to 31, wherein the compound is
the compound of Example 288.

36. The compound according to any one of embodiments 17 to 31, wherein the compound is

the compound of Example 291.
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37. The compound according to any one of embodiments 17 to 31, wherein the compound is

the compound of Example 300.

38. The compound according to any one of embodiments 17 to 31, wherein the compound is

the compound of Example 301.

39. The compound according to any one of embodiments 17 to 31, wherein the compound is

the compound of Example 324.

40. The compound according to any one of embodiments 17 to 31, wherein the compound is

the compound of Example 327.

41. The compound according to any one of embodiments 17 to 31, wherein the compound is

the compound of Example 331.

42. The compound according to any one of embodiments 17 to 31, wherein the compound is

the compound of Example 333.

43. The compound according to to any one of embodiments 17 to 31,

is the compound of Example 335.
44. A compound according to embodiment 1, comprising
i) human insulin or a human insulin analogue;

i) two modifying groups M, independently selected from the group of

R1
Ve

H
N b
/ n
w1
O
Formula M1 )

R1

which represents a D- or an L-amino acid form, and

wherein n represents an integer in the range of 1 to 4;

wherein the compound

wherein W1 is absent and represents the point of attachment * to said human insulin or

human insulin analogue, or W1 represents
NH-CH,-C(=Q0)-*,
NH-CH2CH,-C(=0)-*,

wherein * represents the point of attachment to said human insulin or human insulin

analogue; and
wherein R1 is selected from
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Formula R1a . Formula R1b

Formula R1c
wherein Y1 and Y2 is H, and Y3 is F or CF3; Y4isHor F; and Y5is H and Y6 is F;

5
R2 “
\N/\/ ~R2
N
Formula M2 ©
wherein W2 is absent and represents the point of attachment * to said human insulin or
human insulin analogue; and
wherein R2 is selected from
10

Formula R2a Y9 , Formula R2b , and

Formula R2¢
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wherein Y7 is H; Y8 is H, Cl, CHF», or CF3; YO is H, F, or CF3; Y10is F; Y11is H; and Y12
is F; with the provisio that only one of Y8 and Y9 is H;

5 Formula M6
wherein the a-amino acid residue represents a D- or an L-amino acid form, and wherein *

represents the point of attachment to said human insulin or human insulin analogue; and
wherein Y17 is Hor F; and Y18 is H or F; and

B B
HO” SOH HO” “OH

10 Formula M9
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wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, and F;
with the provisio that when Y21 is F, then Y20 and Y22 are H; and when Y21 is H, then Y20
and Y22 are F; and

wherein one modifying group M is attached to the amino group of the N-terminal amino acid
residue of the A-chain of said human insulin or human insulin analogue; and one modifying
group M is attached to the epsilon amino group of a lysine in position 29 of the B-chain of

said human insulin or human insulin analogue.

45. The compound according to embodiment 44, wherein the modifying groups M are

identical.

46. The compound according to any one of embodiments 44 to 45, wherein said human

insulin or human insulin analogue is a human insulin analogue comprising desB30.

47. The compound according to embodiment 46, wherein said human insulin analogue is

desB30 human insulin.

48. A compound according to embodiment 1, comprising

i) human insulin or a human insulin analogue, wherein said human insulin or human insulin
analogue optionally comprises a peptide spacer at the C-terminal of the A-chain of said
human insulin or human insulin analogue, wherein said peptide spacer comprises (GES).K,

wherein p is an integer from 3 to 12;

i) two modifying groups M, independently selected from the group of

Formula M1 \
which represents a D- or an L-amino acid form, and

wherein n represents an integer in the range of 1 to 4;
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wherein W1 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W1 represents
NH-CH,-C(=0)-*,
NH-CH2CH-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH.CH2-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH;CH»-C(=0)-NH-CH,CH.-C(=0)-*, or
NH-CH2CH2-C(=0)-NH-(CH2)2-O-(CH2),-O-CHo-CO-*,
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and

wherein R1 is selected from

Formula R1a , Formula R1b

Formuia R1c .
wherein Y1 and Y2 is H, and Y3 is For CF;; Y4isHor F; and YSis Hand Y6 is F;

H
R2 N
\M/\\/ NR2

L(WZ

Formula M2 ©

wherein W2 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W2 represents the D- or L-form of NH-CH(COOH)-CH2CH,-
C(=0)-*, or NH-CH,CH,CH,-C(=0)-*, wherein * represents the point of attachment to said
human insulin or human insulin analogue; and

wherein R2 is selected from
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Y7
o OH
/
B
. \
O
Y8 g—OH
/
Formula R2a Y9 , Formula R2b , and

Formula R2¢ ,
wherein Y7 is H; Y8 is H, Cl, CHF,, or CF3; Y9is H, F, or CF3; Y10 is F; Y11 is H; and Y12
5 is F; with the provisio that only one of Y8 and Y9 is H;

Y14

Formula M3 0 ,

which represents a R,R or S,S, or R, S stereocisomer of the 3,4-diamino-pyrrolidine; and
wherein * represents the point of attachment to said human insulin or human insulin

10  analogue; and wherein Y13 is H or F; and Y14 is H or CF3; with the provisio that only one of
Y13 and Y14 is H;
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HO\%B’{OH HO\.BM'OH
\
Y16 Y16
/"
Y15 X Y15
O NH HN O
0 *

Formula M4 ,

wherein * represents the point of attachment to said human insulin or human insulin

analogue, and wherein Y15 and Y16 is independently selected from H, and F;

B
OH HO” ™OH

B
HOZ ™

Formula M5,
wherein each of the amino acid residues represents a D- or an L-amino acid form, and
wherein * represents the point of attachment to said human insulin or human insulin
analogue;



5
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Y17

Y18

Formula M6,

wherein the a-amino acid residue represents a D- or an [-amino acid form, and wherein *

represents the point of attachment to said human insulin or human insulin analogue; and
wherein Y17 is Hor F; and Y18 is H or F;

W3

n==z

FsC CF,

[ @ Jeoens

B B
PN PN
Formula M7 HO OH HO OH

wherein W3 is absent and represents the point of attachment * to said human insulin or

human insulin analogue, or W3 represents the D- or L-form of NH-CH(COOH)-CH,CH»-
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C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin
analogue;

Formula M8
wherein W4 is absent and represents the point of attachment * to said human insulin or
5  human insulin analogue, or W4 represents NH-CH»-C(=0)-*, wherein * represents the point
of attachment to said human insulin or human insulin analogue; and wherein Y19 is CF3 or
SFs;

Formula M9 HO/B\OH HO/B\OH )
wherein * represents the point of attachment to said human insulin or human insulin

10 analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, and F;
with the provisio that when Y21 is F, then Y20 and Y22 are H; and when Y21 is H, then Y20

and Y22 are F;

B B
o M ~
Formula M10 HO™ "OH HO™ “OH

wherein * represents the point of attachment to said human insulin or human insulin

15  analogue; and
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B
HO” SOH HO” SOH

Formula M11,
wherein each of the amino acid residues represents a D- or an L-amino acid form, and
wherein * represents the point of attachment to said human insulin or human insulin

analogue; and

wherein one modifying group M is attached to the epsilon amino group of a lysine in position
22 or position 29 of the B-chain of said human insulin or human insulin analogue; and one
modifying group M is attached to:

the epsilon amino group of a lysine in position 22 of the A-chain of said human insulin

analogue; or

the epsilon amino group of the lysine in said optional peptide spacer at the C-terminal

of the A-chain of said human insulin or human insulin analogue.

49. The compound according to embodiment 48, wherein the chiral amino acids are in the L-

form.
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50. The compound according to any one of embodiments 48 to 49, wherein the modifying

groups M are identical.

51. The compound according to any one of embodiments 48 to 51, wherein said human

insulin or human insulin analogue is a human insulin analogue comprising desB30.

52. The compound according to any one of embodiments 48 to 51, wherein said human
insulin or human insulin analogue is selected from the group of:

A21Q desB30 human insulin (SEQ ID NO:3 and SEQ ID NO:11);

A14E A22K B25H desB27 desB30 human insulin (SEQ ID NO:5 and SEQ ID NO:14);
A14E A22K B25H B27P B28G desB30 human insulin (SEQ ID NO:5 and SEQ ID NO:15);
A22K desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:11); and

A22K B22K B29R desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:20).

53. The compound according to any one of embodiments 48 to 52, wherein the compound is
selected from the group of:

The compound of Example 227; The compound of Example 239; The compound of Example
240; The compound of Example 241; and The compound of Example 272.

54. A compound according to embodiment 1, comprising

i} human insulin or a human insulin analogue;

ii) one modifying group M, selected from the group of

Formula M1 )
which represents a D- or an L-amino acid form, and
wherein n represents an integer in the range of 1 to 4;
wherein W1 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W1 represents
NH-CH2-C(=0)-,
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NH-CH2CH,-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH,CH>-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-NH-CH,CH,-C(=0)-*, or
NH-CH2CH2-C(=0)-NH~(CHz)2-O~(CH)2-O-CH2-CO-*,
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and

wherein R1 is selected from

Formula R1a , Formula R1b

Formula R1c ,
wherein Y1 and Y2 is H, and Y3 is F or CF3; Y4isHor F; and Y5 is Hand Y6 is F;

H
R2 N
w2

Formula M2 ©

wherein W2 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W2 represents the D- or L-form of NH-CH(COOH)-CH,CH.-
C(=0)-", or NH-CH2CH2CH,-C(=0)-*, wherein * represents the point of attachment to said
human insulin or human insulin analogue; and

wherein R2 is selected from
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Formula R2a

, Formula R2b

Formula R2¢

wherein Y7 is H; Y8 is H, Cl, CHF2, or CF3; YQis H, F, or CF3; Y10 is F; Y11 is H; and Y12
5 is F; with the provisio that only one of Y8 and Y9 is H;

W3

—_—n=2Z

B

B
2N 7 ™
Formula M7 HO OH HO OH

wherein W3 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W3 represents the D- or L-form of NH-CH(COOH)-CH.CH;-

10 C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin
analogue;

Formula M8
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wherein W4 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W4 represents NH-CH,-C(=0)-*, wherein * represents the point
of attachment to said human insulin or human insulin analogue; and wherein Y19 is CF; or
SF5;

B
PN PN
Formula M9 HO™ "OH HO™ "OH .

wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, and F;
with the provisio that when Y21 is F, then Y20 and Y22 are H; and when Y21 is H, then Y20
and Y22 are F;

B B
PN N
Formula M10 HO OH HO OH )

wherein * represents the point of attachment to said human insulin or human insulin

analogue; and

wherein the modifying group M is attached to the epsilon amino group of a lysine in position
22 of the A-chain of said human insulin analogue, or to the epsilon amino group of a lysine in

position 22 or position 29 of the B-chain of said human insulin or human insulin analogue.

55. The compound according to embodiment 54, wherein said human insulin or human

insulin analogue is a human insulin analogue comprising A22K and desB30.

56. A compound according to any one of embodiments 1 to 55, wherein the compound has
the ability to bind to the insulin receptor.
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57. A compound according to any one of embodiments 1 to 55, wherein the compound has
higher insulin receptor affinity in presence of 20 mM glucose than when no glucose is

present.

58. A compound according to any one of embodiments 1 to 55, wherein the compound has
at least 3-fold higher insulin receptor affinity in presence of 20 mM glucose than when no

glucose is present.

59. A compound according to any one of embodiments 1 to 55, wherein the compound has
at least 10-fold higher insulin receptor affinity in presence of 20 mM glucose than when no

glucose is present.

60. A compound according to any one of embodiments 1 to 55, wherein the compound has
at least 15-fold higher insulin receptor affinity in presence of 20 mM glucose than when no

glucose is present.

61. A composition comprising a compound according to any one of embodiments 1-55.

62. A compound according to any one of embodiments 1-55, for use as a medicament.

63. A compound according to any one of embodiments 1-55, for use in the prevention or
treatment of diabetes, diabetes of Type 1, diabetes of Type 2, impaired glucose tolerance,
hyperglycemia, and metabolic syndrome (metabolic syndrome X, insulin resistance

syndrome).

64. Use of a compound according to any one of embodiments 1-55 or the composition
according to embodiment 61, for the manufacture of a medicament for the treatment or
prevention of diabetes, diabetes of Type 1, diabetes of Type 2, impaired glucose tolerance,
hyperglycemia, and metabolic syndrome (metabolic syndrome X, insulin resistance

syndrome).

65. A method for the treatment or prevention of diabetes, diabetes of Type 1, diabetes of
Type 2, impaired glucose tolerance, hyperglycemia, and metabolic syndrome (metabolic
syndrome X, insulin resistance syndrome), which method comprises administration to a
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subject in need thereof a therapeutically effective amount of a compound according to any

one of embodiments 1-55 or the composition according to embodiment 61.

EXAMPLES

Materials and Methods

List of Abbreviations

AIBN 2,2’-Azobisisobutyronitrile

AKT alias PKB, Protein kinase B

ALP achromobactor lyticus protease

Ar aryl

ARS alizarin red sodium

c18 octadecanyl (HPLC column)

Ccv column volume

DAST Diethylaminosulfur trifluoride

DBU 1,8-diazabicyclo(5.4.0)undec-7-en

DCM dichloromethane

DIC N, N-diisopropylcarbodiimide

DMF N, N-dimethylformamide

DIPEA N, N-diisopropylethylamine

EDC.HCI N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride

EtOAc ethyl acetate

FFC Free fat cells (r, rats)

Fmoc-OSu 9-fluorenylmethyl N-succinimidyl carbonate

HATU 1-((dimethylamino)({dimethyliminio)methyl)-1H-[1,2, 3]triazolo[4,5-b]pyridine
3-oxide hexafluorophosphate

HBTU 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

HIR human insulin receptor (A = A isoform, B = B isoform)

HOBt 1-hydroxybenzotriazole

HONSU N-hydroxysuccinmide

HRMS high resolution mass spectrometry

HSA Human Serum Albumin

Kd displacement constant
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LCMS
MeCN
mM
NBS
N.D.
NMM
NMR
NMP
OEG
OXYMA
RP-HPLC
Ph

SPA
TFA
THF
THPTA
TSTU
UPLC
WGA

79 PCT/EP2020/058641
liquid chromatography mass spectrometry
acetonitrile
millimolar
N-bromosuccinimide

Non detectable

N-methyl-morpholine

nuclear magnetic resonance

N-methyl-pyrrolidone

2-(2-aminoethoxy)ethoxy-acetic acid (oligoethyleneglycol amino acid)
ethyl cyanohydroxyiminoacetate

reverse-phase high performance liquid chromatography
phenyl

scitillation proximity assay

trifluoroacetic acid

tetrahydrofuran
tris(3-hydroxypropyltriazolylmethyl)amine
succinimidyl-tetramethyluronium tetrafluoroborate

ultra performance liquid chromatography

Wheat germ agglutinin

Preparation of insulin variants

Example 1: Expression of insulin variants in yeast and transformation with ALP etc

The insulin analogues were expressed in yeast using well-known techniques
e.g. as disclosed in W0O2017/032798. More specifically, the insulin analogues were

expressed as single-chain precursors, which were isolated by ion-exchange capture, and

cleaved to the 2-chain insulin analogues by treatment with ALP as described below.

Capture of the precursor on SP Sepharose BB:

The yeast supernatant was loaded with a flow of 10-20 CV/h onto a column packed with SP
Sepharose BB. A wash with 0.1 M citric acid pH 3.5 and a wash with 40% EtOH were
performed. The analogue was eluted with 0.2 M sodium acetate pH 5.5 / 35 % EtOH.

ALP digestion:
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The solution of single-chain precursor was adjusted to pH 9 and ALP enzyme was added
1:100 (w/w). The reaction was followed on UPLC. ALP cleavage pool was adjusted to pH 2.5
and diluted 2-fold in order to be prepared for RP-HPLC purification.

RP-HPLC Purification:

Purification was performed by RP-HPLC C18 as below:
Column: 15um C18 50x250mm 200A

Buffers:

A: 0.2% formic acid, 5 % EtOH,

B: 0.2% formic acid, 50 % EtOH

The gradient: 20-55 % B-buffer.

Gradient: 20 CV

Flow 20 CV/h

Load g ~ 5 g/l resin

Fractions were analysed by UPLC, pooled and freeze dried.

Insulin analogues prepared and used in the examples below:

desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:11);

A14E B1K B2P B25H desB27 desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:13);
A14E A22K B25H desB27 desB30 human insulin (SEQ ID NO:5 and SEQ ID NO:14);

A14E A22K B25H B27P B28G desB30 human insulin (SEQ ID NO:5 and SEQ ID NO:15);
A14E desB1-B2 B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:16);

A14E desB1-B2 B3G B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:17);
A14E B-1G B1K B2P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:18);

A22K desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:11);

A22K B29R desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:19);

A22K B22K B29R desB30 human insulin (SEQ ID NO:6 and SEQ 1D NO:20);

A-2K A-1P desB30 human insulin (SEQ ID NO:7 and SEQ ID NO:11);

A21Q (GES)3K desB30 human insulin (SEQ ID NO:8 and SEQ ID NO:11);

A21Q (GES)6K desB30 human insulin (SEQ ID NO:9 and SEQ ID NO:11);

A21Q (GES)12K desB30 human insulin (SEQ ID NO:10 and SEQ ID NO:11);
B1-KPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:21);
B1-KPGGGGSGGGGSGGGGS A14E B25H desB30 human insulin (SEQ ID NO:4 and SEQ
ID NO:22),

B1-GKPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:23);
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B1-GKPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:24);
B1-GKPGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:25);

B1-GKPG desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:26);
B1-GKPRGFFYTPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID
NO:27); and

B1-TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ
ID NO:28).

B1-GKPRGFFYTPGGGGSGGGGS desB30 human insulin means desB30 human insulin
extended from B1 with GKPRGFFYTPGGGGSGGGGS (written from new N-terminal G with
C-terminal S connected to B1 of desB30 human insulin). A21Q (GES)3K desB30 human
insulin means insulin extended from A21Q with GESGESGESK (written from new N-terminal
G connected to C-terminal A21Q). Similar for the other B1 and A21 extended insulin

analogues. B-1 means the position N-terminally from B1, e.g. B-1G means N-terminal

extension of insulin B1 with G.

Preparation of building blocks

The intermediates and final products are given numbers within each example to make
reading easier. The same numbers are used across the exampiles, but the numbers are

unambiguos within each example.

Example 2: O-succinimidyl 3,5-bis[[[3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

llbenzoyilamino]methyllbenzoate
0
|

< 9
0~® | ®~0
.l o8 | ] H |
, N N
F <" F
10

O O
Mixture of 2-fluoro-4-carboxyphenylboronic acid (1, 8.44 g, 45.9 mmol), pinacol (5.42 g, 45.9
mmol) and magnesium sulfate (60 g) in tetrahydrofuran (110 mL) was stirred overnight at
room temperature. The suspension was filtered through celite pad, the filtrate was
evaporated and dried in vacuo to yield 3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
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yl)benzoic acid (2) as beige powder. Yield: 10.4 g (85%). '"H NMR spectrum (300 MHz,
CDCl3, 8H): 7.93-7.80 (m, 2 H); 7.75 (d, J=9.4 Hz, 1 H); 1.39 (s, 12 H).

The carboxylic acid 2 (10.3 g, 38.6 mmol) was dissolved in dichloromethane (130 mL). 1-
Hydroxy-pyrrolidine-2,5-dione (HOSu, 8.89 g, 77.2 mmol) and N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (EDC.HCI, 14.8 g, 77.2 mmol) were added. Resulting
mixture was stirred overnight at room temperature. The reaction mixture was partitioned
between ethyl acetate (130 mL) and 0.5 M aqueous solution of hydrochloric acid (130 mL).
Organic layer was washed with 0.5 M aqueous solution of hydrochloric acid (3 x 120 mL),
dried over anhydrous sodium sulfate, filtered and evaporated. The residue was dissolved in
dichloromethane (40 mL) and precipitated by addition of cyclohexane (130 mL). The product
was collected by filtration, washed with cyclohexane and dried in vacuo to yield succinimidy!
3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (3) as white powder. Yield:
13.9 g (99%). "H NMR spectrum (300 MHz, CDCls, §H): 7.93-7.84 (m, 2 H); 7.77 (d, J=9.4
Hz, 1 H); 2.92 (s, 4 H); 1.39 (s, 12 H).

3,5-Dimethylbenzoic acid 4 827.6 g, 18.4 mmol) was suspended in methanol (80 mL) and
treated with concentrated sulfuric acid (8 mL). The mixture was refluxed for 2 days. After
neutralization with sodium carbonate (50 g), the mixture was dissolved in water (250 mL) and
extracted with diethyl ether (2 x 300 mL). The organic phases were dried over anhydrous
sodium sulfate, filtered and evaporated to dryness affording methyl 3,5-dimethylbenzoate (5)
as pale yellow oil. Yield: 29.3 g (97%). 'H NMR spectrum (300 MHz, CDCls, §H): 7.67 (s, 2
H), 7.19 (s, 1 H); 3.91 (s, 3 H); 2.37 (s, 6 H).

A mixture of the above methyl 3,5-dimethylbenzoate 5 (29.3 g, 178 mmol), N-
bromosuccinimide (NBS, 111 g, 623 mmol) and a spatula of azobisisobutyronitrile in methyl
formate (450 mL) was irradiated with visible light while heating to reflux for 20 hours. The
solvent was evaporated and the residue was dissolved in dichloromethane (200 mL). The
precipitated succinimide was filtered off and the filtrate was washed with saturated aqueous
solution of sodium sulfite (2 x 150 mL). The organic layer was dried over anhydrous sodium
sulfate, filtered and evaporated. The residue was purified by flash column chromatography
(Silicagel 60, 0.040-0.063 mm; eluent: hexane/ethyl acetate 15:1). The product was
crystallized from ethyl acetate/cyclohexane mixture giving methyl 3,5-
bis(bromomethyl)benzoate (6) as white solid. Yield: 25.6 g (45%). RF (SiO;, hexanes/ethyl
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acetate 9:1): 0.50. "H NMR spectrum (300 MHz, CDCl,, H): 8.02-7.95 (m, 2 H); 7.62 (s, 1
H); 4.51 (s, 4 H); 3.94 (s, 3 H).

A suspension of the above bromide 6 (25.3 g, 78.6 mmol) and sodium diformylamide (20.9 g,
220 mmol) in dry acetonitrile (350 mL) was refluxed for 4 hours. After removal of a white solid
by filtration, the solvent was evaporated. Recrystallization from ethyl acetate/cyclohexane
mixture afforded methyl 3,5-bis((N-formylformamido)methyl)benzoate (7) as white powder.
Yield: 21.0 g (88%). 'H NMR spectrum (300 MHz, DMSO-d6, H): 9.08 (s, 4 H); 7.72 (s, 2 H);
7.44 (s, 1 H); 4.70 (s, 4 H); 3.84 (s, 3 H).

Benzoate 7 (20.9 g, 68.5 mmol) was dissolved in a mixture of 1,4-dioxane (220 mL) and
concentrated hydrochloric acid (280 mL) and heated for 2 hours to reflux. After cooling down
to room temperature, a flow of air was passed through the solution. Product began to
precipitate. After 1 hour, the solvent was evaporated and product was recrystallized from
methanol/diethyl ether mixture affording 3,5-bis(aminomethyl)benzoic acid dihydrochloride
(8) as white powder. Yield: 17.1 g (98%). '"H NMR spectrum (300 MHz, DMSO-d6, 5H): 13.26
(bs, 1 H); 8.65 (bs, 6 H); 8.10 (s, 2 H); 7.88 (s, 1 H); 4.08 (s, 4 H).

Dihydrochloride 8 (2.08 g, 8.20 mmol) was dissolved in water (20 mL). Subsequently N,N-
diisopropylethylamine (5.73 mL, 32.9 mmol), N,N-dimethylformamide (40 mL.) and activated
ester (3, 5.97 g, 16.4 mmol) were added. The mixture was stirred overnight at room
temperature; then it was acidified by 1 M aqueous solution of hydrochloric acid. The solvent
was co-evaporated with toluene three times. The residue was dissolved in
dichloromethane/toluene mixture (1:1, 100 mL) and treated with pinacol (1.40 g, 11.8 mmol).
The mixture was evaporated three times from toluene. The residue was dissolved in ethyl
acetate (250 mL) and washed with water (3 x 150 mL). Organic layer was dried over
anhydrous sodium sulfate, filtered and evaporated. The residue was dissolved in
dichloromethane (10 mL) and product started to precipitate. Cyclohexane was added (170
mL). The precipitate was collected by filtration, washed with cyclohexane and dried in vacuo
to give 3,5-bis((3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzamido)methyl)benzoic acid (9) as white powder. Yield: 4.18 g (75%). '"H NMR
spectrum (300 MHz, DMSO-d6, 5H): 12.96 (bs, 1 H); 9.27 (t, J=5.9 Hz, 2 H); 7.82-7.67 (m, 6
H); 7.64-7.56 (m, 2 H); 7.53 (s, 1 H); 4.58-4.44 (m, 4 H); 1.31 (s, 24 H).
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The above acid 9 (4.17 g, 6.20 mmol) was dissolved in acetonitrile/N, N-dimethylformamide
mixture (4:1, 100 mL). N-hydroxysuccinimide (HOSu, 0.85 g, 7.40 mmol) was added. The
mixture was cooled down to 0 °C followed by addition of N, N-dicyclohexylcarbodiimide (DCC,
1.53 g, 7.40 mmol). The mixture was stirred for 30 minutes at 0 °C and overnight at room
temperature. The insoluble by-product was filtered off and the filirate was evaporated. The
residue was dissolved in ethyl acetate (250 mL) and washed with water (2 x 150 mL).
Organic layer was dried over anhydrous sodium sulfate, filtered and evaporated. The residue
was dissolved in dichloromethane (10 mL) and product started to precipitate. Cyclohexane
was added (170 mL). The precipitate was collected by filtration, washed with cyclohexane
and dried in vacuo to give O-succinimidyl 3,5-bis[[[3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoyljamino]methyllbenzoate (10) as white powder. Yield: 4.62 g (97%).
'H NMR spectrum (300 MHz, DMSO-d6, §H): 9.31 (t, J=5.7 Hz, 2 H); 7.93 (s, 2 H); 7.79-7.68
(m, 5H); 7.63-7.56 (m, 2 H); 4.60-4.50 (m, 4 H); 2.87 (s, 4 H); 1.31 (s, 24 H). LC-MS: 773.4
(M+H)", calculated 773.4.

Example 3: O-succinimidyl N, N-bis(3-fluoro-4-(4,4.5 5-tetramethyl-1,3.2-dioxaborolan-2-

yhbenzamido-Lys-beta-Ala

2-Chlorotrityl resin 100-200 mesh 1.8 mmol/g 1 (53.3 g, 96.0 mmol) was left to swell in dry
dichloromethane (350 mL) for 20 minutes. Then the resin was filtered and washed with dry
dichloromethane (300 mL). After that the solution of Fmoc-Ala-OH (24.9 g, 80.0 mmol) and
N, N-diisopropylethylamine (55.7 mL, 320 mmol) in dry dichloromethane (250 mL) was added
to the resin and the mixture was shaken overnight. After that the resin was filtered and
treated with a solution of N, N-diisopropylethylamine (50 mL) in methanol/dichloromethane
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mixture (4:1, 2 x 5 min, 2 x 250 mL). Then the resin was filtered and washed with N,N-
dimethylformamide (2 x 250 mL), dichloromethane (2 x 250 mL) and N, N-dimethylformamide
(2 x 250 mL). Fmoc group was removed by treatment with 20% solution of piperidine in N, N-
dimethylformamide (1 x 5 min, 1 x 30 min, 2 x 250 mL). After that the resin was filtered and
washed with N, N-dimethylformamide (2 x 250 mL), dichloromethane (2 x 250 mL) and N, N-
dimethylformamide (2 x 250 mL). After that the solution Fmoc-L-Lys(Boc)-OH (56.2 g, 120
mmol), 5-chloro-1-((dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2, 3]triazole-3-
oxide tetrafluoroborate (TCTU, 42.7 g, 120 mmol) and N, N-diisopropylethylamine (34.8 mL,
200 mmol) in N,N-dimethylformamide (180 mL) was added to resin and mixture was shaken
for 3 hours. After that the resin was filtered and washed with N, N-dimethylformamide (2 x
250 mL), dichloromethane (2 x 250 mL) and N,N-dimethylformamide (2 x 250 mL). Fmoc
group was removed by treatment with 20% solution of piperidine in N,N-dimethylformamide
{1 x 5 min, 1 x 30 min, 2 x 300 mL). Then the resin was filtered and washed with N,N-
dimethylformamide (2 x 300 mL), dichioromethane (2 x 300 mL), methanol (2 x 300 mL) and
dichloromethane (10 x 300 mL). The product was cleaved from the resin by the treatment
with 2,2,2-trifluoroethanol (300 mL) overnight. Resin was filtered off and washed with
dichloromethane (2 x 200 mL), 2-propanol (2 x 200 mL) and dichloromethane (2 x 200 mL).
The solvent was removed under reduced pressure and the residue was triturated in diethyl
ether (2 x 300 mL). After filtration and drying we obtained L-Lys(Boc)-beta-Ala (2) as off-
white powder. Yield: 13.3 g (56%). "H NMR spectrum (300 MHz, AcOD-d4, OH): 4.20 (t, J=7.1
Hz, 1 H); 3.66-3.46 (m, 2 H); 3.17-3.00 (m, 2 H); 2.65 (t, J=6.4 Hz, 2 H); 1.97-1.80 (m, 2 H);
1.60-1.30 (m, 13 H).

95% aqueous solution of trifluoroacetic acid (60 mL) was added to the suspension of 2 (13.2
g, 41.6 mmol) in dichloromethane (50 mL) and the whole mixture was stirred for 2 hours.
Then the solvent was removed under reduced pressure and the residue was dried in vacuo
to give L-Lys-beta-Ala TFA salt (3) as brown oil. Yield: 18.5 g (100%). "H NMR spectrum
(300 MHz, AcOD-d4, 8H): 4.24 (t, J=6.7 Hz, 1 H); 3.71-3.46 (m, 2 H); 3.09 (t, J=7.5 Hz, 2 H);
2.66 (t, J=6.6 Hz, 2 H); 2.01-1.89 (m, 2 H); 1.85-1.68 (m, 2 H); 1.60-1.46 (m, 2 H).

Triethylamine (14.1 mL, 101 mmol) was added to the solution of 3 (15.0 g, 33.7 mmol) in
acetonitrile to give an off-white precipitate. After filtration and drying was obtained L-Lys-
beta-Ala (4) as white hygroscopic powder. Yield: 7.30 g (100%). "H NMR spectrum (300
MHz, AcOD-d4, 8n): 4.21 (t, J=6.4 Hz, 1 H); 3.72-3.45 (m, 2 H); 3.08 (t, J=7.4 Hz, 2 H); 2.65
(t, J=6.0 Hz, 2 H); 2.00-1.88 (m, 2 H); 1.83-1.66 (m, 2 H); 1.59-1.43 (m, 2 H).
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Succinimidyl 3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate 5 (5.00 g, 13.8
mmol) was added to the suspension of 4 (3.00 g, 13.8 mmol) and triethylamine (7.74 mL,
55.5 mmol) in dry acetonitrile (80 mL) and the whole mixture was stirred overnight. Then the
solvent was removed under reduced pressure and co-evaporated with toluene three times.
After that the ethyl acetate (70 mL) was added and the mixture was washed with water (3 x
50 mL). Organic layer was separated, dried over anhydrous sodium sulfate, filtered and
evaporated. The residue was dissolved in dichloromethane (2 mL) and added dropwise to
vigorously stirred cyclohexane (100 mL). The precipitate was collected by filtration, washed
with cyclohexane and dried in vacuo to give N, N-bis(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzamido-Lys-beta-Ala (6) as white powder. Yield: 2.31 g (47%). "H NMR
spectrum (300 MHz, AcOD-d4, 6r): 7.83-7.73 (m, 2 H); 7.71-7.45 (m, 4 H); 4.77 (1, J=7.2 Hz,
1 H); 3.61-3.39 (m, 4 H); 2.64 (t, J=6.2 Hz, 2 H); 2.00-1.80 (m, 2 H); 1.77-1.47 (m, 4 H); 1.37
(s, 24 H).

N-hydroxysuccinimide (HOSu, 0.97 g, 8.41 mmol) was added to the solution of 6 (2.00 g,
2.80 mmol) in dry acetonitrile (70 mL). The mixture was cooled down to 0 °C followed by
addition of N,N-dicyclohexylcarbodiimide (DCC, 0.87 g, 4.20 mmol). After 30 minutes the
reaction mixture was allowed to warm to room temperature and stirred overnight. The
insoluble by-product was filtered off and the filtrate was evaporated. The residue was
dissolved in ethyl acetate (100 mL) and washed with 1 M aqueous solution of hydrochloric
acid (3 x 70 mL), water (70 mL) and brine (70 mL). Organic layer was separated, dried over
anhydrous sodium sulfate, filtered and evaporated. The residue was co-evaporated with
pinacol in toluene five times. Then the residue was dissolved in ethyl acetate (100 mL) and
washed with 0.1 M aqueous solution of hydrochloric acid (70 mL), water (70 mL) and brine
(70 mL). Organic layer was separated, dried over anhydrous sodium sulfate, filtered and
evaporated. The residue was dissolved in dichloromethane (3 mL) and added dropwise to
vigorously stirred mixture of cyclohexane/diethyl ether (10:1, 110 mL). The precipitate was
collected by filtration, washed with cyclohexane and dried in vacuo. The residue cyclohexane
was removed by co-evaporation with dichloromethane five times. After drying O-succinimidyl
N,N-bis(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido-Lys-beta-Ala (7)
was obtained as off-white foam. Yield: 1.12 g (48%). "H NMR spectrum (300 MHz, CDCls,
8H): 7.83-7.71 (m, 2 H); 7.62-7.40 (m, 4 H); 7.19 (d, J=7.7 Hz, 1 H); 7.02 (t, J=6.1 Hz, 1 H);
6.68 (t, J=5.6 Hz, 1 H); 4.67 (m, 1 H); 3.73-3.62 (m, 2 H); 3.44 (g, J=6.2 Hz, 2 H); 2.90-2.78
(m, 6 H); 2.07-1.60 (m, 4 H); 1.53-1.30 (m, 26 H). LC-MS: 810.5 (M+H)*, calculated 810.4.
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Example 4. O-succinimidyl N. N-bis( 3-f|uoro-4—(4.4,5,15—tetramethvl—1.3.2-dioxabo’rolan—2—

benzamido-Lys-Gl

Mixture of 2-fluoro-4-carboxyphenylboronic acid 1 (4.95 g, 27.0 mmol), pinacol (3.21 g, 27.2
mmol) and magnesium sulfate (450 g) in tetrahydrofuran (80 mL) was stirred overnight at
room temperature. The suspension was filtered through celite pad, the filtrate was
evaporated and dried in vacuo to yield 3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhbenzoic acid (2) as yellow powder. Yield: 7.06 g (98%). "H NMR spectrum (300 MHz,
CDCls, 3H): 7.93-7.80 (m, 2 H); 7.76 (d, J=9.4 Hz, 1 H); 1.39 (s, 12 H).

The carboxylic acid 2 (7.05 g, 26.5 mmol) was dissolved in dichloromethane (100 mL). N-
Hydroxysuccinimide (HOSu, 6.10 g, 53.0 mmol) and N~(3-dimethylaminopropyl)-N*-
ethylcarbodiimide hydrochloride (EDC.HCI, 10.2 g, 53.0 mmol) were added. Resulting
mixture was stirred overnight at room temperature. The reaction mixture was partitioned
between ethyl acetate (110 mL) and 0.1 M aqueous solution of hydrochloric acid (110 mL).
Organic layer was washed with 0.1 M aqueous solution of hydrochloric acid (2 x 100 mL) and
brine (1 x 100 mL), dried over anhydrous sodium sulfate, filtered and evaporated. The
residue was dissolved in dichloromethane (20 mL) and precipitated by addition of
cyclohexane (120 mL). The product was collected by filtration, washed with cyclohexane and
dried in vacuo to yield succinimidyl 3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzoate (3) as white powder. Yield: 9.60 g (99%). '"H NMR spectrum (300 MHz, DMSO-
ds, SH): 7.96-7.89 (m, 2 H); 7.79 (d, J=9.4 Hz, 1 H); 2.91 (s, 4 H); 1.33 (s, 12 H).
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L-Lys-Gly TFA salt 4 (2.67 g, 6.20 mmol) was dissolved in water (20 mL). Subsequently N,N-
diisopropylethylamine (4.32 mL, 24.8 mmol), N, N-dimethylformamide (40 mL) and 2,5-
dioxopyrrolidin-1-yl 3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (3, 4.50
g, 12.4 mmol) were added. The mixture was stirred overnight at room temperature; then it
was acidified by 1 M aqueous solution of hydrochloric acid. The solvent was co-evaporated
with toluene three times. The residue was dissolved in dichloromethane/toluene mixture (1:1,
100 mL) and treated with pinacol (1.00 g, 8.46 mmol). The mixture was evaporated three
times from toluene. The residue was dissolved in ethyl acetate (250 mL) and washed with
water (3 x 150 mL). Organic layer was dried over anhydrous sodium sulfate, filtered and
evaporated. The residue was dissolved in dichloromethane (10 mL) and added dropwise to a
cold cyclohexane (200 mL). The precipitate was collected by filtration, washed with
cyclohexane and dried in vacuo. The solid was dissolved in dichloromethane (10 mL). Diethyl
ether (10 mL) and cyclohexane (150 mL) were added. The solvent was decanted, the
residue was dried in vacuo to yield N,N*-bis(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoyl)-L-lysylglycine (5) as beige solid. Yield: 1.60 g (37%). 'H NMR
spectrum (300 MHz, CDCls, 8r): 7.91-7.79 (m, 2 H); 7.78-7.64 (m, 2 H); 7.58-7.34 (m, 4 H);
7.19-7.07 (m, 1 H); 4.86-4.72 (m, 1 H); 4.15-3.88 (m, 2 H); 3.47-3.25 (m, 2 H); 2.00-1.74 (m,
2 H); 1.66-1.52 (m, 2 H); 1.50-1.37 (m, 2 H); 1.34 (s, 24 H). LC-MS: 699.3 (M+H)*, 617.2
(M+H-pinacol)*, 535.0 (M+H-2 x pinacol)*.

The above acid 5 (1.59 g, 2.30 mmol) was dissolved in dichloromethane (70 mL). N-
Hydroxysuccinimide (HOSu, 0.31 g, 2.70 mmol) and N-(3-dimethylaminopropyl)-N"
ethylcarbodiimide hydrochloride (EDC.HCI, 0.65 g, 3.40 mmol) were added. The reaction
mixture was stirred for 5 hours at room temperature. The mixture was washed with 0.1 M
aqueous solution of hydrochloric acid (2 x 80 mL) and brine (1 x 80 mL). Organic layer was
dried over anhydrous sodium sulfate, filtered and evaporated to dryness giving O-
succinimidyl N, N-bis(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido-Lys-
Gly (6) as beige solid. Yield: 1.29 g (70%). 'H NMR spectrum (300 MHz, DMSO-ds, &):
8.73-8.53 (m, 3 H); 7.78-7.61 (m, 5 H); 7.54 (d, J=10.4 Hz, 1 H); 4.52-4.40 (m, 1 H); 4.36-
4.17 (m, 2 H); 3.29-3.17 (m, 2 H); 2.81 (s, 4 H); 1.87-1.68 (m, 2 H); 1.59-1.47 (m, 2 H); 1.46-
1.36 (m, 2 H); 1.31 (s, 24 H). LC-MS: 796.4 (M+H)*, calculated 796.4.
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Example 5: 2-((23-(3,5-Bis((3-(3-acetoxy-2,2-

pentaoxa-8,15-diazatricosyhoxy)-N-{4-formylbenzyl zacetamnd

o

Hﬂc\ﬁ‘& MW% cH
H;.c——( 2 2,;' ¥

A mixture of pentaerythritol (136 g, 1.00 mol), sodium hydroxide (8.00 g, 200 mmol), dimethyl
sulfoxide (200 mL) and water (18 mL) was heated at 80 °C until a clear solution was formed
(overnight). tert-Butyl acrylate (2, 174 mL, 1.20 mol) was added and the resulting mixture
was heated at 80 °C for 24 hours; then it was cooled to room temperature, diluted with water
(200 mL) and extracted with ethyl acetate (3 x 400 mL). Combined organic layers were
washed with water (400 mL) and brine (100 mL). Since the aqueous washes contained the
product (3), they were combined and re-extracted with ethyl acetate (2 x 200 mL). All ethyl
acetate fractions were combined, dried over anhydrous sodium sulfate and evaporated to
dryness. The residue was purified by flash column chromatography (Silicagel 60, 0.040-
0.063 mm; eluent: dichloromethane/methanol 99:1-90:10) to give tert-butyl 3-(3-hydroxy-2,2-
bis(hydroxymethyl)propoxy)propanoate (3) as colorless oil.

Yield: 39.7 g (15%). RF (8i02, dichloromethane/methanol 9:1): 0.30.

1H NMR spectrum (300 MHz, CDCls, 8H): 3.67 (t, J=5.6 Hz, 2 H); 3.65 (s, 6 H); 3.52 (s, 2 H);
2.73 (bs, 3 H); 2.49 (t, J=5.7 Hz, 2 H); 1.46 (s, 9 H). LC-MS: 287.2 (M+Na)+.

Acetic anhydride (95.6 mL, 350 mmol) was added to a solution of the above tert-butyl 3-(3-
hydroxy-2,2-bis(hydroxymethyl)propoxy)propanoate (3, 74.5 g, 281 mmol) and N,N-
diisopropylethylamine (88.1 mL, 506 mmol) in dry dichloromethane (600 mL) at 0 °C. The
cooling bath was removed and the resulting solution was stirred at room temperature
overnight. The volatiles were removed in vacuo; the residue was re-dissolved in ethyl acetate
(2 L) and washed with water (600 mL), 0.5 M aqueous hydrochloric acid (1.2 L), water (600
mL), 10% aqueous solution of potassium hydrogencarbonate (600 mL), water (600 mL) and
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brine (230 mL). The organic layer was dried over anhydrous sodium sulfate and evaporated
to dryness. The residue was purified by flash column chromatography (Silicagel 60, 0.040-
0.063 mm; eluent: cyclohexane/ethyl acetate 9:1-8:2) to afford 2-(acetoxymethyl)-2-((3-(tert-
butoxy)-3-oxopropoxy)methyl)propane-1,3-diyl diacetate (4) as colorless oil.

Yield: 86.7 g (79%). RF (Si0O2, hexanes/ethyl acetate 3:2): 0.40. '"H NMR spectrum (300
MHz, CDCl3, 8H): 4.11 (s, 6 H); 3.65 (t, J=6.2 Hz, 2 H); 3.44 (s, 2 H); 2.45 (t, J=6.3 Hz, 2 H);
2.06 (s, 9 H); 1.46 (s, 9 H). LC-MS: 413.2 (M+Na)+.

Trifluoroacetic acid (300 mL) was added to a solution of the above 2-{(acetoxymethyl}-2-((3-
(tert-butoxy)-3-oxopropoxy)methyl)propane-1,3-diyl diacetate (4, 86.0 g, 220 mmol) in
dichloromethane (100 mL). The resulting solution was stirred at room temperature for 2
hours, then it was evaporated to dryness and the residue evaporated from toluene (3 x 150
mL). The residue was purified by flash column chromatography (Silicagel 60, 0.040-0.063
mm; eluent: dichloromethane/methanol 10:0-9:1), fractions containing product were
evaporated to give the title compound (5) as light brown oil.

Yield: 70.4 g (96%). RF (8i02, hexanes/ethyl acetate 1:1): 0.25. 'H NMR spectrum (300
MHz, CDCls, 6H): 4.10 (s, 6 H); 3.69 (t, J=6.1 Hz, 2 H); 3.46 (s, 2 H); 2.60 (t, J=6.1 Hz, 2 H);
2.06 (s, 9 H). LC-MS: 357.2 (M+Na)+.

2-Chlorotrityl resin 100-200 mesh 1.5 mmol/g (10.7 g, 16.0 mmol) was left to swell in dry
dichloromethane (100 mL) for 20 minutes. A solution of {2-[2-(9H-fluoren-8-
ylmethoxycarbonylamino)-ethoxy]-ethoxy}-acetic acid (Fmoc-OEG-OH, 4.12 g, 10.7 mmol)
and N, N-diisopropylethylamine (7.07 mL, 40.6 mmol) in dry dichloromethane (20 mL) was
added to resin and the mixture was shaken for 16 hours. Resin was filtered and treated with
a solution of N, N-diisopropylethylamine (3.72 mL, 21.4 mmol) in methanol/dichloromethane
mixture (2:8, 2 x 5 min, 2 x 50 mL). Then resin was washed with N,N-dimethylformamide (2 x
50 mL), dichloromethane (2 x 50 mL) and N, N-dimethylformamide (2 x 50 mL). Fmoc group
was removed by treatment with 20% piperidine in N, N-dimethyiformamide (1 x 5 min, 1 x 10
min, 1 x 30 min, 3 x 50 mL). Resin was washed with N, N-dimethylformamide (2 x 50 mL), 2-
propanol (2 x 50 mL) and dichloromethane (2 x 50 mL). Solution of {2-[2-(9H-fluoren-9-
ylmethoxycarbonylamino)-ethoxy]-ethoxy}-acetic acid (Fmoc-OEG-OH, 6.17 g, 16.0 mmol),
5-chloro-1-((dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2, 3]triazole 3-oxide
tetrafluoroborate (TCTU, 5.70 g, 16.0 mmol) and N,N-diisopropylethylamine (5.02 mL, 28.8
mmoi) in N,N-dimethylformamide (50 mL) was added to resin and mixture was shaken for 1
hour. Then resin was washed with N, N-dimethylformamide (2 x 50 mL), dichloromethane (2 x
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50 mL) and N,N-dimethylformamide (2 x 50 mL). Fmoc group was removed by treatment with
20% piperidine in N,N-dimethylformamide (1 x 5 min, 1 x 10 min, 1 x 30 min, 3 x 50 mL).
Resin was washed with N, N-dimethylformamide (2 x 50 mL), 2-propanol (2 x 50 mL),
dichloromethane (2 x 50 mL). Solution of {2-[2-(9H-fluoren-9-yimethoxycarbonylamino)-
ethoxy}-ethoxy}-acetic acid (Fmoc-OEG-OH, 6.17 g, 16.0 mmol), 5-chloro-1-
((dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2,3]triazole 3-oxide tetrafluoroborate
(TCTY, 5.70 g, 16.0 mmol) and N,N-diisopropylethylamine (5.02 mL, 28.8 mmol) in N,N-
dimethylformamide (50 mL) was added to resin and mixture was shaken for 1 hour. Then
resin was washed with N, N-dimethylformamide (2 x 50 mL), dichloromethane (2 x 50 mL)
and N, N-dimethylformamide (2 x 50 mL). Fmoc group was removed by treatment with 20%
piperidine in N,N-dimethylformamide (1 x 5 min, 1 x 10 min, 1 x 30 min, 3 x 50 mL). Resin
was washed with N, N-dimethylformamide (2 x 50 mL), 2-propanol (2 x 50 mL),
dichloromethane (2 x 50 mL). Solution of 3,5-bis((({(9H-fluoren-9-yl)methoxy)
carbonyljamino)methyl)benzoic acid (10.0 g, 16.0 mmol), 5-chloro-1-
{(dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2,3]triazole 3-oxide tetrafluoroborate
(TCTU, 5.70 g, 16.0 mmol) and N,N-diisopropylethylamine (5.02 mL, 28.8 mmol) in N,N-
dimethylformamide (50 mL) was added to resin and mixture was shaken for 1 hour. Then
resin was washed with N, N-dimethylformamide (2 x 50 mL), dichloromethane (2 x 50 mL)
and N,N-dimethylformamide (2 x 50 mL). Fmoc group was removed by treatment with 20%
piperidine in N, N-dimethylformamide (1 x 5 min, 1 x 10 min, 1 x 30 min, 3 x 50 mL). Resin
was washed with N, N-dimethylformamide (2 x 50 mL), 2-propanol (2 x 50 mL),
dichloromethane (2 x 50 mL). Solution of 3-(3-acetoxy-2,2-
bis(acetoxymethyl)propoxy)propanoic acid (5, 10.7 g, 32.0 mmol), ethyl cyano-glyoxylate-2-
oxime (OXYMA, 4.55 g, 32.0 mmol), 2,4,6-collidine (7.68 mL, 6.99 mmol) and N,N-
diisopropylcarbodiimide (DIC, 4.96 g, 32.0 mmol) in N,N-dimethyiformamide (40 mL) was
added 1o resin and mixture was shaken for 1 hour. Resin was filtered and washed with N, N-
dimethylformamide (3 x 50 mL), dichloromethane (4 x 50 mL), methanol (4 x 50 mL) and
dichloromethane (7 x 50 mL). The product was cleaved from the resin by the treatment with
mixture frifluoroacetic acid/dichloromethane (1:1, 50 mL) overnight. Resin was filtered off and
washed with dichloromethane (2 x 50 mL). The solvent was removed under reduced
pressure. The residue was purified by column chromatography (silicagel 60, 0.040-0.063
mm,; eluent: dichloromethane/methanol 100:0 to 90:10) giving compound (8) contaminated
with methylester and partially deacetylated products. Compound (8) was dissolved in
dioxane and solution of lithium hydroxide (3.42 g, 81.5 mmol) in water (160 mL) was added.
The mixture was stirred for 30 minutes, then neutralized with 1 M hydrochloric acid (80 mL)
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and freeze-dried. Deacetylated 8 was dissolved in mixture of dichloromethane (50 mL) and
N, N-dimethylformamide (10 mL), then pyridine (50 mL) and acetic anhydride (30.5 mL) was
added. The mixture was stirred for 72 hours and then evaporated multiple times from N,N-
dimethylformamide to give desired compound 8 as brown oil.

Yield: 13.2 g (99%). LC-MS: 1249 (M+H)+.

The above compound (8, 15.6 g, 12.5 mmol), 2,4,6-collidine (14.9 mL, 113 mmol),
[1,2,3]triazolo[4,5-b]pyridine-1-ol (HOAt, 5.10 g, 37.6 mmol) and N-(3-dimethylaminopropyl)-
N-ethylcarbodiimide hydrochioride (EDC.HCI, 7.89 g, 41.3 mmol) were dissolved in
dichloromethane (170 mL) and N,N-dimethylformamide (20 mL). 4-Formyl-benzyl-ammonium
chloride (7.08 g, 41.3 mmol) was added. The mixture was stirred at room temperature for 48
hours and evaporated in vacuo. The residue was purified by HPLC (Deltapak, C18, 5 m, 50 x
500 mm, acetonitrile/water, 15:85 to 25:75, during 30 min, 25:75 to 50:50, during 170 min +
0.05% TFA) to give title compound 10 as brownish oil. Yield: 1.96 g (12%). '"H NMR
spectrum (300 MHz, CDCls, 3H): 9.98 (s, 1 H); 7.84 (d, J=8.1 Hz, 2 H); 7.56-7.41 (m, 3 H);
7.39-7.33 (m, 1 H); 7.256-7.14 (m, 2 H); 7.09-7.00 (m, 1 H); 4.56 (d, J=6.2 Hz, 2 H); 4.46-4.40
(m, 4 H); 4.09-3.96 (m, 16 H); 3.91 (s, 2 H); 3.73-3.56 (m, 20 H); 3.52 (t, J=5.1 Hz, 4 H);
3.45-3.32 (m, 8 H); 2.49 (1, J=5.8 Hz, 4 H); 2.05 (s, 18 H). LC-MS: 1366 (M+H)+.

Example 6: Boc-Lys(Boc)-OEG3-benzaldehyde

o CH;
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The compound of example 6 was prepared similarly to compound of example 5 from Boc-
Lys(Boc).

Example 7: bis(bis(4-borono-3-flucrobenzovl)-3.5-aminomethylbenzoate-epsilon,alpha-Lys-
N-beta-Ala-OSu = (S)-3-(2,6-bis(3,5-bis((3-fluoro-4-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-
2-yl)benzamido)methyl)benzamido)hexanamido)propanoate
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13
3,5-Dimethylbenzoic acid (1, 45.1 g, 18.4 mmol) was suspended in methanol (130 mL) and
treated with concentrated sulfuric acid (13 mL.). The mixture was refluxed for 2 days. After
neutralization with sodium carbonate (80 g), the mixture was dissolved in water (250 mL) and
extracted with diethyl ether (2 x 300 mL). The organic phases were dried over anhydrous
sodium sulfate, filtered and evaporated to dryness affording methyl 3,5-dimethylbenzoate (2)
as pale yellow oil. Yield: 46.8 g (95%). "H NMR spectrum (300 MHz, CDCls, 3H): 7.67 (s, 2
H), 7.19 (s, 1 H); 3.91 (s, 3 H); 2.37 (s, 6 H).

A mixture of the above methyl 3,5-dimethylbenzoate (2, 46.7 g, 284 mmol), N-
bromosuccinimide (NBS, 177 g, 994 mmol) and a spatula of azobisisobutyronitrile in methyl
formate (550 mL) was irradiated with visible light while heating to reflux for 20 hours. The
solvent was evaporated and the residue was dissolved in dichloromethane (300 mL). The
precipitated succinimide was filtered off and the filtrate was washed with saturated aqueous
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solution of sodium sulfite (2 x 250 mL). The organic layer was dried over anhydrous sodium
sulfate, filtered and evaporated. The residue was purified by flash column chromatography
(Silicagel 60, 0.040-0.063 mm; eluent: hexane/ethyl acetate 15:1). The product was
crystallized from ethyl acetate/cyclohexane mixture (1:5, 360 mL) giving methyl 3,5-
bis(bromomethyl)benzoate (3) as white solid. Yield: 46.5 g (51%). RF (Si02, hexanes/ethyl
acetate 9:1): 0.50. "H NMR spectrum (300 MHz, CDCls, §H): 8.03-7.97 (m, 2 H); 7.62 (s, 1
H); 4.50 (s, 4 H); 3.94 (s, 3 H).

A suspension of the above bromide (3, 35.2 g, 109 mmol) and sodium diformylamide (29.1 g,
306 mmol) in dry acetonitrile (200 mL) was refluxed for 4 hours. After removal of a white solid
by filtration, the solvent was evaporated. Recrystallization from ethyl acetate/cyclohexane
mixture afforded methyl 3,5-bis({N-formylformamido)methyl)benzoate (4) as white powder.
Yield: 32.7 g (98%). 'H NMR spectrum (300 MHz, DMSO-d6, 8H): 9.08 (s, 4 H); 7.72 (s, 2 H);
7.44 (s, 1 H); 4.70 (s, 4 H); 3.84 (s, 3 H).

Benzoate (4, 32.7 g, 107 mmol) was dissolved in a mixture of 1,4-dioxane (340 mL) and
concentrated hydrochloric acid (430 mL) and heated for 2 hours to reflux. After cooling down
to room temperature, a flow of air was passed through the solution. Product began to
precipitate. After 1 hour, the solvent was evaporated and product was recrystallized from
methanol/diethyl ether mixture (300 mL) affording 3,5-bis(aminomethyl)benzoic acid
dihydrochioride (5) as white powder. Yield: 22.2 g (82%). '"H NMR spectrum (300 MHz, D20,
SH): 8.08 (s, 2 H); 7.72 (s, 1 H); 4.26 (s, 4 H).

Dihydrochloride (5, 6.33 g, 25.0 mmol) was dissolved in water (110 mL). Subsequently N, N-
diisopropyiethylamine (17.4 mL, 100 mmol), N, N-dimethylformamide (110 mL) and 2,5-
dioxopyrrolidin-1-yl 3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (6, 18.2
g, 50.0 mmol) were added. The mixture was stirred overnight at room temperature; then it
was neutralized by 1 M aqueous solution of hydrochloric acid. The solvent was co-
evaporated with toluene three times. The residue was dissolved in dichloromethane/toluene
mixture (1:1, 100 mL) and treated with pinacol (0.60 g, 5.00 mmol). The mixture was
evaporated three times from toluene. The residue was dissolved in ethyl acetate (250 mL)
and washed with water (3 x 150 mL). Organic layer was dried over anhydrous sodium
sulfate, filtered and evaporated. The residue was dissolved in dichloromethane (50 mL) and
product started to precipitate. Cyclohexane was added (170 mL). The precipitate was
collected by filtration, washed with cyclohexane and diethyl ether and dried in vacuo to give



10

15

20

25

30

35

WO 2020/201041 95 PCT/EP2020/058641

3,5-bis((3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido)methyl)benzoic
acid (7) as white powder. Yield: 14.5 g (86%). '"H NMR spectrum (300 MHz, DMSO-d6, H):
12.96 (bs, 1 H); 9.33-9.23 (m, 2 H); 7.83-7.67 (m, 6 H); 7.64-7.57 (m, 2 H); 7.54 (s, 1 H);
4.55-4.46 (m, 4 H); 1.31 (s, 24 H). LC-MS: 512.0 (M+H-2 x pinacol)+.

The above acid (7, 14.4 g, 21.3 mmol) was dissolved in acetonitrile/N, N-dimethylformamide
mixture (4:1, 100 mL). Subsequently N-hydroxysuccinimide (HOSu, 2.95 g, 25.6 mmol) and
N, N-dicyclohexylcarbodiimide (DCC, 5.28 g, 25.6 mmol) were added. The mixture was
stirred overnight at room temperature. The insoluble by-product was filtered off and the
filtrate was evaporated. The residue was dissolved in ethyl acetate (250 mL) and washed
with water (2 x 150 mL) and brine (1 x 150 mL). Organic layer was dried over anhydrous
sodium sulfate, filtered and evaporated. The residue was dissolved in acetonitrile (100 mL).
The residual N, N-dicyclohexylurea was filtered off and the filtrate was evaporated. The
residue was dissolve in tetrahydrofuran (150 mL) and treated with pinacol (0.60 g, 5.00
mmol) and molecular sieves overnight. The mixture was filtered through the celite pad and
the filtrate was evaporated. The residue was dissolved in dichloromethane (40 mL). The
product precipitated by addition of cyclohexane (150 mL). The precipitate was filtered,
washed with cyclohexane and diethyl ether and dried in vacuo to give 2,5-dioxopyrrolidin-1-yl
3,5-bis((3-flucro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido)methyl)benzoate
(8) as white powder. Yield: 13.3 g (75%). '"H NMR spectrum (300 MHz, DMSO-d6, §H): 9.34-
9.21(m, 2H), 7.94 (s, 2 H); 7.79-7.66 (m, 5 H); 7.65-7.56 (m, 2 H); 4.62-4.50 (m, 4 H); 2.88
(s, 4 H), 1.31 (s, 24 H). LC-MS: 773.4 (M+H)+, 691.2 (M+H-pinacol)+, 609.1 (M+H-2 x

pinacol)+.

2-Chilorotrityl resin 100-200 mesh 1.8 mmol/g (9, 10.9 g, 19.7 mmol) was left to swell in dry
dichloromethane (140 mL) for 20 minutes. A solution of 3-(({(9H-fluoren-9-
yl)methoxy)carbonyl)amino)propanoic acid (Fmoc-bAla-OH, 4.08 g, 13.1 mmol) and N,N-
diisopropylethylamine (8.68 mL, 49.9 mmol) in dry dichloromethane (120 mL) was added to
resin and the mixture was shaken overnight. Resin was filtered and treated with a solution of
N, N-diisopropylethylamine (4.57 mL, 26.2 mmol) in methanol/dichloromethane mixture (1:4,
10 min, 140 mL). Then resin was washed with dichioromethane (2 x 130 mL) and N,N-
dimethylformamide (2 x 130 mL). Fmoc group was removed by treatment with 20%
piperidine in N, N-dimethylformamide (1 x 5 min, 1 x 15 min, 2 x 130 mL). Resin was washed
with N,N-dimethylformamide (2 x 130 mL), 2-propanol (2 x 130 mL), dichloromethane (2 x
130 mL) and N, N-dimethylformamide (2 x 130 mL). Solution of N2,N6-bis(tert-
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butoxycarbonyl)-L-lysine (Boc-Lys(Boc)-OH, 9.09 g, 26.2 mmol), 5-chloro-1-
((dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2,3]triazole 3-oxide tetrafluoroborate
(TCTU, 9.33 g, 26.2 mmol) and N, N-diisopropylethylamine (8.23 mL, 47.2 mmol) in N, N-
dimethylformamide (110 mL) was added to resin and mixture was shaken for 3 hours. Resin
was filtered and washed with N, N-dimethylformamide (2 x 130 mL) and dichloromethane (10
x 130 mL). The product was cleaved from resin by treatment with 2,2, 2-triflucroethanol (220
mL) overnight. Resin was filtered off and washed with dichloromethane (2 x 200 mL).
Solutions were combined; solvent was evaporated and the residue was purified by flash
column chromatography (Silicagel 60, 0.040-063 mm; eluent: dichloromethane/methanol
90:10) affording (S)-3-(2,6-bis((tert-butoxycarbonyljamino)hexanamido)propanoic acid (10)
as white solid. Yield: 4.30 g (78%). RF (SiO2, dichloromethane/methanol 90:10): 0.40.

"H NMR spectrum (300 MHz, AcOD-d4, 8H): 4.27-3.99 (m, 1 H); 3.65-3.44 (m, 2 H); 3.17-
3.00 (m, 2 H); 2.70-2.56 (m, 2 H); 1.86-1.58 (m, 2 H); 1.57-1.26 (m, 22 H). LC-MS: 417.5
(M+H)+.

The above compound (10, 4.30 g, 10.3 mmol) was dissolved in trifluoroacetic acid (50 mL)
and left to stay for 1.5 hours. The solvent was evaporated. Diethyl ether (100 mL) was added
and mixture was stirred overnight. The solvent was decanted and the residue was dried in
vacuo to yield (S)-6-((2-carboxyethyl)amino)-6-oxohexane-1,5-diaminium 2,2,2-
trifluoroacetate (11) as tough oil. Yield: 4.50 g (100%). 'H NMR spectrum (300 MHz, DMSO-
d6, 6H): 8.58 (t, J=5.4 Hz, 1 H); 8.18 (bs, 2 H); 7.87 (bs, 2 H); 3.77-3.62 (m, 1 H); 3.34-3.18
(m, 2 H); 2.83-2.65 (m, 2 H); 1.74-1.60 (m, 2 H); 1.60-1.44 (m, 2 H); 1.37-1.19 (m, 2 H). LC-
MS: 217.2 (M+H)+,

The above salt (11, 2.70 g, 6.06 mmol) was dissolved in N, N-dimethylformamide (100 mL).
Subsequently N, N-diisopropylethylamine (5.30 mL, 30.3 mmol), water (50 mL) and activated
ester (8, 9.36 g, 12.1 mmol) were added. The mixture was stirred overnight at room
temperature; then it was neutralized by 1 M aqueous solution of hydrochloric acid. The
solvent was co-evaporated with toluene three times. The residue was dissolved in
dichloromethane/toluene mixture (1:1, 100 mL) and treated with pinacol (0.50 g, 4.23 mmol).
The mixture was evaporated three times from toluene. The residue was dissolved in ethyl
acetate (250 mL) and washed with water (1 x 100 mL) and brine (1 x 100 mL). Organic layer
was dried over anhydrous sodium sulfate, filtered and evaporated. Partial pinacol ester
cleavage was observed by NMR analysis. The material was treated with pinacol (0.04 g, 0.34
mmol) and magnesium sulfate (20.0 g) in tetrahydrofuran (110 mL) overnight. The mixture
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was filtered and the filtrate was evaporated. The product was crystallized from
dichloromethane/cyclohexane mixture (1:5, 180 mL) affording 3,5-bis((3-fluoro-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido)methyl )benzamido)hexanamido)propanoic
acid (12) as pale brown powder. Yield: 5.86 g (63%). 'H NMR spectrum (300 MHz, DMSO-
d6, 5H): 9.31-9.13 (m, 4 H); 8.53-8.43 (m, 1 H); 8.43-8.35 (m, 1 H); 8.11-7.98 (m, 1 H); 7.78-
7.55 (m, 16 H); 7.48-7.38 (m, 2 H); 4.55-4.43 (m, 8 H); 4.43-4.33 (m, 1 H); 3.31-3.13 (m, 4
H); 2.38 (1, J=6.4 Hz, 2 H); 1.79-1.64 (m, 2 H); 1.57-1.44 (m, 2 H); 1.42-1.21 (m, 50 H).

The carboxylic acid (12, 5.46 g, 3.57 mmol) was dissolved in acetonitrile (50 mL). N-
Hydroxysuccinimide (HOSu, 0.70 g, 6.07 mmol) and N, N-dicyclohexylcarbodiimide (1.47 g,
7.14 mmol) were added. Resulting mixture was stirred overnight at room temperature. The
byproduct was removed by filtration. The filtrate was evaporated. The residue was dissolved
in ethyl acetate (150 mL) and washed with water (1 x 100 mL) and brine (1 x 100 mL). The
organic layer was dried over anhydrous sodium sulfate, filtered and evaporated. The residue
was dissolved in dichloromethane (60 mL) and treated with pinacol (0.06 g, 0.50 mmol) and
molecular sieves overnight. The mixture was filtered and filtrate was evaporated. The residue
was dissolved in ethyl acetate (10 mL) and precipitated after addition of diethyl ether (90 ml).
The product was collected by filtration, washed with diethyl ether and dried in vacuo to yield
the title compound (13) as pale brown powder. Product contains traces of N,N-
dicyclohexylurea. Yield: 1.55 g (27%). 'H NMR spectrum (300 MHz, DMSO-d6, 8H): 9.28-
9.17 (m, 3 H); 8.52-8.33 (m, 2 H); 8.25-8.15 (m, 1 H); 7.80-7.51 (m, 16 H); 7.48-7.35 (m, 2
H); 4.58-4.32 (m, 9 H); 3.49-3.35 (m, 2 H); 3.25-3.09 (m, 2 H); 2.91-2.72 (m, 6 H); 1.81-1.65
(m, 2 H); 1.57-1.42 (m, 2 H); 1.41-1.12 (m, 50 H). LC-MS: 1631.9 (M+H)+, 1549.0 (M-
pinacol+H)+, 715.0 (M-2 x H20-2 x pinacol /2+H)+, 1384.5 (M-3 x pinacol+H)+, 1302.3 (M-4

X pinacol+H)+.

Example 8: (75,18S5)-18-(3-((S)-2 6-bis(3-Fluoro-4-(4.4,5,5-tetramethyl-1.3.2-dioxaborolan-2-
ylbenzamido)hexanamido)propanamido)-7-(3-fluoro-4-(4.4,5 5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzamido)-1-(3-fluoro-4-(4.4.5,5-tetramethyl-1,3,2-dioxaborolan-2-
yliphenyl)-1,8,12,19-tetraoxo-2,9,13,20-tetraazatricosan-23-oic acid
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Mixture of 2-fluoro-4-carboxyphenylboronic acid (1, 15.1 g, 82.0 mmol), pinacol (9.81 g, 83.0
mmol) and magnesium sulfate (150 g) in tetrahydrofuran (400 mL) was stirred over weekend

5 atroom temperature. The suspension was filtered through celite pad, the filtrate was
evaporated and dried in vacuo to yield 3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhbenzoic acid (2) as pale yellow powder. Yield: 21.5 g (98%). '"H NMR spectrum (400 MHz,
DMSO-d6, 8H): 7.95-7.42 (m, 3 H); 1.30 (s, 12 H).

10 The carboxylic acid (2, 21.4 g, 81.9 mmol) was dissolved in dichloromethane (300 mL). N-
Hydroxysuccinimide (HOSu, 18.8 g, 163 mmol) and N~(3-dimethylaminopropyl)-N*-
ethylcarbodiimide hydrochloride (EDC.HCI, 31.3 g, 163 mmol) were added. Resulting mixture
was stirred overnight at room temperature. The reaction mixture was washed with 0.5 M
aqueous solution of hydrochloric acid (1 x 200 mL), water (1 x 200 mL) and brine (1 x 200

15 ml.), dried over anhydrous sodium sulfate, filtered and evaporated. The residue was
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dissolved in dichloromethane (60 mL) and precipitated by addition of cyclohexane (250 mL).
The product was collected by filtration, washed with cyclohexane and dried in vacuo to yield
2,5-dioxopyrrolidin-1-yl 3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (3)
as beige powder. Yield: 27.8 g (93%). 'H NMR spectrum (400 MHz, DMSO-d6, §H): 7.98-
7.87 (m, 2 H); 7.80 (dd, J=9.2 Hz, 1 H); 2.90 (s, 4 H); 1.33 (s, 12 H).

2-Chlorotrityl resin 100-200 mesh 1.8 mmol/g (4, 16.4 g, 29.5 mmol) was left to swell in dry
dichloromethane (230 mL) for 20 minutes. A solution of 3-(({((9H-fluoren-9-
yl)methoxy)carbonyl)amino)propanoic acid (Fmoc-bAla-OH, 6.13 g, 19.7 mmol) and N,N-
diisopropylethylamine (13.0 mL, 74.8 mmol) in dry dichloromethane (180 mL) was added to
resin and the mixture was shaken overnight. Resin was filtered and treated with a solution of
N, N-diisopropylethylamine (6.86 mL, 39.4 mmol) in methanol/dichloromethane mixture (1:4,
10 min, 200 mL). Then resin was washed with dichloromethane (2 x 200 mL) and N, N-
dimethylformamide (2 x 200 mL). Fmoc group was removed by treatment with 20%
piperidine in N, N-dimethylformamide (1 x 5 min, 1 x 15 min, 2 x 200 mL). Resin was washed
with N, N-dimethylformamide (2 x 200 mL), 2-propanol (2 x 200 mL), dichloromethane (2 x
200 mL) and N, N-dimethylformamide (2 x 200 mL). Solution of N2,N6-bis(((9H-fluoren-9-
yh)methoxy)carbonyl)-L-lysine (Fmoc-Lys(Fmoc)-OH, 23.3 g, 39.4 mmol), 5-chloro-1-
((dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2,3]triazole 3-oxide tetrafluoroborate
(TCTU, 14.0 g, 39.4 mmol) and N, N-diisopropylethylamine (12.3 mL, 70.9 mmol) in N,N-
dimethylformamide (180 mL) was added to resin and mixture was shaken for 2.5 hours.
Resin was filtered and washed with N, N-dimethylformamide (2 x 200 mL), dichloromethane
(2 x 200 mL) and N, N-dimethylformamide (2 x 200 mL). Fmoc group was removed by
treatment with 20% piperidine in N, N-dimethylformamide (1 x 5 min, 1 x 15 min, 2 x 200 mL).
Resin was washed with N, N-dimethyiformamide (2 x 200 mL), 2-propanol (2 x 200 mL),
dichloromethane (2 x 200 mL) and N, N-dimethylformamide (2 x 200 mL). Solution of 3-
((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoic acid (Fmoc-bAla-OH, 24.5 g, 78.7
mmiol), 5-chloro-1-((dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2, 3]triazole 3-oxide
tetrafluoroborate (TCTU, 28.0 g, 78.7 mmol) and N, N-diisopropylethylamine (24.7 mL, 142
mmol) in N,N-dimethylformamide (230 mL) was added to resin and mixture was shaken for 3
hours. Resin was filtered and washed with N, N-dimethylformamide (2 x 200 mL),
dichloromethane (2 x 200 mL) and N,N-dimethylformamide (2 x 200 mL). Fmoc group was
removed by treatment with 20% piperidine in N,N-dimethyiformamide (1 x 5 min, 1 x 15 min,
2 x 200 mL). Resin was washed with N, N-dimethylformamide (2 x 200 mL), 2-propanol (2 x
200 mL), dichloromethane (2 x 200 mL) and N,N-dimethylformamide (2 x 200 mL). Solution
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of N2,N6-bis(tert-butoxycarbonyl)-L-lysine (Boc-Lys(Boc)-OH, 27.3 g, 78.7 mmol), 5-chloro-1-
((dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2,3]triazole 3-oxide tetrafluoroborate
(TCTU, 28.0 g, 78.7 mmol) and N, N-diisopropylethylamine (24.7 mL, 142 mmol) in N,N-
dimethylformamide (230 mL) was added to resin and mixture was shaken for 3 hours. Resin
was filtered and washed with N, N-dimethylformamide (2 x 200 mL), dichloromethane (2 x
200 mL) and N,N-dimethylformamide (2 x 200 mL). Fmoc group was removed by treatment
with 20% piperidine in N, N-dimethylformamide (1 x 5 min, 1 x 15 min, 2 x 200 mL). Resin
was washed with N, N-dimethylformamide (2 x 200 mL), 2-propanol (2 x 200 mL),
dichloromethane (2 x 200 mL) and N, N-dimethylformamide (2 x 200 mL). The product was
cleaved from resin by treatment with 2,2,2-trifluoroethanol (350 mL) overnight. Resin was
filtered off and washed with dichloromethane (2 x 300 mL). Solutions were combined:; solvent
was evaporated and the residue was purified by flash column chromatography (Silicagel 60,
0.040-063 mm,; eluent: dichloromethane/methanol 85:15) affording (10S,21S)-21-(3-((S)-2,6-
bis((tert-butoxycarbonyl)amino)hexanamido)propanamido)-10-((tert-butoxycarbonyl)amino)-
2,2-dimethyl-4,11,15,22-tetraoxo-3-oxa-5,12,16,23-tetraazahexacosan-26-oic acid (5) as
white solid. Yield: 11.3 g (56%). 'H NMR spectrum (300 MHz, AcOD-d4, §H): 4.52-4.43 (m, 1
H); 4.22-3.98 (m, 2 H); 3.64-3.44 (m, 6 H); 3.27-3.16 (m, 2 H); 3.15-3.03 (m, 4 H); 2.69-2.48
(m, 6 H); 1.84-1.59 (m, 6 H); 1.58-1.28 (m, 48 H). LC-MS: 1016.2 (M+H)+.

The above compound (5, 11.3 g, 11.1 mmol) was dissolved in trifluoroacetic acid (200 mL)
and left to stand for 1.5 hours. Then the mixture was concentrated and diethyl ether (200 mL)
was added. After overnight stirring the precipitate was filtered, washed with diethyl ether and
dried /n vacuo to yield (5S,12S,23S)-12-((2-carboxyethyl)carbamoyl)-6,10,18,22-tetraoxo-
7,11,17,21-tetraazaheptacosane-1,5,23,27-tetraaminium 2,2, 2-trifluoroacetate (6) as white
powder. Yield: 9.25 g (99%). 'H NMR spectrum (300 MHz, DMSO-d6, 5H): 8.56-8.44 (m, 2
H); 8.27-7.72 (m, 11 H); 4.22-4.08 (m, 1 H); 3.78-3.60 (m, 2 H); 3.39-3.17 (m, 6 H); 3.07-2.92
(m, 2 H); 2.82-2.66 (m, 4 H); 2.42-2.19 (m, 6 H); 1.77-1.43 (m, 10 H); 1.42-1.14 (m, 8 H).

The above salt (6, 7.91 g, 9.37 mmol) was dissolved in N, N-dimethylformamide (170 mL).
Subsequently N, N-diisopropylethylamine (14.7 mL, 84.3 mmol), water (0.50 mL) and
activated ester (3, 13.6 g, 37.5 mmol) were added. The mixture was stirred overnight at room
temperature; then it was acidified by 1 M aqueous solution of hydrochloric acid. The solvent
was co-evaporated with toluene three times. The residue was dissolved in
dichloromethane/toluene mixture (1:1, 100 mL) and treated with pinacol (1.00 g, 8.46 mmol).

The mixture was evaporated three times from toluene. The residue was dissolved in ethyl



10

15

20

25

WO 2020/201041 101 PCT/EP2020/058641

acetate (150 mL) and washed with water (1 x 100 mL) and brine (1 x 100 mL). Organic layer
was dried over anhydrous sodium sulfate, filtered and concentrated to 1/3 of volume.
Cyclohexane (150 mL) was added; the precipitate was filtered and washed with cyclohexane.
The solid was suspended in acetonitrile/diethyl ether mixture (1:1, 150 mL). The precipitate
was filtered, washed with acetonitrile and dried in vacuo to yield the title compound (7) as
white solid. Yield: 4.10 g (27%).

'H NMR spectrum (300 MHz, DMSO-d6, 8H): 8.67-8.43 (m, 4 H); 8.05-7.83 (m, 4 H); 7.82-
7.47 (m, 13 H); 4.46-4.27 (m, 2 H); 4.20-4.05 (m, 1 H); 3.42-3.13 (m, 10 H); 3.05-2.90 (m, 2
H); 2.42-2.27 (m, 4 H); 2.27-2.17 (m, 2 H); 1.84-1.66 (m, 4 H); 1.63-1.10 (m, 62 H). LC-MS:
1226.4 (M-3 x H20-4 x pinacol+H)+.

Example 9: 2,5-Dioxopyrrolidin-1-yl N-(2-(3-fluoro-4-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-
2-yl)benzamido)ethyl)-N-(3-fluoro-4-(4.4,5 5-tetramethyl-1,3,2-dioxaborolan-2-
Dbenzoyliglycinate

3-Fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid (2, 8.85 g, 33.3 mmol)
was dissolved in dichloromethane (100 mL) followed by addition of 1-
((dimethylamino)(dimethyliminio)methyl)-1H-[1,2,3]triazolo[4,5-b]pyridine 3-oxide
hexafluorophosphate(V) (HATU, 12.3 g, 32.4 mmol), N, N-diisopropylethylamine (14.5 mL,
83.2 mmol) and tert-butyl (2-aminoethyl)glycinate hydrochloride (1, 4.11 g, 16.6 mmol). The
reaction mixture was allowed to stir for 18 hours at ambient temperature. The reaction
mixture was extracted with 1 M aqueous solution of hydrochloric acid (2 x 100 mL), water (1
x 100 mL) and brine (1 x 100 mL). The organic layer was dried over anhydrous sodium
sulfate, filtered and evaporated. The crude product was dissolved in dry tetrahydrofuran (50
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mL) and 2,3-dimethyl-2,3-butanediol (3.70 g, 31.5 mmol) was added. Reaction mixture was
allowed to stir overnight at room temperature. The reaction mixture was then evaporated and
the crude product was purified by flash chromatography (Silicagel 60, 0.063-0.200 mm;
eluent: dichloromethane/ethyl acetate 5:2) to provide tert-butyl N-(2-(3-fluoro-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido)ethyl)-N-(3-fluoro-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzoyl)glycinate (3) as white foam. Yield: 8.13 g (73%). '"H NMR
spectrum (300 MHz, DMSO-d6, 5H): 8.78-8.55 (m, 1 H); 7.79-7.44 (m, 4 H); 7.12-6.88 (m, 2
H); 4.18-3.90 (m, 2 H); 3.67-3.47 (m, 2 H); 3.45-3.29 (m, 2 H); 1.44 (s, 9 H); 1.30 (s, 24 H).

The above prepared compound (3, 8.13 g, 12.1 mmol) was dissolved in trifluoroacetic acid
(100 mL) and left to stay for 2.5 hours. Then the solvent was evaporated and co-evaporated
with toluene twice. The residue was dissolved in dichloromethane (30 mL) and cyclohexane
(250 mL) was added. The product was collected by filtration, washed with cyclohexane and
dried in vacuo to yield N-(2-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzamido)ethyl)}-N-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzoyl)glycine (4) as white powder. Yield: 6.91 g (93%). 'H NMR spectrum (300 MHz,
DMSO-d6, 80 C, 8H): 8.49-8.38 (m, 1 H); 7.76-7.68 (m, 1 H); 7.67-7.59 (m, 2 H); 7.57-7.45
(m, 1 H); 7.16-7.09 (m, 1 H); 7.04-6.94 (m, 1 H); 4.20-4.03 (m, 2 H); 3.59-3.40 (m, 4 H); 1.33
(s, 24 H). LC-MS: 449.9 (M-2 x pinacol+H)+, 532.1 (M-pinacol+H)+, 614.2 (M+H)+.

The acid (4, 6.90 g, 11.2 mmol) was dissolved in dichloromethane/tetrahydrofuran mixture
(1:1, 100 mL) followed by addition of N-hydroxysuccinimide (1.36 g, 11.8 mmol) and N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (2.26 g, 11.8 mmol). The mixture
was stirred overnight at room temperature. The solvent was evaporated. The residue was
dissolved in ethyl acetate (150 mL) and washed with water (2 x 100 mL) and brine (1 x 100
mL). The organic layer was dried over anhydrous sodium sulfate, filtered and evaporated.
The product precipitated from dichloromethane/cyclohexane mixture (25 mL/250 mL). The
precipitate was collected by filtration, washed with cyclohexane and dried in vacuo to yield
the title compound (5) as white powder. Yield: 7.62 g (96%). "H NMR spectrum (300 MHz,
DMSO-d6, 80 C, 6H): 8.51-8.38 (m, 1 H); 7.77-7.57 (m, 3 H); 7.55-7.45 (m, 1 H); 7.18-7.10
(m, 1 H); 7.06-6.97 (m, 1 H); 4.62 (bs, 2 H); 3.67-3.41 (m, 4 H); 2.84 (s, 4 H); 1.33 (s, 24 H).
LC-MS: 547.0 (M-2 x pinacol+H)+, 629.1 (M-pinacol+H)+, 711.3 (M+H)+.

Example 10: N-(6-Fluoro-1-hydroxy-1,3-dihydrobenzo[cl[1,2]oxaborole-5-carbonyl)-N-(2-(6-
-1.3-dihydrobenzo[c][1.2Joxaborole-5-carboxamido)eth i

fluoro-1-hydrox
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6-Fluoro-1-hydroxy-1,3-dihydrobenzo|c][1,2]oxaborole-5-carboxylic acid (1, 10.0 g, 51.0
mmol) was dissolved in tetrahydrofuran (100 mL). N,N-Dimethylformamide (15 mL), N-
hydroxysuccinimide (6.46 g, 56.1 mmol) and N-(3-dimethylaminopropyl}-N-ethylcarbodiimide
hydrochloride (10.8 g, 56.1 mmol) were added at room temperature. After stirring for 2 hours,
volatiles were evaporated under reduced pressure and the residue was redissolved in ethyl
acetate (400 mL) and washed with 1 M aqueous hydrochloric acid (2 x 100 mL). Organic
portion was dried over anhydrous sodium sulfate. Volatiles were evaporated under reduced
pressure to give 2,5-dioxopyrrolidin-1-yl 6-fluoro-1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborole-5-carboxylate (2) as a white solid. Yield: 13.8 g (92%).

"H NMR spectrum (300 MHz, DMSO-d6, 8H): 9.65 (s, 1 H); 8.11 (d, J=5.9 Hz, 1 H); 7.71 (d,
J=10.1 Hz, 1 H); 5.08 (s, 2 H); 2.90 (s, 4 H). LC-MS: 294.4 (M+H)+.

(2-Aminoethyl)glycine (3, 1.81 g, 15.4 mmol) was dissolved in N,N-dimethylformamide (40
mL), triethylamine (12.8 mL, 92.1 mmol) and 2,5-dioxopyrrolidin-1-yl 6-fluoro-1-hydroxy-1,3-
dihydrobenzolc][1,2]oxaborole-5-carboxylate (2, 9.00 g, 30.7 mmol) were added at room
temperature. After stirring for 16 hours at room temperature, reaction mixture was heated to
40 °C and stirred for another 72 hours. Volatiles were then evaporated under reduced
pressure and the residue was redissolved in ethyl acetate (400 mL) and washed with 1 M
aqueous hydrochloric acid (100 mL). Organic portion was dried over anhydrous sodium
sulfate. Volatiles were evaporated under reduced pressure and product was precipitated
from acetonitrile/water mixture, collected by centrifuge and freeze-dried to afford N-(6-fluoro-
1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-5-carbonyl)-N-(2-(6-fluoro-1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborole-5-carboxamido)ethyl)glycine 4 as off-white solid.
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Yield: 1.99 g (27%). 'H NMR spectrum (300 MHz, DMSO-d6, 5H): 12.87 (bs, 1 H); 9.50-9.37
(m, 2 H); 8.52-8.22 (m, 1 H); 7.69-7.30 (m, 4 H); 5.08-4.70 (m, 4 H); 4.27-3.96 (m, 2 H); 3.74-
3.35 (m, 4 H). LC-MS: 475.5 (M+H)+.

Example 11: 2.5-Dioxopyrrolidin-1-yl (8)-3-(2,6-bis(3,5-bis((4-(4.4.5 5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzamido)methyl)benzamido)hexanamido)propanoate

4
2-Chiorotrityl resin 100-200 mesh 1.5 mmol/g (1, 21.0 g, 31.5 mmol) was left to swell in dry
dichloromethane (300 mL) for 20 minutes. A solution of 3-((((9H-fluoren-9-
yl)methoxy)carbonyl)amino)propanoic acid (Fmoc-bAla-OH, 6.54 g, 21.0 mmol) and N,N-
diisopropylethylamine (13.9 mL, 79.8 mmol) in dry dichloromethane (250 mL) was added to
resin and the mixture was shaken over the weekend. Resin was filtered and treated with a
solution of N, N-diisopropylethylamine (7.32 mL, 42.0 mmol) in methanol/dichloromethane
mixture (1:4, 1 x 15 min, 250 mL). Then resin was washed with dichloromethane (2 x 250
mL) and N,N-dimethylformamide (2 x 250 mL). Fmoc group was removed by treatment with
20% piperidine in N, N-dimethylformamide (1 x 10 min, 1 x 20 min, 2 x 250 mL). Resin was
washed with N, N-dimethylformamide (2 x 250 mL), 2-propanol (2 x 250 mL),
dichloromethane (2 x 250 mL) and N, N-dimethylformamide (2 x 250 mL). Solution of N2,N6-
bis(((9H-fluoren-8-yl)methoxy)carbonyl)-L-lysine (Fmoc-Lys(Fmoc)-OH, 18.6 g, 31.5 mmol),
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5-chloro-1-((dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2, 3]triazole 3-oxide
tetrafluoroborate (TCTU, 11.2 g, 31.5 mmol) and N,N-diisopropylethylamine (9.87 mL, 56.7
mmol) in N,N-dimethylformamide (250 mL) was added to resin and mixfure was shaken
overnight. Resin was filtered and washed with N, N-dimethylformamide (2 x 250 mL) and
dichloromethane (3 x 250 mL).

Part of resin was removed (2.00 mmol). Fmoc group was removed by treatment with 20%
piperidine in N,N-dimethylformamide (1 x 5 min, 1 x 10 min, 1 x 30 min, 3 x 30 mL). Resin
was washed with N, N-dimethylformamide (4 x 30 mL), dichloromethane (4 x 30 mL) and

N, N-dimethylformamide (4 x 30 mL). 2,5-Dioxopyrrolidin-1-yl 3,5-bis((4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzamido)methyl)benzoate (2, 3.65 g, 4.72 mmol) and N,N-
diisopropylethylamine (1.40 mL, 8.00 mmol) in N,N-dimethylformamide (30 mL) was added to
resin and mixture was shaken overnight. Resin was filtered and washed with N, N-
dimethylformamide (4 x 30 mL}, dichloromethane (4 x 30 mL), N,N-dimethylformamide (4 x
30 mL) and dichloromethane (10 x 30 mL).

The product was cleaved from resin by treatment with 1,1,1,3,3,3-hexafluoro-2-propanol/
dichloromethane mixture (1:2, 30 mL) for 2 hours. Resin was filtered off and washed with
dichloromethane (3 x 30 mL). Solutions were combined and solvent was evaporated. The
residue was dissolved in dichloromethane (5 mL) and precipitated after addition of
cyclohexane (25 mL). The product was collected by filtration, washed with cyclohexane and
dried in vacuo to give (S)-3~(2,6-bis(3,5-bis((4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yh)benzamido)methyl)benzamido)hexanamido)propanoic acid (3). Yield: 1.53 g (52%).

'H NMR spectrum (300 MHz, DMSO-d6, §H): 9.20-9.03 (m, 4 H); 8.52-8.42 (m, 1 H); 8.39-
8.32 (m, 1 H); 8.06-7.99 (m, 1 H); 7.94-7.80 (m, 10 H); 7.78-7.65 (m, 10 H); 7.48-7.39 (m, 2
H); 4.56-4.43 (m, 8 H); 4.43-4.32 (m, 1 H); 3.27-3.14 (m, 4 H); 2.40-2.29 (m, 2 H); 1.78-1.64
(m, 2 H); 1.56-1.430 (m, 3 H) 1.37-1.21 (s, 49 H).

The carboxylic acid (3, 1.53 g, 1.00 mmol) was dissolved in dichloromethane (40 mL). N-
Hydroxysuccinimide (HOSu, 148 mg, 1.30 mmol) and N-(3-dimethylaminopropyl)-N-
ethylcarbodiimide hydrochloride (EDC.HCI, 242 mg, 1.30 mmol) were added. Resulting
mixture was stirred overnight at room temperature. The solvent was evaporated. The residue
was dissolved in ethyl acetate (100 mL) and washed with water (2 x 50 mL). The organic
layer was dried over anhydrous sodium sulfate, filtered and evaporated. The residue was
dissolved in dichloromethane (10 mL) and precipitated after addition of cyclohexane (50 ml).
The product was collected by filtration, washed with cyclohexane and diethyl ether and dried
in vacuo to yield the title compound (4) as white powder. Yield: 1.16 g (71%). '"H NMR
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spectrum (300 MHz, DMSO-d6, 5H): 9.23-9.01 (m, 4 H); 8.50-8.42 (m, 1 H); 8.41-8.35 (m, 1
H), 8.23-8.16 (m, 1 H); 7.91-7.81 (m, 9 H); 7.77-7.70 (m, 8 H); 7.70-7.64 (m, 2 H); 7.47-7.40
(m, 2 H), 4.55-4.43 (m, 8 H); 4.40-4.34 (m, 1 H) 3.50-3.38 (m, 2 H); 3.26-3.12 (m, 2 H); 2.88-
2.77 (m, 6 H); 1.82-1.63 (m, 2 H); 1.60-1.43 (m, 4 H); 1.31 (s, 48 H). LC-MS: 1631.9 (M+H)+,
1549.0 (M-pinacol+H)+, 715.0 (M-2 x H20-2 x pinacol /2+H)+, 1384.5 (M-3 x pinacol+H)+,
1302.3 (M-4 x pinacol+H)+.

13
3,5-Dimethylbenzoic acid (1, 300 g, 2.00 mol) was suspended in methanol (900 mL) and
treated with concentrated sulfuric acid (90 mL). The mixture was stirred for 3 days. After
neutralization with sodium carbonate (480 g) the solvent was evaporated. The residue was
dissolved in water (1 L) and extracted with diethyl ether (3 x 1 L). The organic phases were
dried over anhydrous sodium sulfate, filtered and evaporated to dryness affording methyl 3,5-
diméthylbenzoate (2) as pale yellow oil. Yield: 309 g (94%). 'H NMR spectrum (300 MHz,
CDCls, 8H): 7.65 (s, 2 H); 7.16 (s, 1 H); 3.88(s, 3 H); 2.34 (s, 6 H).



10

15

20

25

30

35

WO 2020/201041 107 PCT/EP2020/058641

A mixture of the above methyl 3,5-dimethylbenzoate (2, 307 g, 1.87 mol), N-
bromosuccinimide (1.17 kg, 6.55 mol) and a spatula of azobisisobutyronitrile in methyi
formate (2.7 L) was irradiated with visible light while heating to reflux for 20 hours. The
solvent was evaporated and the residue was dissolved in dichloromethane (2 L). The
precipitated succinimide was filtered off and the filtrate was washed with saturated aqueous
solution of sodium sulfite (2 x 1 L). The organic layer was dried over anhydrous sodium
sulfate, filtered and evaporated. Multiple crystallizations from hot ethyl acetate/cyclohexane
mixture and washing with cyclohexane gave methyl 3,5-bis(bromomethyl)benzoate (3) as
white solid. The product was prepared in two batches. Yield: 243 g (40%). RF (SiO2,
hexanes/ethyl acetate 9:1): 0.50. '"H NMR spectrum (300 MHz, CDCl;, §H): 8.00 (s, 2 H);
7.62 (s, 1 H); 4.51 (s, 4 H); 3.94 (s, 3H).

A suspension of the above bromide (3, 122 g, 380 mmol) and sodium diformylamide (101 g,
1.06 mol) in dry acetonitrile (300 mL) was refluxed for 4 hours. After removal of a white solid
by filtration, the solvent was co-evaporated with ethyl acetate and dried in vacuo to yield
methyl 3,5-bis({N-formylformamido)methyl)benzoate (4) as pale yellow solid. Yield: 116 ¢
(100%). "H NMR spectrum (300 MHz, DMSO-d6, 8H): 9.07 (s, 4 H); 7.72 (s, 2 H); 7.43 (s, 1
H); 4.70 (s, 4 H); 3.82 (s, 3 H).

Benzoate (4, 116 g, 380 mmol) was dissolved in a mixture of 1,4-dioxane (400 mL) and
concentrated hydrochloric acid (600 mL) and heated for 3 hours to reflux. After cooling down
to room temperature, a flow of air was passed through the solution. Product began to
precipitate. After 1 hour, the solvent was evaporated and product was recrystallized from
methanol/diethyl ether mixture affording 3,5-bis(aminomethyl)benzoic acid dihydrochloride
(8) as white powder. Yield: 89.5 g (92%). "H NMR spectrum (300 MHz, D20, 8H): 8.10 (s, 2
H); 7.74 (s, 1 H); 4.28 (s, 4 H).

Dihydrochloride (5, 30.0 g, 118 mmol) and sodium hydroxide (14.2 g, 356 mmol) were
dissolved in water (240 mL). Di-tert-butyl dicarbonate (77.6 g, 356 mmol) in 1,4-dioxane (480
mL) was added with stirring. The reaction mixture was stirred overnight and then diluted with
ethyl acetate (400 mL) and 0.5 M aqueous solution of hydrochloric acid (400 mL). Layers
were separated and the organic layer was washed with water (2 x 350 mL), dried over
anhydrous sodium sulfate and evaporated. The residue was dissolved in hot ethyl acetate
(100 mL) and cyclohexane (400 mL) was added. The precipitate was collected by filtration
and washed with cyclohexane to give 3,5-bis(((tert-butoxycarbonyl)amino)methyl)benzoic
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acid (6) as white solid. Yield: 39.1g (87%). 'H NMR spectrum (300 MHz, DMSO-d6, §H): 7.70
(s, 2 H); 7.45-7.36 (m, 2 H); 7.33 (s, 1 H); 4.21-4.04 (m, 4 H); 1.39 (s, 18 H).

2-Chlorotrityl chloride resin 100-200 mesh 1.5 mmol/g (7, 21.2 g, 31.8 mmol) was left to swell
in dry dichloromethane (280 mL) for 40 minutes. A solution of 3-((((9H-fluoren-9-
yl)methoxy)carbonyl)amino)propanoic acid (Fmoc-Ala-OH, 6.61 g, 21.2 mmol) and N, N-
diisopropylethylamine (14.1 mL, 80.7 mmol) in dry dichloromethane (220 mL) was added to
resin and the mixture was shaken overnight. Resin was filtered and treated with a solution of
N, N-diisopropylethylamine (7.40 mL, 42.5 mmol} in methanol/dichloromethane mixture (1:4,
1 x 20 min, 1 x 250 mL). Then resin was washed with dichloromethane (2 x 250 mL) and

N, N-dimethylformamide (2 x 250 mL). Fmoc group was removed by treatment with 20%
piperidine in N, N-dimethylformamide (1 x 5 min, 1 x 20 min, 2 x 220 mL.). Resin was washed
with N, N-dimethylformamide (2 x 250 mL), 2-propanol (2 x 250 mL), dichloromethane (2 x
250 mL) and N,N-dimethylformamide (2 x 250 mL). Solution of N2,N6-bis(((9H-fluoren-9-
yhimethoxy)carbonyl)-L-lysine (Fmoc-Lys(Fmoc)-OH, 18.8 g, 31.8 mmol), 5-chloro-1-
((dimethylamino}(dimethyliminio)methyl)-1H-benzo{d][1,2,3]triazole 3-oxide tetrafluoroborate
(TCTU, 11.3 g, 31.8 mmol) and N, N-diisopropylethylamine (9.98 mL, 57.3 mmol) in N,N-
dimethylformamide (220 mL) was added to resin and mixture was shaken for 2.5 hours.
Resin was washed with N,N-dimethylformamide (2 x 250 mL), dichloromethane (2 x 250 mL)
and N,N-dimethyiformamide (2 x 250 mL). Fmoc groups were removed by treatment with
20% piperidine in N, N-dimethyiformamide (1 x 5 min, 1 x 20 min, 2 x 220 mL). Resin was
washed with N, N-dimethyiformamide (2 x 250 mL), 2-propanol (2 x 250 mL),
dichloromethane (2 x 250 mL) and N,N-dimethylformamide (2 x 250 mL). Solution of 3,5-
bis(((tert-butoxycarbonyl)amino)methyl)benzoic acid (6, 24.2 g, 63.7 mmol), 5-chloro-1-
((dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2,3]iriazole 3-oxide tetrafluoroborate
(TCTU, 22.6 g, 63.7 mmol) and N, N-diisopropylethylamine (20.0 mL, 115 mmol) in N,N-
dimethylformamide (220 mL) was added to resin and mixture was shaken for 2.5 hours.
Resin was washed with N, N-dimethylformamide (2 x 250 mL) and dichloromethane (10 x 250
mL). The product was cleaved from resin by treatment with 2,2,2-trifluoroethanol (400 mL)
overnight. Resin was filtered off and washed with dichloromethane (2 x 200 mL). Solvents
were evaporated and the residue was purified by flash column chromatography (Silicagel 60,
0.063-0.200 mm; eluent: dichloromethane/methanol 90:10) to give (S)-3-(2,6-bis(3,5-
bis(((tert-butoxycarbonyl)amino)methyl)benzamido)hexanamido)propanoic acid (8) as white
foam.Yield: 16.3 g (82%). RF (8i02, dichloromethane/methanol 90:10): 0.30.
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'H NMR spectrum (300 MHz, CDCls, §H): 7.75-7.35 (m, 6 H); 7.26-7.19 (m, 2 H); 7.13 (bs, 1
H); 5.61-5.35 (m, 4 H); 4.76-4.61 (m, 1 H); 4.25-4.08 (m, 8 H); 3.60-3.26 (m, 4 H); 2.60-2.45
(m, 2 H), 2.02-1.85 (m, 1 H); 1.85-1.69 (m, 1 H); 1.62-1.51 (m, 2 H); 1.46-1.39 (m, 38 H).
LC-MS: 942.1 (M+H)+.

The above compound (8, 16.1 g, 17.3 mmol) was dissolved in trifluoroacetic acid (80 mL)
and left to stay for 30 minutes. The solvent was concentrated to 1/3 of volume and diethyl
ether/cyclohexane mixture (1:1, 300 mL) was added. The resulting mixture was stirred
overnight. The precipitate was collected by filtration, washed with diethyl ether and dried in
vacuo affording (S)-({((6-((2-carboxyethyl)amino)-6-oxchexane-1,5-
diyl)bis(azanediyl))bis(carbonyl))bis(benzene-5,1,3-triyl)tetramethanaminium 2,2,2-
trifluoroacetate (9) as white powder. Yield: 16.5 g (96%). 'H NMR spectrum (300 MHz,
AcOD-d4, 6H): 8.09 (dd, J=9.4 and 1.5 Hz, 4 H); 7.84 (d, J=10.5 Hz, 2 H); 4.76 (dd, J=8.2
and 6.1 Hz, 1 H); 4.36 (s, 4 H); 4.35 (s, 4 H); 3.60-3.43 (m, 4 H); 2.64 (t, J=6.5 Hz, 2 H);
2.00-1.80 (m, 2 H); 1.77-1.65 (m, 2 H); 1.57-1.48 (m, 2 H). LC-MS: 541.6 (M+H)+.

A suspension of 4-carboxy-3-fluorophenylboronic acid (10, 30.0 g, 163 mmol) and pinacol
(21.2 g, 179 mmol) in toluene/ethanol mixture (1:1, 480 mL) was refluxed for 24 hours. Then
the solvents were evaporated and co-evaporated with dichloromethane three times affording
2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid (11) as white powder.
Yield: 43.3 g (100%). 'H NMR spectrum (300 MHz, DMSO-d6, §H): 7.60 (t, J=7.3 Hz, 1 H);
7.39 (d, J=7.5 Hz, 1 H); 7.24 (d, J=10.6 Hz, 1 H); 1.29 (s, 12 H).

The acid (11, 35.2 g, 132 mmol) was dissolved in tetrahydrofuran (1:1, 600 mL), then 1-
hydroxy-pyrrolidine-2,5-dione (HOSu, 25.2 g, 219 mmol) and N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (EDC.HCI, 42.0 g, 219 mmol) were added. The resulting
mixture was stirred overnight at room temperature. Then the solvent was evaporated. The
residue was dissolved in ethyl acetate (400 mL) and washed with water (2 x 300 mL) and
brine (1 x 300 mL). Organic layer was dried over anhydrous sodium sulfate, filtered and
evaporated. The product precipitated from ethyl acetate/cyclohexane mixture (1:4, 600 mL).
The precipitate was collected by filtration, washed with cyclohexane and dried in vacuo to
yield 2,5-dioxopyrrolidin-1-yl 2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate
(12) as white powder. Yield: 45.2 g (94%). 'H NMR spectrum (300 MHz, DMSO-d6, §H): 8.07
(t, J=7.3 Hz, 1 H); 7.71 (d, J=7.7 Hz, 1 H); 7.60 (d, J=10.8 Hz, 1 H); 2.90 (s, 4 H); 1.32 (s, 12
H).
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(S)-((((6~((2-Carboxyethyl)amino)-6-oxchexane-1,5-
diyl)bis(azanediyl))bis(carbonyl))bis(benzene-5,1,3-triyl))tetramethanaminium 2,2,2-
trifluoroacetate (9, 3.91 g, 3.92 mmol) was dissolved in water/N, N-dimethylformamide
mixture (1:1, 80 mL). Subsequently N, N-diisopropylethylamine (6.15 mL, 35.3 mmol) and
activated ester (12, 5.69 g, 15.7 mmol) were added. The mixture was stirred overnight at
room temperature; then it was acidified by 1 M aqueous solution of hydrochloric acid. The
solvent was co-evaporated with toluene three times. The residue was dissolved in ethyl
acetate (150 mL) and washed with water (2 x 100 mL) and brine (1 x 100 mL). Organic layer
was dried over anhydrous sodium sulfate, filtered and evaporated. The residue was treated
with pinacol (0.06 g, 0.49 mmol) in tetrahydrofuran (70 mL) and evaporated from
tetrahydrofuran three times. The residue was dried in vacuo affording the title compound (13)
as beige solid. Yield: 5.82 g (95%). 'H NMR spectrum (300 MHz, DMSO-d6, §H): 9.01-8.83
(m, 4 H); 8.51-8.42 (m, 1 H); 8.39-8.30 (m, 1 H); 8.10-8.00 (m, 1 H); 7.80-7.31 (m, 18 H);
4.59-4.33 (m, 9 H); 3.30-3.19 (m, 4 H); 2.39 (1, J=6.7 Hz, 2 H); 1.80-1.67 (m, 2 H); 1.59-1.49
(m, 2 H); 1.41-1.21 (m, 50 H). LC-MS: 566.6 ((M-4 x pinacol-4 x H20)/2+H)+.

Example 13: 2,5-Dioxopyrrolidin-1-
dioxaborolan-2-yl}benzamido)methyl

3,5-Bis(aminomethyl)benzoic acid dihydrochloride (2, 1.88 g, 7.43 mmol) was dissolved in
water (20 mL). Subsequently N,N-diisopropylethylamine (10.4 mL, 59.5 mmol), N,N-
dimethylformamide (40 mL) and 2,5-dioxopyrrolidin-1-yl 3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoate (1, 5.40 g, 14.8 mmol) were added.

The mixture was stirred overnight at room temperature; then it was acidified by 1 M aqueous
solution of hydrochloric acid (200 mL). The solvent was co-evaporated with toluene three
times. The residue was dissolved in dichloromethane/toluene mixture (1:1, 100 mL) and
treated with pinacol (1.24 g, 10.5 mmol). The mixture was evaporated three times from
toluene. The residue was dissolved in ethyl acetate (150 mL) and washed with water (3 x
100 mL). Organic layer was dried over anhydrous sodium sulfate, filtered and evaporated.
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The residue was dissolved in dichloromethane (10 mL) and product started to precipitate.
Then cyclohexane was added (190 mL) and the precipitate was collected by filtration,
washed with cyclohexane and dried in vacuo to give 3,5-bis((3-fluoro-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzamido)methyl)benzoic acid (3) as white powder.

Yield: 4.38 g (87%). "H NMR spectrum (300 MHz, DMSO-d6, H): 12.95 (bs, 1 H); 9.05-8.97
(m, 2H); 7.82 (s, 2 H); 7.64 (t, J=7.3 Hz, 2 H); 7.56-7.49 (m, 3 H); 7.44-7.37 (m, 2 H); 4.55-
4.47 (m, 4 H); 1.31 (s, 24 H). LC-MS: 677.5 (M+H)+, 595.3 (M+H-pinacol)+, 513.3 (M+H-2 x

pinacol)+.

The above acid (3, 4.37 g, 6.48 mmol) was dissolved in acetonitrile/N, N-dimethylformamide
mixture (4.1, 100 mL) and N-hydroxysuccinimide (HOSu, 0.89 g, 7.77 mmol) was added. The
mixture was cooled down to 0 °C followed by addition of N, N-dicyclohexylcarbodiimide (DCC,
1.60 g, 7.77 mmol). The mixture was stirred for 30 minutes at 0 °C and overnight at room
temperature. The insoluble by-product was filtered off and the filtrate was evaporated. The
residue was dissolved in ethyl acetate (250 mL) and washed with water (2 x 150 mL).
Organic layer was dried over anhydrous sodium sulfate, filtered and evaporated. The residue
was dissolved in dichloromethane (10 mL) and cyclohexane was added (170 mL). The
precipitate was collected by filtration, washed with cyclohexane. White powder was dissolved
in tetrahydrofuran (100 mL). Pinacol (0.19 g, 1.60 mmol) and magnesium sulfate (10 g) were
added to the solution and resulting mixture was stirred overnight at room temperature. The
suspension was filtered through celite pad and the filtrate was evaporated. The residue was
dissolved in dichloromethane (10 mL) and to the solution cyclohexane was added (170 mL).
The precipitate was collected by filtration, washed with cyclohexane and dried in vacuo to
give the title compound (4) as white powder. Yield: 3.99 g (80%). "H NMR spectrum (300
MHz, DMSO-d6, 6H): 9.07 (t, J=5.7 Hz, 2 H); 7.96 (s, 2 H); 7.75 (s, 1 H); 7.65 (t, J=7.2 Hz, 2
H); 7.53 (d, J=7.7 Hz, 2 H); 7.41 (d, J=10.4 Hz, 2 H); 4.61-4.48 (m, 4 H); 2.89 (s, 4 H); 1.31
(s, 24 H). LC-MS: 774.6 (M+H)+, 692.4 (M+H-pinacol)+, 610.3 (M+H-2 x pinacol)+.
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Example 14:

(S5%]

Prepared by solid-phase peptide synthesis from beta-Ala, Fmoc-Lys and pinacol 4-carboxy-

2-fluorophenylboronate

Example 15: 2,5-Dioxopyrrolidin-1-yl (R)-3-(2,4-bis(3-fluoro-4-(4,4.5,5-tetramethyl-1.3,2-
d I\benzamido)butanamido)propanoate

ioxaborolan-2-

6
L-2,4-Diaminobutyric acid dihydrochloride (1, 4.81 g, 25.2 mmol) was suspended in a

10 solution of sodium bicarbonate (10.6 g, 126 mmol) in water (80 mL). The mixiure was heated
until clear solution was formed. After cooling down to room temperature 1,4-dioxane (80 mL)
and N-(9-fluorenylmethoxycarbonyloxy)succinimide (20.4 g, 60.4 mmol) were added. The
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mixture was stirred overnight at room temperature and then acidified with 5 M aqueous
solution of hydrochloric acid. 1,4-Dioxane was evaporated, the aqueous phase was exiracted
with ethyl acetate (2 x 100 mL). Combined organic layers were washed with water (3 x 100
mL), dried over anhydrous sodium sulfate, filtered and evaporated. The residue was
recrystallized from hot ethyl acetate/cyclohexane mixture twice. Product was collected by
filtration, washed with cyclohexane and dried in vacuo to yield (R)-2,4-bis(({(9H-fluoren-9-
yl)methoxy)carbonyl)amino)butanoic acid (2) as white powder. Yield: 13.3 g (94%).

'H NMR spectrum (300 MHz, DMSO-d6, 8H): 12.62 (bs, 1 H); 7.94-7.83 (m, 4 H); 7.79-7.55
(m, 5 H); 7.46-7.26 (m, 9 H); 4.34-4.13 (m, 6 H); 4.08-3.94 (m, 1 H); 3.14-3.02 (m, 2 H); 1.98-
1.84 (m, 1 H); 1.84-1.65 (m, 1 H). LC-MS: 562.6 (M+H)+.

2-Chlorotrityl chloride resin 100-200 mesh 1.5 mmol/g (3, 5.84 g, 8.75 mmol) was left to swell
in dry dichloromethane (70 mL) for 20 minutes. A solution of 3-((((9H-fluoren-9-
yl)methoxy)carbonyl)amino)propanoic acid (Fmoc-Ala-OH, 1.82 g, 5.84 mmol) and N, N-
diisopropylethylamine (3.86 mL, 22.2 mmol) in dry dichloromethane (50 mL) was added to
resin and the mixture was shaken overnight. Resin was filtered and treated with a solution of
N, N-diisopropylethylamine (2.03 mL, 11.7 mmol) in methanol/dichloromethane mixture (1:4,

1 x 10 min, 1 x 50 mL). Then resin was washed with dichloromethane (2 x 50 mL) and N,N-
dimethylformamide (2 x 50 mL). Fmoc group was removed by treatment with 20% piperidine
in N,N-dimethylformamide (1 x 5 min, 1 x 20 min, 2 x 50 mL). Resin was washed with N,N-
dimethylformamide (2 x 50 mL), 2-propanol (2 x 50 mL), dichloromethane (2 x 50 mL) and

N, N-dimethylformamide (2 x 50 mL). Solution of (R)-2,4-bis({(((9H-fluoren-9-
yl)methoxy)carbonyl)amino)butanoic acid (2, 6.57 g, 11.7 mmol), ethyl cyano-glyoxylate-2-
oxime (Oxyma, 1.66 g, 11.7 mmol), N, N-diisopropylcarbodiimide (DIC, 1.81 mL, 11.7 mmol)
and 2,4,6-collidine (3.09 mL, 23.4 mmol) in N,N-dimethylformamide (50 mL) was added to
resin and mixture was shaken for 2.5 hours. Resin was filtered and washed with N,N-
dimethylformamide (2 x 50 mL), dichloromethane (2 x 50 mL) and N, N-dimethylformamide (2
x 50 mL). Fmoc groups were removed by treatment with 20% piperidine in N, N-
dimethylformamide (1 x 5 min, 1 x 20 min, 2 x 50 mL.). Resin was washed with N,N-
dimethylformamide (2 x 50 mL), 2-propanol (2 x 50 mL), dichloromethane (2 x 50 mL) and

N, N-dimethyiformamide (2 x 50 mL). Solution of 2,5-dioxopyrrolidin-1-yl 3-fluoro-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (4, 8.48 g, 23.4 mmol) and N,N-
diisopropylethylamine (7.32 mL, 42.0 mmol) in N,N-dimethyiformamide (50 mL) was added to
resin and mixture was shaken for 2 hours. Resin was filtered and washed with N, N-
dimethyiformamide (3 x 60 mL) and dichloromethane (10 x 60 mL). The product was cleaved
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from resin by treatment with 1,1,1,3,3,3-hexafluoro-2-propanol/dichloromethane mixture (1:2,
90 mL) for 2 hours. Resin was filtered off and washed with dichloromethane (4 x 50 mL).
Solvents were evaporated; the residue was dissolved in ethyl acetate (100 mL) and washed
with water (2 x 80 mL) and brine (1 x 80 mL). Organic layer was dried over anhydrous
sodium sulfate, filtered and evaporated to dryness affording (R)-3-(2,4-bis(3-fluoro-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido)butanamido)propanoic acid (5) as beige
solid. Yield: 3.25 g (81%). 'H NMR spectrum (300 MHz, CDCls, H): 12.11 (bs, 1 H); 8.69 (d,
J=7.9 Hz, 1 H); 8.63-8.52 (m, 1 H); 8.14-8.03 (m, 1 H); 7.81-7.61 (m, 5 H); 7.56 (d, J=10.5
Hz, 1 H); 4.54-4.38 (m, 1 H); 3.44-3.17 (m, 4 H); 2.43-2.33 (m, 2 H); 2.14-1.99 (m, 1 H); 1.99-
1.85 (m, 1 H); 1.31 (s, 24 H). LC-MS: 521.0 (M-2 x pinacol+H)+, 603.1 (M-pinacol+H)+,
685.3 (M+H)+.

The acid (5, 3.24 g, 4.73 mmol) was dissolved in dichloromethane (50 mL) followed by
addition of N-hydroxysuccinimide (0.65 g, 5.67 mmol) and N-(3-dimethylaminopropyl)-N-
ethylcarbodiimide hydrochloride (1.09 g, 5.67 mmol). The mixture was stirred overnight then
it was diluted with dichloromethane (50 mL) and washed with water (2 x 80 mL) and brine (1
x 80 mL). Organic layer was dried over anhydrous sodium sulfate, filtered and evaporated to
dryness affording the title compound (6) as white solid. Yield: 3.42 g (92%). '"H NMR
spectrum (300 MHz, DMSO-d6, 8H): 8.72 (d, J=7.9 Hz, 1 H); 8.57 (1, J=5.4 Hz, 1 H); 8.22 (1,
J=5.5Hz, 1 H), 7.77-7.62 (m, 5 H); 7.56 (d, J=10.1 Hz, 1 H); 4.53-4.40 (m, 1 H); 3.48-3.27
(m, 4 H); 2.86 (t, J=7.1 Hz, 2 H); 2.80 (s, 4 H); 2.15-2.02 (m, 1 H); 2.02-1.88 (m, 1 H); 1.31
(s, 24 H). LC-MS: 618.1 (M-2 x pinacol+H)+, 700.2 (M-pinacol+H)+, 782.4 (M+H)+.

Example 16: 3-(3-Fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl\benzovl)-5-(4,4,5,5-
tetramethyl-1,3.2-dioxaborolan-2-vl)benzoic acid

8
3-Bromo-5-iodobenzoic acid (1, 16.4 g, 50.0 mmol) was suspended in methanol (100 mL)
and methanesulfonic acid (1 mL) was added. The resulting mixture was stirred for 16 hours

at 60 °C (oil bath). The resulting clear solution was cooled to -20 °C in the freezer for 16
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hours and the resulting solid was collected by filtration, washed with chilled (-20 °C)
methanol and dried in vacuo to give methyl 3-bromo-5-iodobenzoate (2) as an off-white solid.
Yield: 13.9 g (82%). 'H NMR spectrum (300 MHz, CDCls, 8H): 8.30 (s, 1 H); 8.14 (s, 1 H);
8.04 (s, 1 H); 3.93 (s, 1 H).

1,3-Dibromo-5-fluorobenzene (3, 6.30 mL, 50.0 mmol) was dissolved in dry diethyl ether (150
mL) and cooled down to -78 C. 2.35 M n-Butyllithium in hexane (22.0 mL, 52.5 mmol) was
added dropwise with stirring. After 15 minutes, dry N, N-dimethylformamide (7.70 mL, 100
mmol) was added and the resulting mixture was stirred at for 15 minutes and then allowed to
warm to ambient temperature. After one hour, the reaction mixture was quenched with 1 M
aqueous solution of hydrochloric acid (150 mL). Layers were separated and the organic layer
was washed with brine (100 mL), dried over anhydrous magnesium sulfate and evaporated
to give 3-bromo-5-fluorobenzaldehyde (4) as yellowish oil which solidified on storage in
freezer. Yield: 10.2 g (100%). 'H NMR spectrum (300 MHz, CDCls, 5H): 9.92 (s, 1 H); 7.80
(bs, 1 H); 7.50 (bs, 2 H).

Methyl 3-bromo-5-iodobenzoate (2, 6.80 g, 20.0 mmol) was dissolved in dry tetrahydrofuran
(50 mL) under nitrogen atmosphere and cooled down to -40 °C. 1.3 M Isopropylmagnesium
chloride-lithium chloride complex in tetrahydrofuran (16.1 mL, 21.0 mmol) was added
dropwise via an addition funnel. After 30 minutes 3-bromo-5-fluorobenzaldehyde (4) (4.87 g,
24.0 mmol) was added with the aid of dry tetrahydrofuran (5 mL). The resulting mixture was
allowed to warm to room temperature over an hour and stirred for one more hour at ambient
temperature. The reaction was quenched by addition of 0.5 M agueous solution of
hydrochloric acid (50 mL) and extracted with diethyl ether (1 x 200 mL). Organic layer was
washed with brine (100 mL) and dried over anhydrous sodium sulfate, filtered and
evaporated. The residue 5 was dissolved in dry dichloromethane (100 mL) and pyridinium
chlorochromate (PCC, 6.45 g, 30.0 mmol) was added. The reaction mixture was then stirred
overnight (16 hours) before it was quenched with 2-propanol (3 mL). After stirring for one
hour at room temperature, the reaction mixture was filtered through a silica gel plug (100 g)
topped with celite S and washed with dichloromethane (2 x 100 mL). The solvent was
removed /in vacuo and the residue was purified by flash column chromatography (Silicagel
60, 0.063-0.200 mm; eluent: cyclohexane/dichloromethane 6:1 to 2:1) to give methyl 3-
bromo-5-(3-bromo-5-fluorobenzoyl)benzoate (6) as colorless solid.

Yield: 7.10 g (85%). 'H NMR spectrum (300 MHz, CDCls, 5H): 8.43 (s, 1 H); 8.30 (s, 1 H);
8.11 (s, 1H); 7.71 (s, 1 H); 7.53 (d, J=7.6 Hz, 1 H); 7.41 (d, J=8.3 Hz, 1 H); 3.97 (s, 3 H).
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LC-MS: neither molecular oil nor fragments could be detected.

A 250 mL reaction vessel was charged with potassium acetate (6.70 g, 68.4 mmol) and the
salt was dried for 1 hour at 110 °C in vacuo. After cooling to room temperature, the reaction
vessel was backfilled with nitrogen and charged with methyl 3-bromo-5-(3-bromo-5-
fluorobenzoyl)benzoate (6, 7.10 g, 481 mol), palladium acetate (77.0 mg, 342 mol), 2-
dicyclohexylphosphino-2,4,6-triisopropylbiphenyl (XPhos, 325 mg, 684 mol) and
bis(pinacolato)diboron (9.53 mg, 37.6 mmol). The reaction vessel was then evacuated and
backfilled with nitrogen (this procedure was repeated twice), anhydrous tetrahydrofuran (3
mL) was added with syringe, the vessel was sealed with a plastic stopper and submerged in
the heating bath preheated to 60 C. After stirring at 400 rpm for 16 hours (overnight) the
reaction mixture was cooled to ambient temperature, diluted with dichloromethane (100 mL)
and filtered through a short plug of silica (70 g) topped with celite S with the aid of
dichloromethane (3 x 70 mL). The filtrate was concentrated under reduced pressure to afford
the product as yellowish waxy foam, which was triturated with ice-cold n-hexane (70 mL) to
cause crystallization. The resulting solid collected by filtration and dried in vacuo to give
methyl 3-(3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoyl)-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (7) as white solid. Yield: 7.10 g (88%).

"H NMR spectrum (300 MHz, CDCls, 8H): 8.69 (s, 1 H); 8.48 (s, 1 H); 8.38 (s, 1 H); 7.97 (s, 1
H); 7.72 (d, J=8.5 Hz, 1 H); 7.54 (d, J=9.0 Hz, 1 H); 3.95 (s, 3 H); 1.36 (s, 12 H); 1.35(s, 12
H). LC-MS: 511.6 (M+H)+.

Methyl 3-(3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoy!)-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (7, 7.10 g, 13.9 mmol) was suspended in
methanol (42 mL) and water (13 mL). Lithium hydroxide (2.91 g, 69.5 mmol) was added and
the resulting mixture was vigorously stirred at ambient temperature for 16 hours. The
reaction mixture was diluted with water (120 mL) and extracted with diethyl ether (70 mL).
The ethereal layer was discarded and the aqueous layer acidified with concentrated
hydrochloric acid (10 mL) and extracted with ethyl acetate (100 mL). The organic layer was
washed with brine (100 mL) dried over anhydrous sodium sulfate, filtered and evaporated.
The crude product was dissolved in hot ethyl acetate (80 mL) and pinacol was added until
clear solution was obtained. The solution was evaporated to dryness and then evaporated
twice from dichloromethane (2 x 40 mL) to give the title 3-(3-fluoro-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzoy!)-5-(4,4,5,5-tetramethyl-1,3, 2-dioxaborolan-2-yl)benzoic acid

(8) as colorless solid. The compound contains residual pinacol which could not be removed.
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Yield: 6.82 g (99%). 'H NMR spectrum (300 MHz, CDCls, 8H): 8.77 (s, 1 H); 8.54 (t, J=1.8
Hz, 1 H); 8.44 (d, J=1.1 Hz, 1 H); 7.98 (s, 1 H); 7.80-7.68 (m, 1 H); 7.63-7.50 (m, 1 H); 1.37
(s, 12 H); 1.35 (s, 12 H). LC-MS: 497.5 (M+H)+, 415.4 (M-pinacol+H)+.

3,5-Bis((4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamido)methyl)benzoic acid (1,
2.57 g, 4.00 mmol) was dissolved in acetonitrile/N, N-dimethylformamide mixture (3:1, 100

mL). N-hydroxysuccinimide (0.55 g, 4.80 mmol) was added. The mixture was cooled down to
0 °C followed by addition of N, N-dicyclohexylcarbodiimide (0.99 g, 4.80 mmoi). The mixture
was stirred for 30 minutes at 0 °C and overnight at room temperature. The insoluble by-
product was filtered off and the filtrate was evaporated. The residue was dissolved in ethyl
acetate (250 mL) and washed with water (2 x 150 mL). Organic layer was dried over
anhydrous sodium sulfate, filtered and evaporated. The residue was dissolved in toluene (10
mL) and product started to precipitate. Cyclohexane was added (170 mL). The precipitate
was collected by filtration, washed with cyclohexane and dried in vacuo to yield the title
compound (2) as white powder. The product contains traces of N, N-dicyclohexylurea.

Yield: 2.85 g (97%). 'H NMR spectrum (300 MHz, DMSO-d6, §H): 9.24 (t, J=5.7 Hz, 2 H);
7.95-7.83 (m, 6 H); 7.79-7.70 (m, 5 H); 4.60-4.52 (m, 4 H); 2.87 (s, 4 H); 1.31 (s, 24 H). LC-
MS: 737.4 (M+H)+, 655.2 (M+H-pinacol)+, 573.1 (M+H-2 x pinacol
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Example 18: N2,N6-Bis(6-fluoro-1-hydroxy-1,3-dihydrobenzolc][1 .2loxaborole-5-carbonyl)-L-
lysine

| :
HO 4
6-Fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-5-carboxylic acid (1, 6.00 g, 30.6
mmol)) was dissolved in tetrahydrofuran (80 mL). N, N-Dimethylformamide (10 mL), N-
hydroxysuccinimide (3.87 g, 33.7 mmol) and N-(3-dimethylaminopropyl)-N-ethyicarbodiimide
hydrochloride (6.46 g, 33.7 mmol) were added at room temperature. After stirring for 2 hours,
volatiles were evaporated under reduced pressure and the residue was redissoived in ethyl
acetate (200 mL) and washed with 1 M aqueous hydrochloric acid (2 x 60 mL). Organic
portion was dried using anhydrous sodium sulfate. Volatiles were evaporated under reduced
pressure to give 2,5-dioxopyrrolidin-1-yl 6-fluoro-1-hydroxy-1,3-
dihydrobenzo|c][1,2]oxaborole-5-carboxylate (2) as a white solid. Yield: 8.35 g (93%).

'H NMR spectrum (300 MHz, DMSO-d6, §H): 9.65 (s, 1 H); 8.11 (d, J=5.9 Hz, 1 H); 7.71 (d,
J=10.1 Hz, 1 H); 5.08 (s, 2 H); 2.90 (s, 4 H). LC-MS: 294.4 (M+H)+.

L-Lysine hydrochloride (3, 1.56 g, 8.50 mmol) was dissolved in N,N-dimethylformamide (50
mL) and water (25 mL). N, N-Diisopropylethylamine (8.92 mL, 51.2 mmol) and 2,5-
dioxopyrrolidin-1-yl 6-fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-5-carboxylate (2,
5.00 g, 17.0 mmol) were added at room temperature. After stirring for 3 hours, volatiles were
evaporated under reduced pressure and the residue was precipitated by aqueous 1 M
hydrochloric acid. Precipitate was washed by water and purified by precipitation from
acetonitrile/water mixture, collected by centrifuge and freeze-dried to afford N2,N6-bis(6-
fluoro-1-hydroxy-1,3-dihydrobenzo[c]{1,2Joxaborole-5-carbonyl)-L-lysine (4) as a white solid.
Yield: 3.25 g (76%). 'H NMR spectrum (300 MHz, DMSO-d6, 6H): 12.66 (bs, 1 H); 9.41 (d,
J=5.7 Hz, 2 H); 8.59 (d, J=7.2 Hz, 1 H); 8.39 (t, J=5.0 Hz, 1 H); 7.61-7.53 (m, 2 H); 7.53-7.44
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(m, 2 H); 4.97 (d, J=5.7 Hz, 4 H); 4.41-4.30 (m, 1 H); 3.30-3.20 (m, 2 H); 1.90-1.70 (m, 2 H);
1.59-1.38 (m, 4 H). LC-MS: 503.5 (M+H)+.

Example 19: (S)-2, 3-Bis(4-fluoro-1-hvdroxy-1,3-dihydrobenzo[c][1,2]loxaborole-6-

carboxamido)propanoic acid

,OH

O-B

Solution of methy! 4-(bromomethyl)-3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzoate (1, 23.0 g, 61.7 mmol) and sedium hydroxide (12.3 g, 0.31 mol) in water (400
mL) was stirred overnight at ambient temperature. 6 M Aqueous solution of hydrochloric acid
(60 mL, 6 M) was added to the reaction mixture resulting to white precipitate. The flask with
the precipitate was kept in fridge for 1 hour. Then it was filtered and the filtration cake was
washed with water (200 mL) and freeze-dried to afford 4-fluoro-1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (2) as white solid.

Yield: 12.1 g (100%). "H NMR spectrum (300 MHz, DMSO-d6, 8H): 13.24 (bs, 1 H), 9.58 (s,
1H), 820 (s, 1H),7.73(d, J=9.9 Hz, 1 H), 5.14 (s, 2 H).

4-Fluoro-1-hydroxy-1,3-dihydrobenzo|c][1,2]oxaborole-6-carboxylic acid (2, 4.00 g, 20.4
mmol), N-hydroxysuccinimide (2.35 g, 20.4 mmol) and 1-ethyl-3-(3'-dimethylaminopropyl)
carbodiimide hydrochloride (3.91 g, 20.4 mmol) were stirred in tetrahydrofuran (120 mL) and
N,N-dimethylformamide (20 mL) for 3.5 hours at ambient temperature. The reaction mixture
was evaporated and extracted with ethyl acetate (3 x 150 mL) and 1 M aqueous solution of
hydrochloric acid (150 mL). The organic phase was dried over anhydrous sodium sulfate,
filtered and evaporated to afford 2,5-dioxopyrrolidin-1-yl 4-fluoro-1-hydroxy-1,3-
dihydrobenzolc][1,2]oxaborole-6-carboxylate (3) as white solid. Yield: 5.68 g (97%).

LC-MS: 294.3 (M+H)+.

Solution of 2,5-dioxopyrrolidin-1-yl 4-fluoro-1-hydroxy-1,3-dihydrobenzo|[c][1,2]oxaborole-6-
carboxylate (3, 5.10 g, 17.4 mmol), (S)-2,3-diaminopropanoic acid hydrochloride (4, 1.22 g,
8.70 mmol) and N, N-diisopropylethylamine (9.28 mL, 52.2 mmol) in N,N-dimethyiformamide



10

15

20

25

WO 2020/201041 120 PCT/EP2020/058641

(100 mL) and water (10 mL) was stirred at ambient temperature overnight. The reaction
mixture was evaporated and extracted with ethyl acetate (2 x 250 mL) and 1 M aqueous
solution of hydrochloric acid (150 mL), organic layers were washed with brine (200 mL). The
organic phase was dried over anhydrous sodium sulfate, filtered and evaporated to afford
(S)-2,3-bis(4-fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxamido)propanoic
acid (5) as white solid. Yield: 3.53 g (88%). 'H NMR spectrum (300 MHz, DMSO-d6, 5H):
12.82 (bs, 1 H); 9.54 (d, J=6.2 Hz, 2 H); 8.86 (d, J=7.7 Hz, 1 H); 8.78 (t, J=6.0 Hz, 1 H); 8.10
(s, 1H); 8.04 (s, 1 H); 7.80-7.63 (m, 2 H); 5.13 (d, J=6.2 Hz, 4 H); 4.77-4.62 (m, 1 H); 3.91-
3.77 (m, 1 H); 3.77-3.62 (m, 1 H). LC-MS: 461.3 (M+H)+.

Example 20: 2,5-Dioxopyrrolidin-1-yl 3-(2,4-difluoro-5-(4.4,5 5-tetramethyl-1,3,2-
dioxaborolan-2-ylibenzoyl)-5-(4.4.5,5-tetramethyl~1 s3,2~diaoxabmoIan~2«vt)ben’zoate

O )
F O
casas
F7ON Z ©
o’B‘o o’B\o

\ / \ /
/ N/ N\ 8
3-Bromo-5-iodobenzoic acid (1, 5.00 g, 15.3 mmol) was dissolved in anhydrous
dichloromethane (100 mL) and tert-butanol (1.52 mL, 16.1 mmol), N,N-
dicyclohexylcarbodiimide (3.31 mL, 16.1 mmol) and 4-(dimethylamino)pyridine (1.96 mL,

16.1 mmol) were added. The reaction mixture was stirred at room temperature for 16 hours.
Reaction mixture was then washed with 1 M aqueous solution of hydrochloric acid (2 x 50
mL) and brine (1 x 40 mL). Organic portion was dried over anhydrous sodium sulfate.
Volatiles were evaporated under reduced pressure and the residue was purified by column
chromatography (Silicagel 60, 0.063-0.200 mm; eluent: cyclohexane/ethyl acetate 10:1) to
give tert-butyl 3-bromo-5-iodobenzoate (2) as a white solid. Yield: 4.67 g (80%). '"H NMR
spectrum (300 MHz, CDCl;, 8H): 8.22 (s, 1 H); 8.06 (s, 1 H); 8.00 (s, 1 H); 1.58 (s, 9 H).

tert-Butyl 3-bromo-5-iodobenzoate (2, 4.31 g, 11.3 mmol) was dissolved in anhydrous
tetrahydrofuran (50 mL) under nitrogen atmosphere and cooled down to -40 °C. 1.3 M
Isopropylmagnesium chloride-lithium chloride complex in tetrahydrofuran (9.52 mL, 12.4



10

15

20

25

30

35

WO 2020/201041 121 PCT/EP2020/058641

mmol) was added slowly dropwise. After 40 minutes 5-bromo-2,4-difluorobenzaldehyde (3,
2.86 g, 12.9 mmol) was added with the aid of dry tetrahydrofuran (5 mL). The resulting
mixture was allowed to warm to room temperature overnight (16 hours). The reaction was
guenched by addition of 0.5 M aqueous solution of hydrochloric acid (15 mL) and extracted
with ethyl acetate (2 x 100 mL). Organic layer was washed with brine (40 mL) and dried over
anhydrous sodium sulfate. Volatiles were evaporated under reduced pressure and the
residue was purified by column chromatography (Silicagel 60, 0.063-0.200 mm; eluent:
cyclohexane/ethyl acetate 10:1) to give fert-butyl 3-bromo-5-((5-bromo-2,4-
difluorophenyl)(hydroxy)methyl)benzoate (4) as a white solid. Yield: 4.38 g (81%).

'H NMR spectrum (300 MHz, CDCls, 5H): 8.02 (t, J=1.6 Hz, 1 H); 7.92 (s, 1 H); 7.77-7.65 (m,
2 H); 6.89 (dd, J=9.7 and 8.3, 1 H); 6.09 (d, J=3.9 Hz, 1 H); 2.43 (d, J= 4.0 Hz, 1 H); 1.68-
1.58 (m, 9 H).

tert-Butyl 3-bromo-5-((5-bromo-2,4-diflucrophenyl)(hydroxy)methyl)benzoate (4) was
dissolved in dry dichloromethane (50 mL) and pyridinium chlorochromate (PCC, 2.96 g, 13.7
mmol) was added. The reaction mixture was then stirred overnight (16 hours) before it was
quenched with 2-propanol (1.5 mL). After stirring for one hour at room temperature, the
reaction mixture was filtered through a short plug of celite (5 g) and washed with
dichloromethane (50 mL). Volatiles were removed under reduced pressure and the residue
was purified by flash column chromatography (Silicagel 60, 0.063-0.200 mm; eluent:
cyclohexane/ethyl acetate 20:1) fo give fert-butyl 3-bromo-5-(5-bromo-2,4-
difluorobenzoyl)benzoate (5) as colorless solid. Yield: 4.20 g (96%). "H NMR spectrum (300
MHz, CDCls, 6H): 8.33 (t, J= 1.7 Hz, 1 H); 8.28-8.24 (m, 1 H); 8.10-8.07 (m, 1 H); 7.86 (t,
J=7.3 Hz, 1 H); 7.03 (dd, J=9.3 and 8.1 Hz, 1 H); 1.61 (s, 9 H).

tert-Butyl 3-bromo-5-(5-bromo-2,4-difluorobenzoyl)benzoate (5, 4.20 g, 8.82 mmol),
palladium acetate (59.0 mg, 0.26 mmol), 2-dicyclohexylphosphino-2,4,6-triisopropylbiphenyl
(XPhos, 252 mg, 0.52 mmol), potassium acetate (3.46 g, 35.3 mmol) and
bis(pinacolato)diboron (4.70 g, 18.5 mmol) were mixed in the reaction flask and the resulting
mixture was evacuated and backfilled with argon (this procedure was repeated twice).
Anhydrous tetrahydrofuran (60 mL) was added with syringe, the vessel was sealed with
rubber septum and submerged in the heating bath preheated to 60 C. After stirring for 16
hours, the reaction mixture was cooled to ambient temperature, diluted with cyclohexane
(100 mL) and filtered through a short plug of celite with the aid of dichloromethane (100 mL).

Volatiles were removed under reduced pressure and the residue was purified by flash
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column chromatography (Silicagel 60, 0.063-0.200 mm; eluent: cyclohexane/ethyl acetate
10:1) to give tert-butyl 3-(2,4-difluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoyl)-
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (6) as yellow solid. Yield: 4.78 g
(95%). 'H NMR spectrum (300 MHz, CDCls, 8H): 8.61 (s, 1 H); 8.41 (d, J=1.5 Hz, 1 H); 8.34
(s, 1 H); 8.05 (dd, J=8.3 and 6.7 Hz, 1 H); 6.96-6.81 (m, 1 H); 1.61 (s, 9 H); 1.36 (d, J=2.2
Hz, 24 H).

tert-Butyl 3-(2,4-difluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoyl)-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (6, 4.78 g, 8.38 mmol) was dissolved in
dichloromethane (10 mL) and trifluoroacetic acid (40 mL) was added at room temperature.
Reaction mixture was stirred for 3 hours. Volatiles were removed under reduced pressure
and the residue was co-evaporated with dichloromethane (4 x 50 mL). Resulting 3-(2,4-
difluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoyl)-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoic acid (7) was used for the next step without further purification.
Yield: 4.10 g (96%). "H NMR spectrum (300 MHz, CDCls, 8H): 8.75 (s, 1 H); 8.50 (t, J=1.7
Hz, 1 H); 8.46 (s, 1 H); 8.09 (dd, J=8.4 and 6.8 Hz, 1 H); 6.95-6.83 (m, 1 H); 1.37 (d, J= 1.8
Hz, 24 H).

3-(2,4-Difluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)oenzoyl)-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzoic acid (7, 4.10 g, 8.00 mmol) was dissolved in
dichioromethane (50 mL) and N-hydroxysuccinimide (1.29 g, 11.2 mmol) and N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (2.14 g, 11.2 mmol) were added at
room temperature. After stirring for 6 hours, the reaction mixture was washed with 10%
aqueous solution of potassium bisulfate (2 x 100 mL) and brine (30 mL). Organic portion was
dried using anhydrous sodium sulfate. Volatiles were evaporated under reduced pressure to
give 2,5-dioxopyrrolidin-1-yl 3-(2,4-difluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzoyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (8) as a yellow solid.
Yield: 4.84 g (99%). 'H NMR spectrum (300 MHz, CDCls, 5H): 8.81-8.75 (m, 1 H); 8.57-8.51
(m, 1 H); 8.47 (s, 1 H); 8.08 (dd, J=8.5 and 6.7 Hz, 1 H); 6.89 (dd, J=9.9 and 9.0 Hz, 1 H);
2.92 (bs, 4 H); 1.36 (s, 24 H). LC-MS: 448.4 (M-2Pinacol+H)+,
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dioxaborolan-2-yl)benzamido)methyvl)benzoate

OF OSu

0
B

3,5-Bis(aminomethyl)benzoic acid dihydrochloride (2, 1.88 g, 7.43 mmol) was dissolved in
water (20 mL). Subsequently N, N-diisopropylethylamine (10.4 mL, 59.5 mmol), N,N-
dimethylformamide (40 mL) and 2,5-dioxopyrrolidin-1-yl 3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoate (1, 5.40 g, 14.8 mmol) were added.

The mixture was stirred overnight at room temperature; then it was acidified by 1 M aqueous
solution of hydrochloric acid (200 mL). The solvent was co-evaporated with toluene three
times. The residue was dissolved in dichloromethane/toluene mixture (1:1, 100 mL) and
treated with pinacol (1.24 g, 10.5 mmol). The mixture was evaporated three times from
toluene. The residue was dissolved in ethyl acetate (150 mL) and washed with water (3 x
100 mL). Organic layer was dried over anhydrous sodium sulfate, filtered and evaporated.
The residue was dissolved in dichloromethane (10 mL) and product started to precipitate.
Then cyclohexane was added (190 mL) and the precipitate was collected by filtration,
washed with cyclohexane and dried in vacuo to give 3,5-bis((3-fluoro-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzamido)methyl)benzoic acid (3) as white powder. Yield: 4.38 g
(87%). "H NMR spectrum (300 MHz, DMSO-d6, 5H): 12.95 (bs, 1 H); 9.05-8.97 (m, 2 H);
7.82(s, 2H); 7.64 (1, J=7.3 Hz, 2 H); 7.56-7.49 (m, 3 H); 7.44-7.37 (m, 2 H); 4.55-4.47 (m, 4
H); 1.31 (s, 24 H). LC-MS: 677.5 (M+H)+, 595.3 (M+H-pinacol)+, 513.3 (M+H-2 x pinacol)+.

The above acid (3, 4.37 g, 6.48 mmol) was dissolved in acetonitrile/N, N-dimethylformamide
mixture (4:1, 100 mL) and N-hydroxysuccinimide (HOSu, 0.89 g, 7.77 mmol) was added. The
mixture was cooled down to 0 °C followed by addition of N,N-dicyclohexylcarbodiimide (DCC,
1.60 g, 7.77 mmol). The mixture was stirred for 30 minutes at 0 °C and overnight at room
temperature. The insoluble by-product was filtered off and the filtrate was evaporated. The
residue was dissolved in ethyl acetate (250 mL) and washed with water (2 x 150 mL).
Organic layer was dried over anhydrous sodium sulfate, filtered and evaporated. The residue
was dissolved in dichloromethane (10 mL) and cyclohexane was added (170 mL). The

precipitate was collected by filtration, washed with cyclohexane. White powder was dissolved
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in tetrahydrofuran (100 mL). Pinacol (0.19 g, 1.60 mmol) and magnesium sulfate (10 g) were
added to the solution and resulting mixture was stirred overnight at room temperature. The
suspension was filtered through celite pad and the filtrate was evaporated. The residue was
dissolved in dichloromethane (10 mL) and to the solution cyclohexane was added (170 mL).
The precipitate was collected by filtration, washed with cyclohexane and dried in vacuo to
give the title compound (4) as white powder.Yield: 3.99 g (80%). 'H NMR spectrum (300
MHz, DMSO-d6, 8H): 9.07 (t, J=5.7 Hz, 2 H); 7.96 (s, 2 H); 7.75 (s, 1 H); 7.65 (, J=7.2 Hz, 2
H); 7.53 (d, J=7.7 Hz, 2 H); 7.41 (d, J=10.4 Hz, 2 H); 4.61-4.48 (m, 4 H); 2.89 (s, 4 H); 1.31
(s, 24 H). LC-MS: 774.6 (M+H)+, 692.4 (M+H-pinacol)+, 610.3 (M+H-2 x pinacol)+.

Example 22: (3-(4,4,5,5-Tetramethyl-1,3,2-dioxaboroloan-2-yl)-5-((3-(4.4.5,5-tetramethyl-
1,3.2-dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)sulfonyl)benzovi)glycine

O 0O
I 1

FiC ﬁ
O

9
1,3-Dibromo-5-(trifluoromethyl)benzene (1, 13.1 g, 43.1 mmol) was added to a mixture of
copper(ll) sulfate pentahydrate (541 mg, 2.36 mmol) and potassium hydroxide (9.24 g, 216
mmol} in mixture dimethyl sulfoxide/water (10:1, 70 mL), reaction flask was filled with
nitrogen and at the end was added 1,2-ethanedithiol (6.00 mL, 80.5 mmol) through the
septum. Reaction mixture was heated to 110 °C overnight. Then was mixture acidified to
pH=2 with 1 M aqueous solution of hydrochloric acid and extracted with ethyl acetate. After
drying over anhydrous sodium sulfate and filtration was solvent evaporated under reduced
pressure. Residue was purified by column chromatography (Silicagel 60, 0.063-0.200 mm;
eluent: cyclohexane) to give 3-bromo-5-(trifluoromethyl)benzenethiol (2) as white oil.

Yield: 5.76 g (52%). "H NMR spectrum (300 MHz, CDCls, 8H): 7.61 (s, 1 H); 7.56 (s, 1H);
7.46 (s, 1 H); 3.66 (s, 1 H).

3-Bromo-5-(trifluoromethyl)benzenethiol (2, 5.76 g, 22.4 mmol), methyl 3-bromo-5-
iodobenzoate (3, 5.09 g, 14.9 mmol), potassium carbonate (2.95 g, 24.8 mmol) and copper(l)
iodide (410 mg, 2.49 mmol) were dissolved in dry dimethoxyethane (44 mL). Reaction flask
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was heated to 80 °C for 48 hours. After this time was mixture diluted with ethyl acetate and
filtrated through the celite, solvent was then evaporated under reduced pressure. Residue
was purified by column chromatography (Silicagel 60, 0.063-0.200 mm; eluent:
cyclohexane/ethyl acetate 1:0 to 20:1) to give methyl 3-bromo-5-((3-bromo-5-
(trifluoromethyl)phenyl)thio)benzoate (4) as yellow oil. Yield: 6.64 g (63%). '"H NMR spectrum
(300 MHz, CDCls, 8H): 7.82 (m, 1 H); 7.68 (m, 3 H); 7.52 (m, 1 H); 2.54 (s, 3 H).

Methyl 3-bromo-5-((3-bromo-5-(trifluoromethyl)phenyl)thio)benzoate (4, 6.64 g, 14.1 mmol)
and Oxone (8.20 g, 35.3 mmol) were suspended in methanol (30 mL) and water (10 mL) was
added. The reaction was stirred overnight at room temperature. Then was mixture diluted
with ethyl acetate (50 mL), washed with water (1 L) and then with brine (100 mL). Organic
phase was evaporated under reduced pressure, residue was chromatographed by column
chromatography (Silicagel 60, 0.063-0.200 mm; eluent: cyclohexane/ethyl acetate 9:1 to 3:1)
to give methyl 3-bromo-5-((3-bromo-5-(trifluoromethyl)phenyl)sunfonyl)benzoate (5) as white
solid. Yield: 5.46 g (77%). "H NMR spectrum (300 MHz, CDCls, §H): 8.53 (m, 1 H); 8.43 (m, 1
H); 8.27 (m, 2 H); 8.15 (m, 1 H); 8.00 (m, 1 H); 4.00 (s, 3 H).

Methyl 3-bromo-5-((3-bromo-5-(trifluoromethyl)phenyl)sunfonyl)benzoate (5, 5.46 g 10.9
mmol) and lithium hydroxide monohydrate (1.33 g, 31.7 mmol) were dissolved in mixture of
methanol/water/tetrahydrofuran (4:2:5, 35 mL), reaction mixture was stirred overnight at
room temperature. After this time was mixture acidified to pH 2 with 1 M aqueous solution of
hydrochloric acid and extracted with ethyl acetate. After evaporation of all volatiles was
obtained 3-bromo-5-((3-bromo-5-(trifluoromethyl)phenyl)sunfonyl)benzoic acid (6) as white
solid. Yield: 5.10 g (96%). '"H NMR spectrum (300 MHz, DMSO-d6 §H): 13.91 (bs, 1 H); 8.68
(s, 2H); 8.50 (s, 1 H); 8.45 (s, 1 H); 8.41 (s, 1 H); 8.32 (s, 1 H).

3-Bromo-5-((3-bromo-5-(trifluoromethyl)phenyl)sunfonyl)benzoic acid (6, 5.10 g, 10.5 mmol)
mixed with 1-((dimethylamino)(dimethyliminio)methyl)-1H-[1,2,3]triazolo[4,5-b]pyridine 3-
oxide hexafluorophosphate(V) (HATU, 4.40 g, 11.6 mmol) in dry N, N-dimethylformamide
(130 mL) was stirred for 30 minutes, then triethylamine (7.5 ml, 52.3 mmol) was added and
glycine tert-butyl ester hydrochloride (3.51 g, 20.9 mmol) were added and stirred overnight.
After end of reaction was added water and reaction mixture was extracted with ethyl acetate
(150 mL), after evaporation of all volatiles under reduced pressure was residue purified by
column chromatography (Silicagel 60, 0.063-0.200 mm; eluent: cyclohexane/ethyl acetate
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3:1) to give ftert-butyl (3-bromo-5-((3-bromo-5-
(trifluoromethyl)phenyl)sulfonyl)benzoyl)glycinate (7) as white solid.
Yield: 6.30 g (99%). LC-MS: 602.3 (M+H)+.

A 100 mL reaction flask was charged with potassium acetate (5.13 g, 26.1 mmol) and the
salt was dried for 1 hour at 110 °C in vacuo. After cooling to room temperature, the reaction
flask was backfilled with nitrogen and charged with tert-buty! (3-bromo-5-((3-bromo-5-
(trifluoromethyl)phenyl)sulfonyl)benzovi)giycinate (7, 6.30 g, 10.5 mmol), palladium acetate
(120 mg, 0.52 mmol), 2-dicyclohexylphosphino-2,4,6-triisopropylbiphenyl (XPhos, 500 mg,
1.04 mmol) and bis(pinacolato)diboron (5.9 g, 23.03 mmol). The reaction flask was then
evacuated and backfilled with nitrogen (this procedure was repeated twice), anhydrous
tetrahydrofuran (50 mL) was added with syringe, the flask was sealed with a plastic stopper
and heated to 60 C. Reaction mixture was stirred overnight and then was cooled to ambient
temperature, diluted with dichloromethane (150 mL) and filtered through a short plug of
silicagel topped with celite and washed with dichloromethane (3 x 50 mL). The filtrate was
concentrated under reduced pressure to afford the tert-butyl (3-(4,4,5,5-tetramethyl-1,3,2-
dioxaboroloan-2-yl)-5-((3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y!)-5-
(trifluoromethyl)phenyl)sulfonyl)benzoyl)glycinate (8) as black waxy foam. Yield: 6.70 g
(92%). LC-MS: 640.5 (M+H-tBu)+, 558.4 (M-pinacol-tBu+H)+, 476.3 (M-2pinacol-tBu+H)+.

tert-Butyl (3-(4,4,5,5-tetramethyl-1,3,2-dioxaboroloan-2-y!)-5-((3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)sulfonyl)benzoyl)glycinate (8, 6.70 g, 10. 5
mmol) was mixed with trifluoroacetic acid (25 mL) and stirred 1 hour at room temperature,
after this time all volatiles was evaporated under reduced pressure. Residue was then
dissolved in ethyl acetate (50 mL) and filtered through a short plug of silicagel topped with
celite. The filtrate was concentrated under reduced pressure, was obtained orange hard
foam, which was crushed. (3-(4,4,5,5-tetramethyl-1,3,2-dioxaboroloan-2-yl)-5-((3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)sulfonyl)benzoyl)glycine (9)
was obtained as pale orange solid. Yield: 3.89 g (63%). '"H NMR spectrum (300 MHz, CDCl;,
8H): 8.57 (m, 3 H); 8.47 (s, 1 H); 8.31 (s, 1 H); 9.26 (s, 1 H); 7.23 (t, 1 H); 4.35 (d, 2 H); 1.38
(s, 1 H). "°F NMR spectrum (282 MHz, CDCls, §F): -62.65 (s). LC-MS: 640.5 (M+H)+, 558.4
(M- pinacol+H)+, 476.3 (M-2 x pinacol+H)+.
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Example 23: N-(5-Fluoro-1-hydroxy-1,3-dihydrobenzolcl[1 2loxaborole-6-carbonyl-N-(2-(5-
fluoro-1-hydroxy-1.3-dihydrobenzo[c][1.2]loxaborole-6-carboxamidoethyl)glycine
OH

~o
o)

Chloroacetic acid (1, 13.0 g, 136 mmol) was added to precooled (0 °C) ethylenediamine (2,
90 mL) in small portions. After the addition was complete, the reaction mixture was allowed
to reach room temperature overnight (16 hours). Ethylenediamine was evaporated in vacuo
and the residue was triturated with dimethyl sulfoxide (140 mL.) with stirring overnight. The
precipitate was collected by filtration and washed by dimethyl sulfoxide (2 x 60 mL),
acetonitrile (3 x 100 mL) and diethyl ether (3 x 100 mL) to give the (2-aminoethyl)glycine (3)
as colorless solid. Yield: 13.2 g (83%). "H NMR spectrum (300 MHz, D20, §H): 3.27 (s, 2 H);
3.05-3.01 (m, 2 H); 2.92-2.88 (m, 2 H).

Solution of 2,3,4,5,6-pentafluorophenol (9.39 g, 51.0 mmol), 5-fluoro-1-hydroxy-1,3-
dihydrobenzol[c][1,2]oxaborole-6-carboxylic acid (4, 10.0 g, 51.0 mmol) and N,N-
dicyclohexylcarbodiimide (DCC, 10.5 g, 51.0 mmol) in acetonitrile (300 mL) was stirred at
ambient temperature overnight. The reaction mixture was filtered, washed with acetonitrile
and evaporated. Crude product 5 was purified by crystallization from mixture of
dichloromethane/hexane (9:1, 500 mL) to give the pentafluorophenyl 5-fluoro-1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylate (5) as white solid. Yield: 6.80 g (37%). LC-MS:
363.2 (M+H)+.

Solution of pentafluorophenyl 5-fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-
carboxylate (5, 6.80 g, 18.8 mmol), (2-aminoethyl)glycine (3, 1.10 g, 9.39 mmol) and
triethylenamine (10.5 mL, 75.1 mmol) in N,N-dimethylformamide (80 mL) was stirred at
ambient temperature overnight. The reaction mixture was evaporated and extracted with
ethyl acetate (2 x 500 mL) and 1 M aqueous solution of hydrochloric acid (400 mL), organic
layers were washed with brine (300 mL). The organic phase was dried over anhydrous
sodium sulfate, filtered and evaporated. Crude product 6 was purified by flash
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chromatography (Silicagel, 0.063-0.200 mm; eluent: dichloromethane/methanol/formic acid
100:2:0.5 to 100:10:0.5) and freeze-dried to afford N-(5-fluoro-1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carbonyl)-N-(2-(5-fluoro-1-hydroxy-
1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxamido)ethyl)glycine (6) as white solid.

Yield: 2.16 g (49%). RF (Si0O2, dichloromethane/methanol/formic acid 100:2:0.5): 0.30.

'H NMR spectrum (300 MHz, DMSO-d6, 8H): 12.86 (bs, 1 H); 9.45-9.17 (m, 2 H); 8.48-8.11
(m, 1H); 8.11-7.88 (m, 1 H); 7.65 (d, J=7.0 Hz, 1 H); 7.43-7.15 (m, 2 H); 4.99 (d, J=8.6 Hz, 4
H); 4.36-3.90 (m, 2 H); 3.80-3.34 (m, 4 H). LC-MS: 475.4 (M+H)+.

Example 24: 4-((35,48)-3.4-Bis{ 1-hydroxy-4-(trifluoromethyi-1,3-

dihydrobenzo[c][1,2]oxaborole-6-carboxamido)pyrrolidin-1-yl)-4-oxobutanocic acid
FF

1-Hydroxy-4-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (1, 13.5 g,
54.9 mmol), N-hydroxysuccinimide (6.31 g, 54.9 mmol) and 1-ethyl-3-(3'-
dimethylaminopropyl) carbodiimide hydrochloride (10.5 g, 54.9 mmol) were stirred in
tetrahydrofuran (270 mL) and N,N-dimethylformamide (40 mL) for 4 hours at ambient
temperature. The reaction mixture was evaporated and extracted with ethyl acetate (3 x 300
mL)and 1 M aqueous solution of hydrochloric acid (200 mL). The organic phase was dried
over anhydrous sodium sulfate, filiered and evaporated to afford 2,5-dioxopyrrolidin-1-yl 1-
hydroxy-4-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylate (2) as white
solid. Yield: 18.8 g (100%). LC-MS: 344.3 (M+H)+.

Solution of 4-((38,4S)-3,4-diaminopyrrolidin-1-yl)-4-oxobutanoic acid dihydrochloride (3, 2.74
mg, 10.0 mmol), 2,5-dioxopyrrolidin-1-yl 1-hydroxy-4-(triflucromethyl)-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylate (2, 6.86 mg, 20.0 mmol)
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and N, N-diisopropylethylamine (11.0 mL, 60.0 mmol) in N,N-dimethyiformamide (240 mL)
and water (60 mL) was stirred at ambient temperature overnight. The reaction mixture was
evaporated, purified by column chromatography (Silicagel, 0.063-0.200 mm; eluent:
dichloromethane/methanol/formic acid 100:2:0.5 to 100:10:0.5) and freeze-dried to afford 4-
((3S,45)-3,4-bis(1-hydroxy-4-(trifluoromethyl}-1,3-dihydrobenzo[c][1,2]oxaborole-6-
carboxamido)pyrrolidin-1-yl)-4-oxobutanoic acid (4) as white solid.

Yield: 2.56 g (39%). Rf (SiO2, dichloromethane/methanol/formic acid 100:10:0.5): 0.3.

'H NMR spectrum (300 MHz, DMSO-d8, 8H) 11.73 (bs, 1 H); 9.62 (s, 2 H); 9.01 (dd, J=10.4
and 7.2 Hz, 2 H); 8.48 (s, 2 H); 8.24 (s, 2 H); 5.20 (s, 4 H); 4.94-4.51 (m, 2 H); 4.16-3.94 (m,
1 H); 3.95-3.80 (m, 1 H); 3.56-3.44 (m, 1 H); 3.41-3.34 (m, 1 H); 2.49-2.40 (m, 4 H). LC-MS:
658.7 (M+H)+.

Example 25: 2 5-Dioxopyrrolidin-1-vl 3-(difiuoro(3-(4,4 5 5-tetramethyl-1,3,2:-dioxaborolan-2-

yh-5-(trifluoromethyl)phenyl)methyl)-5-(4.4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yl )benzoate
0

F FF ‘
B o
/B\ /B
o o 0o o

\ [ \

/N /N 8
Methyl 3-bromo-5-iodobenzoate (1, 6.80 g, 20.0 mmol) was dissolved in dry tetrahydrofuran
(40 mL) and cooled to -30 C. 1.3 M Solution isopropyimagnesium chioride-lithium chloride
complex in tetrahydrofuran (16.2 mL, 21.0 mmol) was added dropwise with stirring. After 30
minutes, 3-bromo-5-(trifluocromethyl)benzaldehyde (2, 6.00 g, 24.0 mmol) was added with aid
of tetrahydrofuran (10 mL). The resulting mixture was allowed to warm to ambient
temperature and quenched after one hour by the addition of 1 M aqueous solution of
hydrochloric acid (40 mL). The reaction mixture was taken up in diethyl ether (150 mL),
washed with water (150 mL) and brine (100 mL), dried over anhydrous sodium sulfate,
filtered and evaporated. The crude product (3) was dissolved in dry dichloromethane (80 mL)
and pyridinium chlorochromate (6.42 g, 30.0 mmol) was added with stirring. After stirring for
17 hours, the reaction mixture was filtered through a plug of silica (80 g) topped with celite
and the bed was washed with dichloromethane (3 x 120 mL.). The yellowish solution was
concentrated in vacuo and the residue stirred in methanol (50 mL) for 16 hours. The
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precipitated solid was collected by filtration and dried in air to give methyl 3-bromo-5-(3-
bromo-5-(trifluoromethyl)benzoyl)benzoate (4) as colorless solid. Yield: 6.52 g (70%).

"H NMR spectrum (300 MHz, CDCls, 3H): 8.45 (t, J=1.4 Hz, 1 H); 8.29 (m, 1 H); 8.12(t, J=1.6
Hz, 1 H); 8.08 (bs, 1 H); 8.04 (bs, 1 H); 7.95 (bs, 1 H); 3.97 (s, 3 H).

Methyl 3-bromo-5-(3-bromo-5-(trifluoromethyl)benzoyl)benzoate (4, 6.50 g, 13.9 mmol, and
Deoxo-Fluor (13.0 mL) were charged to a 100 mL reaction vessel. The vessel was sealed
with a bubbler (filled with silicon oil), purged with nitrogen and heated to 90 °C (oil bath) for
16 hours. The reaction mixture was cooled to ambient temperature and diluted with
dichloromethane (100 mL). The resulting solution was added slowly to a 1 M aqueous
potassium carbonate solution (100 mL) and the biphasic mixture was stirred for an hour to
decompose the excess of fluorinating reagent. The layers were separated and the organic
layer was dried over anhydrous sodium sulfate, filtered and evaporated. The crude product
was purified by flash column chromatography (Silicage! 60, 0.040-0.063 mm; eluent:
cyclohexane/ethyl acetate 30:1 to 15:1) to give methyl 3-bromo-5-
((3bromo5(trifluoromethyl)phenyl)difluoromethyl) benzoate (5) as yellowish oil. Yield: 6902
mg (99%). 'H NMR spectrum (300 MHz, CDCls, §H): 8.30 (s, 1 H); 8.08 (s, 1 H); 7.88 (s, 1
H), 7.83 (s, 1 H); 7.81 (s, 1 H); 7.71 (s, 1 H); 3.96 (s, 3 H).

'9F NMR spectrum (282 MHz, CDCls, §F): -62.87 (s, 3 H); -90.00 (s, 2 H).

A 500 mL reaction vessel was charged with potassium acetate (6.83 g, 69.7 mmol) and the
salt was dried for 1 hour at 110 °C in vacuo. After cooling to room temperature, the reaction
vessel was backfilled with nitrogen and charged with 3-bromo-5-
((3bromos(triflucromethyl)phenyl)difluoromethyl) benzoate (5, 6.90 g, 13.9 mmol), palladium
acetate (62.0 mg, 279 mol), 2-dicyclohexylphosphino-2,4,6-triisopropylbiphenyl (XPhos, 265
mg, 557 mol} and bis(pinacolato)diboron (838 mg, 30.7 mmol). The reaction vessel was then
evacuated and backfilled with nitrogen (this procedure was repeated twice). Anhydrous
tetrahydrofuran (50 mL) was added with syringe, the vessel was sealed with a plastic stopper
and submerged in the heating bath preheated to 60 C. After stirring at 400 rpm for 16 hours
the reaction mixture was cooled to ambient temperature, diluted with dichloromethane (200
mL) and filtered through a short plug of silica (90 g) topped with celite S with the aid of
dichloromethane (3 x 120 mL). The filtrate was concentrated under reduced pressure to
afford methyl 3-(difluoro(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-
(trifluoromethyl)phenyl)methyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (6)
as brownish foam. It was suspended in methanol (50 mL) and water (15 mL) and lithium
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hydroxide monohydrate (2.94 g, 70.0 mmol) was added and the resulting mixture was stirred
for 16 hours at room temperature. The reaction mixture was taken up in water (150 mL) and
washed with dichloromethane (2 x 30 mL) and diethyl ether (30 mL). The aqueous layer was
acidified by concentrated aqueous hydrochloric acid to pH=2 and extracted with ethyl acetate
(100 mL). The organic layer was washed with brine (50 mL) and dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to give a yellowish foam.
To the foam was added pinacol (472 mg, 4.00 mmol) and left to stir overnight in acetonitrile
(50 mL). The precipitated solid was collected by filtration, washed with ice-cold acetonitrile (2
x 20 mL) and dried in air to give the title 3-(difluoro(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-5-(trifluoromethyl)phenyl)methyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic
acid (7) as colorless solid. Yield: 5.90 g (77%). '"H NMR spectrum (300 MHz, CDCls, 8H):
8.64 (s, 1 H); 8.28 (s, 1 H); 8.22 (s, 1 H); 8.15 (s, 2 H); 7.85 (s, 1 H); 1.38 (s, 12 H); 1.37 (s,
12 H). LC-MS: 569.7 (M+H)+.

3-(Difluoro(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)methyl)-
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid (7, 5.11 g, 9.00 mmol) and
bis(succinimidyl)carbonate (3.22 g, 12.6 mmol) were suspended in anhydrous acetonitrile (45
mL) under nitrogen and pyridine (1.00 mL, 12.6 mmol). The reaction mixture was heated
gently with a heatgun to effect dissolution. After stirring for 16 hours, the reaction mixture
was concentrated in vacuo and the residue was taken up in ethyl acetate (100 mL) and
washed with 0.5 M aqueous solution of potassium hydrogencarbonate (2 x 40 mL) and brine
(50 mL). The organic layer was dried over anhydrous sodium suifate, filtered and
concentrated under reduced pressure to give an off-white solid. Pinacol (354 mg, 3.00
mmol)was added and mixture was left to stir overnight in acetonitrile (50 mL). The
precipitated solid was collected by filtration, washed with ice-cold acetonitrile (2 x 20 mL) and
dried in air to give the title 2,5-dioxopyrrolidin-1-yl 3-(difluoro(3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)methyl)-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoate (8) as colorless solid. Yield: 5.36 g (90%). 'H NMR spectrum
(300 MHz, CDCls, 5H): 8.67 (s, 1 H); 8.29 (s, 1 H); 8.26 (s, 1 H); 8.15 (s, 1 H); 8.10 (s, 1 H);
7.86 (s, 1 H); 2.92 (s, 4 H); 1.36 (s, 24 H). LC-MS: 646.8 (M-HF)+.
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Example 26: (S)-2,3-Bis(1-hydroxy-4-(trifluoromethyl}-1,3-dihydrobenzol[cl[1,2]oxaborole-6-

carboxamido)propanoic acid
O [OH
HN B\
H 0
N 1
r F
0° OH F F 3

Solution of 2,5-dioxopyrrolidin-1-yl 1-hydroxy-4-(trifluoromethyl)-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylate (1, 14.4 g, 42.0 mmol), (S)-2,3-
diaminopropanoic acid hydrochloride (2, 2.81 g, 20.0 mmol) and N, N-diisopropylethylamine
(21.4 mL, 120 mmol) in N,N-dimethylformamide (400 mL) and water (100 mL) was stirred at

ambient temperature overnight. The reaction mixture was evaporated and purified by column

chromatography (Silicagel, 0.063-0.200 mm; eluent: dichloromethane/methanol/formic acid
100:2:0.5 to 100:10:0.5). The fractions with desired product were evaporated and washed
with 1 M aqueous solution of potassium bisulfate (400 mL). The precipitate was filtered,
dissolved in mixture of acetonitrile and water (2:1) and freeze-dried to afford (S)-2,3-bis(1-
hydroxy-4-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxamido )propanoic acid
(3) as white solid. Yield: 4.32 g (39%). "H NMR spectrum (300 MHz, DMSO-d6, 8H): 12.59
(bs, 1 H); 9.62 (d, J=6.1 Hz, 2 H); 9.09 (d, J=7.9 Hz, 1 H); 8.98 (t, J=5.7 Hz, 1 H); 8.50 (d,
J=14.5 Hz, 2 H); 8.24 (d, J=21.6 Hz, 2 H); 5.20 (d, J=5.7 Hz, 4 H); 4.87-4.58 (m, 1 H); 4.02-
3.80 (m, 1 H); 3.79-3.54 (m, 1 H). LC-MS: 561.6 (M+H)+.

Example 27: (3-((3-(Pentafluoro-6-sulfanyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
an-Z-ylbenzoyliglycine
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A mixture of tert-butyl (3-bromo-5-((3-bromo-5-(pentafluoro-6-
sulfanyl)phenyl)sulfonyl)oenzoyl)glycinate (1, 8.00 g, 12.1 mmol), palladium acetate (137 mg,
0.61 mmol), 2-dicyclohexylphosphino-2,4,6-triisopropylbiphenyl (XPhos, 577 mg, 1.21 mol),
bis(pinacolato)diboron (6.78 g, 26.7 mmol) and potassium acetate (5.95 g, 60.7 mmol) in
anhydrous tetrahydrofuran (450 mL) was heated under argon atmosphere at 60 °C for 24
hours. The mixture was cooled down to room temperature and filtered through a short plug of
celite. Solvents were removed under reduced pressure and the residue was purified by flash
column chromatography (Silicagel 60, 0.040-0.063 mm; eluent: dichloromethane/ethyl
acetate 10:0 to 6:4) to give tert-butyl (3-((3-(pentafluoro-6-sulfanyl)-5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)sulfonyl)-5-(4,4,5,5-tetramethyl-1,3, 2-dioxaborolan-2-
yl)benzoyl)glycinate (2) as off-white foam. Yield: 6.70 g (72%).

"H NMR spectrum (300 MHz, CDCls, 3H): 8.53-8.49 (m, 2 H); 8.49-8.46 (m, 1 H); 8.43 (¢,
J=1.9 Hz, 1 H); 8.39-8.36 (m, 1 H); 8.32 (dd, J=2.1 and 0.6 Hz, 1 H); 6.76 (t, J=5.0 Hz, 1 H);
4.16 (d, J=5.0 Hz, 2 H); 1.51 (s, 9 H); 1.36 (s, 24 H). LC-MS: 754.9 (M+H)+.

A solution of tert-butyl (3-((3-(pentafluoro-6-sulfanyl)-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)sulfonyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzoyl)glycinate (2, 6.68 g, 8.87 mmol) in dichloromethane (100 mL) and trifluoroacetic
acid (200 mL) was stirred at room temperature for 2 hours. Solvents were removed under
reduced pressure. The residue was evaporated ten times from dichloromethane (250 mL)
prior to drying in vacuo. (3-((3-(Pentafluoro-6-sulfanyl)-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)sulfonyl)-5-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
yl)benzoyl)glycine (3) was obtained as off-white solid. Yield: 6.15 g (99%). '"H NMR spectrum
(300 MHz, DMSO-d6, 8H): 9.33 (t, J=5.8 Hz, 1 H); 8.65 (t, J=1.8 Hz, 1 H); 8.55 (1, J=1.9 Hz, 1
H); 8.47 (s, 1 H); 8.41-8.29 (m, 2 H); 8.25-8.16 (m, 1 H); 3.96 (d, J=5.9 Hz, 2 H); 1.41-1.24
(m, 24 H).LC-MS: 534.4 (M-2xpin+H)+.



10

15

20

25

WO 2020/201041 134 PCT/EP2020/058641

Example 28: N-(1-Hydroxy-4-(trifluoromethyl)-1,3-dihydrobenzo[cl[1,2]oxaborole-6-carbonyl)-
N-(2-(1-hydroxy-4-(trifluoromethyl)-1,3-dihvdrobenzolc][1.2]oxaborole-6-
carboxamido)ethyliglycine

OH

1-Bromopyrrolidine-2,5-dione (NBS, 34.0 g, 191 mmol) was added to a solution of 3-
trifluoromethyl-4-methylbenzoic acid (1, 39.0 g, 191 mmol) in concentrated sulfuric acid (400
mL) and the reaction mixture was stirred at ambient temperature for 16 hours. The reaction
mixture was then poured into ice-water (2 L). Resulting precipitate was filtered off, washed
with water (500 mL) and dissolved in ethyl acetate (400 mL); dried over anhydrous sodium
sulfate, filtered and evaporated to provide 3-bromo-4-methyl-5-trifluoromethylbenzoic acid (2)
as white solid. Yield: 53.4 g (98%). "H NMR spectrum (300 MHz, DMSO-d6, §H): 13.71 (bs, 1
H); 8.35 (d, J=0.4 Hz, 1 H); 8.15 (d, J=0.9 Hz, 1 H); 2.56 (s, 3 H).

Concentrated sulfuric acid (24 mL) was added to a solution 3-bromo-4-methyl-5-
trifluoromethylbenzoic acid (2, 35.0 g, 124 mmol) in methanol (500 mL) and the reaction
mixture was allowed to stir under reflux for 4 hours and at ambient temperature for 16 hours.
The reaction mixture was then evaporated under reduced pressure, dissolved in diethyl ether
(250 mL), washed with water (2 x 100 mL) and mixture of saturated solution of potassium
carbonate (100 mL) and brine (100 mL). Organic layer was separated, dried over anhydrous
sodium sulfate, filtered and evaporated to provide methyl 3-bromo-4-methyl-5-
trifluoromethylbenzoate (3) as white solid. Yield: 35.3 g (96%). '"H NMR spectrum (300 MHz,
DMSO-d6, 3H): 8.36 (d, J=1.1 Hz, 1 H); 8.13 (d, J=1.1 Hz, 1 H); 3.90 (s, 3 H); 2.55 (d, J=1.3
Hz, 3 H).

A suspension of 1-bromopyrrolidine-2,5-dione (NBS, 31.7 g, 178 mmol) and methyl 3-bromo-
4-methyl-5-trifluoromethylbenzoate (3, 35.3 g, 119 mmol) in water (300 mL) was stirred for 6
hours under 100 W light bulb at 80 °C. Reaction mixture was extracted with diethyl ether (2 x
200 mL). Organic layers were washed with brine (150 mL). Organic layer was separated,
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dried over anhydrous sodium sulfate, filtered and evaporated to provide methyl 3-bromo-4-
bromomethyl-5-trifluoromethylbenzoate (4) as yellow solid. Yield: 44.0 g (98%). '"H NMR
spectrum (300 MHz, CDCls, 3H): 8.47 (d, J=1.5 Hz, 1 H); 8.31 (d, J=1.3 Hz, 1 H); 4.75 (s, 2
H); 3.98 (s, 3 H).

Solution of 3-bromo-4-bromomethyl-5-trifluoromethylbenzoate (4, 44.0 g, 117 mmol) and
potassium acetate (22.9 g, 234 mmol) in acetonitrile (0.5 L) was stirred at 75 °C overnight.
The suspension was filtered through filtering paper and evaporated. The crude product was
dissolved in dichloromethane and filtered again. Evaporation provided methy! 3-bromo-4-
(acetoxymethyl)-5-(trifluoromethyl)benzoate (5) as white solid. Yield: 37.9 g (91%). 'H NMR
spectrum (300 MHz, CDCls, 8H): 8.49 (d, J=1.3 Hz, 1 H); 8.34 (d, J=1.3 Hz, 1 H); 5.37 (s, 2
H); 3.99 (s, 3 H); 2.11 (s, 3 H).

Solution of methyl 3-bromo-4-(acetoxymethyl)-5-trifluocromethylbenzoate (5, 37.9 g, 107
mmol), bis(pinacolato)diboron (29.8 g, 117 mmol), potassium acetate (31.4 g, 294 mmol) and
[1,1-bis(diphenylphosphino)ferrocene]dichloropalladium(il) (1.57 g, 1.92 mmol) in dry
tetrahydrofuran (500 mL) was allowed to stir at 75 °C under argon atmosphere for 13 days.
Then the reaction mixture was cooled to ambient temperature, filtered and evaporated. The
crude product was filtered through silica gel column (Silicagel, 0.063-0.200 mm; eluent:
cyclohexane/ethyl acetate 8:1) to provide methyl 4-(acetoxymethyl)-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)benzoate (6). Yield: 31.1 g (72%). RF (Si02,
cyclohexane/ethyl acetate 8:1): 0.40. '"H NMR spectrum (300 MHz, CDCls, §H): 8.65 (s, 1 H);
8.43 (s, 1 H); 5.48 (s, 2 H); 3.97 (s, 3 H); 2.05 (s, 3 H); 1.36 (s, 12 H).

Solution of methyl 4-(acetoxymethyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-
(trifluoromethyl)benzoate (6, 31.0 g, 77.1 mmol) and sodium hydroxide (15.4 g, 386 mmol) in
water (300 mL) was stirred at ambient temperature for 3 hours. Then solution of hydrochloric
acid (35 mL) in water (100 mL) was added to lower the pH to 1. The reaction mixture was
stirred overnight. Precipitate was filtered and dried to provide 1-hydroxy-4-(trifluoromethyl)-
1,3-dihydrobenzol[c][1,2]oxaborole-6-carboxylic acid (7) as white solid. Yield: 16.6 g (86%).
'H NMR spectrum (300 MHz, DMSO-d6, 5H): 13.47 (bs, 1 H); 9.66 (s, 1 H); 8.62 (s, 1 H);
8.24 (s, 1 H); 5.22 (s, 2 H).

Solution of pentafluorophenol (7.48 g, 40.7 mmol), 1-hydroxy-4-(trifluoromethyl)-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (7, 10.0 mg, 40.7 mmol) and N, N-
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dicyclohexylcarbodiimide (DCC, 8.37 mg, 40.7 mmol) in acetonitrile (0.5 L) was stirred at
ambient temperature overnight. The reaction mixture was filtered, evaporated, dissolved in
acetonitrile, re-filtered and evaporated to give the pentafluorophenyl 1-hydroxy-4-
(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylate (8) as white solid.

Yield: 16.7 g (100%). "H NMR spectrum (300 MHz, DMSO0-d6, 5H): 9.79 (s, 1 H); 8.86 (s, 1
H); 8.46 (s, 1 H); 5.30 (s, 2 H).

Solution of the pentafluorophenyl 1-hydroxy-4-(trifluoromethyl)-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylate (8, 16.7 g, 40.6 mmol), (2-aminoethyl)glycine
(9, 2.40 g, 20.3 mmol) and triethylamine (28.4 mL, 203 mmol) in N, N-dimethylformamide (0.5
L) was stirred at ambient temperature for 3 days. The reaction mixture was then evaporated
and crude product 10 was purified by column chromatography (Silicagel, eluent:
dichloromethane/methanol/formic acid 100:2:0.5 to 100:10:0.5) to give N-(1-hydroxy-4-
(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carbonyl)-N-(2-(1-hydroxy-4-
(trifluoromethyl)-1,3-dihydrobenzol[c][1,2]oxaborole-6-carboxamido)ethyl)glycine (10) as
white solid. Yield: 7.77 g (67%). '"H NMR spectrum (300 MHz, DMSO-d6, 8H): 12.89 (bs, 1
H); 9.68-9.48 (m, 2 H); 9.00-8.67 (m, 1 H); 8.56-7.36 (m, 4 H); 5.27-5.03 (m, 4 H); 4.30-3.95
(m, 2 H); 3.77-3.48 (m, 4 H). LC-MS: 575.5 (M+H)+.

Example 29: (25)-3-(2,3-Bis(1-hydroxy-4-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-
6-carboxamido)propanamido)propanoic acid = N-[N NP-bis( 1-hydroxy-4-(trifluoromethyl)-
1.3-dihydrobenzol[c][1,2]oxaborole-6-carboxamido)-L-diaminopropionyl]-B-alanine

Hc:OOH
F Oy _NH
; o
7N
. H
NH O
O p
F
F

A solution of L-diaminopropanoic acid hydrochloride alias (28)-2,3-diaminopropanoic acid
hydrochloride (1, 15.0 g, 107 mmol), di-tert-butyl dicarbonate (46.6 g, 214 mmol) and
potassium bicarbonate (32.0 g, 320 mmol) in mixture of acetonitrile (400 mL) and water (400
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mL) was stirred overnight. The solvent was removed under reduced pressure and the
residue was acidified with saturated aqueous solution of potassium hydrogen sulfate until pH
1 was achieved. The reaction mixture was extracted with ethyl acetate (3 x 200 mL) and
dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure to
give (25)-2,3-bis((tert-butoxycarbonyl)amino)propanoic acid (2) as off-white solid. Yield: 28.2
g (87%). "H NMR spectrum (300 MHz, CDCls, 8H): 5.85 (bs, 1 H); 5.17 (bs, 1 H); 4.31 (bs, 1
H); 3.64-3.46 (m, 2 H); 1.46 (s, 18 H).

A solution of (25)-2,3-bis((tert-butoxycarbonyl)amino)propanoic acid (2, 27.9 g, 91.7 mmol),
tert-butyl 3-aminopropanoate (3, 16.7 g, 91.7 mmol), N-(3-dimethylaminopropy!)-N-
ethylcarbodiimide hydrochloride (EDC.HCI, 21.1 g, 110 mmol), 1-hydroxy-7-azabenzotriazole
(HOAt, 15.0 g, 110 mmol) and N, N-diisopropylethylamine (64.0 mL, 367 mmol) in
dichloromethane (300 mL) was stirred overnight. The solvent was removed under reduced
pressure; the residue was dissolved in ethyl acetate (600 mL), washed with 1 M aqueous
solution of hydrochloric acid (4 x 300 mL) and saturated aqueous solution of sodium
bicarbonate (4 x 300 mL) and dried over anhydrous sodium sulfate. The solvent was
removed under reduced pressure to give fert-butyl (8)-3-(2,3-bis((tert-
butoxycarbonyl)amino)propanamido)propanoate (4) as off-white solid. Yield: 36.1 g (91%).
'H NMR spectrum (300 MHz, CDCls, 8H): 7.01 (bs, 1 H); 5.75 (bs, 1 H); 5.14 (bs, 1 H); 4.15
(bs, 1 H); 3.57-3.39 (m, 4 H); 2.43 (t, J=6.0 Hz, 2 H); 1.45 (s, 27 H).

To a solution of tert-butyl (S)-3-(2,3-bis((tert-butoxycarbonyl)amine)propanamido)propanoate
(4, 36.1 g, 83.7 mmol) in dichloromethane (50 mL) was added 95% aqueous solution of
trifluroacetic acid (300 mL) and the solution was stirred for 3 hours. The solvent was
removed under reduced pressure and the residue was co-evaporated with acetonitrile (3 x
300 mL) and treated with 1 M solution of hydrogen chloride in dry diethyl ether (300 mL). The
precipitate was filtered off and triturated with acetonitrile (2 x 600 mL) to give (28)-3-(2,3-
diaminopropanamido)propanoic acid dihydrochloride (5) as white powder.

Yield: 22.2 g (100%). "H NMR spectrum (300 MHz, D20, §H): 4.35 (t, J=5.8 Hz, 1 H); 3.63-
3.46 (m, 4 H); 2.67 (t, J=6.6 Hz, 2 H).

Solution of pentafluorophenol (35.1 g, 191 mmol), 1-hydroxy-4-(triflucromethyl)-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (1, 40.8 g, 166 mmol, preparation as
described in example 28) and N, N'-dicyclohexylcarbodiimide (DCC, 39.3 g, 191 mmol) in

acetonitrile (1 L.) was stirred at ambient temperature for 24 hours. The reaction mixture was
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filtered, evaporated, dissolved in acetonitrile, re-filtered and evaporated. The crude product
was precipitated in dichloromethane (1 L) and filtered to give the pentafluorophenyl 1-
hydroxy-4-(trifluoromethyl)-1,3-dinydrobenzo[c][1,2]oxaborole-6-carboxylate (6) as white
solid. Yield: 52.8 g (77%). "H NMR spectrum (300 MHz, DMSOQ-d6, 5H): 9.79 (s, 1 H); 8.86
(s, 1H); 8.46 (s, 1 H); 5.30 (s, 2 H).

To a solution of (2S)-3-(2,3-diaminopropanamido)propanoic acid dihydrochloride (5, 6.41 g,
24.3 mmol) and triethylamine (33.8 mmol, 243 mmol) in water (50 mL) was added a solution
of pentafluorophenyl! 1-hydroxy-4-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-
carboxylate (6, 20.0 g, 48.6 mmol) in 1,4-dioxane (100 mL) and the solution was stirred
overnight. The reaction mixture was partitioned between ethyl acetate (300 mL) and 1 M
aqueous solution of potassium hydrogen sulfate (1500 mL). The organic layer was washed
with 1 M aqueous solution of potassium hydrogen sulfate (1 x 300 mL) and the solvent was
removed under reduced pressure. The residue was triturated with diethyt ether (2 x 150 mL)
and filtered. The solid was dissolved in 70% aqueous acetonitrile (600 mL) and freeze-dried
to to give 3-(2(S),3-bis(1-hydroxy-4-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-
carboxamido)propanamido)propanoic acid (7) as white powder. Yield: 12.1 g (80%).

'H NMR spectrum (300 MHz, AcOD-d4, 5H): 8.51 (s, 1 H); 8.47 (s, 1 H); 8.29 (s, 1 H); 8.27
(s, 1H); 5.28 (s, 4 H); 5.15 (t, J=6.1 Hz, 1 H); 4.15-3.99 (m, 2 H); 3.61 (t, J=6.4 Hz, 2 H);
2.67 (t, J=6.3 Hz, 2 H). LC-MS: 632.0 (M+H)+.

Example 30: (S)-3-(2,3-Bis(4-fluoro-1-hydroxy-1,3-dihydrobenzolc][1.2]oxaborole-6-
carboxamida)propanamido)propanoic acid

4
4-Fluoro-1-hydroxy-1,3-dihydrobenzo|[c][1,2]oxaborole-6-carboxylic acid (1, 8.56 g, 43.7
mmol), N-hydroxysuccinimide (5.03 g, 43.7 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)
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carbodiimide hydrochloride (8.38 g, 43.7 mmol) were stirred in tetrahydrofuran (250 mL) and
N, N-dimethylformamide (20 mL) for 3.5 hours at ambient temperature. The reaction mixture
was evaporated and extracted with ethyl acetate (3 x 150 mL) and 1 M aqueous solution of
hydrochloric acid (150 mL). The organic phase was dried over anhydrous sodium sulfate,
filtered and evaporated to afford 2,5-dioxopyrrolidin-1-yl 4-fluoro-1-hydroxy-1,3-
dihydrobenzol[c][1,2]oxaborole-6-carboxylate (2) as white solid. Yield: 10.2 g (79%). LC-MS:
294.3 (M+H)+,

2-Chlorotrityl chloride resin 100-200 mesh 1.5 mmol/g (3, 10.5 g, 15.7 mmol) was left to swell
in dry dichloromethane (80 mL) for 30 minutes. A solution of 3-((((9H-fluoren-9-
yl)methoxy)carbonyl)amino)propanoic acid (Fmoc-Ala-OH, 3.26 g, 10.5 mmol) and N,N-
diisopropylethylamine (6.93 mL, 39.8 mmol) in dry dichloromethane (50 mL) was added to
resin and the mixiure was shaken overnight. Resin was filtered and treated with a solution of
N, N-diisopropylethylamine (3.65 mL, 20.9 mmol) in methanol/dichloromethane mixture (4:1,
2 x 5 min, 2 x 80 mL). Then resin was washed with N, N-dimethylformamide (2 x 80 mL),
dichloromethane (2 x 80 mL) and N,N-dimethylformamide (3 x 80 mL). Fmoc group was
removed by treatment with 20% piperidine in N,N-dimethylformamide (1 x 5 min, 1 x 20 min,
2 x 80 mL). Resin was washed with N, N-dimethylformamide (3 x 80 mL), 2-propanol (2 x 80
mL) and dichloromethane (3 x 80 mL). Solution of (S)-2,3-bis({({(9H-fluoren-9-
yl)methoxy)carbonyl)amino)propanoic acid (Fmoc-Dap(Fmoc)-OH, 8.61 g, 15.7 mmol), 5-
chloro-1-((dimethylamino)(dimethyliminio)methyl)-1H-benzo[d][1,2,3]triazole 3-oxide
tetrafluoroborate (TCTU, 5.58 g, 15.7 mmol) and N, N-diisopropylethylamine (4.92 mL, 28.2
mmol) in N,N-dimethylformamide (80 mL) was added to resin and mixture was shaken for 2
hours. Resin was filtered and washed with N, N-dimethylformamide (2 x 80 mL),
dichloromethane (2 x 80 mL) and N,N-dimethylformamide (2 x 80 mL). Fmoc group was
removed by treatment with 20% piperidine in N, N-dimethylformamide (1 x 5 min, 1 x 30 min,
2 x 80 mL). Resin was washed with N, N-dimethylformamide (3 x 80 mL), 2-propanol (2 x 80
mL) and dichloromethane (3 x 80 mL). Solution of 2,5-dioxopyrrolidin-1-yl 1-hydroxy-4-
(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylate (2, 9.14 g, 31.4 mmol) and
N, N-diisopropylethylamine (9.84 mL, 56.5 mmol) in N, N-dimethylformamide (80 mL) was
added to resin and mixture was shaken one day. Resin was filtered and washed with N, N-
dimethylformamide (4 x 80 mL) and dichloromethane (10 x 80 mL). The product was cleaved
from resin by treatment with 2,2, 2-trifluoroethancl (80 mL) for 16 hours. Resin was filtered off
and washed with dichloromethane (4 x 80 mL). Solvents were evaporated and crude product

(4) was washed with ethyl acetate (300 mL), filtered and dried in vacuo. Pure product (4) was
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obtained as off-white solid. Yield: 4.10 g (74%). "H NMR spectrum (300 MHz, DMSO-d8, 5H):
9.57 (bs, 2 H); 8.78-8.49 (m, 2 H); 8.19-7.93 (m, 3 H); 7.71 (dd, J=30.8 and 10.8 Hz, 2 H);
5.12(d, J=7.7 Hz, 4 H); 4.74-4.55 (m, 1 H); 3.72-3.61 (m, 2 H); 3.29-3.15 (m, 2 H); 2.36 (t,
J=6.9 Hz, 2 H). LC-MS: 532.6 (M+H)+.

Example 31: 4-((3R.4R)-3,4-Bis(7-fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-
carboxamido)pyrrolidin-1-yl)-4-oxobutanoic acid

Solution of 4-((3R,4R)-3,4-diaminopyrrolidin-1-yl)-4-oxobutanoic acid dihydrochloride (2, 2.46
g, 12.2 mmol), pentafluorophenyl 7-fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-
carboxylate (1, 8.86 g, 24.5 mmol) and triethylamine (17.0 mL, 122 mmol) in N,N-
dimethylformamide (300 mL) was stirred at ambient temperature overnight. The reaction
mixture was evaporated and precipitated from ethyl acetate to give 6.40 g of crude
compound 3 (6.4 g), which was purified by HPLC (YMC, C18, 5 m, 250 x 50 mm,
acetonitrile/water, 2:98 during 30 min, 2:98 to 30:0 during 180 min) and freeze-dried to give
title compound 4-((3R,4R)-3,4-bis(7-fluoro-1-hydroxy-1,3-dihydrobenzo|c][1,2]oxaborole-6-
carboxamido)pyrrolidin-1-yl)-4-oxobutanoic acid (3) as white solid. Yield: 1.23 g (18%).

'H NMR spectrum (300 MHz, DMSO-d6, §H) 9.35 (bs, 2 H); 8.68 (t, J=8.4 Hz, 2 H); 7.81-7.62
(m, 2 H); 7.30 (d, J=7.3 Hz, 2 H); 5.02 (s, 4 H); 4.66-4.45 (m, 2 H); 3.94 (dd, J=10.6 and 6.7
Hz, 1 H); 3.77 (dd, J=12.0 and 6.7 Hz, 1 H); 3.54-3.41 (m, 1 H); 3.27-3.18 (m, 1 H); 2.47-2.34
(m, 4 H). LC-MS: 558.6 (M+H)+.
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Example 32: N-(7-Fluoro-1-hydroxy-1,3-dihydrobenzo[c][1 .2loxaborole-6-carbonyl)-N-(2-(7-
fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxamido)eth laly

, F

° K

\0 12

n-Butyllithium (2.38 M in hexanes, 107 mL, 255 mmol) was cannulated to a stirred nitrogen
purged solution of 2,2,6,6-tetramethylpiperidine (43.5 mL, 257 mmol) in anhydrous
tetrahydrofuran (150 mL) at a such rate to maintain the internal temperature below -60 °C (ca
20 minutes). The mixture was stirred for 60 minutes (internal temperature increased to -40
C). The mixture was re-cooled to -78 °C and a solution of 2-fluoro-4-methylbenzonitrile (1,
30.0 g, 222 mmol) in dry tetrahydrofuran (200 mL) was added dropwise via peristaltic pump
to the vigorously stirred mixture at a such rate to keep the internal temperature below -70 °C
(ca 40 minutes). The mixture was warmed up to -50 °C and kept at this temperature for 45
minutes. The mixture was re-cooled to -78 °C and a solution of iodine (62.0 g, 244 mmol) in
dry tetrahydrofuran (150 mL) was added dropwise (using peristaltic pump) to the reaction
mixture while keeping internal temperature below -70 C. The residual iodine was washed
with dry tetrahydrofuran (50 mL) and the mixture was stirred at -70 °C for 1 hour. The stirred
mixture was left to warm up to room temperature overnight and then it was quenched by
pouring to a stirred solution of sodium thiosulfate (20 g) in water (750 mL). The reaction
mixture was stirred for 1 hour and then it was extracted with ethyl acetate (3 x 300 mL). The
combined organic extracts were dried over anhydrous sodium sulfate and evaporated under
reduced pressure. The residue was purified by column chromatography (Silicagel 60, 0.063-
0.200 mm; eluent: cyclohexane/ethyl acetate 10:1) and then it was recrystallized from
methanol to afford 2-fluoro-3-iodo-4-methylbenzonitrile (2) as a colorless crystalline solid.
Yield: 29.6 g (51%). RF (SiO2, cyclohexane/ethyl acetate 10:1): 0.35. "H NMR spectrum (300
MHz, CDCls, 6H): 7.48 (dd, J=7.9 and 6.5 Hz, 1 H); 7.17-7.12 (m, 1 H), 2.56 (s, 3 H).
'SF NMR spectrum (282 MHz, CDCls, 5F): -82.34 (s).

A slurry of 2-fluoro-3-iodo-4-methylbenzonitrile (2, 52.7 g, 202 mmol) in 75% sulfuric acid (65
mL) was stirred at 150 °C for 3 hours. After cooling to ambient temperature, the mixture was
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poured on ice/water mixture (500 g). The precipitated beige solid was filtered off, washed
with copious amount of water and dried to yield 2-fluoro-3-iodo-4-methylbenzoic acid (3) as a
beige solid. Yield: 51.2 g (91%). "H NMR spectrum (300 MHz, DMSO-d6, 8H): 13.30 (s, 1 H);
7.75 (t, J=7.8 Hz, 1 H); 7.27 (d, J=8.0 Hz, 1 H); 2.47 (s, 3 H).

Acetyl chloride (23.0 mL, 321 mmol) was added dropwise to a stirred suspension of 2-fluoro-
3-iodo-4-methylbenzoic acid (3, 90.0 g, 321 mmol) in dry methanol (350 mL) at 0 C. The
mixture was refluxed overnight. The volatiles were removed under reduced pressure and the
residue was taken up in ethyl acetate (1300 mL). After washing with saturated aqueous
solution of potassium bicarbonate (2 x 1000 mL) and brine (1000 mL), the organic layer was
dried over anhydrous magnesium sulfate and evaporated in vacuo. The residue was purified
by column chromatography (Silicagel 60, 0.063-0.200 mm; eluent: cyclohexane/ethyl acetate
30:1-15:1) to give methyl 2-fluoro-3-iodo-4-methylbenzoate (4) as a colorless solid.

Yield: 67.6 g (72%). RF (SiO2, cyclohexane/ethyl acetate 15:1): 0.40. "H NMR spectrum (300
MHz, CDCls, 8H): 7.80 (t, J=7.7 Hz, 1 H); 7.10 (d, J=8.0 Hz, 1 H); 3.93 (s, 3 H); 2.52 (s, 3 H).

A solution of 2-fluoro-3-iodo-4-methylbenzoate (4, 35.0 g, 119 mmol), bis(pinacolato)diboron
(5, 33.3 g, 131 mmol), anhydrous potassium acetate (35.0 g, 357 mmol) and [1,1-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) complex with dichloromethane (1.94 g,
2.38 mmol) in anhydrous dimethylsulfoxide (500 mL) was stirred at 110 °C under argon
atmosphere over weekend. The reaction mixture was cooled to ambient temperature, solvent
was evaporated in vacuo and the crude product 6 was extracted with ethyl acetate (4 x 500
mL) and water (1.0 L). Organic layers were combined, filtered through a celite pad, dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The crude
product was purified by flash chromatography (Silicagel 60, 0.063-0.200 mm:; eluent:
cyclohexane/ethyl acetate 9:1) to provide methyl 2-fluoro-4-methyl-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzoate (6) as a colorless solid. Yield: 29.4 g (84%). RF (SiO2,
cyclohexane/ethyl acetate 9:1): 0.30. "H NMR spectrum (300 MHz, CDCls, 5H): 7.84 (1, J=8.0
Hz, 1 H); 7.00 (d, J=8.1 Hz, 1 H); 3.90 (s, 3 H); 2.47 (s, 3 H); 1.39 (s, 12 H).

A solution of methyl 2-fluoro-4-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzoate (6, 27.5 g, 93.5 mmol), 1-bromopyrrolidine-2,5-dione (NBS, 18.3 g, 103 mmol)
and 2,2-azobis(2-methylpropionitrile) (AIBN, 0.77 g, 4.68 mmol) in benzotrifluoride (300 mL)
was stirred at 85 °C for 16 hours. The solvent was evaporated in vacuo and the residue was

extracted with diethyl ether (2 x 150 mL). The organic layer was washed with water (100 mL)
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and brine (100 mL). Organic layer was dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to give methyl 4-(bromomethyl)-2-fluoro-3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (7) as a yellow solid. Yield: 33.5 g (96%).
"H NMR spectrum (300 MHz, CDCl3, 5H): 7.93 (t, J=7.8 Hz, 1 H); 7.21 (d, J=8.1 Hz, 1 H);
4.71 (s, 2 H); 3.91 (s, 3H); 1.42 (s, 12 H).

A solution of methyl 4-(bromomethyl)-2-fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzoate (7, 33.5 g, 89.8 mmol) and potassium acetate (17.6 g, 180 mmol) in acetonitrile
(1 L) was stirred at 75 °C overnight. The suspension was filtered through cotton-wool and
evaporated. The crude product was dissolved in dichloromethane and filtered again. Solvent
was evaporated to give methyl 4-(acetoxymethyl)-2-fluoro-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoate (8) as a beige solid. Yield: 30.0 g (95%). "H NMR spectrum (300
MHz, CDCls, 8H): 7.96 (t, J=7.8 Hz, 1 H); 7.24 (d, J=7.9 Hz, 1 H); 5.25 (s, 2 H); 3.92 (s, 3 H);
211 (s, 3 H); 1.39 (s, 12 H).

A solution of methyl methyl 4-(acetoxymethyl)-2-fluoro-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoate (8, 30.0 g, 85.2 mmol) and sodium hydroxide (17.0 g, 426 mmol)
in water (250 mL) was stirred at ambient temperature for 3 hours. Afterwards, an aqueous
solution of hydrochloric acid (35% w/w, 45 mL) in water (50 mL) was added to lower the pH
to 1. The reaction mixture was stirred for 16 hours. The resulting precipitate was filtered and
freeze dried to provide 7-fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylic
acid (9) as an off-white solid. Yield: 9.76 g (58%). "H NMR spectrum (300 MHz, DMSO-d6,
6H): 13.17 (bs, 1 H); 9.38 (bs, 1 H); 8.29 (d, J=7.7 Hz, 1 H); 7.36 (d, J=11.2 Hz, 1 H); 5.02 (s,
2 H). LC-MS: 197.3 (M+H)+.

A solution of 2,3,4,5,6-pentafluorophenol (9.61 g, 52.2 mmol), 7-fluoro-1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (9, 10.2 g, 52.2 mmol), and N,N-
dicyclohexylcarbodiimide (DCC, 10.8 g, 52.2 mmol) in acetonitrile (300 mL) and
dichloromethane (200 mL) was stirred at ambient temperature over weekend. The reaction
mixture was filtered and evaporated in vacuo. The residue was dissolved in acetonitrile,
filtered and evaporated in vacuo again to give pentafluorophenyl 7-fluoro-1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylate (10) as a beige solid. Yield: 18.8 g (100%).
'H NMR spectrum (300 MHz, DMSO-d6, 5H): 9.55 (bs, 1 H); 8.32-8.20 (m, 1 H); 7.51 (d,
J=8.1 Hz, 1 H); 5.13 (s, 2 H).
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A solution of pentafluorophenyl 7-fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-
carboxylate (10, 9.46 g, 26.1 mmol), (2-aminoethyl)glycine (11, 1.54 g, 13.1 mmol) and
triethylamine (14.5 mL, 105 mmol) in N,N-dimethylformamide (200 mL) was stirred at
ambient temperature overnight (16 hours). The reaction mixture was evaporated and it was
tried to dissolve it in dichloromethane to do the TLC. It was discovered that the crude product
is insoluble in dichloromethane, ethyl acetate and acetonitrile. Therefore, it was precipitated
from ethyl acetate (0.5 L) and the solid was collected by centrifugation. The first precipitate
(A) was washed with 0.5 M solution of hydrochloride (2 x 50 mL) to give the second
precipitate (B) that was filtered off and kept. The filtrate was freeze-dried to give product 12
contaminated with salts. The salts were removed by dissolving in tetrahydrofuran and
filtering. Remaining solution was evaporated in vacuo to give the first crop of product 12. The
precipitate (B) was dissolved in acetonitrile and water (3:1), filtered and the remaining
solution was freeze dried. The resulting solid was dissolved in tetrahydrofuran, the
precipitated salts were filtered off and the filtrate was evaporated in vacuo to give the second
part of N-(7-fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carbonyl)-N-(2-(7-fluoro-1-
hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxamido)ethyl)glycine (12) as a beige
solid. Yield: 2.09 g (34%). '"H NMR spectrum (300 MHz, DMSO-d6, 8H): 9.41-9.33 (m, 2 H);
8.42-8.18 (m, 1 H); 7.81-7.64 (m, 1 H); 7.43-7.11 (m, 3 H); 5.07-4.97 (m, 4 H); 4.22 (s, 1 H);
3.98 (s, 1 H); 3.68 (t, J=6.5 Hz, 1 H); 3.60-3.40 (m, 3 H). LC-MS: 475.5 (M+H)+.

Example 33: 2,5-Dioxopyrrolidin-1-yl 2-((oxobis(3-(4.4.5 5-tetramethyl-1,3.2-dioxaborolan-2-
yi)-5«(trifluoromethyliphenyl}-A%-sulfanylidene)aminojacetate

tert-Butyl 2-((oxobis(3-(trifluoromethyl)phenyl)-A*-sulfanylidene)amino)acetate (1, 2.05 g, 4.38
mmol), bis(pinacolato)diboron (2.78 g, 11.0 mmol), (1,5-cyclooctadiene)(methoxy)iridium(l)
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dimer (87.0 mg, 0.13 mmol) and 4,4-di-fert-butyl-2,2-dipyridyl (dtbpy, 82.0 mg, 0.31 mmol)
were dissolved in degassed tetrahydrofuran (12 mL) under argon. The resulting mixture was
warmed to 60 °C and heated at this temperature overnight. The mixture was evaporated to
dryness; and the residue purified by flash column chromatography (Silicagel 60, 0.040-0.063
mm; eluent: dichloromethane/ethyl acetate 10:0 to 4:1) fo give fert-butyl 2-((oxobis(3-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)-AS-
sulfanylidene)amino)acetate (2) as off-white foam.

Yield: 2.92 g (93%). "H NMR spectrum (300 MHz, CDCls, 5H): 8.59 (s, 2 H); 8.42 (s, 2 H);
8.21 (s, 2 H); 3.76 (s, 2 H); 1.51 (s, 9 H); 1.36 (s, 12 H); 1.35 (s, 12 H).

'9F NMR spectrum (282 MHz, CDCls, 6F): -62.55 (s). LC-MS: 556.6 (M-2 x pinacol+H)+,
638.8 (M-pinacol+H)+, 721.0 (M+H)+.

Trifluoroacetic acid (24 mL) was added to a solution of tert-butyl 2-((oxobis(3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)pheny!)-AS-
sulfanylidene)amino)acetate (2, 2.91 g, 4.05 mmol) in dichloromethane (8 mL) and the
mixture was stirred for 2 hours at room temperature. The mixture was evaporated to dryness
in vacuo, and the residue was evaporated from toluene (3 x 20 mL) and dichloromethane (3
x 20 mL). The residue was partitioned between dichloromethane (200 mL) and 0.5 M
aqueous solution of sodium hydroxide (250 mL). Separated aqueous phase was washed with
dichloromethane (2 x 100 mL), acidified with 1 M hydrochioric acid (200 mL) and extracted
with ethyl acetate (3 x 2560 mL). Combined ethyl acetate extracts were dried over anhydrous
sodium sulfate and evaporated in vacuo to give 2-((oxobis(3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)-AS-sulfanylidene Jamino)acetic acid (3) as off-
white foam. Yield: 2.30 g (86%). "H NMR spectrum (300 MHz, CDCl3, 5H): 8.55 (s, 2 H); 8.33
(s, 2 H); 8.29 (s, 2 H); 3.85 (s, 2 H); 1.39 (s, 24 H). "*F NMR spectrum (282 MHz, CDCls, §F):
-62.69 (s). LC-MS: 500.5 (M-2 x pinacol+H)+, 582.6 (M-pinacol+H)+, 664.8 (M+H)+,

Dry acetonitrile (16.2 mL) was added to 2-{(oxobis(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-5-(trifluoromethyl)phenyl)- A°-sulfanylidene)amino)acetic acid (3, 2.15 g, 3.24 mmol) and
N, N-disuccinimidyl carbonate (DSC, 1.25 g, 4.86 mmol) under argon. Pyridine (392 mL, 4.86
mmol) was added and the mixture was sonicated to form a fine suspension. The resulting
suspension was stirred for 4 hours to give a clear solution. Additional amount of N, N-
disuccinimidyl carbonate (DSC, 415 mg, 1.62 mmol) and pyridine (131 mL, 1.62 mmol) was
added, and the mixture was stirred at room temperature overnight. LC/MS analysis showed a

complete conversion to activated ester. The mixture was evaporated to dryness and the
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residue was partitioned between ethyl acetate (200 mL) and 0.1 M aqueous solution of
hydrochloric acid (100 mL). The phases were separated, the organic one was washed with
0.1 M aqueous solution of hydrochloric acid (2 x 50 mL) and brine (50 mL), dried over
anhydrous sodium sulfate and evaporated to dryness. The residue was dissolved in
dichloromethane (40 mL), followed by addition of pinacol (383 mg, 3.24 mmol). The solution
was evaporated and the residue was evaporated from dichloromethane (3 x 40 mL). The
resulting foam was washed with cyclohexane (2 x 50 mL), re-dissolved in dichloromethane
(40 mL), evaporated and dried in vacuo to give the title compound (4) as off-white foam.
Yield: 1.82 g (74%). 'H NMR spectrum (300 MHz, CDCls, 5H): 8.57 (s, 2 H); 8.37 (s, 2 H);
8.24 (s, 2 H); 4.20 (s, 2 H); 2.83 (s, 4 H); 1.36 (s, 24 H). "°F NMR spectrum (282 MHz,
CDCls, 8F): -62.66 (s). LC-MS: 761.9 (M+H)+.

Example 34: 2.5-Dioxopyrrolidin-1-vl 3-(4,4.5 5-tetramethyl=1 3,2~diaxabamlan-zwi)*&(f 3
{4.4.5 5-tetramethyl-1,3,2-dioxaborolan-2-y|)-5:( trifluoromethyl)phenyl)sulfonvi)benzoate

6

Methyl 3-iodobenzoate (2, 10.5 g, 40.0 mmol), anhydrous potassium carbonate (11.0 g, 80.0
mmol), copper iodide (1.52 g, 8.00 mmol) and 3-trifluormethylbenzenethiol (1, 8.22 mL, 60.0
mmol) were suspended in dry 1,2-dimethoxyethane (100 mL) and the resulting suspension
was stirred for 48 hours at 80 °C. After cooling to ambient temperature, the reaction mixture
was diluted with cyciohexane (300 mL), filtered through a pad of silicagel (125 g) topped with
celite (washed with ethyl acetate/cyclohexane 1:10, 3 x 200 mL) and evaporated in vacuo.
The residue was dissolved in acetic acid (120 mL) and 30% aqueous solution of hydrogen
peroxide (16.0 mL, 156 mmol) was added in portions (heat evolution). After stirring for 16
hours at 80 °C (oil bath), the reaction mixture was evaporated in vacuo, taken up in ethyl
acetate (400 mL) and washed with water (400 mL) and brine (400 mL). Drying of the organic
layer with anhydrous sodium sulfate, filtration and evaporation in vacuo gave the methyl
ester 4 as yellow oil, which was subjected to flash column chromatography (Silicage! 300,
0.063-0.200 mm; eluent: cyclohexane/ethyl acetate 4:1) to give methyl 3-((3-
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(trifluoromethyl)phenyl)sulfonyl)benzoate (4) as colorless oil. Yield: 5.40 g (39%). LC-MS:
346.0 (M+H)+.

Methy! 3~((3-(trifluoromethyl)phenyl)sulfonyl)benzoate (4, 5.40 g, 15.7 mmol),
bis(pinacolato)diboron (9.97 g, 39.0 mmol), (1,5-cyclooctadiene)(methoxy)iridium(l) dimer
(310 mg, 0.47 mmol) and 4,4-di-fert-butyl-2,2-dipyridyl (dtbpy, 295 mg, 1.10 mmol) were
dissolved in dry, degassed tetrahydrofuran (30 mL) under nitrogen. The reaction mixture was
stirred at 50 °C (oil bath) for 16 hours. After cooling to ambient temperature, ice-cold water
(30 mL) was added slowly to decompose generated pinacolborane (hydrogen gas evolution).
After 30 minutes, lithium hydroxide monohydrate (6.59 g, 157 mmol) was added and the
resulting mixture was stirred for three hours at ambient temperature before it was taken up in
water (300 mL) and extracted with dichloromethane (3 x 60 mL). Dichloromethane extracts
were discarded and the aqueous layer was acidified to pH 2 by concentrated hydrochloric
acid. Aqueous layer was extracted with ethyl acetate (50 mL) and discarded. Organic layer
was washed with brine (3 x 50 mL), dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The resulting yellowish foam was treated with pinacol (118 mg, 1.00
mmol) and dissolved in warm acetonitrile (20 mL). The solution was left for crystallization
overnight in the freezer. The precipitated product was collected by filtration, washed with
chilled acetonitrile and dried in air top give 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl}-5-
((3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)sulfonyl)benzoic
acid (5) as colorless solid. Yield: 5.90 g (65%). LC-MS: 582.6 (M+H)+.

3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yi)-5-((3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-5-(trifluoromethyl)phenyl)sulfonyl)benzoic acid (5, 5.90 g, 10.1 mmol) and
bis(succinimidyl)carbonate (3.63 g, 14.2 mmol) were suspended in anhydrous acetonitrile (45
mL) under nitrogen and pyridine (1.14 mL, 14.2 mmol). The reaction mixture was heated to
effect dissolution. After stirring for 16 hours, the reaction mixture was concentrated in vacuo
and the residue was taken up in ethyl acetate (200 mL) and washed with brine (3 x 200 mL).
The organic layer was dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to give an off-white solid. Pinacol (473 mg, 4.00 mmol) was added and
mixture was left to stir for 1 hour in acetonitrile (30 mL). Acetonitrile was evaporated in
vacuo. Resulting white foam was dissolved in hexane (30 mL) and the solution was left for
crystallization overnight at ambient temperature to give 2,5-dioxopyrrolidin-1-yl 3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-5-((3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-
(trifluoromethyl)phenyl)sulfonyl)benzoate (6) as white solid. Yield: 6.50 g (94%).
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'H NMR spectrum (300 MHz, CDCl,, 8H): 8.76-8.72 (m, 2 H); 8.67 (s, 1 H); 8.55 (s, 1 H);
8.32 (s, 1 H); 8.27 (s, 1 H); 2.92 (s, 4 H); 1.37 (s, 12 H) overlapping with 1.37 (s, 12 H).
"9F NMR spectrum (300 MHz, CDCls, 8F): 62.64 (s, 3 H). LC-MS: 680.6 (M-H)+.

Example 35: N-(1-Hydroxy-5-(triflucromethyl)-1,3-dihydrobenzolc][1,2 oxaborole-6-carbonyl)-
N-(2-(1-hydroxy-5-(trifluoromethyl)-1,3-dihydrobenzolcl[1,2]loxaborole-6-

4-Methyl-2-(trifluoromethyl)benzoic acid (1, 25.0 g, 123 mmol) was dissolved in sulfuric acid
(183 mL) followed by addition of N-iodosuccinimide (33.1 g, 147 mmol). The resulting mixture
was stirred overnight at room temperature then it was poured onto ice. When ice was
completely melted the mixture was extracted with ethyl acetate (500 mL). Organic layer was
washed with 5% aqueous solution of sodium thiosulfate (2 x 250 mL) and water (1 x 250
mL), dried over anhydrous sodium sulfate, filtered and evaporated to dryness affording 5-
iodo-4-methyi-2-(trifluoromethyl)benzoic acid (2) as beige powder. Yield: 37.7 g (93%).

'H NMR spectrum (300 MHz, DMSO-d6, 8H): 13.68 (bs, 1 H); 8.22 (s, 1 H); 7.76 (s, 1 H);
2.47 (s, 3 H).

Mixture of 5-iodo-4-methyl-2-(trifluoromethyl)benzoic acid (2, 22.2 g, 67.2 mmol), trimethyl
orthoformate (14.7 mL, 134 mmol) and methanesulfonic acid (2.8 mL) in methanol (135 mL)
was refluxed at 80 °C under nitrogen atmosphere overnight. Solvent was evaporated. The
residue was dissolved in 5% aqueous solution of sodium carbonate (200 mL) and extracted
with ethyl acetate (3 x 250 mL). Combined organic layers were washed with water (1 x 300
mL) and brine (1 x 200 mL), dried over anhydrous sodium sulfate, filtered and evaporated.
The residue was purified by quick flash column chromatography (Silicagel 60, 0.040-0.063
mm; eluent: cyclohexane/ethyl acetate 9:1) to give methyl 5-iodo-4-methyl-2-
(trifluoromethyl)benzoate (3) as white crystals. Yield: 35.9 g (91%). RF (cyclohexane/ethyl
acetate 9:1): 0.50. "H NMR spectrum (300 MHz, CDCls, 3H): 8.26 (s, 1 H); 7.57 (s, 1 H); 3.93
(s, 3H); 2.53 (s, 3H).
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A mixture of methyl 5-iodo-4-methyl-2-(trifluoromethyl)benzoate (3, 35.9 g, 104 mmol), N-
bromosuccinimide (20.4 g, 114 mmol) and 2,2-azobis(2-methylpropionitrile) (AIBN, 5.12 g,
31.2 mmol) in benzotrifluoride (95 mL) was stirred at 85 C overnight. Full conversion was not
achieved but the reaction was worked up. Dichloromethane (150 mL) was added and the
mixture was washed with water (3 x 100 mL). Organic layer was dried over anhydrous
sodium sulfate, filtered and evaporated. The residue was dissolved in acetonitrile (440 mL)
and potassium acetate (10.2 g, 104 mmol) was added. The mixture was stirred at 75 C
overnight. The insoluble material was filtered off and the filtrate was evaporated. The residue
was purified by flash column chromatography (Silicagel 60, 0.040-0.063 mm; eluent:
cyclohexane/dichloromethane 4:1 to 1:1.5) to give methyl 4-(acetoxymethyl)-5-iodo-2-
(trifluoromethyl)benzoate (4) as white powder. Yield: 17.5 g (42%). RF (cyclohexane/ethyl
acetate 9:1): 0.35. '"H NMR spectrum (300 MHz, CDCls, §H): 8.28 (s, 1 H); 7.70 (s, 1H); 5.16
(s, 2H); 3.95 (s, 3H), 2.20 (s, 3 H). "°F NMR spectrum (282 MHz, CDCls, 8F): -59.96 (s).

A mixture of methyl 4-(acetoxymethyl)-5-iodo-2-(trifluoromethyl)benzoate (4, 17.5 g, 43.5
mmol), bis(pinacolato)diboron (14.3 g, 56.5 mmol) and dry potassium acetate (21.3 g, 217
mmol) in dry N,N-dimethylsulfoxide (110 mL) was degassed; then [1,1-
bis(diphenylphosphino)ferrocene]dichloropalladium (1.59 g, 2.17 mmol) was added. Reaction
mixture was stirred under nitrogen atmosphere at 95 °C overnight. After cooling down diethyl
ether (500 mL) was added and the precipitate was filtered off through celite pad. The filtrate
was washed with 5% aqueous solution of sodium chloride (3 x 500 mL). Organic layer was
dried over anhydrous sodium sulfate, filtered and evaporated affording methyl 4-
(acetoxymethyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(trifuoromethyl)benzoate
() as black oil. This oil was used in the next step without further purification.

Yield: 22.5 g. 'H NMR spectrum (300 MHz, CDCls, §H): 8.22 (s, 1 H); 7.74 (s, 1 H); 5.44 (s, 2
H); 3.94 (s, 3H); 2.14 (s, 3 H); 1.36 (s, 12 H). "F NMR spectrum (282 MHz, CDCls, §F): -
60.07 (s).

Methyl 4-(acetoxymethyl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-
(trifluoromethyl)benzoate (5, 17.5 g, 43.5 mmol) was suspended in a solution of sodium
hydroxide (8.70 g, 217 mmol) in water (150 mL). The mixture was stirred for 6 hours at room
temperature then it was extracted with diethyl ether (2 x 200 mL). Aqueous phase was
acidified with concentrated hydrochloric acid (18.9 mL) and resulting mixture was stirred
overnight at room temperature. The precipitate was filtered, washed with water and dried to
give 1-hydroxy-5-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (6) as
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grey powder. Yield: 7.62 g (71%). "H NMR spectrum (300 MHz, DMSO-d6, 8H): 13.50 (bs, 1
H); 8.57 (s, 1 H); 8.16 (s, 1 H); 7.92 (s, 1 H); 5.11 (s, 2 H). "®F NMR spectrum (282 MHz,
DMSO-d6, 3F): -57.91 (s). LC-MS: 245.9 (M-H)-.

1-Hydroxy-5-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (6,6.71 g,
27.3 mmol) was dissolved in tetrahydrofuran/dichloromethane mixture (1:1, 50 mL) followed
by addition of 2,3,4,5,6-pentrafluorophenol (5.03 g, 27.3 mmol) and N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (5.23 g, 27.3 mmol). The mixture
was stirred overnight at room temperature. Solvent was evaporated. The residue was
dissolved in ethyl acetate (150 mL) and washed with water (3 x 100 mL) and brine (1x100
mL). Organic layer was dried over anhydrous sodium sulfate, filtered and evaporated. The
residue was dissolved in diethyl ether (10 mL) and n-hexane (200 mL) was added. The
precipitate was filtered off and the filtrate was evaporated. The same procedure was
repeated with the precipitate twice. All the filtrates were combined together and evaporated
to dryness to afford pentafluorophenyl 1-hydroxy-5-(trifluoromethyl)-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylate (7) as yellow tough oil. Yield: 9.76 g (87%).

'H NMR spectrum (300 MHz, DMSO-d6, 8H): 9.74 (s, 1 H); 8.53 (s, 1 H); 8.16 (s, 1 H); 5.18
(s, 2 H).

Pentafluorophenyl 1-hydroxy-5-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-
carboxylate (7, 9.51 g, 23.1 mmol) was dissolved in N, N-dimethylformamide (30 mL).
Subsequently N, N-diisopropylethylamine (10.1 mL, 57.7 mmol) and a solution of (2-
aminoethyl)glycine hydrochloride (8, 1.78 g, 11.5 mmol) in water (30 mL) were added.
Resulting mixture was stirred overnight at room temperature. Then the solvents were
evaporated. The residue was dissolved in ethyl acetate (200 mL) and washed 1 M aqueous
solution of hydrochloric acid (1 x 200 mL), water (2 x 200 mL) and brine (1 x 150 mL).
Organic layer was dried over anhydrous sodium sulfate, filtered and evaporated. The residue
was treated with cyclohexane. The precipitate was filtered, washed with cyclohexane and
purified by flash column chromatography (Silicagel 60, 0.040-0.063 mm; eluent:
dichloromethane/methanol/formic acid 10:1:0.05). Fractions containing product were
combined and evaporated. The residue was treated with cyclohexane. The precipitate was
filtered, washed with cyclohexane, dissolved in acetonitrile (50 mL) and freeze-dried to give
the title compound (9) as beige powder. Yield: 3.63 g (55%).

'H NMR spectrum (300 MHz, AcOD-d4, 80 C, 5H): 8.04-7.66 (m, 4 H); 5.28-5.04 {m, 4 H);
4.63-4.34 (m, 1 H); 4.22-3.78 (m, 3 H); 3.72-3.49 (m, 2 H). LC-MS: 574.0 (M+H)+.
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Example 36: N-(4-Chioro-1-hydroxy-1,3-dihydrobenzolci[1,2]loxaborole-6-carbonvi)}-N-(2-(4-
chiloro-1-hydroxy-1,3-dihydrobenzolc][1,2]oxaborole-6-carboxamido)ethyl)glycine

Cl 4
N-(3-Dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (EDC.HCI, 6.20 g, 23.1 mmol)
was added to a suspension of 4-chloro-1-hydroxy-1,3-dinydrobenzo[c][1,2]oxaborole-6-
carboxylic acid (1, 4.90 g, 23.1 mmol) and pentafluorophenol (Pfp-OH, 5.53 g, 23.1 mmol) in
dichloromethane (70 mL) and the mixture was stirred at room temperature overnight. Solvent
was evaporated to dryness. Residue was partionated between ethyl acetate (200 mL) and
10% aqueous solution of potassium hydrogensulfate (200 mL). Organic layer was separated
and washed with water (2 x 100 mL), dried over anhydrous sodium sulfate and evaporated in
vacuo. Residue was dissolved in dichloromethane and placed in the fridge overnight. The
solid was filtered off and washed with ethyl acetate (2 x 20 mL.). The filtrates were combined
and evaporated to dryness. Cyclohexane (100 mL) was added to the residue and the mixture
was stirred at room temperature for 15 minutes. The mixture was decanted and the sediment
was dried in vacuo to give pentafiuorophenyl 4-chloro-1-hydroxy-1,3-
dihydrobenzo[c][1,2]Joxaborole-6-carboxylate (2) as off-white solid. Yield: 8.29 g (95%). 'H
NMR spectrum (300 MHz, DMSO-d6, 8H): 9.83 (bs, 1 H); 8.61 (s, 1 H); 8.26 (s, 1 H); 5.13 (s,
2 H). LC-MS: 377 .4 (M-H)-.

Triethylamine (10.0 mL, 131.6 mmol) was added to a mixture of pentafiuorophenyl 1-
hydroxy-1,3-dihydrobenzo|c][1,2]oxaborole-6-carboxylate (2, 8.29 g, 21.9 mmol) and N-2-
aminoethylglycine (3, 1.30 g, 1.70 mmol) in solution N, N-dimethylformamide/water (2:1, 60
mL) and the resulting solution was stirred at room temperature overnight. Afterwards, it was
acidified with 1 M aqueous solution of potassium bisulfate (200 mL) and extracted with ethyl
acetate (3 x 250 mL). The organic layer was dried over anhydrous sodium sulfate, filtered
and evaporated. The residue was co-distilled with toluene (3 x 100 mL) and triturated with
diethyl ether (60 mL). The precipitate was filtered, washed with diethyl ether (2 x 50 mL) and

air dried. The obtained powder was dissolved in acetonitrile/water mixture (2:1, 20 mL) and
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freeze-dried to give compound 4 as colorless solid. Yield: 1.50 g (15%). 'H NMR spectrum
(300 MHz, DMSO-d6, 5H): 12.87 (bs, 1 H); 9.59-9.41 (m, 2 H); 8.77-8.54 (m, 5 H); 5.07-4.88
(m, 4 H); 4.25-3.92 (m, 2 H); 3.60-3.24 (m, 4 H). LC-MS: 507.3 (M+H)+.

Example 37: {S}~4-£(28)—2 3-Bis(1-hvdroxy-4-(trifluoromethyl)-1,3-
dihvdrobenzolc][1.2]oxaborole-6-carboxamidopropanamido)-5-(fert

acid

buto

OH

Solution of pentafluorophenol (35.1 g, 191 mmol), 1-hydroxy-4-(trifluoromethyl)-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (1, 40.8 g, 166 mmol) and N,N-
dicyclohexylcarbediimide (DCC, 39.3 g, 191 mmol) in acetonitrile (1 L) was stirred at ambient
temperature for 24 hours. The reaction mixture was filtered, evaporated, dissolved in
acetonitrile, re-filtered and evaporated. The crude product was precipitated in
dichloromethane (1 L) and filtered to give the pentafluorophenyl 1-hydroxy-4-
(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylate (2) as white solid. Yield:
52.8 g (77%). "H NMR spectrum (300 MHz, DMSO-d6, 5H): 9.79 (s, 1 H); 8.86 (s, 1 H); 8.46
(s, 1H); 5.30 (s, 2 H).

2-Chlorotrityl chloride resin 100-200 mesh 1.5 mmol/g (3, 4.47 g, 6.71 mmol) was left fo swell
in dry dichloromethane (30 mL) for 30 minutes. A solution of (25)-5-(tert-butoxy)-2-{[(9H-
fluoren-9-yimethoxy)carbonyl]amino}-5-oxopentanoic acid (Fmoc-Glu-OtBu, 1.90 g, 4.47
mmol) and N, N-diisopropylethylamine (2.96 mL, 17.0 mmol) in dry dichloromethane (30 mL)
was added to resin and the mixture was shaken overnight. Resin was filtered and treated
with a solution of N, N-diisopropylethylamine (1.56 mL, 8.95 mmol) in
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methanol/dichloromethane mixture (4:1, 2 x 5 min, 2 x 40 mL). Then resin was washed with
N, N-dimethylformamide (2 x 30 mL), dichloromethane (2 x 40 mL) and N,N-
dimethylformamide (3 x 40 mL). Fmoc group was removed by treatment with 20% piperidine
in N, N-dimethylformamide (1 x 5 min, 1 x 20 min, 2 x 40 mL). Resin was washed with N, N-
dimethylformamide (3 x 40 mL), 2-propanol (2 x 40 mL) and dichloromethane (3 x 40 mL).
Solution of (2S5)-2,3-bis((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoic acid (Fmoc-
Dap(Fmoc)-OH, 3.68 g, 6.71 mmol), 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-
bjpyridinium 3-oxid hexafluorophosphate (HATU, 2.55 g, 6.71 mmol) and 2,4,6-
trimethylpyridine (1.60 mL, 12.1 mmol) in N,N-dimethylformamide (40 mL) was added to
resin and mixture was shaken for 2 hours. Resin was filtered and washed with N, N-
dimethylformamide (2 x 40 mL), dichloromethane (2 x 40 mL) and N, N-dimethylformamide (2
x 40 mL). Fmoc groups were removed by treatment with 20% piperidine in N,N-
dimethylformamide (1 x 5 min, 1 x 30 min, 2 x 40 mL). Resin was washed with N,N-
dimethylformamide (3 x 40 mL), 2-propanol (2 x 40 mL) and dichloromethane (3 x 40 mL).
Solution of pentaflurophenyl 1-hydroxy-4-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-
6-carboxylate (2, 5.53 g, 13.4 mmol) and triethylamine (4.99 mL, 35.8 mmol) in N,N-
dimethyiformamide (40 mL) was added to resin and mixture was shaken overnight. Resin
was filtered and washed with N, N-dimethylformamide (6 x 40 mL) and dichloromethane (10 x
50 mL). The product was cleaved from resin by treatment with 2,2,2-triflucroethanol (60 mL)
for 16 hours. Resin was filtered off and washed with dichloromethane (4 x 50 mL). Crude
product (4) was dried in vacuo and extracted with ethyl acetate (2 x 70 mL) and 1 M aqueous
solution of potassium hydrogen sulfate (50 mL), organic phases were dried over anhydrous
sodium sulfate, filtered and the solvent was evaporated. Crude product was then triturated in
diethyl ether (20 mL) to give (S)-4-((2S)-2,3-bis(1-hydroxy-4-(trifluoromethyl)-1,3-
dihydrobenzo(c][1,2]oxaborole-6-carboxamido)propanamido)-5-(tert-butoxy)-5-oxopentanoic
acid (4) as beige solid. Yield: 1.89 g (57%). '"H NMR spectrum (300 MHz, AcOD-d4, §H):
8.50 (s, 1 H); 8.46 (s, 1 H); 8.29 (s, 1 H); 8.26 (s, 1 H); 5.28 (d, J=2.6 Hz, 4 H); 5.20 (i, J=5.9
Hz, 1 H); 4.55 (dd, J=8.5 and 5.2 Hz, 1 H); 4.08 (dd, J=6.0 and 2.1 Hz, 2 H); 2.57-2.42 (m, 2
H); 2.34-2.16 (m, 1 H); 2.17-2.08 (m, 1 H); 1.47 (s, 9 H). LC-MS: 746.3 (M+H)+.
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Example 38: N-{4-(Difluoromethyl)-1-hydroxy-1.3-dihydrobenzo[c][1,2]oxaborole-6-carbonyl
N-{2-(4-(difluoromethyl)-1-hydroxy-1,3-dihydrobenzo[c][1,2]loxaborole-6-
carboxamidolethyliglycine

OH

Concentrated sulfuric acid (35 mL) was added to a solution of 3-bromo-5-iodo-4-
methylbenzoic acid (1, 55.4 g, 162 mmol) in methanol (1.2 L) and the reaction mixture was
allowed to stir under reflux overnight. The reaction mixture was then evaporated under
reduced pressure, dissolved in diethyl ether (700 mL), washed with water (2 x 300 mL) and
saturated solution of potassium carbonate (1 x 300 mL). Organic layer was separated, dried
over anhydrous sodium sulfate, filtered and evaporated to provide methyl 3-bromo-5-iodo-4-
methylbenzoate (2) as white solid. Yield: 50.0 g (87%). "H NMR spectrum (300 MHz, DMSO-
d6, 5H): 8.32 (d, J=1.7 Hz, 1 H); 8.09 (d, J=1.3 Hz, 1 H); 3.86 (s, 3 H); 2.65 (s, 3 H).

To a solution of methyl 3-bromo-5-iodo-4-methylbenzoate (2, 37.3 g, 105 mmol) in dry
tetrahydrofuran (250 mL) 1.3 M solution of isopropylmagnesium chloride lithium chioride
complex in tetrahydrofuran (89.0 mL, 115 mmol) was added dropwise at -30 C under inert
atmosphere and was stirred for 20 minutes. Then N,N-dimethylformamide (12.2 mL, 158
mmol) was added at -30 C. The reaction mixture was allowed to warm to ambient
temperature and stirred for 16 hours. The reaction mixture was then evaporated under
reduced pressure, dissolved in ethyl acetate (300 mL) and washed with water (2 x 200 mL).
Organic layer was separated, dried over anhydrous sodium sulfate, filtered and evaporated
to provide methyl 3-bromo-5-formyl-4-methylbenzoate (3) as white solid. Yield: 24.9 g (92%).
'H NMR spectrum (300 MHz, CDCls, 8H): 10.27 (s, 1 H); 8.53-8.34 (m, 2 H); 3.97 (s, 3 H);
2.82 (s, 3H).

Solution of methyl 3-bromo-5-formyl-4-methylbenzoate (3, 24.8 g, 96.5 mmol) and
(diethylamino)sulfur trifluoride (DAST, 25.5 mL, 193 mmol) in dichloromethane (300 mL) was
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stirred at ambient temperature for 16 hours. Reaction was quenched by addition of water
(200 mL) and extracted with dichloromethane (2 x 200 mL). Organic layers were combined,
dried over anhydrous sodium sulfate, filtered and evaporated to provide methyl 3-bromo-5-
(difluoromethyl)-4-methylbenzoate (4) as white solid. Yield: 23.3 g (87%). 'H NMR spectrum
(300 MHz, CDCl3, 8H): 8.35 (d, J=1.1 Hz, 1 H); 8.14 (d, J=0.9 Hz, 1 H); 6.78 (t, J=54.8 Hz, 1
H); 3.93 (s, 3H); 2.55(t, J=1.4 Hz, 3 H).

Solution of N-bromosuccinimide (16.4 g, 91.9 mmol), methyl 3-bromo-5-(difluoromethyl)-4-
methylbenzoate (4, 23.3 g, 83.5 mmol) and 2,2-azobis(2-methylpropionitrile) (AIBN, 1.36 g,
8.36 mmol) in a,o,a-trifluorotoluene (120 mL) was stirred overnight at 85 C. Reaction mixture
was evaporated and then extracted with diethyl ether (2 x 300 mL). Organic layers were
washed with brine (1 x 150 mL). Organic layer was separated, dried over anhydrous sodium
sulfate, filtered and evaporated giving crude methyl 3-bromo-4-(bromomethyl)-5-
(difluoromethyl)benzoate (5) which was stirred with potassium acetate (16.4 g, 167 mmol) in
acetonitrile (300 mL) at 75 C overnight. The suspension was filtered through a short pad of
celite and evaporated. The crude product was dissolved in dichloromethane and filtered
again. The filtrate was evaporated and purified by column chromatography (Silicagel 60,
0.063-0.200 mm,; eluent: cyclohexane/ethyl acetate 9:1) to give methyl 4-(acetoxymethyl)-3-
bromo-5-(difluoromethyl)benzoate (6) as white solid. Yield: 17.1 g (61%). RF (Si02,
hexane/ethyl acetate 9:1): 0.50. "H NMR spectrum (300 MHz, CDCls, 5H): 8.40 (s, 1 H): 8.26
(s, 1 H), 7.02 (t, J=54.7 Hz, 1 H); 5.38 (s, 2 H); 3.97 (s, 3 H); 2.11 (s, 3 H).

Solution of methyl 4-(acetoxymethyl)-3-bromo-5-(difluoromethyl)benzoate (6, 17.1 g, 50.7
mmol), bis(pinacolato)diboron (14.2 g, 55.7 mmol), potassium acetate (14.9 g, 152 mmol)
and [1,1-bis(diphenylphosphino)ferrocene]dichioropalladium(ll) (1.24 g, 1.52 mmol) in dry
dioxane (200 mL) was allowed to stir at 75 °C under argon atmosphere for 2 days. Then the
reaction mixture was cooled to ambient temperature, filtered and evaporated. The crude
product was filtered through silica gel column (Silicagel, 0.063-0.200 mm; eluent;
cyclohexane/ethyl acetate 9:1) to provide methyl 4-(acetoxymethyl)-3-(difluoromethyl)-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (7). Yield: 16.3 g (84%). RF (SiO2,
cyclohexane/ethyl acetate 9:1): 0.30. '"H NMR spectrum (300 MHz, CDCl;, H): 8.57 (s, 1 H);
8.38 (s, 1 H); 7.04 (t, J=55.1 Hz, 1 H); 5.54 (s, 2 H); 3.97 (s,. 3 H); 2.06 (s, 3 H); 1.38 (s, 12
H).
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Solution of methyl 4-(acetoxymethyl)-3-(difluoromethyl)-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoate (7, 16.3 g, 42.3 mmol) and sodium hydroxide (8.45 g, 212 mmol)
in water (200 mL) was stirred at ambient temperature for 3 hours. Then solution of
concentrated hydrochloric acid (20 mL) in water (50 mL) was added to lower the pH to 1. The
reaction mixture was left in the fridge overnight. Precipitate was filtered and dried to provide
4-(difluoromethyl)-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (8) as white
solid. Yield: 8.55 g (89%). 'H NMR spectrum (300 MHz, DMSO-d6, 8H): 13.25 (bs, 1 H); 9.54
(s, TH), 8.51(s, 1H), 8.20 (s, 1 H); 7.22 (t, J=55.1 Hz, 1 H); 5.19 (s, 2 H).

Solution of pentafluorophenol (8.28 g, 45.0 mmol), 4~(difluoromethyl)-1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (8, 8.55 g, 37.5 mmol) and N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (EDC.HCI, 10.1 g, 52.5 mmol) in
dichloromethane (100 mL) was stirred at ambient temperature for 3 hours. The reaction
mixture was evaporated, dissolved in ethyl acetate (200 mL) and washed with 1 M aqueous
solution of hydrochloric acid (3 x 200 mL) and brine (1 x 200 mL). Organic layer was
separated, dried over anhydrous sodium sulfate, filtered and evaporated. The crude product
9 was recrystallized from hot cyclohexane (300 mL) and ethyl acetate (30 mL) to give the
pentafluorophenyl 4-(diflusromethyl)-1-hydroxy-1,3-dinydrobenzo[c][1,2]oxaborole-6-
carboxylate (9) as white solid. Yield: 8.20 g (56%). LC-MS: 395.5 (M+H)+.

Solution of the perfluorophenyl 4-(diflucromethyi)-1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborole-6-carboxylate (9, 8.20 g, 20.8 mmol), (2-aminoethyl)glycine
(10, 1.23 g, 10.4 mmol) and triethylamine (14.5 mL, 104 mmol) in tetrahydrofuran (40 mL)
and water (20 mL) was stirred at ambient temperature overnight. Tetrahydrofuran was then
evaporated and 1 M aqueous solution of potassium hydrogen sulfate (30 mL) was added to
the residue. This mixture was extracted with ethyl acetate (2 x 100 mL). Organic layers were
combined, dried over anhydrous sodium sulfate, filtered and evaporated. The crude product
11 was dissolved in ethyl acetate (10 mL) and precipitated with cyclohexane (100 mL). The
precipitate was filtered, washed with cyclohexane (50 mL) and freeze-dried to afford N-(4-
(difluoromethyl)-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carbonyl)-N-(2-(4-
(difluoromethyl)-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxamido )ethyl)glycine
(11) as white solid. Yield: 4.59 g (82%). '"H NMR spectrum (300 MHz, DMSO-d6, §H): 12.87
(bs, 1 H); 9.66-8.33 (m, 2 H); 8.95-6.68 (m, 7 H); 5.15 (d, J=11.9 Hz, 4 H); 4.39-3.94 (m, 2
H); 3.76-3.37 (m, 4 H). LC-MS: 539.1 (M+H)+.
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Example 39: 14-(taﬁwButvl}~5~§2,5—di0xmgvrr0!idin4 -y1)-(2-((oxobis(3-(4.4,5,5-tetramethyl-
1.3.2-dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)-AS-sulfanylidene Jamino)acetyl)-L-

glutamate

4
Dry dichloromethane (37 mL) and triethylamine (1.53 mL, 11.0 mmol) were subsequently
added to 2,5-dioxopyrrolidin-1-yl-2-((oxobis(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-
(trifluoromethyl)phenyl)-A%-sulfanylidene)amino)acetate (1, 2.78 g, 3.66 mmol) prepared in
example 33 and (S)-4-amino-5-(tert-butoxy)-5-oxopentanoic acid (2, H-Glu-OtBu, 891 mg,
4.39 mmol). The mixture was sonicated to give a solution which was stirred at room
temperature for 6 hours. The volatiles were removed in vacuo and the residue re-dissolved in
ethyl acetate (200 mL). The resulting solution was washed with 0.5 M aqueous solution of
hydrochloric acid (3 x 50 mL) and brine (50 mL), dried over anhydrous sodium sulfate and
evaporated to dryness. The residue was re-dissolved in ethyl acetate (50 mL) and a solution
of pinacol (432 mg, 3.66 mmol) in ethyl acetate (20 mL) was added. The resulting solution
was evaporated in vacuo to give (S)-5-(tert-butoxy)-5-o0x0-4-(2-((oxobis(3-(4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)- AS-
sulfanylidene)amino)acetamido)pentanoic acid (3) as pale yellow foam. Yield: 3.07 g (99%).
'H NMR spectrum (300 MHz, CDCls, H): 8.57 (d, J=12.7 Hz, 2 H); 8.40 (dd, J=8.3 and 0.7
Hz, 2 H); 8.25 (s, 2 H); 7.96 (d, J=8.1 Hz, 1 H); 4.57 (m, 1 H); 3.71 (dd, J=22.9 and 17.4 Hz,
2 H); 2.53-2.43 (m, 2 H); 2.37-2.24 (m, 1 H); 2.15-2.02 (m, 1 H); 1.47 (s, 9 H); 1.37 (s, 24 H).
'9F NMR spectrum (282 MHz, CDCls, 5F): -62.64 (s). LC-MS: 683.4 (M-2 x pinacol-H)-.
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N,N-Disuccinimidyl carbonate (DSC, 1.84 g, 7.19 mmol) and pyridine (0.58 mL, 7.19 mmol)
were subsequently added to a solution of (S)-5-(tert-butoxy)-5-oxo-4-(2-((oxobis(3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)phenyl)-Aé-sulfanylidene Jamino)-
acetamido)pentanoic acid (3, 3.05 g, 3.59 mmol) in dry acetonitrile (18 mL) and the mixture
was sonicated to form a fine suspension. The resulting suspension was stirred at room
temperature overnight to give a clear solution. The solution was evaporated to dryness and
the residue was partitioned between ethyl acetate (250 mL) and 0.5 M aqueous solution of
hydrochloric acid (100 mL). The phases were separated; the organic one was washed with
0.5 M aqueous solution of hydrochloric acid (4 x 100 mL) and brine (70 mL); dried over
anhydrous sodium sulfate and evaporated to dryness. The residue was dissolved in
dichloromethane (40 mL), followed by addition of pinacol (636 mg, 5.39 mmol). The solvent
was removed in vacuo and the residue was evaporated from dichloromethane (50 mL). The
resulting foam was triturated with cyclohexane (3 x 50 mL); the resulting semi-solid was
decanted, dissolved in dichloromethane (50 mL) and evaporated to dryness in vacuo. The
residue was evaporated from dichloromethane (3 x 50 mL) and dried in vacuo to afford the
titte compound (4) as white foam. Yield: 2.82 g (83%). '"H NMR spectrum (300 MHz, CDCl;,
8H): 8.57 (s, 1 H); 8.51 (s, 1 H); 8.43 (s, 1 H); 8.31 (s, 1 H); 8.25 (s, 1 H); 8.24 (s, 1 H); 7.77
(d, J=7.9 Hz, 1 H); 4.60 (m, 1 H); 3.73 (dd, J=39.6 and 17.3 Hz, 2 H); 2.82 (s, 4 H); 2.79-2.62
(m, 2 H); 2.43-2.30 (m, 1 H); 2.20-2.06 (m, 1 H); 1.49 (s, 9 H); 1.36 (s, 24 H).

'9F NMR spectrum (282 MHz, CDCls, 5F): -62.63 (s). LC-MS: 864.5 (M-pinacol+H)+, 946.7
(M+H)+.

Example 40: (S)-5-{tert-Butoxy)-4-(2-(1-hydroxy-N-{2-(1-hydroxy-4-(rifluoromethyl)=1.3-
dihydrobenzo[cl[1.2]oxaborole-6-carboxamido)ethyl)-4-(triflucromethyl)-1,3-
dihydrobenzolcll1.2Joxaborole-6-carboxamido)acetamido)-5-oxopentanoic acid

ﬂ\ct>)'CL./\)CjJ\:::m
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2-Chlorotrityl chloride resin 100-200 mesh 1.5 mmol/g (1, 4.39 g, 6.59 mmol) was left to swell
in dry dichloromethane (30 mL) for 30 minutes. A solution of (S)-2-(9H-fluoren-9-
ylmethoxycarbonylamino) pentanedioic acid 1-tert-butyl ester (Fmoc-Glu-OtBu, 1.87 g, 4.39
mmol) and N, N-diisopropylethylamine (2.91 mL, 16.7 mmol) in dry dichloromethane (30 mL)
was added to resin and the mixture was shaken overnight. Resin was filtered and treated
with a solution of N, N-diisopropylethylamine (1.53 mL, 8.78 mmol) in
methanol/dichloromethane mixture (4:1, 2 x 5 min, 2 x 40 mL). Then resin was washed with
N,N-dimethylformamide (2 x 30 mL), dichloromethane (2 x 40 mL) and N,N-
dimethylformamide (3 x 40 mL). Fmoc group was removed by treatment with 20% piperidine
in N, N-dimethylformamide (1 x 5 min, 1 x 20 min, 2 x 40 mL). Resin was washed with N, N-
dimethylformamide (3 x 40 mL), 2-propanol (2 x 40 mL) and dichloromethane (3 x 40 mL).
Solution of N-(((9H-fluoren-9-yl)methoxy)carbonyi)-N-(2-((((9H-fluoren-9-
yl)methoxy)carbonyl)amino)ethyl)glycine (Fmoc-AEG(Fmoc)-OH, 3.71 g, 6.59 mmol), 1-
((dimethylamino)(dimethyliminio)methy!)-1H-[1,2,3]triazolo[4,5-b]pyridine 3-oxide
hexafluorophosphate (HATU, 2.50 g, 6.59 mmol) and 2,4,6-trimethylpyridine (1.57 mL, 11.9
mmol) in N,N-dimethylformamide (40 mL) was added to resin and mixture was shaken for 2
hours. Resin was filtered and washed with N, N-dimethylformamide (2 x 40 mL),
dichloromethane (2 x 40 mL) and N,N-dimethylformamide (2 x 40 mL). Fmoc group was
removed by treatment with 20% piperidine in N, N-dimethylformamide (1 x 5 min, 1 x 30 min,
2 x 40 mL). Resin was washed with N, N-dimethylformamide (3 x 40 mL), 2-propanol (2 x 40
mL) and dichloromethane (3 x 40 mL). Solution of pentafluorophenyl 1-hydroxy-4-
(trifluoromethyl)-1,3-dihydrobenzo[c][1,2Joxaborole-6-carboxylate (2, 5.43 g, 13.2 mmol) and
triethylamine (4.90 mL, 35.1 mmol) in N, N-dimethyiformamide (40 mL) was added to resin
and mixture was shaken overnight. Resin was filtered and washed with N, N-
dimethylformamide (6 x 40 mL) and dichloromethane (10 x 50 mL). The product was cleaved
from resin by treatment with 2,2,2-trifluoroethanol (60 mL) for 16 hours. Resin was filtered off
and washed with dichloromethane (4 x 50 mL). Solvents were evaporated; the residue was
extracted with 1 M aqueous solution of potassium hydrogen sulfate (50 mL) and ethyl acetate
(2 x 70 mL), organic phases were dried over anhydrous sodium sulfate, filtered and the
solvent was evaporated. Crude product was precipitated from ethyl acetate/cyclohexane
(1:10, 40 mL), purified by column chromatography (Silicagel 60, 0.063-0.200 mm; eluent:
acetonitrile/water 10:1) and freeze-dried to give (S)-5-(tert-butoxy)-4-(2-(1-hydroxy-N-(2-(1-
hydroxy-4-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxamido)ethyl)-4-
(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxamido Jacetamido)-5-
oxopentanoic acid (3) as white solid. Yield: 1.50 g (45%). '"H NMR spectrum (300 MHz,
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AcOD-d4, 3H): 8.44 (s, 1 H); 8.24 (s, 1 H); 8.05 (s, 1 H); 7.77 (s, 1 H); 5.25 (d, J=17.1 Hz, 4
H); 4.70-4.25 (m, 3 H); 4.03-3.67 (m, 4 H); 2.49 (bs, 2 H); 2.22 (bs, 1 H); 1.49 (s, 9 H).
LC-MS: 760.3 (M+H)+.

Example 41: 1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid

OH OH
N-Bromosuccinimide (NBS, 88.1 g, 495 mmol) was added to a cold suspension (10 °C) of 4-
methybenzonitrile (58.6 g, 500 mmol) in 50% aqueous sulfuric acid (270 mL). The reaction
mixture was stirred for 40 hours at 10 C in the dark. After that suspension was filtered and
filter cake was washed with water (100 ml) and dissolved in ethyl acetate (800 mL). Solution
of crude product in ethyl acetate was washed with water (400 mL), saturated aqueous
solution of sodium hydrogen carbonate (2 x 400 mL) and brine (200 mL). Organic solution
was dried over anhydrous magnesium sulfate and evaporated to dryness to give crude 3-
bromo-4-methylbenzonitrile as yellow crystals. The product was used in the next step without
purification. Yield: 90.70 g (92%). RF (SiO2, hexanes/ethyl acetate 9:1): 0.45. '"H NMR
spectrum (300 MHz, CDCI3, H): 7.82 (d, J=1.5 Hz, 1 H); 7.50 (dd, J=7.9 and 1.7 Hz, 1 H);
7.34(d, J=7.9, 1 H); 2.47 (s, 3 H).

Benzoyl peroxide (1 g) and N-bromosuccinimide (NBS, 96.3 g, 541 mmol) were added to a
solution of 3-bromo-4-methylbenzonitrile (90.7 g, 463 mmol) in tetrachloromethane (1.00 L).
The mixture was refluxed overnight. After that the reaction mixture was cooled down, diluted
with dichloromethane (500 mL) and extracted with water (2 x 500 mL). Organic solution was
dried over anhydrous magnesium sulfate and evaporated to dryness to give crude 3-bromo-
4-(bromomethyl)benzonitrile as brown oil. Yield: 135 g. RF (SiO2, hexanes/ethyl acetate 9:1):
0.45.

Potassium acetate (98.1 g, 1.00 mol) was added to a cool (4 °C) solution of the crude above
3-bromo-4-(bromomethyl)benzonitrile (135 g) in acetonitrile (700 mL). The mixture was
stirred at 70 °C for 24 hours. The mixture was evaporated and the residue was diluted ethyl
acetate (800 mL) and extracted with water (2 x 500 mL). The organic phase was dried over

magnesium sulfate and evaporated to dryness. The residue was purified by flash column
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chromatography (Silicagel 60, 0.040-0.060 mm; eluent: hexanes/ethyl acetate 20:1 to 5:1) to
give 2-bromo-4-cyanobenzyl acetate as white crystals. Yield: 60.90 g (52% over two steps).
RF (Si02, hexanes/ethyl acetate 4:1): .0.30. '"H NMR spectrum (300 MHz, CDCI3, 5H): 7.87
(d, J=1.5Hz, 1 H); 7.64 (dd, J=8.1 and 1.7 Hz, 1 H); 7.53 (d, J=8.1 Hz, 1 H); 5.22 (s, 2 H);
2.19 (s, 3 H).

Under argon atmosphere, 2-bromo-4-cyanobenzyl acetate (60.0 g, 236 mmol), potassium
acetate (46.3 g, 472 mmol), bis(pinacotato)diboron (65.9 g, 259 mmol) and [1,1-
bis(diphenylphosphino)ferrocene]dichloropalladium(il) complex with dichloromethane (5 g)
were dissolved in degassed 1,4-dioxane (800 mL) and the mixture was refluxed for 18 hours.
After that the mixture was filtered and filtrate was evaporated and the residue re-dissolved in
ethyl acetate (800 mL). The solution was washed with water (2 x 400 mL) and brine (400
mL). The organic phase was dries over magnesium sulfate and evaporated to dryness. The
residue was purified by column chromatography (Silicagel 60, 0.040-0.060 mm; eluent:
hexanes/ethyl acetate 8:1) to give 4-cyano-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzyl acetate white crystals. Yield: 48.80 g (69%). RF (SiO2, hexanes/ethy! acetate 4:1):
0.35. "H NMR spectrum (300 MHz, CDCI3, 8H): 8.13 (d, J=1.7 Hz, 1 H); 7.71 (dd, J=7.9 and
1.9 Hz, 1 H); 7.49 (d, J=8.1 Hz, 1 H); 5.42 (s, 2 H); 2.13 (s, 3 H).

A solution of sodium hydroxide (13.1 g, 327 mmol) in methanol (300 mL) was added
dropwise to a solution of 4-cyano-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ly)benzyl
acetate (44.8 g, 149 mmol) in methanol (300 mL) at 30 C. The reaction mixture was stirred
for additional 2 hours. The solvent was evaporated and the residue was dissolved in
tetrahydrofuran (200 mL). 2 M Aqueous hydrochloric acid (660 mL) was added and the
resulting suspension was stirred for 10 minutes. The suspension was cooled down to 10 °C
and filtered. The filter cake was washed by water (100 mL) and n-hexane (100 mL) to give 1-
hydroxy-1,3-dihydrobenzo|c][1,2]oxaborole-6-carbonitrile as white powder. Yield: 20.15 g
(85%). "H NMR spectrum (300 MHz, DMSO-d6, 5H): 9.55 (bs, 1 H); 8.09 (s, 1 H); 7.90 (d,
J=8.1 Hz, 1 H); 7.63 (d, J=7.9 Hz, 1 H); 5.07 (s, 2 H).

A suspension of 1-hydroxy-1,3-dihydrobenzo[c][1,2Joxaborole-6-carbonitrile (20.15 g, 127
mmol) in conc. hydrochloric acid (1.50 L) was refluxed for 24 hours and cooled down to

10 °C. The suspension was filtered and filter cake washed with water (300 mL). Filter cake
was suspended in water (500 mL) and freeze-dried. The residue was suspended in
dichloromethane (500 mL) and filtered. Filter cake was wash with dichloromethane (200 mL)
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and dried in vacuo to give 1-hydroxy-1,3-dihydrobenzo[c][1,2]Joxaborole-6-carboxylic acid as
white powder. Yield: 12.30 g (55%). 'H NMR spectrum (300 MHz, DMSO-d6, 5H): 12.92 (s,
1H); 9.36 (s, 1 H); 8.37 (s, 1 H); 8.04 (dd, J=7.9 and 0.9 Hz, 1 H); 7.52 (d, J=8.1 Hz, 1 H);
5.05 (s, 2 H). LC-MS m/z: 178.2 (M+H).

Example 42: 1-Hvdroxy‘-4~£triﬂuaromethvl)—1 .3-dihydrobenzolc][1.2]oxaborole-6-carboxylic

acid

1-Hydroxy-4-(trifluoromethyl)-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid was

prepared as described in Example 28.

Example 43: 4-fluoro-1-hydroxy-1,3-dihvdrobenzolc]l1,2loxaborole-6-carboxylic acid

0

Intensively stirred solution of 3-fluoro-4-methylbenzoic acid (1, 61.7 g, 400 mmol) in sulfuric
acid (96%, 400 mL) was cooled by external ice water bath and N-bromosuccinimide (72.0 g,
405 mmol) was added in three portions during 20 minutes. The mixture was stirred at room
temperature for 4 hours then another portion of N-bromosuccinimide (72.0 g, 405 mmol) was
added at once and the whole mixture was stirred at room temperature overnight. Resulting
suspension was diluted with ice water (3.00 L) and stirred for 10 minutes. The solid was
filtered off, washed with water (200 mL), triturated with water (3 x 600 mL) and sucked off as
much as possible. Wet solid was suspended in water (400 mL), stirred at room temperature
and solution of sodium hydroxide (50.0 g, 1.25 mol in 200 mL water) was added. Resulting
solution was heated to 40 °C overnight. Filtration of slightly cloudy solution afforded clear
yellowish filtrate to which solution of potassium bisulfate (180 g, 1.32 mol in 400 mL water)
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was added. White precipitate was extracted with a mixture of
dichloromethane/tetrahydrofuran 4:1 (2 x 500 mL). Organic extracts were dried over
anhydrous sodium sulfate and evaporated to dryness to give white solid residue. Thiony!
chioride (30.0 mL, 413 mmol) was added to stirred cooled (-78 °C) suspension of this residue
in anhydrous methanol (500 mL). Reaction mixture was allowed to warm to room
temperature and then heated to 60 C overnight. The solution was cooled to room
temperature and kept 4 °C overnight. Crystalline material was filtered off washed by
methanol (2 x 50 mL), tert-butyl methyl ether (2 x 50 mL) and dried in vacuo to afford methyl
2,3-dibromo-5-fluoro-4-methylbenzoate (2) as colorless crystals. Yield: 78.2 g (60%). 'H
NMR spectrum (300 MHz, CDCI3, 8H): 7.37 (d, J=9.0 Hz, 1 H); 3.94 (s, 3 H); 2.46 (d, J=2.3
Hz, 3 H). LC-MS m/z: 327.2 (M+H)+.

A suspension of fine powdered copper (44.0 g, 692 mmol) and methyl 2,3-dibromo-5-fluoro-
4-methylbenzoate (2, 75.2 g, 231 mmol) in propionic acid (100 mL) was stirred and heated at
85-90 °C for 6 hours, cooled to room temperature and diluted with mixture of
cyclohexane/toluene (3:1, 800 mL). Reaction mixture was washed with water (3 x 200 mL),
10% aqueous solution of potassium bisulfate (2 x 200 mL) and brine (2 x 300 mL). Organic
solution was dried over anhydrous sodium sulfate and evaporated to dryness to give
yellowish oil which was purified by flash column chromatography (Silicagel 60, 0.040-0.060
mm,; eluent: cyclohexane/toluene 3:1) to afford methyl 3-bromo-5-fluoro-4-methylbenzoate
(3) as colorless crystals. Yield: 52.5 g (92%). 'H NMR spectrum (300 MHz, CDCI3, 8H): 7.51
(s, TH), 7.37 (d, J=9.0 Hz, 1 H); 3.86 (s, 3 H); 2.37 (d, J=2.4 Hz, 3 H). LC-MS m/z: 347.3
(M+H)+.

Methyl 3-bromo-5-fluoro-4-methylbenzoate (3, 51.9 g, 210 mmol) was dissolved in
anhydrous 1,4-dioxane (400 mL), anhydrous potassium acetate (65.3 g, 666 mmol) and
bis(pinacolato)diboron (4, 75.1 g, 296 mmol) was added at room temperature and this
mixture was degassed. 1,1-Bis(diphenylphosphino)ferrocene]dichioropalladium(ll) (1.88 g,
2.57 mmol) was added and the mixture was heated to 75 °C in an argon atmosphere for 40
hours. The mixture was concentrated under reduced pressure and dissolved in toluene (1.1
L) and extracted with water (2 x 200 mL). Organic solution was dried using anhydrous
sodium sulfate, evaporated under reduced pressure and then purified by flash column
chromatography (Silicagel 60, 0.040-0.063 mm; eluent: toluene/ethyl acetate 9:1) to afford
methyl 3-fluoro-4-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (5) as white
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solid. Yield: 50.0 g (81%). "H NMR spectrum (300 MHz, CDCI3, dH): 8.20 (s, 1 H); 7.70 (d,
J=10.0 Hz, 1 H); 3.85 (s, 3 H); 2.50 (s, 3 H); 1.36 (s, 12 H). LC-MS m/z: 295.4 (M+H)+.

Azobisisobutyronitrile (AIBN, 0.86 g, 5.20 mmol) and N-bromosuccinimide (NBS, 25.4 g, 143
mmol) were added to a solution of methyl 3-fluoro-4-methyl-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoate (5, 40.0 g, 136 mmol) in 1,2-dichloroethane (200 mL). The
mixture was refluxed overnight. Reaction mixture was cooled to room temperature, diluted
with dichloromethane (500 mL) and extracted with water (2 x 500 mL). Organic solution was
dried over anhydrous magnesium sulfate and evaporated to dryness to give methyl 4-
(bromomethyl)-3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (6) as
yellowish crystals. The product was used in the next step without further purification. Yield:
35.5 g (70%). LC-MS m/z: 373.4 (M+H)+.

Methy! 4-(bromomethyl)-3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (6,
7.46 g, 20.0 mmol) stirred with 2.5 M aqueous solution of sodium hydroxide (40.0 mL, 100
mmol) at room temperature overnight. 6 M aqueous solution of hydrochioric acid (20.0 mL,
120 mmol) was added and the mixture was stirred for 30 minutes and kept 4 °C overnight.
White precipitate was collected by filtration and washed with water (2 x 100 mL) and air dried
to afford 4-fluoro-1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carboxylic acid (7) as a
white solid which was used in the next step without further purification. Yield: 3.76 g (96%).
'H NMR spectrum (300 MHz, DMSO-d6, 5H): 12.8 (s, 1 H); 9.57 (s, 1 H); 8.20 (s, 1 H); 7.72
(d, J=7.1 Hz, 1 H); 5.14 (s, 2 H). LC-MS m/z: 197 .4 (M+H)+.

Preparation of insulin derivatives

LCMS analysis were performed using C18 column and 0.1% TFA in water as buffer A and
0.1% TFA in acetonitrile as buffer B.

LCMS of boron-insulin derivatives generally show dehydrated species as the main peaks:
[M + nH - 2x m Muae]™ for ionization state “n” and “m” number of boronic acids

[M + nH - 1x m Muae]™ for ionization state “n” and “m” number of boroxoles

e.g. [M + 5H - 2x (4x 18.015)]%* for the penta-ionic state of a derivative with 4 boronic acids
Measured and calculated values for [M + 4H — x(water)]** and [M + 5H — x(water)]** are

shown in table 2 (shown under Example B).

The insulin conjugates in the examples are drawn using the standard single letter

abbreviations for the amino acids. The sulfur atoms of the cysteine residues are drawn out
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specifically to illustrate disulfide bridges. Residues that are modified by conjugation are
drawn out to show exactly where in the relevant amino acid the modification has taken place.
The N-terminals of insulin are denoted with small font H-, and the C-terminals are denoted
with small font -OH, as is standard in peptide chemistry. H- and -OH are not used when a
terminal residue is modified by conjugation, in which case the residues are drawn expanded,
as explained above. Substitutions in human insulin are in some cases illustrated with a small

font star (*).

Building blocks that were not already succinimidyl ester, were activated using HONSU/DIC or
TSTU in acetonitrile or THF before conjugation with insulin.

Example 101:

S S

! ]

H—G | VEQC(IJTSICSLYQLENY(I)N»?H\!
S
|

S (o]
/
]

3

1 |
H—FVNQHLCGSHLVEALYLVCGERGFFYTP-ﬁ OH

A22K desB30 human insulin (500 mg, 0.086 mmol) was dissolved in 0.1 M sodium carbonate
(5 mL), pH 10.5. Building block of example 2 (146 mg, 0.189 mmol) was dissolved in MeCN
(5 mL) and added to the mentioned insulin solution. pH was monitored and stayed near 10.5.
After 30 mins, LCMS shows formation of the desired product. The mixture was diluted with
20 % MeCN in water (11 mL) and pH was adjusted to 1.5 using TFA. The product was
purified by reverse-phase HPLC (RP-HPLC) on C18 column using 0.1% TFA in water as
buffer A and 0.1% TFA in acetonitrile as buffer B. The product was isolated by lyophilisation.
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LCMS measured 1670.4 [M + 4H - 8x water]*, calculated 1670.6, see table 2 (shown under
Example B).

Example 102

|

H-—GIVEQCCTSICSLYQLENY(IJNﬁ -

S e}

/
i

i
H—FVNQHLCGSHLVEALYLVCGERGFFYTP-” O H
O

(2 e ()

Insulin derivative of example 102 was prepared similarly to insulin derivative of example 101
from A22K desB30 human insulin and building block of example 3. LCMS of the product
measured 1689.0 [M + 4H - 8x water]**, calculated 1689.2.
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Example 103

/

5

7/

;\ .
o G 1 VE e{ﬁ/c TS 1 CS8SLYQLENYE N-OH

e () e U

H-F VNQHLCGSHLVEALYLVOCGERGFFYT P—”

Insulin derivative of example 103 was prepared by dissolved desB30 human insulin (232 mg,
0.041 mmol) in DMSO and adding building block of example 4 (35.6 mg, 0.045 mmol) in
DMSO along with NMM (1.22 mmol, 135.5 uL). The product was purified by reverse-phase
HPLC (RP-HPLC) on C18 column using 0.1% TFA in water as buffer A and 0.1% TFA in
acetonitrile as buffer B and isolated by lyophilisation. LCMS of the product measured 1663.0
[M + 4H - 4x water]*, calculated 1664.1.
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Example 104:

H . ~ mmansesenmsesessaeseson
B, H
- 4 CTTS‘CSLYQLENYTN”GH
8
|
s

s
/

8

H-—FVNQHLCGSHLVEALYLVCGERGFFYTQ«ﬁ TH
(o]

Insulin derivative of example 104 was prepared similarly to insulin derivative of example 103
5  from desB30 human insulin and an analogue of building block of example 4 made using 4-
carboxy-benzoboroxole, lysine and beta-alanine.
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Example 105:

S

3
H-G I VEQCCTSICSLYQLENYCN-OH

=

<

N ()

VNQHLCGSHLVEALYLVECGERGFFYTP-N OH

C S e
U s

o Ha a

r
%}
5

DesB30 human insulin (400 mg) was dissolved in 0.1M AcOH (5 mL) and pH was adjusted to
5 3.5 using 0.1N NaOH. A solution of aldehyde linker of Example 6 (200 mg) was dissolved in

DMF (0.5 ml) and added. After stirring for 30 min, picoline borane (44 mg) dissolved in NMP
(0.5 mL) was added. The reaction mixture was stirred overnight at RT. Water (20 mL) was
added and pH was adjusted to 1 using 01. M HCI, and the product was purified by HPLC.
The Boc groups on Lys in the extension were removed using TFA. The bis-Lys insulin

10  intermediate (33 mg) was dissolved in 0.2 M NazCO; (0.400 mL) and pH was adjusted to
10.5. The diboronate succinimidyl ester of Example 2 (2.5 eq, 0.6 mg) was dissolved in
acetonitrile (340 ul.) and added to the mixture. The reaction was stirred for 10 min, the
progress of the reaction monitored by LCMS, and the product isolated by HPLC similarly to
Example 101. LCMS measured 1827.3 [M + 4H - 4x water]**, calculated 1827.3.

15
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Example 106:

g
HeG | VEQQETS | C8LYQLENYQS N~OH

&

*i ( N .

VNQHLCGSHLVEALYLVEGERGFFYT?-*M e

Ly ) °

Example 106 was made similarly to example 105 using building block of example 7. LCMS
measured 1724.3, calculated 1724.2.
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Example 107:
H~G | V EQLE TS 1 C8LYQLERNY L N~OH
I /
&
VNQHLCGSHLVEALYLVCGERGFFYTP-Q
; ,
b N Q
o

Example 107 was made similarly to example 105 using building block of example 7. LCMS
measured 1640.8, calculated 1640.9.
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Example 108:
HO
rE 4
HO ;
. (
HQ
B
Hor *\(’
FT ' o
§ |
H;GIVEQC(%TSICSLYQLENYQN%; ik
$ 3 !
$ $
F VNQHLCGSHLVEALYLVCGERGFFYTPﬁ
ek

Example 109 was made similarly to example 107 from A22K desB30 human insulin and
building block of example 7. LCMS measured 1987.5, calculated 1987.5.
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Example 109:

HO
HQ#‘B‘D HN o
E ,
HO
B H
HO” Q\‘(N H
$—s °
G VEQCGTS I CSLYQLENYGNN" >
] |
$ g
$ $
#—FVNQHLCGSHLVEALYLVCGERGFFY TPN OH

o]
A22K desB30 human insulin (500 mg, 0.086 mmol) was dissolved in 0.2 M sodium carbonate
buffer (6 mL), pH 10.8. Building block of example 7 (307 mg, 0.189 mmol) was dissolved in

MeCN (6 mL). LCMS after 10 mins showed the expected product, which was purified by
HPLC.
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Example 110

T oH
B

0 “OH
NH oH
g " E’“‘OH
NS0 ©
0P NH

Ho

Ho-®
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!

H H
HO o} o \qu
WH
F
8] Sw$

-G IVEQCCTS FCSLYQLENYCNN Sy—oie,  OH
§ §H o Oy

¥ :
#=—FVNQHLCGSHLVEA LYLVQGERGF’FYTP{}# N Ny o
H

A22K desB30 human insulin (435 mg, 0.075 mmol) was dissolved in 0.2 M sodium carbonate
buffer (10 mL), pH 10.8. Building block of example 8 (279 mg, 0.164 mmol) activated as
succinimidy! ester (using TSTU/DIEA in MeCN) was dissolved in MeCN (6 mL). LCMS after

10 mins showed the expected product, which was purified by HPLC. LCMS measured
1643.7 [M + 5H - 8x water]®", calculated 1643.7.
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Example 111:

H
HU~B'O HO

B,
e OH
o V‘ FF
! HO
B

: s eS¢
% — \g}

TSICSLYQLENYGC Neox Hi

[ |
i b o
| | }

GSHLVEALYLVCGERGFFYTP K—0OH

Gl VEQ

i—F VNQHL

Example 111 was made similarly to example 103 from desB30 human insulin and building

block of example 7.
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Example 112:

H
Ho‘s H N
HO™ N
\_>°0
s to} HM
§—
+-G1 VEQCCTS | CSLYQLENYCNN OH
s $ 6
8 g

F V NQHLCGSHLVEALYLVCGERGFFYTPR-on

~OH
He

Example 112 was made similarly to example 105 from A22K B29R desB30 human insulin
and building block of example 7.
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Example 113;
i
HO-B
6]
E O MH
HO, M///
P |
HO =0 ? ?
GIVEQC(IZTS I CSLYQLENYCliN-OH
$ 5
S S

I I
H-FVNQHLCGSHLVEALYLVCGERGFFYTPKOH

Example 113 was made similarly to example 101 from desB30 human insulin and building
block of example 9.

Example 114;
F
HO Y= O
HO  \_7 NH
D g
YN 0
F— NH
HO-§
§——S OH
+—GIVEQCCTSICS LYQLENYCNN OH
S sH 0
S S
“~FVNQHLCGSHLVEALYLVCGERGFFYTPN” -OH

O

Example 114 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 9.
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Example 115;

HO
SaeOH

o

rm—— =Y
H—«GIVEQCTTSICSLYQLEN\"CNmOH

W—Gmﬁ b F"RGFFYTPGGGGSGGGGSFVNQHLCGSHLVEALYLVCGERGFFYTP*% =OH
o

Example 115 was made similarly to example 101 from B1-GKPRGFFYTPGGGGSGGGGS

desB30 human insulin and building block of example 3.

5
Example 116:
H(? E
MDHB@
& O
B
S
H"
-G I VEQCCTSICSLYQLENYQCN—on
“—Gﬁ‘ ’ FRGFFYTPGGGGSGGGGSFYNQHLCGSHLVEALYLVCGERGFFYTPR
Example 116 was made similarly to example 101 from B1-GKPRGFFYTPGGGGSGGGGS
desB30 human insulin and building block of example 9.
10

Example 117:

HO:
HQ HQ B-Q
Bu, : B F .
LI SN e
N A 0.
£ SN &[N\/\N o
H H
O NH 07 NH

, -
h—G | vemégrs | CSLYQLENYCN—ox
: !
H—wTYFF’GRﬁ PDGGGGSGGGCSCGGGGSFVNOHLCGSHLVE ALYLYCGERGF FYTPg OH

O Q
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Example 117 was made similarly to example 101 from B1-
TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin and building block of example

10.

5 Example 118:

HO
\5-OH EH
P B~oH

s S
HeG | VEQé?TS | CSLYQLENYEN—o

S S
i I

S $
PDGGCGSGCCGSGEGGSFVNQHLCGSHLVE ALY LVCGERGF FYTPPF:{ OH
Q

H—TYF FGRQ
e}

Example 118 was made similarly to example 101 from B1-
TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin and building block of example

9.
10
Example 119:
HO“BAQH HO_ OH
; Fo
$—$
H—G | VEQCCTS | CSLYQLENYCN—on
S S
' s
S :
H~TYFFGRE PDGGGGSGGGGSGGGGSFVNQHLCGSHLVEALYLVCGERGFFYTPﬁ OH
o

e}

Example 119 was made similarly to example 101 from B1-
TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin and building block of example

15 2
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Example 120:

0
#=GIVEQCETS ICSLYQLENYGNN H
$ $
$ $ !
#—FVNQHLCGSHLVEALYLVCGERGFFYTPN ~—OH

o}

Example 120 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 11.

Example 121:
OH OH
N B, F 8 Q
o O v QO /2oH
; ¥ H
HNMN, HN"'\/\‘/”‘\\/’N O
OFN oy F
§—%
H—G | VEQCCTS | CSLYQLENYEN—on
8 s
& S
"—TYFFGRN” P DGGGGESGEGGSGGGGSFVNQHLCGSHLVE ALYLVCGERGFFYTPﬁ —OH
o) 0

Example 121 was made similarly to example 101 from B1-

TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin and building block of example
10.
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Example 122:

U)

—8
+—GIVEQCCTS éSLYQLENV(}Nﬁ

$ s
5

S B
H—FVNQHLCGSH LVEALYLVE'“«GERGF FYTPﬁ -OH
Q

Example 122 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 12.

Example 123:
OH
O-B OH OH
i 7
F B, B
O . 3
O Q J/O
F
e
H
HN O HN

| —

H—G I VEQCCTS | CSLYQLENYCN—on

HwGﬁ QP’RGFF'YTPG(:‘»GGSC:‘»(.'SGGSF\/NQHLCGSHLVEALYLVCGERGFFYTPH ()'DH

Example 123 was made similarly to example 101 from B1-GKPRGFFYTPGGGGSGGGGS
desB30 human insulin and building block of example 10.
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Example 124:
§—9
H-GIVEQQCTSICSLYQLEN\;CNN O H o

3 S
S S 0
N\ H
H-FVNQHLCGSH LVEALYLOCGERGF FYTPN\/UO H

HN

Example 124 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 13.
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Example 125;
QH

HO~RB
"~ )
.

HN

% ;
H-G | VEQ90TS I1CS LYQLENXCNH OH /
S S o] F o oH

S Y 0 HO
N H
H-FVNQHLCGSHLVEALY L\)CGERGF FYTPN\)IO H

HM 0]
§
HN O R
HN ™ N)ﬁ
F 0 Q A

" HN o
HO HN S NH
‘ . F
AL o
B‘,OH Q’
OH OH

Example 125 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 14,
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Example 126:
O
M
RO
HO ‘ i
o— F
H-GIVEQCCTS ICSLYQLENYCNN” *:0H
7/ /7 H
: S o

0
H
H—FVNQHECGSHLVEALYL\)CGERGFFYTPN\/UOH
F
“\HO, 0
B
) OH = NH
0 o ‘

Example 126 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 15.

Example 127;
S——s
H-G | VEQC(IJTS ICSLEQL ENY(T‘,N-OH

S S
o9 $ $ o ¢
H-m\)l’PNQH LCGSHLVEALYLVCGERGFHVPN\/MOH

115

‘O 0

NJK/\NJ'J\//\,/ﬁ

T
>ille
F %

/B\
HO” “OH

Example 127 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30
human insulin by first acylating insulin with gamma-aminobutyric acid, followed by building
block of example 15.
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Example 128:
——
H—GIVEQCCTSICSLYQLENYCNN OH
i I H
S 0
S
“ H

§ j
H—FVNQHLCGSHLVEALYLVCGERGF FYTP”
Example 128 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 15.

5
Example 129:
o—
H-G | VEQCQTS | CSLE’QLENYQN-oH
S S
$ $ Ho 9
CGSHLVEALY LVCGERGFHVPN\JG H

40
H-NJ’PNQH L

51

B
HO” ~OH

B
HO” “OH

/\ 38'\
HO” “OH HO™ “OH
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Example 129 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30
human insulin and building block of example 3.

Example 130:
HQ A
B
"o @\{O
NH
PRy
HO-
F N
HO—g NH 0
|
N
OH /( NN
HN—8,
$—S
-G1VEQCCTS | CSLYQLENYCNN OH
S\S S\S 0
H—F VNQHDCGSHLVEALYL\)CGE—H “N-GFFYTPR-OH

o)

Example 130 was made similarly to example 101 from A22K B22K B29R desB30 human
insulin and building block of example 9.
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Example 131:

N

5 f

S S
H-G VEQCCTS I CS LYQLENYCNN
\
H—F VNQH LCGSH LVEALYL\)CGE-— GFFYTPR—on

Example 131 was made similarly to example 101 from A22K B22K B29R desB30 human
insulin by first acylating insulin with gamma-aminobutyric acid, followed by building block of

example 9.

Example 132:

§e§
G | VEQc': SI1CSLYQLENYCN—os
? $
[ S
“—TYFFGRN” N PDGGGESGOOESGEGESF VNOHLCGSHLVE ALYLVCGERGFFYTP% OH
0
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Example 132 was made similarly to example 101 from B1-
TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin by first acylating insulin with
gamma-aminobutyric acid, followed by building block of example 15.

Example 133:
F.
HN
s——S
H—GIVEQCCI)TSICSLYQLENYQQGESGESGESﬁ : OH
S S 6]

$ 7 Ho
H—FVNQHLCGSH LVEALYLVCGERGFFYTPN\)—LOH

N™ ™%
NH
[oF
/B\
F HO” “OH
.IB%.
HO™ “OH

Example 133 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin

and building block of example 15.
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Example 134:
§——3
H-G | VEQCCTS ICS LE*QLENY(IZN—OH
S S
S S

0 Q
H H
«N__PhanLcesH LVEALYLVCGERGFHYPN,_Jlon

Example 134 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30
and building block of example 10.

Example 135;
HO,__,OHHO,_ OH HO,,OH HO__ OH
o 8
NH 0
$—%
H—G | VEQC(l)TS ICS LYQLENYICN»-OH
S S

1 1
S S
“—TYFFGRN PDGGGGSGGGGSGGGGSFVNQHLCGSHLVEALYLVCGERGFFYTPE‘ OH
o} 0

Example 135 was made similarly to example 101 from B1-

TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin and building block of example
16.



WO 2020/201041 190 PCT/EP2020/058641

Example 136:
HO
HO-Bx,
S S e
*~G1VEQCETS I CSLYQLENYGAGESGESGESN” “-OH
$ $ o

S $ TR
H-FVNQHLCGSHLVEALYLVCGERGFFYTPNxfﬂwﬁH HOWrOH

Example 136 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 9.
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Example 137:

Ho"‘a H Ho"o H
$S—3%
WGIVEQQCTSICSLYQLEN;CNﬁ OH

S S
S

S O
\ H
H-FVNQHLCGSHLVEALY L\)CGERGF FYT PN\)[O H
HN

Example 137 was made similarly to example 101 from A22K desB30 human insulin and

HO_ _OHHO__ OH
‘\(B»‘ B‘f

building block of example 16.

Example 138:
$——
mGIVEchTSICSLEbLENYQNmH
S S

0 S S 0
H H
H-N\)l’leQH LCGSH LVEALYLVCIGERGFH’YPN\/HOH

B B B
HO” “OH HO” “OH HO” “OH HO” “OH
Example 138 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30

human insulin and building block of example 16.
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Example 138;
G .
HN
$—$
H-G I VEQCCTS ICSLEQLENYCNN O H
$ s o
S S @

] i H
H-FVNQHLCGSH LVEALYLVCGERGFHYPN\/MO H

=

O

O N—
go
OH

0 \= OH
3

Example 139 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 9.

H
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Example 140;
$——$ ,
H—G | VEQCC}TS ICSLYQLENYCQGESGESGESHN
S s H o F

$ § o 9
H~FVNQHLCGSHLVEALYLVCGERGFFYTPN\/ﬂwﬁH

Example 140 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 16.
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Example 141:

OH

7
‘OH
OH

/
o ! OH

OH F
$—
H-G I VEQCCTS ICSLEQLUENYCNN O
s’ s’ H

S . 9
mFVNQHECGSHLVEALYLOCGERGFHYﬁﬁ\vfu\QH

Example 141 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 2.
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Example 142:
?H
B“UH
F
(PH
, B\OH
A
o] A v
N 0
$——%
H—-GIVEQC(;TSlCSLYQLENYC}QGESGESGES%& —OH
5 S e

S s

0
H |
+—FVNQHLCGSHLVEALYLVCGERGFFYTPN,_JLoH

3"

F OH
Example 142 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 2.
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Example 143:

S— 5§
r%GIVEQé?TSIéSLEbLENYQNOH

S S
S S

0 o
H H
«N__PNarLesHLVEALYLVEGERGFHYPN_ o

Tiye

Example 143 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30
human insulin and building block of example 10.
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Example 144:
0 F
HN
6]
N B
NP0 PO
g—-OH
5%
H~-G I VEQCCTS ICSLEQLENYCNN OH
$ sH ¢

S O
0 H
H—-FVNQH L('IGSH LVEA LYLVCGERGFHYPN\/MG H

Hiy

OH
Example 144 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 10.
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Example 145:

H-G | VEQéclsz | CIZSLEQLENYCI:Nm OH

S S 0
$ $ H

O
H-FVNQHLCGSHLVEALY LVCGERGFHYPNJG H

"OH

Example 145 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 10.
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Example 146:
0 OH
\OH
(')H
B\OH
S
H- GIVEQCCTSICSLEQLENYCNN ' OH

H—FVNQH LCGSHLVEALYLVCGERGFHYPN\JG H

Example 146 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 16.
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Example 147:
HN/U\/
$—3%
H-GIVEQCCTSICSLYQLENYCNN" ™ 0OH
/ /7 H w
g S

O
“
+-FVNQHUCGSHLVEALYLVCGERGFFYTPN, ok

Example 147 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 10.
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Example 148:
$——S 1
H—G | VEQC(IZTS ICS LYQLENYC}N& OH
S s 0
S $
H—F VNQH LCGSHLVEALYLVCGERGFFYTP” O H

6]

Example 148 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 17.
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Example 149;
O
$—% )
H-G IVEQCCTS ICSLEQLENYCNN
| I H
S S
S S

H—FVNQH LCGSH LVEALYLVCGERGFHYPN\)‘[GH

Wi qa,w

O

Example 149 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 15.
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Example 150:
$—$
H—GIVEQCCIJTS ICSLEQLENYCI:Nﬁ OH
S S
S S © O

1 H
H-FVNQH L('ZGSH LVEALY LVCGERGFHYPN\/ﬂQ H

Fiv

Example 150 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 18.
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Example 151:
F
Q OH
. B‘
HN OH
! o
Q N
HN F
B-OH
HO
$—
H—-G I VEQCCTS ICSLEQLENYCNN™ ™yOH
S/ S/ H
S S O
N H
H—FVNQHLCGSHLVEALYL\)CGERGFHYPGN\/UOH
) HO

LA
o N
g 0
HN OH
O ‘ OH
F

Example 151 was made similarly to example 101 from A14E A22K B25H B27P B28G
desB30 human insulin and building block of example 9.
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Example 152:
0
N !m
/o™ ¢ pon
HN HO
B—OH
$—%
H—G | VEQCCTS | CSLEQLENYCNN" “OH o
Y 7"H
S S
S S

H
H—FVNQHDCGSHLVEALYLOCGERGFHYPGNWV/HOH

Example 152 was made similarly to example 101 from A14E A22K B25H B27P B28G
desB30 human insulin and building block of example 15.
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Example 153:

H—=G | VEQCCTS | CSLEQL ENYCNN

O
H— FVNQHLCGSH LVEA LYLOCGERGFHYF’GNJO H

o-P~oH

Example 153 was made similarly to example 101 from A14E A22K B25H B27P B28G
desB30 human insulin and building block of example 9.
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Example 154:
B/
; ; ]
O
S——————S ,
H-G | VEQCCTS | CSLEQLENYCNN

s’
S

H-FVNQH LCGSH LVEALYLOCGERGFHYPGNJOH

Ttas

J
OH

Example 154 was made similarly to example 101 from A14E A22K B25H B27P B28G
desB30 human insulin and building block of example 19.
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Example 155;

Owﬁ

S—-———S
H-G | VEQCCTS ! CS L EQLENYCNN/{

S
S

H- FVNQHLCGSH LVEALY LVCGERGFHYPN\/HO H

Iz

)
B\
OH

Example 155 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 19.
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Example 156;

i ] ’
\/\n/ﬁ/'\frl vsongs ICcs Lml_E:xl;r:;::Mi@x1
o © T~s g
H—F VNQHLéGSH LVEALYLV;C?GE——Q : GFFYTPR-OH
0

Example 156 was made similarly to example 103 from A22K B22K B29R desB30 human
insulin and building block of example 15.
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Example 157:

$S—F%
H-GIVEQCCTSICSLYQLENYCNN”

s’ 7 H 3

S O
H
H-FVNQH ECGSH LVEALYL\)CGERGF FYTPN\)‘D H HO B/O

Example 157 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 19.
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Example 158;

HO_ OH HO__ OH

h-GI VEQéCTS |éSLEQLEN\;CNﬂ OH

S S
S S H O
N 1
H-FVNQHLCGSHLVEALY LOCGERGFHYPGNJG H

\ HO__,OHHO__ OH
HN_ |

Example 158 was made similarly to example 101 from A14E A22K B25H B27P B28G
desB30 human insulin and building block of example 16.

Example 159:
o QH
HNZ N5 PoH
(')H
0% Boon
S—
r-GIVEQCCTS ICSLYQLENYCNN™ ®w0OH F F
7/ 7/ H
S S O
S_ S H 9
H-FVNQHLCGSHLVEALYL\)CGERGFFYTPN\/UDH F . F
E ,%,OH
OH
HN OH
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Example 159 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 20.

S S
H—G IVEQC'(':TS 1 CSLYQLENYCN—on
s s

0 I I e}
H S $ H
H—TYF FGRN\)‘[PDGGGGSGGGGSGGGGS FVNQHLCGSHLVE ALYLVCGERGFFYTPN OH

HO” “OH HO’ “OH HO" “OH HO” “OH

Example 160 was made similarly to example 101 from B1-
TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin and building block of example

20.

10  Example 161;
HO,, OH HO,

OH
B/

S——S
PG | VEQCI(I:TS ICs LYQLENYGN-on
0 S S
s S 0
i 1 H
H-FVNQHLCGSHLVEALYLVCGERGFF YTPN\)IOH

/B\ /B\
HO” “OH HO" “OH
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Example 161 was made similarly to example 101 from A-2K A-1P desB30 human insulin and

building block of example 16.

Example 162:
?,OH
HO, _ OH HO_OH
F ! F |
O O .
0" “NH HNT O
NH
—
H—GIVEQCC;I'SICSLYQLENYC{\JN : OH

0
S

S :
3 |
: Q F:' V NQHLCGSHLVEALYLVCGERGFFYTPR-oH
o0
H
0

Example 162 was made similarly to example 105 from A22K B29R desB30 human insulin

and building block of example 2.



10

WO 2020/201041 214 PCT/EP2020/058641

Example 163:

HO_ _OHHO__ OH
B B

HO_ _OHHO_ OH
B B

§——S8
H-G VEQCIC:FS | éSLYQLENYC‘NH OH
S S o]
S S

2 F Vv NQHLéGSHLVEALYLV(I:GERGFFYTPR—OH
Ho—( Y )
H
o

Example 163 was made similarly to example 105 from A22K B29R desB30 human insulin
and building block of example 16.

Example 164:

s s
| ] !
+—G | VEQCCTS | CSLYQLENYCNN -OH
< N N o
s ! :
3 i
1
F VNQHLCGSHLVEALYLVCGERGFFYTPN
HO=f N
H

O

Example 164 was made similarly to example 105 from A22K desB30 human insulin and
building block of example 2.
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Example 165:

HO OHHO,_OH

2

HG  GHHO_ OH
’\ya-i "-a/

© ﬁ Op
H o
—
#—G | VEQCCTSICSLYQLENYCMN OH
\“E o
g

s
;o
g F VNQHLCGSHLVEALYLV&GERGFFYTF’-‘% OH
Hoj(‘ﬁjL( }“" 0

Example 165 was made similarly to example 105 from A22K desB30 human insulin and

HED\,OH HO, OH

building block of example 16.

Example 166:
HO___OHHO__ OH
B B”
o—
H-GIVEQCCTS ICSLEQLENYCNN~- OH
S st 5

$ $ Ho§
H-FVNQHLCGSHLVEALY LVCGERGFHYPN\/HCJ H

fB\. .»"B\
HO” “OH HO” “OH
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Example 166 was made similarly to example 101 from A14E A22K B25H desB27 desB30
and building block of example 20.

Example 167;
HO__OHHO_ OH
B” B
$——$
H——GIVEQC(I)TSICSLYQLENYQQGESGESGESH OH
S S O

S § Ho
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN\/ﬂ~0H

B, B,
HO™ "OHHO OH

Example 167 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 20.
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Example 168:
HO. OH HO,__ OH
B* B
F E
O ™“NH HN” 0
o
H—GIVEQCQTSICSLYQLENYCQGESGESGESGESGESGESﬁ

6]

e

S $ H
H—FVNQHLCGSHLVEALYLVCGERGFFYTP»N‘ ; OH

HQ“\DH Ho" oH
Example 168 was made similarly to example 101 from A21Q (GES)6K desB30 human insulin
and building block of example 2.
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Example 169:
HO_ . OHHO_ OH
B B
3
H-—GIVEQC(}TSlCSLYQLENYQQGESGESGESGESGESGES-ﬁ
S S 6!

8 57
; | H
H—FVNQHLCGSHLVEALYLVCGERGFFYTP»N\/&—OH

: B
HO” “OH HO” “OH

Example 169 was made similarly to example 101 from A21Q (GES)6K desB30 human insulin
and building block of example 16.
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Example 170:
F
HCJ; o
B
HO ‘
6]
"~ )
HO-8
OH
i
H—-GIVEQC(lJTSICSLYQLENY(IJQGESGESGESGESGESGES-H'
3 A
: 3 wo N
H—FVNQHLCGSHLVEALYLVCGERGFFYTP*N\)—L‘OH

Example 170 was made similarly to example 101 from A21Q (GES)6K desB30 human insulin

and building block of example 9.
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Example 171:

F
HO ) 0
HO B F

HHQ
B
HO

F u S

N
HO, — o
i N

o H0~

N o
‘ \___,{/ ? s[, HO»——E!«
F NH H-—GIVEQCCTSICSLYQLENY{’“NN h
\
HO-§ $
OH $
) F VNQHL

: 0 CGSHLVEALYLVE}GERGFFYTPN
HO—[(\N
1
0

Example 171 was made similarly to example 105 from A22K desB30 human insulin and
building block of example 9.

6]

H

Example 172:

HO,_ OHHO_ OH
\8/’ KB/

HO__OHHO_ OH
B’ B

\\S
H—F VNQH LCGSH LVEA LYLVCGE N

H—G IVEQCCTS I CS LYQLENYCNNé
GFFYTPR OH

Example 172 was made similarly to example 101 from A22K B22K B29R desB30 human
insulin and building block of example 16.
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Example 173:

I GHHO, OH

N P
o JA M,
&

HE

el

f‘\; H 8 o g
8 ‘QW«:&W“?@%#”M&&vﬂmﬁu’wmﬁw\i\}”*’)

221 PCT/EP2020/058641

HOL OHHD, OH

y

-~
wGEIVEQCOTSICSLYQLENY,CN-on
& S
, ;
? ? ~
!FVNQHLCGSHLVEALYLVCGERGFFYTP%: E‘OH

o

Example 173 was made similarly to example 105 from desB30 human insulin and building

block of example 16.

Example 174:

HO_ OHHO, OH
g7 bityg

/J-IZ
i

HG—[fg\ﬁ
o]

0 FVNQHLZGSHLVEALYLVGGERGFFYTF—&

O

H——GIVEQEGTSI‘SSLYQLENYCN-OH

$ 2

Example 174 was made similarly to example 105 from desB30 human insulin and building

block of example 16.
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Example 175:

O.
HN 0
0
H C’U\N N7 N/QLNH
0 o
HO_, OHHO, __OH HO OHHO.__OH

S S
I I
H-—GIVEQCCIZTSICSLYQLENY(IJNﬁ OH
? s 0
? 1
. ;
H——FVNQHLCGSHLVEALYLVCGERGFFYTPﬂ' OH

O

Example 175 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 16.
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Example 176;

S— 5§
H—GIVEQé?TSIéSLEQLENYpN—m
S

H 9 s S H
H—NN\XﬂPLCGSHLVEALYLVCGERGFFYTPNkfﬂmOH

-

B nor : B,
HO” “OH HO” “OH HO” “OH HO” “OH

Example 176 was made similarly to example 101 from A14E desB1-B2 B4K B5P desB30
human insulin and building block of example 20.

Example 177:

A v
m/\”—i VEQCCTS | CSLYQLENYCN-on

0 % 3;8
o "F VNQHwéSHLVEALYché&RGFFYTPﬁ

Example 177 was made similarly to example 103 from desB30 human insulin and building
block of example 20.
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Example 178;
0 6}
) oaes
HO O 3 R
-"'é ; $ $ /B\ !a\ :
HO N/\ﬂ-l VEQCCTS I CSLYQLENYCN-oH HO” "OHHO" "OH
“ s’ s’
HO ° 3 s
Ho-8 #-F VNQHLCESHLVEALYLVCEERGF FYTPN

Example 178 was made similarly to example 103 from desB30 human insulin and building

block of example 16.

Example 179:
HO‘B’O HH O\on H

o T—

H—G | VEQCCTS I CSLYQLENYCNN” “WOH
7 /7 H
S s 0
$ $ o 9
mFVNQHLCGSHLVEALYLVCGERGFFYTPNNVﬂHOH

i

/B\ AB\.
HO” "OHHO" "OH

Example 179 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 22.
10
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Exampie 180;
HO_ _OHHO_ OH §—F%
B ‘ H-G | VEQCCTS | CSLYQLENYCN-ox
8 S
S S

H 9 T i )
) N\)LVNQH LCGSHLVEALYLVCGERGFFYT Pg

Example 180 was made similarly to example 101 from desB30 human insulin and building
block of example 16.

Example 181:
HO, OHHO,_OH
& . o
£ -
s Ay H A
HO, OHHG. OH £ oo [}
i .
o e S i
OO — [
HIY IR WG IVEQCCTSICSLYQLENYCN-ox o

o 070 F / /
$ B
? %
Y{/FVNQHLCGSHLVEALYLVCGERGFFYTF”ﬁ G H

HIR ’ ) o .
MQ‘gﬂﬁJLV‘u\/kuﬁv&‘gﬂﬁmawﬂﬁ"u\f@v“(f\/s “b//@ -
‘ e

Example 181 was made similarly to example 101 from desB30 human insulin and building
block of example 22.
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Example 182:
$—3
H=—G | VEQCC,3TS 1CS LEQLENYICN——OH
9 S
o 9 s S H
H—NN\)J-PLCGSH LVE ALYLVCGERGFFYTPN OH

™ {.a ?
NH .
*‘ ‘”Hﬁr z

B B
HO’\OHHO’“OH HO” “OH HO” “OH

FHEE g

Example 182 was made similarly to example 101 from A14E desB1-B2 B4K B5P desB30

human insulin and building block of example 22.

Example 183;

HD LHHO, OH

IﬁkHdl? Qm;;”:;H

HO, OH HO,_OH
o ¥

™~ N
. Q. |
¢ M H-—GIVEQCCTSI&SLYQLENYCN%
H
\]\&, o F VNQHLCGSHLVEALYLVCiGERGFFYTP% OH
G p 0
o0~
A

Example 183 was made similarly to example 105 from A22K desB30 human insulin and

building block of example 20.

F
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Example 184:
$—S
H—G | VEQC(I:TS |CSLEQL ENYpN—OH
3 g
S

0
H S [] H
H——-NN\/UPLCGSHLVE ALYLVCGERGFFYTPN OH

$EE30e

Example 184 was made similarly to example 101 from A14E desB1-B2 B4K B5P desB30

human insulin and building block of example 19.
Example 185:
Hn CBHH@ DH

Hfﬁ) SR M(‘J Rl

@YJY o
i | H
HGIVEQCCTS8ICSLYQLENYC N-on -
S/ e ;
g
A

|
VNQHLCGSHLVEALYLVCGERGFFYTP%
w

HgMﬂ"’“ﬁﬁﬂw‘%fmm,«% ’“\D/’W&wﬁ A ‘Y(Q«) j
Example 185 was made similarly to example 105 from desB30 human insulin and building

block of example 20.

10
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Example 186:

HD, OHEG, 08

. o e

Hiti DO, OH vyl\ /

¢ % § F
=

3
HO. OHHO, . DR % 5 y

£
. } i},ﬂj’\r gi(h B ﬁ

s

TUT

Y fyed r
0 -
- 3 1 A

i “ ﬁ\/ - jVNQHLCGSHLVEALVLVGGERGFFYT?:;} ‘H*ﬂﬂ
oy {-’\ Ot N s Qf’w"\fz\ﬁ.; : OW“MQE&)” e

o] ) ‘

i |
h—G?VEQC%TSICSLYQLENVﬁNﬁ
8

Example 186 was made similarly to example 105 from A22K desB30 human insulin and
building block of example 20.

Example 187;

o
Y ] ; , |
W—G I VEQCCTS ICSLYQLENYGNHN OH
AN NH
$ 5
s $

: Q - ;’F VNQHL(IZGSHLVEALYLVOGERGFFYTPﬁ
Ha«m%% °
0

Example 187 was made similarly to example 105 from A22K desB30 human insulin and
building block of example 24
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Example 188:
O
H—G I VEQCCTS | CSLYQLENYCN-OH
3 3
S

0O
H y H
H—N\)LP GGGGSGGG GSGGGGS FVYNQHLCGSHLVE ALYLVCGERGFFYTPN OH

\ HO_ OH HO___OH HO__ OHHO, OH (r

Example 188 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS

desB30 human insulin and building block of example 25.

Example 189:
S$—5

H=G | VEQ(')(‘ITS | CSLEQLENYCN—o+
S

/

H 9 s S H
H_N-N\/UPLCGSHLVE ALYLVCGERGFFYTPN\/ILDH
i HO\B,O H HO\/OH

HO__OHHO__ OH
B’ B

o) FF F

Example 189 was made similarly to example 101 from A14E desB1-B2 B4K B5P desB30

human insulin and building block of example 25.

Example 190:
%PH

S HO O MY
[

]
NG!VEQCCTS&CSLYQLENYCN [
7

3%1 »w
§
i
o - jVNQHLCGSHLVEALVLVCGERGF}—YTPN WGH
o

o onmoton N ,
O N\“f”@/‘v*u‘aﬂﬁrﬂ\,owﬂwgww{ )m
i o
o3

HO: ,{f\H . ~6,

Example 190 was made similarly to example 105 from desB30 human insulin and building

10

block of example 25.

15
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Example 191;
£ 8
!lg'}'"* WH
s § HOT Ol / . g
nwﬁuVLOéqTSSCSLVQLENY“Nﬂz b 8 B
i 5 I B
UM MDY TOR $ ¥
3 VNOHLéGSHlVEALVLVGGERGFFYT?’K it

N o
1 # i =
Hlk Hﬁng,/\ﬂ%?‘}(\{r\,@wﬂ s, u%ﬁﬁ }J
I . ol

Example 191 was made similarly to example 105 from A22K desB30 human insulin and
building block of example 25.

Example 192:

B ot
L i
g } % le 0!4 SH . Y
. : . w—G I VEQCCT S ICSLYQLENYGHNM OH Hofa‘oHHt)" “OH
£ 7 AN N
i % b fa
g

F VNQHLéGSHLVEALYLVCGERGFFYTP«N OH

— 7 H
o= ST ?
}f\m

Example 192 was made similarly to example 105 from A22K desB30 human insulin and

] B
HE™OH HOT OH

building block of example 25.
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Example 193:
OH
O-R’
0
F
H =
N_ﬂ/\
o
$ S '
H—GIVEQC(;TSICSLYQLENY(}QGESGESGESRI_\} OH
S S o]

S S e
H—FVNQHLCGSHLVEALYLVéGERGFFYTPM\xﬂMGH
i HO

\OH
HN_HM[#

N
F b

0-B,
OH

Example 193 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 19.
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Example 194:

So—

H—G VEQC?TS ICS LYQLENY,CNK—OH
s S .

IS /S H 9 ‘

H-FVNQHLCGSHLVEALYLVCGERGF FYTPN\/HO H
3 l?’OH
OH

O OH

Example 194 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 16.

Example 195;

/'\ /Bm
HO” "OH HO” "OH

S——8§
N VEQ(I/:CTS | CISLYQLEN\;CNN “OH
o s s/ H

I=

3 T
H-FVNQHLCGSHLVEALY LVCGERGFFYTPN\)lOH

HO_ _OHHO__OH
i B ’

,r"ﬁ. /’8'\
HO” “OH HO” “OH

Example 195 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 25.
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Example 196:
o—
H—-G]VEQCCTSICSLYQLENYCN
7/ 7 H

S S
: 5 q 0
H—FVNQHLCGSHLVEALYLVCGERGF FYTPN\/H'O H

Example 196 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 26.
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Example 197:

B B.
HO” “OH HO™ "OH

‘ 5—8
' N/\Wl VEQCCTS ICS LYQLEN*{QN OH
S

S S ©
’ N\)LVNQH LCGSH LVEALYLVCGERGFFYTPN\)‘[O H

~ : HO__ OH HO__ OH
o ™

_ ~g-OH
FF OH

bebiir

Example 197 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 25.

5
Example 198:
F
T‘%& aH 4 WF‘%’”
ok 28
0*2( [ I— 3
%\*{I nA‘SJ\lg;]élt)ﬁkéSLYG(.E:YCN-m
\1 - WVNO?HCGSHLV?AVYLVEGLRGFF‘(H’ s
rm«g”;‘"gﬁv"\.%wn‘:fxwﬂwnwﬁﬁwﬁw M }W/ P iw
Example 198 was made similarly to example 105 from desB30 human insulin and building
block of example 24.
10

Example 199;

s5-
L -G VE :;r‘v(& R e
B &)
g

‘S ’ﬂ o & j FVNQ&*CLLG&HLVEA)Y)VC’K"FRQFYVW?M( \\gwﬁi'f
Ho ‘*w g xgrr*‘mﬁw " v“vmgmz” f( 7‘
° "
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Example 199 was made similarly to example 105 from A22K desB30 human insulin and

building block of example 24.

Example 200:
S—%
H-G | VEQCCIITS ICSL EQLENYC'N—OH
S S
S S

o} : 0
H H
IFN\vxwﬁNQHLéGSHLVEALYLVéGERGFHVPN\V/“OH

£)

NH,

HO” “OH HO” “OH

Example 200 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30

human insulin and building block of example 25.

Example 201:

H—GIVEQéQTSIéSLEbLENYQNmH

S S
S S

o) ' 0
H o H
JFN\v/ﬁﬁNQHLéGSHLVEALYLVéGERGFHVPN\MxﬂGH

fire

/B\ /B\ /B\ /B\
HO” “OH HO” “OH HO” “OH HO” “OH
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Example 201 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30

human insulin and building block of example 25.

Example 202:

HO, OHHO, OH

HO,OH HOUOH

: 0

Flo] H s—s
P 1 3 M\/JL : :
F/?F % ﬁ“’\gk VEQCETSICSLYQLENYE N Y H

k 9 H % ‘ HoT
Fedef Ossl ‘ N._JvnarLéesniveaLvivécerarryTeN, llow
£l N :

F H o & 2

C YO ﬁ.

HO” “OHHO? “OH

IH"“Y\Q Q, @Q e o
3%

HO" “OH HO™ “OH

Example 202 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 27.

Example 203;

s s
HG | VEQ(I),CTS | CSLEQLENYCN—on
s

S
|
PGGGGSGGG GSGGGGS FVNQHL%GSHLVE ALYLV&GERGFHYTP% eOH
o 0
Example 203 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E

H—N
H

B25H desB30 human insulin and building block of example 23.



10

WO 2020/201041 237 PCT/EP2020/058641

Example 204:

§—5§
oG |VEQé§:Ts 1CSLEQLENYCN—on

] s
1 ]

S
WwN F’ CGGGGSGGG GSGGGGS FYNQHLCGSHLVE ALYLVCGERGFHYTPJ}‘:%

Example 204 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E
B25H desB30 human insulin and building block of example 28.

Example 205:
o—
H—G IVEQCCI:TS | CSLEQLENYpN—on

]

0 7 '
H S S H
H—NN\)-[PLCGSHLVE ALYLVCGERGFFYTPN OH

Example 205 was made similarly to example 101 from A14E desB1-B2 B4K B5P desB30

human insulin and building block of example 28.



10

WO 2020/201041 238 PCT/EP2020/058641

Example 206:

HO, OHHO__OH
F
HO,OH HO_ OH

w "“ .
/

S

' i

S 1
‘VNQHLlGSHLVEALYLV»‘GERGFFYTP»—N'

f i
”““fr(\ﬁ

o]

fS

Example 206 was made similarly to example 101 from desB30 human insulin and building
block of example 22.

Example 207:

HOLOHHO, O

I
‘ . o
OO
si)%'% ol \/H\NH
HO,OHHG, O : ¥ 5

Hﬁﬁvmﬁ%éﬂr;%fi w»G!VEQECTSlCS LYGQLENYCN-ox
K!\ o 6o ¢ e Vg
i i

H VNQHLCGSHLVEALYLVCGERGFFYTANT  -0H
g S P N e N "
'_gfv'\” - \gf"#ﬂ P ﬁ wﬁw : &

Example 207 was made similarly to example 101 from desB30 human insulin and building

block of example 27.
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Example 208:
H
0.5 OHHO  OH
HN Y“;:‘\ff
-
H—GIVEQC(’ITSICSLYQLENY/CN—QH
? ;
. S ? “ O
n—N PGGGGSGGG GSGGGGS FYNQHLCGSHLVE ALYLVCGERGFFYTP"N\)L;QH
Q ;

-

HOT "OHHO’ “OH

Example 208 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 22.

Example 209:

S $
| |
H=G | VEQC?TS 1 CSLYQLENY/CNfoﬂ
S

$ ;
S § H
N PGGGGSGGG GSGGGGS FVNQHLCGSHLVE ALYLVCGERGFFYTMme

Example 209 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 24.
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Example 210
oH OH
8 ] B
o 0 £ 9
o N/
Fu. H Fof
o | B8 LI
O{H HO F
$
#—G | VEQCETS | CSLEQLENYEN—on
$ 3
$ 8§
M_&y’(wré GGGGSGGG GSGGGGS FVNQHLCGSHLVE ALYLVCGERGFHYTPN" “y-OH
0

Example 210 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E
B25H desB30 human insulin and building block of example 26.

Example 211:
S—
H=G | VEQC(;;TS ICSLEQL ENYCEN—OH
s S
S S

0 0
H i
«N._IPNanLcasHLVEALYLVCaERGFHYPN, o

NH

Example 211 was made similarly to exampie 101 from A14E B1K B2P B25H desB27 desB30
and building block of example 28.
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Example 212

S—s
H—G1VEQCETS | CSLEQLENYCN—on
s s
S $
GGGGSGGE GSGGGGS FVNQHLCGSHLVE ALYLVEGERGFHYTPN -OH
0

Example 212 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E
B25H desB30 human insulin and building block of example 24.

Example 213
$—%
H-G VEQC(':TS ICSLEQL ENYClzN-OH

S S
S S

0 0
H ; H
H-N\/fu’PNQHLéGSH LVEALY LvéGERGFHVPN\/UQH

O

NH NH

X

NH N

Example 213 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30
and building block of example 22.
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Example 214;
E
Bt
e
B °
Hi HN\/?L
N
S OH i
G5,
E": OH
=G IVEQCCTSICSLYQLENYCN-on
$ 8
L ; FYNQHLCGSHLVEALYLVCGERGFFYTRY OH
: & ﬂ & 0 i J 1
HQ"{\’”\% ey e sﬂ/’\g/*vv wﬁ WDWM Q &
o o i

e]

Example 214 was made similarly to example 105 from desB30 human insulin and building
5  block of example 29.

Example 215:

S
|
n--GIVEQC’CTSICSLYQLENY/CN—ON
i 1
4]
, $ §
'v{—,F"GGGGSGGG G S GGGEGEGS FYNQHLCGSHLVE ALYLVCGERGFFYTPQQ OH
m 3

OH i
o8 E
,,,!
Eol o
E% W
A NH

—

e

o

Example 215 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS
10 desB30 human insulin and building block of example 29.
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Example 216;

Fonlc
P
o Ry
5 e Q. PO
i ¢ o
HO HN, jL I |
b e -G IVEQCETS FESLYQLENYC Ne
g F HES L z/ £
M‘% 1‘\ : § 3
N (i s /VNQHLéGSHLVEALYLVCGERGFFYT?—%‘ k“HwﬂH HQ’"
b4, LN
aH Hnwg”‘*ﬁ ; % } &

Example 216 was made similarly to example 105 from desB30 human insulin and building

block of example 29.
Example 217:

@

R
Byt
oA J T
# HNT NG
ElE /}
§es [

] I
A-GIVEQCCTSICSLYQLENY ON-on
S/ S/

S
? A
FVNQHLéGSHLVEAL\"LVCGERGFFYTPK BH

A i,m i g .
Hm--g o %pﬁfwawﬂmﬁwaaxﬁampﬁ%{@mm

Example 217 was made similarly to example 105 from desB30 human insulin and building

block of example 28.
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Example 218

5
]
u»«GI\/EOCCTS?CSLYQLENV/CN—W

|
B
E z
% I
«* G GGGSG6GG G5 GGG GS FVN(]HLCGSHLVEA\,Yl,VCGER(_‘;FF‘{'T'W»Z;i ) LH

3

Example 218 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 28.

Example 219:
¥
(o
o
o (%]
wp
NWN
Lo
G ONH
8
=G I VEQCCTSICSLYQLENYE N-os
s g
1 |
% 3
5 ol FYNQHLCGSHLYVEALYLVEOGERGFFYT P
Hfbj{\ﬁ N /)
8

Example 219 was made similarly to example 105 from desB30 human insulin and building

block of example 28.
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Example 220:

0

HE i

_?“ GIVEQUCTSICSLYQLENYC N
$ 57
N 3 %
VNQHLLGSHLVCALVIV&GERGFW‘({F‘M”) A
- g bl f U
w’g K i Xﬂuw\« ey i ‘g

i

Example 220 was made similarly to example 105 from desB30 human insulin and building
block of example 30.

Example 221:

g‘_{”ﬂ A
I
mﬂl@@ —
: H«GHV\E(}CCTSiCSLYQLENY/pN-»m

I

z 3 |
n-wmj;% TP’GGGGSGGG G 8 66668 FYNQHLCGSHLVE ALYL\/CGERGFFYTPJ‘} ol
4 s

el ol

\L
H

ﬁm( X
WY ?

Example 221 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 30.
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Example 222:

G

o &

N

o
08,

oH
HO g™ N
H
o

Example 222 was made similarly to example 105 from desB30 human insulin and building

&5
:
aQ # ! *
/)~N HwGiVEQ/CICTS!CSLYQLEN}CN»M :
N § &
7
’ \ i i
FVNQHLCGSHLVEALYLVCGERGFFYTP%’ IMADH

Lo o

HO,
»

block of example 30.

Example 223:
NH,
o
H—G IVEQCCTS ICSLYQLENYCHNN . ™OH
7/ 7 H
S S 0
S S O
OH

\ \ H
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN

LR

g
OH
Example 223 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 30.
10
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Example 224:
o—
H—G IVEQCCTSICSLYQLENYCNN OH
7 /" H ,
S S
S S o)
QH

£ty

\ \ H
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN

NH,
Example 224 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 30.
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Example 225:
F
3 O
/Lk/\ ﬁ
Bs'-"
, i
HN HO
$—%
H—GIVEQCCTSICSLYQLENYCNN" OH
/s sH

S 5 (€]
$ 8 H
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN. loH

B

i

OH

Example 225 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 30.
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Example 226:
o}
V4
Lb% ¢
4 s_‘\'
H A
F w H ﬂ 0 HC?
. aHN
0

-.

&,
—5 .
N’“\/u\ vgmcc:”rs Ics LYQLENYCNN""y,0H
Q §” S - o
5 ‘ ‘ H
w-FuNaHLEGsHLVEALYLVCGERGrFYTPR Jlon

%
oH

QH

Example 226 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 30.
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Example 227:

O
HN”m\/»\ﬁ

S— 8
H—GIVEQCCTSCSLYQLENYCNN“Iii;:

S/ S/ H o

S s 0

H
H~-FVNQH LéGSH LVEALY LVCIJGERGFFYTPN\/UD H

tird

Example 227 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 29.
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Example 228

0
'a i 6]
HO HN . o T—
\g’ﬂ\ﬁ/\v*ﬂ\g/jorwmémsl SLYQLENYCNN™y0H
FF o HNT g 8 0O 5
' ‘ H
#-FUNQHLCGSHLVEALY LVCGERGFFYTPN,__JloH
© £

Example 228 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 29.
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Example 229;
$—S$
H—GIVEQCCTSICSLYQLENYCN
/ /7 H
S S 0

S S H Q
i T
H—FVNQH LCGSHLVEALYLVCGERGFFYTPN\/UOH o

/

Example 229 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 28.
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Example 230:

S——$
H—G | VEQCCTS | CSLEQLENYCN—on
S
i i
H 9 s s w 9
NN lpLcesHLve aLyLvéeercrryTeN, Lo

O\ T
=0
-
Tz o
T
=
‘ z
T
O
T
z
rz’//&

HO=-B,

Example 230 was made similarly to example 101 from A14E desB1-B2 B4K B5P desB30

human insulin and building block of example 30.

Example 231:

O
e

)

zx

@, :/ -
o
H. E
& })“N ““f
P N - )
@ i ! ~G | VEQCETS | CSLEQLENY G-
s h 8 E
Ol e j\f
OH H

T
g 2
B PGGGGEGGCE GSB8GOGES FYNQHLCGBHLVE ALYMICG%‘GFHY?Bﬁ ThedDH
o {24

Example 231 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E

B25H desB30 human insulin and building block of example 30.
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Example 232:
o—
H-G1VEQCCTS ICSL EbLENYg;N-OH
S S
S

0 S
H H
H_N\/U’P’NQH LCGSHLVEALY LV(':GERGFH*YPN\/UOH

ALivy

‘ B B B
Ho*‘B"“OH HO" “OH 0’ “OHHO” “OH

Example 232 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30

human insulin and building block of example 20.

Example 233;

3

| s s
H=—G | VEQCCTS I CSLEQLEN"{’;NﬁcH
S
|
GGGGSGGG GSGGGGS FVNQHLCGSHLVE ALYLVGG&“RGFHYTPN

Example 233 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E

Q
Z
T

B25H desB30 human insulin and building block of example 29.

10
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Example 234:

§—s
H~G | VEQCCTS | CSLEQLENYCN—ox
s S
]

o 98 S no S
H—NN\)J»PLCGSH LVE ALYLVCGERGF FYTPN\)L-OH

Example 234 was made similarly to example 101 from A14E desB1-B2 B4K B5P desB30
human insulin and building block of example 29.

Examgfe 235;
$—S
H—G | VEQC('JTS ICS LEQLENY,CN-——OH
S S

h 0 4 & e
H——NN\)lPLCGSHLVE ALYLVCGERGFFYTPN. J-OH
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Example 235 was made similarly to example 101 from A14E desB1-B2 B4K B5P desB30

human insulin and building block of example 24.

Example 236:

S— 8
H—GIVEQéCTSIéSLEQLENYpN—OH
3 s
d S
H—NN\/ﬂPLCGSHLVEALYLVCGERGFFYTPN QH

=

Example 236 was made similarly to example 101 from A14E desB1-B2 B4K B5P desB30

human insulin and building block of example 31.

Example 237;
OH OH
B F

5
#—~G | VEQCGTS | GSLEQLENYCN—on
i b

5
PGGGGSGGGE GSGGGGS FYNQHLOCGSHLYE AQVLVGGERGFH?TF‘N OH
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Example 237 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E
B25H desB30 human insulin and building block of example 31.

Example 238:
HQ
F
oF o By
NN ‘
oﬁ@"ﬁ '
' NH
NH
O
H—-GIVEQCQTSICSLYQLENYCQGESGESGESN CH
g S H O
S O

$ i H
H—FVNQHLCGSHLVEALYLVCGERGF FYTPN\/H—OH

HN._.©O
H
0B 0
O or

Nere |

H

HN

B
o’ OH

Example 238 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin

and building block of example 31.
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Example 239:
>
HN”
$ S ‘
H—GIVEQCQTSICSLYQLENYQQGESGESGESM OH
$ S H o
S S @]

; i H
H—FVNQHLCGSHLVEALYLVCGERGF FYTPM\/U—OH

Example 239 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 30.
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Example 240;
$——38
H—G | VEQC(IZTS ICSLYQLENYQQGESGESGESN OH
$ $ H o
S S O

; I H
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN\/U——OH

Example 240 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 29.
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Example 241:
$——$ |
H—GIVEQCQTSICSLYQLENYC}QGESGESGESQ -~ H
S S 0

S g H Q -
H—FVNQHLCGSH LVEALYLV(I:GERGFFYTPN\)LOH

Example 241 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 28.
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Example 242:
$——$
H—G I VEQCCTS ICS LYQLENYQQGESGESGES}I‘:I'
S S O

S $ o §
v—FVNQHLCGSHLVEALY LVCGERGF FYTPN\)‘—OH

Example 242 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 24.
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Example 243:
HO, o OHHO, OH
Ys W VB!
F el e Y
F 0o
?.«
G IVEQECTSIGSLYQLENYC N
E ?/S
L FVNQHL GSHLVEALYLVCGERGFFYTP»{% OH
Pmmon IO »o

o

Ssom

H’O’B"'O HHO"

Example 243 was made similarly to example 105 from desB30 human insulin and building
block of example 22.

Example 244:
OH HO:
HO-g” ‘B-0H
F ‘{g F
87 ¥
F% N0 ¢F
HN
P
H—G | VEQCETS | CSLYQLENYLN—o
S s
$ $ a 9
n—N -P GEGGGSGGG GSGGGGS FYNQHLCGSHLVE ALYLV(.I‘,GERGFFYTPN_“\ OH
0
|
Hp
aﬂg
F N0 F
F. .S@ : F
F @ £
HO=B \H‘ OH
‘OH HO'

Example 244 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 33.
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Example 245:
$—3$
H—GIVEQCCTS ICSLYQLENYCNN" ™SyOH
S/ S/ H 0 .
S 3 O HO

H
H—~FVNQH LéGSH LVEALYLV(')GERGF FYTPN\/UOH

NH,

Example 245 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 29.
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Example 246
NH,
o—
H—G I VEQCCTS ICSLYQLENYCN OH
s’ s’

S S o
I i H
H-FVNQHLCGSHLVEALYLVCGERGF FYTPN\/MD H

i

Example 246 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 29.
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Example 247
NH;
§——3 |
H—=GIVEQCCTSICSLYQLENYCN OH
s’ g’ H )
S S 0

] ] H
H-FVNQHLCGSHLVEA LYLVCGERGFFYTPN\)O H

Example 247 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 28.
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Example 248;
$——$
H—GIVEQCCTSICSLYQLENYCNN

S s 0
H
+-FVNQHLCGSHLVEALYLVCGERGF FYTPNJQH

NH,

Example 248 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 28.
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Example 249:

0
S—8
N
\/LLN/\W: VEQ(;CTS 1Cs LYQLENYCN
D p
$ $ H
#-FVNQHLCGSHLVEALY LVCGERGFFYTPN

‘B0 H
4
&)

Example 249 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 28.



WO 2020/201041 268 PCT/EP2020/058641

Exarmple 250:
NH,
5——$
H—GIVEQCCTSICSLYQLENYCN OH
s’ s H ¢

S S 0
T T H
H—FVNQHLCGSHLVEALYLVCGERGF FYTPN\)lOH

\H Q
HN )

F
T

Example 250 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 33.
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Example 251:

5
o B
OH
F
e F
S S g

o | T ] X
¢ O H/\n-l VEQCCTSICS LYQLENY(IDNH OH
0 S S 0 ,
E H Q $ T H Q
L\ o,j/N\JVNQHLCGSH LVEALYLVCGERGFFYTPN\{/{LOH .
O C
S=0 0
HO%$ , ’ ,
OH 3
F
HO-B F

Example 251 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 33.

Example 252:
HO, ,OHHO, OH

HO___OHHO_ OH
8 8

O
H §—8 ;
; N‘\/‘H*N IVEQCCTS ICSLYQLENYCN aH
! H Sf' : Sf J4 o
8 g ' o

’ : ho9
“-FVNQHLCGSHLVEAL Y LVCGERGFFYTPN,_JloH

B -
HO™ “OH HO" “OH
Example 252 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 22.
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Example 253;
NH,
$—S$
H—G IVEQCCTSICSLYQLENYCNNT: ™SOH
7 2 H
S S 0
S S

; QO
\ \ H
H—FVNQHLCGSHLVEALY LVCGERGFFYTPN OH

=

/B‘& /B\
HO” “OH HO” ~OH

Example 253 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 22.

Example 254

OH HO OH
HO-g" \g-0H HO-g’

SSPsy Ss!

e o ¢F i
(o

NH

S——=8

WG| VEoégTs | CSLEQLENYEN—on

S S
i ]

S $
N PGGGGSGGG GSGGGGS FYNQHLCGSHLVE ALYLVCGERGFHYTPN
0

Example 254 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E
B25H desB30 human insulin and building block of example 33.



PCT/EP2020/058641

WO 2020/201041 271
Example 255:
o——
H—G | VEQCCIJTS 1CS LEQLENY/CN——OH
0 1 :
H S $ Ho
H—NN\)‘lP LCGSHLVE ALYLVCGERGFFYTPN OH
HN HN
0= 0=
TN Ar VR PSY
F

F

v
B ™=

B—~OH

B—OH HO-B, ;
OH HO

HO-B, ,
OH HO
Example 255 was made similarly to example 101 from A14E desB1-B2 B4K B5P desB30

human insulin and building block of example 33.
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Example 256:
$——s$
H——GIVEQC(IZTSICSLYQLENY(IJQGESGESGESH‘ :
$ S 0

S $ o 9
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN\fﬂ—OH

Example 256 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 33.
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Example 257;
% ,
H—=G IVEQCCTS ICSLYQLENYCNN"+
/ /7 H
S S
3 3 ‘9
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN OH
NH,

Example 257 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 26.
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Example 258:
NH,
o—
=G IVEQCCTS ICSLYQLENYCNN" ™OH
7 / H
S S
S S

0O
\ \ H
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN OH

Example 258 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 26.

Example 259:
HN/LL/ 5
0
F
$—s | dF
H—G | VEQCCTS | CSLYQLENYCNN"Y “yOH
s’ s H

S S O
\ \ H ]
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN OH

NH,



275 PCT/EP2020/058641

WO 2020/201041

Example 259 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 33.

Example 260:
HNJ‘L/ ‘ S
0
S o—
H—G IVEQ?WCTSICSLYQLEN\;CNN » wOH
S ¢S Ho5

S o)
\ \ H
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN OH =

(1Rt}

Example 260 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 33.
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Example 261:

Bﬁ,o H

QH

Example 261 was made similarly to example 101 from A22K desB30 human insulin and

building block of example 22.

Example 262:

S S
4 i H—G | VEQCI)C,)TS |CSLYQLENYCN—on
HO” “OHHO” "OH S $
, S S HoJ
~PGGGGSGGG GSGGGGS FYNQHLOGSHLVE ALYLVCGERGFFYTPN\/I OH

0

HO___OHHO__ OH
B B

Example 262 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGES
desB30 human insulin and building block of example 34.
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Example 263:

4 a
F’ i 3
Q.8 E
g |
HRT ™y iF i
U%“ HOTTOH HO™ 0R
8 8, )

$ S
o A ! I
HGT OO OH wGIVEQCCTSICSLYQLENY CN-on

s
\ 3 §’ )
L ” /&/ - VNQHLéGSHLVEALYLVCGERGFFYTF‘!H
Y- I/\N 0\”’(}%” O\/\N Q\-f"’\[}/"’&/“ X
4 H N v

2

Example 263 was made similarly to example 105 from desB30 human insulin and building
block of example 34.

Example 26’4«:
A
HO— igln ‘
S—s ) ¢
H=G | VEQ(/)CTS ICSLEQLEN&CNN, OH
s s " 5
S S

0
HoTi
H—FVNQHECGSHLVEALYLOCGERGFHYPNNVXHOH
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Example 264 was made similarly to example 101 from A14E A22K B25H desB27 desB30

human insulin and building block of example 28.

Example 265:

N o
§—8§

o. N
‘ \/U\N/\ﬂ»l VEQCCTS | CSLEQLENYGNN
1 H o S/ sf H 0
$ g oo §
+-FVNGHLCGSHLVEALYLVCGERGFHYPN,_lon

a—-OH

/ H /
0 ;\H(’)MB

Example 265 was made similarly to example 101 from A14E A22K B25H desB27 desB30

human insulin and building block of example 28.
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Example 266:

S—$
1—G | VEQCCTS | CSLEQLENYCN—ox
s s
O S S 0
H H
«-N.__JPharLcesHLVEAL YLVCaERGFHYPN, o

HN

Example 266 was made similarly to example 101 from A14E B1K B2P B25H desB27 des
B30 human insulin and building block of example 29.
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Example 267:
F.F OH
F B oH
0
N
HNL P
, o}
$——$
H-G | VEQCCTS | CSLEQLENYCNN OH
s’ s/ H

S\ S H Q
H—FVNQHLCGSH LVEALYLOCGERGFHYPN\)«[C} H

Example 267 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 33.
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Example 268:
HO’ “OHHOT ‘OH
$—3 ‘
H—GIVEQCCTSICSLYQL ENYCQGESGESGES—N OH
S

H

S

g S y 9 °
H—FVNQHLCGSHLVEALY LVCGERGFFYTP—N\)LQH

{EELEAS
j_/
=

Example 268 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 34.

Example 269:
HN/L/ g
| 0
F
Fg §$—S
H—GIVEQCCTS!CSLEQCENYCNN HOH
H k
S .S 0
S S

N\/UVNQHLCGSH LVEALY L\)CGERGFHVPM\/UOH
H H F

Example 269 was made similarly to example 101 from A14E A22K B25H desB27 des B30
human insulin and building block of example 33.
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Example 270;

HO P F :
Ho-B F
S WA == SUN G
/N . i i % - F
S R Y :
HO, P %/\([)FWEQ(/ZCTSICSLEQLEN\;CNE OH

B 0 s S 0
o) : 3 g
#—FVNQHLCGSH LVEALYLVCGERGFHY#@JOH
F

Example 270 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 33.
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Example 271;
HO_ OHHO_ _OH
(/ B/
0 F
E
$—$
H—G | VEQCCTS | CSLEQLENYCNN OH
S/ S/ H |

S s 0
+~FVNQHUCGSHLVEALYLVCGERGFHYPN, Lok

/B\r \IB\
HO” "OH HO® "OH

Example 271 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 22.
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Example 272;
o—
H—G | VEQCCTS I CSLEQLENYCNN
7/ 7/ H :

S 0
H—FVNQH ECGSH LVEALY LOCGERGFHYP'H\)UOH

disse

Example 272 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 29.
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Example 273:
o
H—G | VEQCC;;TS ICSLEQL ENYPN—OH
5 s
S S H @
—OH

O
H ‘
H—-GN\)!‘P LCGSHLVE ALYLVCGERGFFYTPN

F B~oH
HO

By
Ho" OH
Example 273 was made similarly to example 101 from A14E desB1-B2 B3G B4K B5P

desB30 human insulin and building block of example 33.

5
Example 274:
ow—
H—G | VEQCCIZTS ICSL EQLENYQN-OH
S

S .
o 98 S o §
H»GNx/ﬂPLCGSHLVEALYLVCGERGFFYTPN OH




WO 2020/201041 286 PCT/EP2020/058641

Example 274 was made similarly to example 101 from A14E desB1-B2 B3G B4K B5P

desB30 human insulin and building block of example 28.

Example 275:
$—3
H—G | VEQC:{;)TS | CSLEQLENY?N—»@M
s S

b 9 4 $ y @
H-GN\/UP LCGSHLVE ALYLVé@ER@FFYTPN\)‘«OH

Al

Example 275 was made similarly to example 101 from A14E desB1-B2 B3G B4K B5P

desB30 human insulin and building block of example 29.
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Example 276:
$—3
H—G | VEQGC&TS ICS LEQLENYCN—on
9
H 5 s H
H-—GN\)IP LCGSHLVE ALYLVCGERGFFYTPN ~-OH
HN ’ o HN o)

;NH
18 NHCJ '
6]

Example 276 was made similarly to example 101 from A14E desB1-B2 B3G B4K B5P
desB30 human insulin and building block of example 30.

H

Example 277:
G OH HO LOH

A%

o”

S S
! ]
—G | VEQC?TS | CSLYQLENYICN«OH

T §

: S $
x*?mG’“"’N PGGGGSGGG GSGGGGS FYNQHLCGSHLVE ALYLVCGERGFFYTP’Q OH
MH
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Example 277 was made similarly to example 101 from B1-GKPGGGGSGGGGSGGGGS

desB30 human insulin and building block of example 33.

Example 278;
%
#—G | VEQCCTS | CSLEQLENYCN—ox
S

®) S s 0]
Hof H
+N__JbhaHLCesHLveaLyLveeerarrveN,low

= =

/B B\ /B\ m’
HO™ “on Ho” OH HO™on 1o

~OH

Example 278 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30

human insulin and building block of example 33.

Example 279:
$——%
H—G I VEQCCTS | CSLEbLENY(I:N—OH
s S

0 S S 0
H H
H——N\/uiﬁNQH LCGSHLVEALY LVC'GERGFHVPN\)IO H

, HO
, g-0OH ,
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Example 279 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30
human insulin and building block of example 34.

Example 280;

S——S
H—G VEQc':gTs |CSLYQLENYCN—on
$ $
% g v g
"GN P GGGGSGGG GSGGGGS FYNQHLEGSHLVE ALYLVCGERGF FYTPN\/M«{D’H

0

Example 280 was made similarly to example 101 from B1-GKPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 29.
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Example 281:

NH
N{\ f/ pet
A SN E s S
N R S : i
! y —GIVEQC?TSICSLYQLENY/CN»W

B0 4
HO

"Gy [P GEEGSGGE 656GGGS FVNQHLCGSHLVE ALYLVCGERGFFYTPN\jL
MN” \—C}‘

Ho*ﬁmﬂ
Example 281 was made similarly to example 101 from B1-GKPGGGGSGGGGSGGGGS

desB30 human insulin and building block of example 30.

Example 282:

S S

B
Di H £ ~
SO
(3 IVEQCJCTS ! CSLYQLENYICN«OH

X

T ]
] S
MBMH ‘E]WPGGGGSGGG GSGGGGS FVNQHLCGSHLVEALYLVéGERGFFYTP~Nﬁ<GH

Example 282 was made similarly to example 101 from B1-GKPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 28.
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Example 283:
—
H-G | VEQC(PTS ICS LEbLENY(lzN—OH

S

0 S S 0
H H
+-N__JPhaHLcasHLVEA LyLveeerarHYPN,_Jlow

Example 283 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30
and building block of example 30.

Example 284;
0 o,,\ q'a
O NP PN .
]
E B 8 G IVEQLCTS ICSLYQLENY CN o
S HO OHHOT oM I /
E g S
[ ! ! 0
‘ H
=G’ ““Hmp G6GGSGGGGSGGGGS FYNQHLCGSHLVE ALYLVCGERGFFYTPN_ l-oH
Pyt

.

HO,_ OHHO_, OH (
<5 .,

P

0
Fi;jwm“«si; R ﬁ,g NH

Example 284 was made similarly to example 101 from B1-CKPCCCGCSGGGGSGGGGS
desB30 human insulin and building block of example 34.
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Example 285:

S— 8
H—GIVEQégTsléSLEQLENY;N-m
S S

H G 8 S Hof
«~aN__llp LEasHLVE ALYLVEeERGFFYTPN_JoH

Fg kff“q :jgr 0
B

e

/

o

B
HO” "OHHO” "“OH HO” "OH HO” "OH

Example 285 was made similarly to example 101 from A14E desB1-B2 B3G B4K B5P
desB30 and building block of example 34.

Example 286:
§—F%
He— (G | VEQCC’ITS 1CSLYQ LENYFNM%
S §
1

H S 8 H
H—G—N\ij GGGGSGGG GS FVNQHLCGSHLVE ALYLVCGERGFFYTPM\ﬁ-@H

Example 286 was made similarly to example 101 from B1-GKPGGGGSGGGGS desB30

human insulin and building block of example 28.
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Examgle 287:

n—G I VEQCETS | GSLYQLENYFN—DH
S

L

|
g0 8 H
ame-w\j-an GGGGS FYNQHLCGSHLVE ALYLVCGERGFEYTPN,
: :

Example 287 was made similarly to example 101 from B1-GKPGGGGS desB30 human
insulin and building block of example 28.

Example 288:
$—
H—G | VEQCCTS | CSLYQLENYCN—on
] s

H o S S H 2
H“G'NM;J PGBGGSGGGGS FVYNQHLCGSHLVE ALYLVCGERGFFYTPN_ JLLG‘H
! b4

/’“
\hag; L

Q}Y 0” \O

Example 288 was made similarly to example 101 from B1-GKPGGGGSGGGGS desB30
human insulin and building block of example 34.
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294
Example 289:
P
H~G | VEQCCTS | CSLYQLENYGN—au
i i

Ho 9 S S g
H—G—N\)L,P GGGGS FYNQHLCGSHLVE ALYLVCGERGFFYTPN\/“LOH
: HO__OHHO__OH :

B ME/ S\H
FF
s F HN
o !

Example 289 was made similarly to example 101 from B1-GKPGGGGS desB30 human
insulin and building block of example 34.

HO_ OHHO__ OH
B B

Example 290:
B B
o s HO” “OHHO" “OH
13 8 OH
+-G | VEQCCTS | CSLYQLENYCN-N
$ s 1o
S S 0

VNQ LCIGS LVEALY LV(I:GE G Y —N\\)‘k
- OH

11

Example 290 was made similarly to example 101 from A22K desB30 human insulin and
building block of example 34.
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Example 291:

s s
H—GIVEQé?TSIéSLYQLENYpN—w
s g
| | 0
H I ] S H
—6-N__LP GGG G S FVNQHLCGSHLVE ALYLVCGERGFFYTPN,_ L oH

O

“\1\ é“*\\l
NH ;LH
Pa ) }“::Q
F i F F 3 F
F. s O\E{JN . WF Fu # 0<f«s»:N \ j,F
G T s o NG T
S¢a¢E: T
LN\?:},J“ 't%‘[»f e D,
B B. B B.
HO" "o Ho~ @H HO" " qy Ho” "OH

Example 291 was made similarly to example 101 from B1-GKPGGGGS desB30 human
insulin and building block of example 33.

Example 292:
$—3
—G | VEQCCTS | CSLYQLENYCN—ox
S
? SI O

O i
H ! S > H
w—-GmM\/!LfP GGGGSGGG GS FVNQHLCGSHLVE ALYLVCGERGFFYTPN\/“——OH

\

NH
(~
N

s S,;,

E

B, B
HO™™on Ho" ©OH

Example 292 was made similarly to example 101 from B1-GKPGGGGSGGGGS desB30
human insulin and building block of example 33.
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Example 293:
Hiy o/\}
HN,. O
S $
H—GIVEQCC}TSICSLYQLENYQQGESGESGES—H Ve OH
S S
2 3 o ©

¥ Hoq
H—FVNQHLCGSH LVEALYLVCliGERGF FYTP-N\)L-OH

Example 293 was made by conjugation Boc-OEG to the two lysine residues of A21Q
(GES)3K desB30 human insulin, similarly to conjugation of example 101, followed by
removing the Boc-groups using 95 % TFA, and conjugating the amino groups of OEG with
building block of example 29, similar to conjugations in example 101.
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Example 294

$ $ :
"—GIVEQCETS CSLYQLENYGQGESGE SGESGESGESGES-N
S S

$ ¥ Ho
H—FVNQHLCGSHLVEALY LVCGERGFFYTF«N\)—LOH

HO-...B ’
A
O

Example 294 was made similarly to example 101 from A21Q (GES)6K desB30 human insulin
and building block of example 29.
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Example 295:
\B,OHHO
HN : fN F”'S:F
$——s$
H——GIVEQCQTSICSLYQLENY(}QGESGESGES-ﬁ OH
$ S 0

$ $ v Q
H—FVNQHLCGSHLVEALYLV&GERGFFYTP"N\/LL‘QH

\‘~ ’/

e tf*
HO’ OHHO" ‘OH

Example 295 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 27.

Example 296:

H=—G | VEQCQTS l CSLYQLENYCQGESGE SGESGESGESGES~ N

H—FVNQH LCGSH LVEALY LVCGERGF FYTP-MN\/U-DH
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Example 296 was made similarly to example 101 from A21Q (GES)6K desB30 human insulin
and building block of example 33.

Example 297:
$ $
H—G | VEQCCTS I CSLYQLENYCQGESGESGES—N OH
S sS ", 0

S H
H—FVNQHLCGSHLVEALYLVéGERGFFYTP—‘N\)LOH

Ho-B~oHHO-P~oH

Example 297 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 22.

Example 298:
$—3
=G | VEQCCTS iCsLyQL ENYGNwOH
S s

| 1

H [ 5
G N PGGGGSGGG GS FVNQHLOGSHLVE ALYLVGGERGFFYTPN\)\—OH

Bt o% v/_/
i
Oy f/
oy
o
=
g
-
7N
S8

OH
NHO)\‘iO o | N ’

F
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Example 298 was made similarly to example 101 from B1-GKPGGGGSGGGGS desB30

human insulin and building block of example 30.

Example 299:

S S
1
H—G | VEQC?TS | (IIS LYQLENY/CN—OH

s
G § ' 0

H S g H
n«mGwN\)LP GGGGS FUNQHLCGSHLVE ALY LVCGERGFFYTPN\)LQH

\

HN

0}“\—‘*‘;} o

E I

;NH ?H

A ANHGZ B,
F

o

5

B

O

H

Example 299 was made similarly to example 101 from B1-GKPGGGGS desB30 human
insulin and building block of example 30.
Example 300:
$——3
H—G | VEQé?TS I CSLYQLENYCN—on
S s
0 ! ! e}
S S
n—uG»-m\/LLP GGGGS FVNQHLCGSHLVE ALYLVEGERGFFYTPN_ Mon
K
HN,
/ymo
HN
el
o f'--ti:“ o]
H H
= O
&}j \““/&F F
- E- E HO”B\O
10

Example 300 was made similarly to example 101 from B1-GKPGGGGS desB30 human

insulin and building block of example 29.



10

PCT/EP2020/058641

WO 2020/201041 301
Example 301:
S‘B—S
H—G | VEQC?TS I és LYQLENYPN—OH
S S

: e}

o

H—-G-N_

Y

|
H $ S
)JLP GGGGSGGG GS FYNQHLCGSHLVE ALYLVCGERGF FYTFHN p OH

"

N

e

%,

;

HN
o ~{ o
Won Nl
Ho RN

Example 301 was made similarly to example 101 from B1-GKPGGGGSGGGGS desB30

human insulin and building block of example 29.

Example 302:
$—
H—G | VEQCCI':TS ICSLEQL ENYQN——OH

S

H 9 s S H @
H—G-N\/UP LCGSHLVE ALYLVCGERGF FYTPN\/U—QH

Eiis

B | b
HO” ~OH HO/B\OH HO’B\OH HO’B"‘QH

Example 302 was made similarly to example example 101 from A14E desB1-B2 B3G B4K

B5P desB30 and building block of example 16.
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Example 303:
HO\E‘,OH HO\BF,OH HU\B/OH HO\B,OH
. o]
O HM
$—S
H~G | VEQCCTS | CSLYQLENYCN—ox
S S
' S
S .
H«G—ﬁ PGGGGSGGG GSGGGGS FYNQHLCGSHLVE ALYLVCGERGFFYTF‘% OH
(o] (6]

Example 303 was made similarly to example 101 from B1-GKPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 16.

5
Example 304:
HO, , OHHO, _OH
$—$
=G VEQG(‘:TS 1CSLYQL ENYQN—OH
s S
5 !
H—G—u PGGGGSGGG GS FVNQHLCGSHLVE ALYLVCGERGFFYTPN OH
o H o
Example 304 was made similarly to example 101 from B1-GKPGGGGSGGGGS desB30
human insulin and building block of example 16.
10
Example 305:
H OHHO H
O\Bﬁ \B/O

H—G | VEQ(IICl)TS | CSLYQLENYCN—on

S S
s S |
H—G—-H PGGGGS FVYNQHLCGSHLVE ALYLVCGERGFFYTPN” “Ny—OH

o H o
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Example 305 was made similarly to example 101 from B1-GKPGGGGS desB30 human

insulin and building block of example 16.

Example 3086;

£ S
T
H—GIVEQC’CTSICSLYQLENYE}N—ON
; z z H 9
”"-*ﬁwij‘ I PGGGGSGGEGE GSGGGGS FYNQHLCGSHLVE ALYLVCGERGFFYTPN\)*OH

}NH S
1SN S4 e
it 8
HG B

o]
8]
F
F

o
N
F

Example 306 was made similarly to example 101 from B1-GKPGGGGSGGGGSGGGGS

desB30 human insulin and building block of example 35.

Example 307:
§—F
H-G | VEQCGTS | CSLEQLENYCN-ox
S S
T S $ Ho 9
H-—GN\/“-PNQH LCGSHLVEALYLVCGERGFFYT PI\E\)LOH

i

el it
4

HO’B\O H HO’B\O H HO/B“O H HO"&‘OH

10
Example 307 was made similarly to example 101 from A14E B-1G B1K B2P desB30 human

insulin and building block of example 16.
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Example 308:
$—%
H—G | VEQC(I.‘.TS ICS LEQLENYQN—OH
S S
S S

o) 0
H H
H—GN\)[PNQH LCGSHLVEALYLVCGERGFFYT PN;\)-LO H

\ 3

HN HN
0 ®)
HN HN
V=0 0
0 . O ® 6
N i N
NoOH N
F F F F

8\;'

_B_ ' _
O/B*DH HO""~q 'Ora\OH HO " g

Example 308 was made similarly to example 101 from A14E B-1G B1K B2P desB30 human
insulin and building block of example 30.
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Example 309;
e

H—GIVEQéQTSIéSLEQLENYgN—m

S S
O S S
H ] i H
H—GN\/UPNQHLCGSH LVEALYLVCGERGFFYT PN OH

IR

Example 309 was made similarly to example 101 from A14E B-1G B1K B2P desB30 human

insulin and building block of example 28.

Example 310;

S——8
H—GIVEQéQTSléSLEQLENYQN—w
S

0 S S 0
H T i H
H—GN\JPNQHLCGSH LVEALYLVCGERGFFYT F’N\/“-Ct H

kS Y
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Example 310 was made similarly to example 101 from A14E B-1G B1K B2P desB30 human

insulin and building block of example 29.

Example 311:
$—%
H—G | VEQCQTS {CSLEQL ENYCl:N—on
S S

o} S S 0
H i i H
H—GN\/U-PNQH LCGSHLVEALYLVCGERGFFYT PN\)LO H

B HO"&“O H HG"B“O H

HO” ~OH HO"B“D H

Example 311 was made similarly to example 101 from A14E B-1G B1K B2P desB30 human

insulin and building block of example 22.

Example 312:;
$—%
H—G | VEQC(I:TS ICSLEQL ENY<|3N—0H
S S

0 S S 0
H H
1—GN,__JlPNQHLCGSHLVEAL YLVCGERGFFYT PN\/U-OH

ires

10
Example 312 was made similarly to example 101 from A14E B-1G B1K B2P desB30 human

insulin and building block of example 16.
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Example 313;
S S

H—G | VEQéCTs | CSLEQLENYCN—ox
S

|
S
H—GN\/U‘P LCGSHLVE ALYLVCGERGFFYTPN QH

QLIRS

=

Example 313 was made similarly to example 101 from A14E desB1-B2 B3G B4K B5P

desB30 human insulin and building block of example 35.

Examgley 314;
¢

-G f"fﬁﬁg slesLyar ENYFMMW
? i o

-GN PGGGGSGGE GS FVNQHLOGSHLVE AU’LVCGERGFFYTPN
0, NH ; , F
10N’ 4 T
" S A g Nxx,«” B
] 3 |
b ; s O OH 5 0
less g

Example 314 was made similarly to example 101 from B1-GKPGGGGSGGGGS desB30
human insulin and building block of example 35.

10
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Example 315:
$—3
#~G | VEQCCTS I CSLYQLENYCN—on
S S

T

H o SI é =
H-—G~N\)LP GG GGS FYNQHLCGSHLVE ALYLVéGERGFFYTPm\iO

Example 315 was made similarly to example 101 from B1-GKPGGGGS desB30 human
insulin and building block of example 35.

Example 316:

e —T

{ 1 H

-G IVEQUGTES ICSLYQLENYCQRESGESCGESGESCESGESGESGESG ESGESGESGES(NJ—QR H
1 8 )
8 H

¥

¢ B

i FVYNQHLEGSHLVEALYLVCGERGF F Y TRH —OH @ .
¢ NNt
= 5 #F

b

] i H
HN noi
E”"\f /‘».'g H
e

Example 316 was made similarly to example 101 from A21Q (GES)12K desB30 human
insulin and building block of example 29.

. ;&-6

H
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Example 317;
$—
#—G | VEQCCTS ICSLEQL ENYCN-ox
S S

9] S S )
H H
+N__JbNarLCesHLVEALYLVEGERGFHYPN, oK

Example 317 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30

human insulin and building block of example 35.

Example 318:

S——§
G | VEQéCTs | éSLEQLENYCNmoH
g

x

I
-—N\)J—P GGGGSGGG GSGGGGS FVNQHLCGSHLVE ALYLVCGERGFHYTP \/?Lo

Example 318 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E
B25H desB30 human insulin and building block of example 35.
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Example 319:

|- —
#—G | VEQCCTS | CSLEQUENYCN—on
' % :
H S $ Ho§
H_N\)LP GGGGSGGG GSGGGGS FUNQHLCGSHLVE ALYLVCGERGFHYTPN\/U—OH

Example 319 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E
B25H desB30 human insulin and building block of example 36.

Example 320:
o
H—G | VEQCC'DTS | CSLEQLENYQN——OH

S
| |

H o S S H o
H—GN\)LP LCGSHLVE ALYLVCGERGFFYT PN\)LOH

Example 320 was made similarly to example 101 from A14E desB1-B2 B3G B4K B5P
desB30 human insulin and building block of example 36.
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Example 321;

$ S
=G | VEQCCTS i CSLYQLENYCQGESGESGESGESGESGESGESGESGESGESGESGESN\/“—
$ K]

g

H——FVNQHLCGSHLVEALYLVCGERGFFYTPM\)LBH \H HQ"‘E’OH HO“E’QH
f

: I
HO %
Ho ‘
Ha‘a’o HO- HMS O fr
‘ o s V

Example 321 was made similarly to example 101 from A21Q (GES)12K desB30 human
insulin and building block of example 34.

Example 322:
—%
H—G | veoé?rs ICSLYQLENYEN—ox
S

S
| |

H S $ H
mcaw,\/lLP GGGGSGGG GS FVNQHLEGSHLVE ALYLVCGERGFEYTP \/U—GH

Example 322 was made similarly to example 101 from B1-GKPGGGGSGGGGS desB30
human insulin and building block of example 36.
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Example 323;

0
%L R r
SR ORDL:

H-G I VEQCCTS | CS LYQLENYCN-ox !
S s HO” ~OHHO""~OH
$ $
"—G-N PG FVNQHLCGSHLVEALYLVCGERGFFYTP-N OH
o 0

Example 323 was made similarly to example 101 from B1-GKPG desB30 human insulin and

building block of example 34.

Example 324;

S S
I
A3 VEQ&?TS i CSLYQLENYFNMQH

S S
i |

fo} 0
B, S 9 g
~~«G-—N\V‘, AP GGG GEGGEEGSGEGGEGS8 FYNQHLCGSHLVE ALYLVCGERGFFYTPHN. y OH

\“} P
o e
o o £ o fﬁg\*ﬂ
Mo Flr i M
Flr HOOY
HN._O P SN 0. NH
T ﬁ J Mi «»BO aﬁmﬁ\“ﬁ Mo
HO HINT ey OH B N. NH OH
TBM S J““*O o Hd é) OJNM - mS”
o T Cie
W S i

Example 324 was made similarly to example 101 from B1-GKPGGGGSGGGGSGGGGS
10 desB30 human insulin and building block of example 37. The tert-butyl protecting group on
the gamma-Glu residue of the insulin derivative was removed by treatment with 95%

TFA/water for 30-60 mins at room temperature.
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Example 325;

§——s
H—GIVEQ&?TSIéSLYQLENYPN-m

g g

¢ $ a
4—G-N"N-PCGGGSGGG GSGGGGS FVNQHLCGSHLVE ALYLV(‘:GERGFFVTPQ\J—QH

]

Example 325 was made similarly to example 101 from B1-GKPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 38.

Example 326:
o
#~G | VEQCCTS I CSLYQLENYCN—on
g $

) 0
H s s
H—G—N\)Lp GGGGS FVNQHLGGSHLVE ALYLVCGERGFFYTP@\/U-«DH

Example 326 was made similarly to example 101 from B1-GKPGGGGS desB30 human
insulin and building block of example 36.
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Example 327:

S— 5
-G veaégrs | CISLEQLENYQN-OH
S S
H S S H @
HMGM%WJPNQHLCGSHLVEALYLVCGERGFFYT PN._ /UQH

Example 327 was made similarly to example 101 from A14E B-1G B1K B2P desB30 human
insulin and building block of example 37. The tert-butyl protecting group on the gamma-Glu
residue of the insulin derivative was removed by treatment with 95% TFA/water for 30-60

mins at room temperature.
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Example 328;
| S——

H—GIVEQégTs|GSLEbLENYqN-m
5 S

6] S S 0]
H H
+~N._JPharLcosHLvEAL YLVEaeRaFHYPN,_llow

Frag

Example 328 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30

human insulin and building block of example 36.

Example 329;
S
H—G | VEQCC'JTS | CSLEQLENYCN—on
S S
' o)

: S

e}
H S H
H—GN\/U»P LCGSHLVE ALYLV(':GERGFFYTPN\)LOH

Fisei
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Example 329 was made similarly to example 101 from A14E desB1-B2 B3G B4K B5P
desB30 human insulin and building block of example 37. The tert-butyl protecting group on
the gamma-Glu residue of the insulin derivative was removed by treatment with 95%

TFA/water for 30-60 mins at room temperature.

5
Example 330
$ $ Ho§
H=G | VEQC(.;TS IcsLyQL ENY(IZQGESGESGESGESGESGESGESGESG ESGESGESGESN\)I-OH
8 $
i ; o9
H—FVNQHLCGSHLVEALYLVCGERGFFYTPN OH
HM, O
|
Example 330 was made similarly to example 101 from A21Q (GES)12K desB30 human
insulin and building block of example 28.
10
Example 331:
T3
h—G1VEQCCTS I CSLYQLENYCN-—on
i 3
H CEL S $ "
H-G-N_ P GCGGGESGGG GS FYNQHLCGSHLVE ALYL\/CGERGFFYTPN\/U-OH

”\?ﬂf'

|
| )
HN

Hi
OF ™ 6 O i \0
; [
A e oAy
. 0. WNH
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Example 331 was made similarly to example 101 from B1-GKPGGGGSGGGGS desB30
human insulin and building block of example 37. The tert-butyl protecting group on the
gamma-Glu residue of the insulin derivative was removed by treatment with 95% TFA/water

for 30-60 mins at room temperature.

Example 332:
§—3
H—G 1 VEQC(,.‘,TS ICSLEQLENYCN—on
S S

O ! ! o]
H ] S H
AtmN‘\)LP GGGGSGGG GSGGGGS FVNQHLCGSHLVE ALYLVCGERGFHYTPN\)—OH

Example 332 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E
B25H desB30 human insulin and building block of example 37. The tert-butyl protecting
group on the gamma-Glu residue of the insulin derivative was removed by treatment with

95% TFA/water for 30-60 mins at room temperature.
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Example 333;

S— 8
H—G | VEQC’:‘CTS 1Cs LYQLENYCN—on
s S

o) | I 6]
H S 9 H
—G-N__JLP 6 66 6 'S FVNQHLEGSHLVE ALYLVCGERGF FyTeN,_JLoH

ﬁ
HN

O

Example 333 was made similarly to example 101 from B1-GKPGGGGS desB30 human
insulin and building block of example 37. The tert-butyl protecting group on the gamma-Glu
residue of the insulin derivative was removed by treatment with 95% TFA/water for 30-60

mins at room temperature.
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Example 334:
$—$
H-GIVEQCCTS | CSLE’QLENY(I)N—OH
S S
S

O S 0
H - H
HMNJ‘PNQH LCGSH LVEALYLV(':GERGFH"YPN\/UQH

Fits

m

Example 334 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30
human insulin and building block of example 37. The tert-butyl protecting group on the
5 gamma-Glu residue of the insulin derivative was removed by treatment with 95% TFA/water

for 30-60 mins at room temperature.
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Example 335:
$—S
#-G| VEQCCTS | CSLEQLENYCN-on
S
Ho 9§ S $ H $
H-Nkf J‘MQH LCGSHLVEALYLVCGERGFHY PN\:/UO H
E :\k
;

e
B

OH HO" "o H HO'H\OH

*"”B\ ¢
OH HO

Example 335 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30

human insulin and building block of example 39. The tert-butyl protecting group on the
5 gamma-Glu residue of the insulin derivative was removed by treatment with 95% TFA/water

B.

HO

for 30-60 mins at room temperature.
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Example 336:
P\ F F

Ho=-B,

§—8
#-G IVEQCCTS | CSLYQLENYCN-o4
$ )
& $”
H—G-N""—P G F VNQHLCGSHLVEALY LVCGERGEFY TP—N" —OH
Hoo Ho o B-0

Example 336 was made similarly to example 101 from B1-GKPG desB30 human insulin and
building block of example 29.



WO 2020/201041 392 PCT/EP2020/058641

Example 337:

?H

B‘m
O

Cl
$——s
H—GIVEQCQTSICSLYQLENYQQGESGESGES—” OH
S S Q

& s b9
#—FVNQHLCGSH LVEALYLVCItGERGFFYTP—N\/tLOH

Example 337 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 36.
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Example 338:
$ S
H—G | VEQCCIJTS ICS LYQLENY(}QGESGESGES»—‘@ :
S S ]
2 s 0 (0]

Y H i
H—FVNQHLCGSHLVEA LYLVC'ZGERGFFYTP-N\)LOH

Example 338 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 39. The tert-butyl protecting group on the gamma-Glu residue

of the insulin derivative was removed by treatment with 95% TFA/water for 30-60 mins at

room temperature.
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Example 339:

s— 5
H—G I VEQCCTS | CSLYQLENYCQGESGESGES—N" “N—OH
$ $ H o
S S Ho @ F
+—FVNQHLCGSHLVEALYLVCGERGFFYTP-N__JL-oH -
HO__O _ O :
- 0 R B‘
OH
HN ,an(NH
0

Example 339 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 37. The tert-butyl protecting group on the gamma-Glu residue
of the insulin derivative was removed by treatment with 95% TFA/water for 30-60 mins at

room temperature.

Example 340:
$ $ i
N—GiVEQC(ﬁTS!CSLYQLENY(iiQGESGESGESGESGESGESGESGESGESGESGESGE&N GH HD; o
5 ]
! § el
| * #
HMFVNQHLCGSHLVEALYLVCGERGFFYTPﬁj-«C&H _(Jq‘tkl: s ¥
50 N o NH
} a
=
HJL(«& ;Q;m

{}«-E.
QH
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Example 340 was made similarly to example 101 from A21Q (GES)12K desB30 human

insulin and building block of example 30.

Example 341;
o—
H=—G | VEQC(FTS ICSLEQL ENYpN——OH

S

Ho 9 s S n °
+—eN_Jlp L8esHLVE ALYLVCGERGFFYTPN__JLoH

Example 341 was made similarly to example 101 from A21Q (GES)12K desB30 human

insulin and building block of example 38.

Example 342:

S F—
T
=G| VEQC(’}TS 1C8s LYQLENYEJN—OH
S
|

Q
H S S H
H——Gwm\/ﬁ-@’ GGGGSGGG GS FYNQHLCGSHLVE ALYLV(&GERGFFYTPN\)\—OH

Example 342 was made similarly to example 101 from B1-GKPGGGGSGGGGS desB30

human insulin and building block of example 38.
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Example 343:
§——$
#—G | VEQCCTS | CSLYQLENYCN-ox
S 8

0 I ! fo}
H S 5 H
s«m@-NvJLP GGGGS FYNQHLCGSHLVE ALYLVCGERGF FYTPM\/“—OH

Example 343 was made similarly to example 101 from B1-GKPGGGGS desB30 human

insulin and building block of example 38.

Example 344:
§—38
H—G | VEQC(,)TS I (':SLEQLENYS:N-<JH
‘ ; $ .
H S S Kl!
e -PGGGGSGGG GSGGGGS FVNQHLCGSHLVE ALYLVCGERGFHYTP OH

E

O
\iNa’*\xN

2]

X
~m,(}

o

FOSE
Example 344 was made similarly to example 101 from B1-KPGGGGSGGGGSGGGGS A14E
B25H desB30 human insulin and building block of example 38.
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Example 345:
 p—
H—G | VEQCCIETS | CSLEQLENYg:N—oH
S

S
| !
S

O O
H S ; H
H—GN\)iP LCGSHLVE ALYLVCGERGFFYTPN OH

Example 345 was made similarly to example 101 from A14E desB1-B2 B3G B4K B5P
desB30 human insulin and building block of example 39. The tert-butyl protecting group on
the gamma-Glu residue of the insulin derivative was removed by treatment with 95%

TFA/water for 30-60 mins at room temperature.
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Example 346:
$——3
H-G I VEQCCTS | CSLE’OLENYQN-—OH
S S

O S s O
H H
+—N.__MleharLesHLvEA LyLvCeerarHYPN, o

Example 346 was made similarly to example 101 from A14E B1K B2P B25H desB27 desB30

human insulin and building block of example 38.

5
Example 347;
FF H
FE‘”‘{‘JH
ﬁ\/“‘
L S oH
¢ ok
e o
Fodog "G IVEQCETSICSLYQLENY S N-on
1 /

i
$ w1

-~ G G G G S GGG G S G G6GGS FYNQHLCGSHLVE ALYLVCGERGFFYTPN\)‘[—OH

AL )

:

i

g
i

Fr o OHl’
" , Ok

HO Q

iy

o

;::21’
A

g ,
o ¥F
Example 347 was made similarly to example 101 from B1-GKPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 39. The tert-butyl protecting group on
10 the gamma-Glu residue of the insulin derivative was removed by treatment with 95%

TFA/water for 30-60 mins at room temperature.
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Example 348:

S
H-G 1 VEQCCTS | CSLEQLENYCNN
s s’ H

S s y o
H—FVNQHLCGSHLVEALY LOCGERGFHYPNJG H

0]

O. O H\
Hj/ NH
N i

/\‘g N

Example 348 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 39. The tert-butyl protecting group on the
gamma-Glu residue of the insulin derivative was removed by treatment with 95% TFA/water

for 30-60 mins at room temperature.



WO 2020/201041 330 PCT/EP2020/058641

Example 349;

4-G 1 VEQCCTS | (&SLEQL‘EN\;CNH

2]
w0

1
v
§ S
g 0

S O
H~FVNQH ECGSH LVEALY LOCGERGFHYF#:}!\/[LO H

Example 349 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 38.
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Example 350:
HN“u\/m“
o— ;
H—G | VEQCCTS | CSLEQLENYCNN OH
7 /7 H

S O
H—FVNQHDCGSHLVEALYLOCGERGFHYﬁﬂ\“JLoH

Example 350 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 37. The tert-butyl protecting group on the
gamma-Glu residue of the insulin derivative was removed by treatment with 95% TFA/water

for 30-60 mins at room temperature.



WO 2020/201041 332 PCT/EP2020/058641

Example 351:
€ F

" %;

{

=y

B
i ( ‘»_4\“ o
ny 0 A
My HO ;}\Z}m
F ’ TNeB §_‘“W?
£ avs;vsqc‘}crs:csquw‘f}mwﬁ
i i
o
b g § v 0
oG ff FGGEGCGSGGE GSGGGGS FVNQHLCGSHLVE ALYLVCGERGFFY THH o £ i m
e H L
‘\\ T
i

5
e

ng -
M
2y,
HO. -8 AE
5 F

Example 351 was made similarly to example 101 from B1-GKPGGGGSGGGGSGGGGS
desB30 human insulin and building block of example 40. The tert-butyl protecting group on
the gamma-Glu residue of the insulin derivative was removed by treatment with 95%

p o u U

TFA/water for 30-60 mins at room temperature.
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Example 352,
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Example 352 was made similarly to example 101 from A14E A22K B25H desB27 desB30
human insulin and building block of example 40. The tert-butyl protecting group on the
gamma-Glu residue of the insulin derivative was removed by treatment with 95% TFA/water

for 30-60 mins at room temperature.
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Example 353:
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Example 353 was made similarly to example 101 from A21Q (GES)3K desB30 human insulin
and building block of example 38.
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Example 354:
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Example 354 was made similarly to example 101 from A14E desB1-B2 B3G B4K B5P
desB30 human insulin and building block of example 40. The teri-butyl protecting group on
the gamma-Glu residue of the insulin derivative was removed by treatment with 95%

TFA/water for 30-60 mins at room temperature.

Example A: Carbohydrates and Diboronate Binding Affinity, alizarin assay (ARS)

The alizarin-red binding assay is a colorimetric assay used to determine the inhibition affinity
of boronate/boroxole compounds to glucose. The assay is based on a colour shift of alizarin-
red upon binding to boronate, which shift can be followed by change in absorbance in the
330-340 nm region.

Determination of the dissociation constant (Ks) of boron compounds towards alizarin

For determination of the dissociation constant (Kd) between the Alizarin Red Sodium (ARS)
and the boronate compound, 200 uM of ARS is dissolved in a 20 mM of phosphate buffer pH
7.4, and titrated in triplicate into a 96 well plate with 1, 0.5, 0.25, 0.125, 62.5, 31.25, 15.625,
7.812, 3.906, 1.953, 0.9767, 0.488 and 0.244 mM of boronic acid. After 5 minutes of
centrifugation at 4000 rpm, the plate is placed in a multi-well spectrometer (SpectraMax,

Molecular Devices) for absorption detection.
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The analysis is carried out at room temperature with absorption readings at 330, 340 and
520 nm, respectively. Data obtained for absorption versus concentration of boronate is then
fitted (Prism 7, GraphPad) with a sigmoidal function to obtain the Kd value of boronate and
ARS.

Determination of the displacement constant (Kq) of glucose towards boron compounds

For determination of the inhibitory constant (Ki) between the boronate and the carbohydrate,
400 pM of boronic acids is dissolved in a 20 mM phosphate buffer pH 7.4 under gentle
stirring. Upon complete dissolution of the compound, 200 uM of Alizarin red (ARS) is added
to the solution. The ARS-boronate solution is then aliquoted into a 96 multiwell plate (black,
flat and clear bottom) 1:1 with appropriate carbohydrate. In particular, D-glucose and L-
lactate solutions are prepared in a 20 mM phosphate buffer pH 7.4 at these concentrations
respectively: 1000, 500, 250, 100, 50, 25, 10, 5, 2.5, 1, 0.25, 0.1 mM and 2500, 1000, 500,
100, 50, 10, 5, 1, 0.5, 0.1, 0.05, 0.01 mM. The plate with ARS-boronate mixed with
carbohydrate is incubated 20 minutes at room temparature. After 5 minutes of centrifugation
at 4000 rpm the plate is placed in a multiwell spectrometer (SpectraMax, Molecular Devices)
for absorption detection.

The analysis is carried out at room temperature with absorption readings at 330, 340 and
520 nm, respectively. Data obtained for absorption versus concentration of carbohydrate is
then fitted (Prism 7, GraphPad) with a one site Ki equation constrained for the value of Kd of
the obtained for ARS-boronate and for the concentration of the ARS (160 uM) to obtain the
Ki value of the boronate for the chosen carbohydrate.
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Table 1. Glucose and lactate Kd-values as determined by the alizarin assay described in
Example A for diboron compounds used in the compounds of the invention and for

monoboron compounds included as comparison.

Diboron / monoboron of Binding Affinity Binding Affinity
Example No. Kd Glucose (mM) Kd Lactate (mM)
Example 10 2.6 67.9
Example 18 3.2 352.0
Example 19 16 107.0
Example 23 1.5 241
Example 24 1.1 41.0
Example 28 1.3 ' 11.0
Example 29 0.52 N.D,
Example 32 0.80 40.0
Example 35 4.2 13.0
Example 36 3.2 60.6
Example 38 ' 0.8 100.0
Example 41
} 40.0 66.0
(comparison compound)
Example 42
10.0 N.D.
(comparison compound)
Example 43
) 50.0 200.0
(comparison compound)

N.D. = not detectable

Data in table 1 show that the diboron compounds used in the compounds of the invention
bind glucose with Kd values in the low millimolar range (0.8 to 4.2 mM), and that the given
diboron compounds have higher affinity towards glucose than towards lactate. Data in table 1
also show that monoborons (Example 41, 42, 43) have weaker affinity to glucose than the
diboron compounds used in the compounds of the invention. Monoborons do not respond

well to fluctuations in physiological range for glucose concentrations.



10

15

20

25

30

WO 2020/201041 338 PCT/EP2020/058641

Example B: Assay to determine affinity to the human Insulin Receptor (hIR-A) in

absence or presence of glucose

Insulin Receptor preparation
BHK cells over-expressing human Insulin Receptor A (hiR-A) were lysed in 50 mM Hepes pH

8.0, 150 mM NaCl, 1% Triton X-100, 2 mM EDTA and 10% glycerol. The cleared cell lysate
was batch absorbed with wheat germ agglutinin (WGA)-agarose (Lectin from Triticum
vulgaris-Agarose, L1394, Sigma-Aldrich Steinheim, Germany) for 90 minutes. The receptors
were washed with 20 volumes 50 mM Hepes pH 8.0, 150 mM NaCl and 0.1% Triton X-100,
where after the receptors were eluted with 50 mM Hepes pH 8.0, 150 mM NaCl, 0.1% Triton
X-100, 0.5 M n-Acetyl Glucosamine and 10% glycerol. All buffers contained Complete
(Roche Diagnostic GmbH, Mannheim, Germany) as described in Andersen et al. 2017 PlLos
One 12.

Insulin Receptor Scintillation Proximity Assay (SPA) binding assay

SPA PVT anti-mouse beads (Perkin Elmer) were diluted in SPA binding buffer, consisting of
100 mM Hepes, pH 7.4 or pH 7.8, 100 mM NaCl, 10 mM MgSQ., 0.025% (v/v) Tween-20.
SPA beads were incubated with the IR-specific antibody 83-7 (Soos et al. 1986 Biochem J.
235, 199-208) and solubilized semi-purified HIR-A. Receptor concentrations were adjusted to
achieve 10% binding of 5000 cpm "2%I-(Tyr31)-Insulin (Novo Nordisk A/S). Dilution series of
cold ligands were added to 96-well Optiplate, followed by tracer ("?®I-Insulin, 5000 cpm/well)

and lastly receptor/SPA mix. In order to test the glucose sensitivity, the binding experiments

were set up in absence or presence of 20 mM glucose. The plates were rocked gently for
22.5 hours at 22°C, centrifuged for 5 minutes at 1000 rpm and counted in TopCounter
(Perkin Elmer). Data points were fitted to a four-parameter logistic model, whereby the
relative affinity of the analogue compared to human insulin (within the same plate) was
determined. The relative affinities for the analogues compared to human insulin were
determined as fold change and the increase in relative affinity from 0 to 20 mM glucose (HIR
glucose factor) reflected the glucose sensitivity of the analogues. The experiments were

done in presence of 1.5% HSA. Data is shown in table 2.
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Table 2. Insulin receptor affinity in the presence of 1.5% HSA, glucose factor and LCMS data

for compounds of the invention

HIR affinity
) HIR glucose
relative Hf
factor, 20mM | LCMS LCMS LCMS LCMS
Compound of | (%), 1.5%
glucose 1.5% | [M+4HP* | [M+SHE* | [M+4Hp [M+5H*
Example No | HSA (pH 7.8
HSA (pH 7.8 or]  found found calculated calculated
or 7.4, see
7.4, see note)
note)
101 29 27 16704 1670.6
102 6.0 32 1689.0 1689.2
103 2.1 05 1663.0 1664.1
104 0.7 0.4 1686.0 | 1346.0
105 29 32 18275 | 14585 1827.3 1462.0
106 06 17 1724.3 1724.2
107 0.9 42 20553 | 1640.8 2055.3 1640.9
108 06 31 1987.5 1987.5
109 6.4 1.5 20263 | 16030 20261 1603.0
110 16.1 1.3 1643.7 1643.7
111 06 .
112 3.8 7.6 21986 | 1759.1 2202.0 1762.0
113 24 22
114 6.8 45 1639.6 | 1318.9 1639.3 1326.3
115 14 9.1 21009 | 1680.9 2100.9 1680.9
116 3.8 57 20609 | 1656.1 2069.9 1656.1
117 9.2 -
118 40 45
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HIR affinity
HIR glucose
relative Hi
factor, 20 mM LCMS LCMS LCMS LCMS
Compound of | (%), 1.5%
glucose 1.5% | [M+4H]** | [M+5H]* [M+4Hp [M+5H]5
Example No | HSA (pH 7.8
HSA (pH7.80r.  found found calculated calculated
or 7.4, see
7.4, see note)
note)
119 1.5 9.0 1722.7 1722.4
120 1.7 2.0
121 14.6 = 1733.1 1732.8
122 1.9 3.9 1994.8 1596.8 1994.3 1695.7
123 12.0 1.3 2090.9 1673.0 2090.9 1672.9
124 2.1 34 16840 | 13480
125 6.2 2.0 1992.0 1587.0
126 9.7 23 1686.0 | 13420
127 1.5 3.5 1606.1 1605.9
128 25.6 1.9 1673.9 1339.5 1678.6 1343.1
129 .6 4.3 1601.3 1601.6
130 11.9 2.1 1656.7 13256 1656.7 1325.6
131 ) 3.0 1694.8 1352.4 1694.8 1352.4
132 3.7 4.0 1726.3 1726.2
133 5.7 2.8 1883.6 1883.3
134 8.0 - 1595.9 1596.1
135 1.2 20.9 1650.6 1650.4
136 3.2 3.4 1847.7
137 2.9 13.7 1590.0 1268.0 1590.0
138 9 9.9 1506.9 1507.0 1506.9
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HIR affinity
HIR glucose
relative Hi
factor, 20 mM | LCMS LCMS LCMS LCMS
Compound of (%), 1.5%
glucose 1.5% | [M+4H}** | [M+5H* [M+4HJ [M+5HJ5*
Example No | HSA (pH 7.8
HSA (pH 7.8 0rl  found found calculated calculated
or 7.4, see
7.4, see note)
note)
139 4.0 3.2 1603.3 1603.1 1603.3
140 2.0 13.8 1789.0 1788.6 1789.0
141 8.6 2.3 1634.3 1634.1
142 1.8 2.2 1879.1 1878.6
143 4.8 2.9 1596.0 1596.1 1596.0
144 2.9 2.3 1633.3 1633.2 1633.3
145 16.9 1.5 1633.2 1633.3 1633.2
146 35 4.5 1544.3 1544.0 1544.3
147 13.1 5.1 1674.0 1336.0
148 8.8 1.8 1666.0 1329.0 1670.0 1336.0
149 6.7 28 1638.8 1638.6
150 13.3 1.3 1647.4 1647;0
151 4.6 3.0 1622.0 1622.1
152 4.9 2.9 1653.1 1653.0
153 12.4 1.9 1647.6 1647.3
154 6.1 3.7 1640.6 1640.4
155 5.3 3.0 1626.3 1626.1
156 1.4 1.7 1804.5 1440.2 1804.5 1440.2
157 7.2 8.0 1667.0 1334.0 1667.0
158 2.0 9.9 1558.5 1558.3 1558.5
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342
HIR affinity
HIR glucose
relative HI
factor, 20 mM LCMS LCMS LCMS LCMS
Compound of | (%), 1.5%
glucose 1.5% | [M+4HP* | [M+5H]5 [M+4H} [M+5HJ*
Example No | HSA (pH 7.8
HSA (pH 7.8 0or.  found found calculated calculated
or 7.4, see
7.4, see note)
note)
159 5.2 15.2 1603.0 1275.0 1603.0
160 3.0 15.1 1657.8 1657.6
161 1.3 77 1604.9 1604.7
162 5.0 2.0 1756.6 1401.9 1756.7 1401.9
163 1.8 7.6 1666.5 1329.8 1666.7 1329.9
164 04 33 1873.2 1491.4 1873.2 1491.4
165 0.2 14.4 1729.2 1376.2 1729.0 4 1376.2
166 2.2 5.9 1553.3 1553.1
167 1.4 14.2 1798.0 1797.6
168 238 23 2092.8 1670.9 2093.1 1671.0
169 1.7 9.7 1998.2 1595.2 1998.5 1595.4
170 5.3 1.9 1666.5 1329.8 1666.7 1329.9
171 0.9’ 57 4 1873.2 14914 1873.2 1491.4
172 3.2 2.2 1729.2 1376.2 1729.0 1376.2
173 0.7 21.2 1731.9 1381.9 1731.9 1381.9
174 05 14.1 1627.6 1298.5 1627.6 1298.7
175 0.1 9.3 1913.1 1523.5 1913.2 1523.6
176 04 46.2 14771 1477.4
177 0.4 9.0 1566 1250
178 0.5 7.2 1548.0 1239.0
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HIR affinity
HIR glucose
relative HI
factor, 20 mM | LCMS LCMS LCMS LCMS
Compound of | (%), 1.5%
glucose 1.5% | [M+4HI* | [M+5H]5* [M+4HP [M+S5H]5*
Example No | HSA (pH 7.8
HSA (pH 7.8 0r.  found found calculated calculated
or 7.4, see
7.4, see note)
note)
179 1.4 8.4 1661 1325
180 0.3 8.0 1559.0 1247.0
181 0.7 156.2 1794.5 1435.8 1794.2 1435.7
182 0.2 15.3 1540 1540.3
1540
183 0.37 11.14 1720.1 1720.3
184 1.05 10.53 1550.5 1550.5
185 1.11 27.18 1749.9 1396.4 1749.8 1396.5
186 0.01 2.5 1990.8 1593.1 1991.5 1593.4
187 1.58 11.88 1709.3 1363.9 1709.2 1363.9
188 0.21 8.23 1877.5 1877.3
189 0.23 4.25 1504.6 1504.5
190 0.1 4.6 1772.2 1414.2 17724 1414.5
191 0.03 2.9 1896.3 1513.6 1894.5 1513.8
192 0.03 1.3 1787.5 1426.6 1787.5 1426.6
193 2.60 7.34 1871.1 1871.2
194 15.36 5.83 1520.0 1216.0
195 117 5.68 1367.0
196 1.19 6.35 1717.0 1370.0
197 0.03 8.3 1800.0 1433.0
198 0.2 1.9 1907.8 1526.5 1908.1 1526.7
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HIR affinity
HIR glucose
relative HI
factor, 20 mM LCMS LCMS LCMS LCMS
Compound of | (%), 1.6%
glucose 1.5% | [M+4HF* | [M+5HP* [M+4HJ* [M+5H]5*
Example No | HSA (pH 7.8
HSA (pH 7.8 0r;  found found calculated calculated
or 7.4, see
7.4, see note)
note)
199 0.02 2.3 2100.0 1676.6 2099.9 1676.5
200 1.0 3.6 1464.5 1464.9
201 0.1 1.9 1543.0 1543.3
202 0.04 2.3 1939.0 1548.0
203 4.6 1.6 1919.4 1919.6
204 0.6 7.6 1969.4 1969.6
205 0.1 97 1607.5 1286.3 1607.6 1286.2
206 0.3 57 1699.0 1348.6 1699.1 1348.7
207 2.6 3.1 1823.6 1458.8 1823.6 1459.0
208 1.39 13.09 1926.3 1541.2 1926.4 1539.3
209 05 1.95 2021.9 1617.8 2021.9 1617.7
210 0.7 63 1962.3 1962.5
211 0.1 8.1 '1649.7 1319.9 1649.7 1320.0
212 0.12 265 1608.9 1609.2
213 0.1 12.6 1586.6 1265.9 1586.7 1265.9
214 0.2 12.3 1890.46 1890.58
215 0.5 16.2 1614.6 1614.5
216 0.1 6.2 1781.8 1781.6
217 0.4 4.9 1862.0 1862.1
218 1.3 7.3 1980.5 1980.4
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345
HIR affinity
HIR glucose
refative HI
factor, 20 mM | LCMS LCMS LCMS LCMS
Compound of | (%), 1.5%
' glucose 1.5% | [M+4HP* | [M+5HP* [M+4H}+ [M+5HJ*
Example No | HSA (pH 7.8
HSA (pH7.80r.  found found calculated calculated
or 7.4, see
7.4, see note)
note)
219 0.2 55 1753.2 1753.2
220 1.6 10.9 1840.3 1840.6
221 3.8 11.4 1959.0 1958.9
222 0.9 9.2 1731.7 1731.5
223 67.3 2.8 1579.0 1263.0
224 40.9 1.8 1679.0 1263.0
225 29 14.2 1698.0 1359.0
226 0.5 36 18220 | 1458.0
227 0.3 14.6 1752.0 1399.0
228 0.03 341 1897.0 1518.0
229 2.0 5.3 1720.0 1376.0
230 0.9 117 1586.2 1586.0
231 2.8 45 1947.9 1947.9
232 05 18.1 1524.2 1215.9 1624 .2 1215.9
233 0.3 121 1997.9 1997.9
234 0.1 8.8 1636.0 1636.5
235 0.03 3.6 1649.2 1649.1
236 16.6 1.4 1599.1 1599.1
237 3.8 1.8 1960.9 1960.9
238 4.1 2.6 19196 1919.6
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HIR affinity
HIR glucose
relative Hi
factor, 20 mM . LCMS LCMS LCMS LCMS
Compound of | (%), 1.5%
glucose 1.5% | [M+4HP | [M+5HJ5* [M+aHP [M+5H]5*
Example No | HSA (pH 7.8
HSA (pH 7.8 0r  found found calculated calculated
or 7.4, see
7.4, see note)
note)
239 1.1 10.2 1906.6 1906.6
240 0.2 75 1956.7 1956.6
241 0.3 49 1928.1 1928.2
242 0.1 1.5 1969.7 1969.6
243 0.8 5.1 1758.2 1758.1
244 0.2 40.5 1929.2 1929.4
245 16.4 6.2 1603 1283
246 9.1 3.2 1604 1283
247 13.3 9.0 1589.0 1272.0
248 14.7 8.2 1589.0 1272.0
249 1.2 2.5 1854.0 1480.0
250 4.1 4.9 1562.0 1250.0
251 0.02 3.5 1895.0 1513.0
252 0.1 3.6 1771 1413
253 54 7.2 1560.0 1245.0
254 0.1 18.6 1918.1 1918.3
255 0.04 26.1 1651.7 1552.0
256 0.1 6.2 1872.5 1872.5
257 14.4 54 1586.0 1269.0
258 8.9 2.0 1586.0 1269.0




WO 2020/201041 347 PCT/EP2020/058641
-HIR affinity
HIR glucose
relative HI
factor, 20 mM = LCMS LCMS LCMS LCMS
Compound of = (%), 1.5%
glucose 1.5% | [M+4HP+ | [M+5H] [M+4H]* [M+5HJ5+
Example No  HSA (pH 7.8
HSA (pH 7.8 0r.  found found calculated calculated
or 7.4, see
7.4, see note)
note)
259 42 11.0 1562.0 1250.0
260 0.2 10.1 1673.0 1335.0
261 0.1 2.3 1784.0 1420.0
262 0.6 277 1888.5 1888.9
263 0.3 13.7 1770.4 1770.5
264 0.2 5.2 1683.0 1347.0
265 0.01 5.9 1818.0 1451.0
266 0.1 6.1 1673.7 1673.7
267 0.1 8.0 1632.0 1306.0
268 04 7.5 1831.9 1465.4 1832.1 1465.9
269 0.01 19.0 1743.0 1391.0
270 0.14 1.8 1743.0 1391.0
271 0.4 7.1 1620.0 1296.0
272 0.2 12.1 1712.0 1370.0 1710.9
273 0.1 20.4 1537.6 1537.7
274 0.2 3.9 1593.1 1593.0
275 0.1 6.9 1621.6 1621.8
276 0.7 10.1 1571.7 1571.8
277 0.2 32.0 1943.5 1943.6
278 0.02 26.8 1594.1 1271.9 1594.2 1271.9
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HIR affinity
HIR glucose
relative HI
factor, 20 mM . LCMS LCMS LCMS LCMS
Compound of .- (%), 1.5%
glucose 1.5% | [M+4H[* | [M+5H* | [M+4H [M+5HJS*
Example No | HSA (pH 7.8
HSA (pH 7.8 orl  found found calculated calculated
or 7.4, see
7.4, see note)
note)
279 0.1 7.2 1553.6 1239.5 1553.7 1239.5
280 0.5 18.0 20275 1625.8 20276 1625.9
281 5.1 76 1972.8 1585.9 1973.1
282 1.4 71 2003.6 1336.1
283 1.4 5.3 1623.7 1299.2 1623.7 1299.2
284 05 55.0 1902.8 1903.1
285 0.1 19.7 1501.7 1501.7
286 1.1 8.4 19156 1915.8
287 1.2 7.0 1836.7 1837.0
288 0.5 22.3 1824.2 18243
289 0.3 249 1745.2 1745.5
290 0.5 8.0 1623.5 1299.1 1623.6 1299.1
291 0.1 11.9 1785.9 1786.0
292 0.1 16.3 1864.7 1864.8
293 0.2 7.7 1623.5 1623.6
294 0.3 7.0 1729.5 1729.5
295 1.4 1.8 1893.8 15121 1894 .1 1511.9
296 0.2 85 1662.4 1662.2
297 0.3 4.4 1860.3 1488.6 1860.6 1488.7
208 3.4 9.0 1815.4 1815.5
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HIR affinity
HIR glucose
relative HI
factor, 20mM  LCMS LCMS LCMS LCMS
Compound of = (%), 1.5%
glucose 1.5% | [M+4H}** | [M+5H]* [M+4H}* [M+5HJ5*
Example No | HSA (pH 7.8
HSA (pH7.80r  found found calculated calculated
or 7.4, see
7.4, see note)
note)
299 2.3 14.3 1865.4 1865.5
300 0.3 14.5 1944.2 1944 .4
301 03 18.4 1458.7 1458.7
302 0.3 15.0 1860.2 1860.1
303 1.8 16.2 1815.4 1815.5
304 1.1 15.0 1781.3 1781.3
305 1.0 13.5 1702.1 1702.5
306 23 46 1994.6 1994.8
307 1.0 14.8
308 1.8 15.1 1549.3 1549.0
309 0.3 6.2 1688.1 1688.1
310 0.1 11.1 1716.6 1716.6
311 0.2 8.1 1625.0 1625.1
312 0.04 78 1637.2 1637.1
313 0.5 4.0 1593.1 1593.3
314 1.8 4.3 1915.9 1915.8
315 1.2 53 ' 1837.1 1837.0
316 05 8.2 1714.6 1714.6
317 0.5 2.7 1649.8 1319.9 1649.7 1320.0
318 1.3 2.9 1969.4 1969.4
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HIR affinity
HIR glucose
relative HI
factor, 20 mM . LCMS LCMS LCMS LCMS
Compound of . (%), 1.5%
glucose 1.5% | [M+4H}* | [M+5H[5* [M+4H}* [M+5H[5
Example No | HSA (pH 7.8
HSA (pH7.80r  found found calculated calculated
or 7.4, see
7.4, see note)
note)
319 1:1 5.7 1935.8 1935.8
320 0.4 50 1559.5 1559.7
321 0.6 54 1957.9 1957.7
322 1.8 9.5 1882.2 1882.3
323 0.2 46.9 1680.9 1341.4 1680.9 1341.3
324 0.3 46.5 2056.4 1645.3 2056.7 1645.6
325 2.8 8.9 1977.0 1581.0
326 1.3 10.1 1803.5 1803.5
327 0.1 32.2 1745.7 1745.7
328 2.1 3.5 1611.2 1289.1 1611.2 ' 1289.1
329 55 18.0 1650.5 1651.2
330 1.1 41 2034.3 2542.5 2542.9 2034.5
331 0.3 43.6 1973.7 1973.4
332 0.3 33.9 1622.0 1622.0
333 0.2 42.9 1894.7 1894.5
334 0.04 17.2 1707.2 1366.0 1707.2 1366.0
335 0.1 29.8 1663.2 1330.8 1663.2 1330.8
336 0.2 19.5 1801.0 1441.3 1801.0 1441.0
337 0.7 7.0 1896.0 1894.6
338 0.1 7.4




WO 2020/201041 351 PCT/EP2020/058641
HIR affinity
HIR glucose
relative HI
factor, 20 mM | LCMS LCMS LCMS LCMS
Compound of .. (%), 1.5%
glucose 1.5% | [M+4HF* | [M+5H* [M+4Hp [M+5HJ5+
Example No | HSA (pH 7.8
HSA (pH 7.8 0ri  found found calculated calculated
or 7.4, see
7.4, see note)
note)
339 0.1 20.8 1986.0 1588.0
340 6.4 3.7 1681.9 1681.2
341 0.4 7.7 1575.4 1575.3
342 2.8 8.7 1898.3 1897.8
343 24 9.0 1819.2 1819.0
344 21 3.8 1951.8 1951.4
345 0.04 19.7 1602.8 1602.3
346 0.5 5.3 1627.0 1627.2
347 0.3 73.5 2013.0 1603.0
348 0.2 7.3 1701.0 ' 1358.0
349 1.0 47 1665.0 1332.0
350 0.1 18.4 1741.0 1393.0
351 0.2 2.4 2064.0 1651.0
352 0.4 52 1748.0 1398.0
353 1.3 52 1909.8 1528.2 1909.3 1527.6
354 0.1 3.2 1668.0 1666.0

The data in table 1 show that the diboron insulin conjugates of the invention in presence of

1.5 % HSA have higher insulin receptor affinity in presence of 20 mM glucose than when no

glucose is present. Glucose can displace the diboron insulin conjugates from binding to

albumin, thereby giving a higher free fraction of non-albumin bound diboron insulin

conjugate, resulting in netto higher insulin receptor affinity.
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Example C: Assay to determine glucose-sensitive signalling (AKT phosphorylation in
low/high glucose), table 3.

When insulin binds to the Insulin Receptor (IR) it induces activation of downstream signaling
pathways. One of the downstream signaling molecules is AKT, and AKT phosphorylation can

thus be used to monitor the activation of the insulin signaling pathway.

AKT assay
Chinese Hamster Ovary cells overexpressing the HIR-A were cultivated at 37 °C, and plated

in 96-well plates with either 3 mM or 20 mM glucose concentration. Increasing amounts of
human insulin or insulin derivatives of the invention to generate concentration-response
curves were added and incubated for 10 min. The media was discarded and the cells place
on ice. The AKT activation assay was done as described by the vendor using AlphaScreen®
SureFire®. The signals were measured with Envision instrument (EnVision, Perkin Elmer).
The fold change between the potency of the glucose sensitive analogue (relative to human

insulin) at 20 mM and 3 mM glucose concentration was determined.

Example D: Assay to determine carbohydrate-sensitive glucose uptake in cells (rat
lipogenesis assay)

When insulin binds to the insulin receptor it induces activation of downstream signaling
pathways. One metabolic endpoint of insulin signaling is lipid metabolism, and the
lipogenesis assay was used to measure an end point read-out because in presence of

insulin, *H-glucose uptake by the cells is stimulated and is incorporated into lipids.

Rat lipogenesis assay (fFFC)
Epidydimal fat pads from Sprague Dawley rat were degraded with collagenase in Hepes
Krebs Ringer Buffer at 36.5 °C for 1-1.5 hours under vigorous shaking. The suspension was

filtered through 2 layers of gauze. The phases were separated by 5 min standing at room

temperature, allowing the adipocytes to collect in the upper phase. The lower phase was
removed with a syringe. The adipocytes were washed twice with 20 ml Hepes Krebs Ringer
Buffer. Cells were transferred to 96 well plates in Hepes Krebs Ringer buffer containing 1.5%
HSA, 0.5 mM glucose, 0.1 uCi/well glucose (D-[3-*H] glucose (20.0 Ci/mmol) Perkin Eimer),
+/-10mM sorbitol. Increasing amounts of human insulin or insulin derivaties of the invention

to generate concentration-response curves were added and incubated for 2 hours at 36.5 °C.
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The reactions were stopped by addition of 100 pL Microscient E (cat# 6013661 Perkin
Elmer). The plates rested 3 hours before counting in Top counter. The ratio between EC50

no sorbitol / EC50 10 mM sorbitol of the glucose sensitive analogous was determined.

5 Table 3.
AKT 1.5% HSA rFFC 1.5% HSA
Compound of
Example No. 3 vs 20 mM 0 vs 10 mM
glucose factor sorbitol factor

179 2.3 10.5
181 3.2 2.8
204 2.0 5.9
205 1.9 4.0
210 26 5.4
211 2.2 - 54
214 57 -

215 23 18.0
216 2.3 4.4
217 2.6 12.8
218 3.0 16.3
219 23 -

222 1.6 10.1
225 ' 26 17.9
227 24 16.7
229 2.0 | 115
230 2.4 9.5
233 2.4 12.0
234 1.8 5.4
239 ' 1.7 15.0
240 2.4 9.4
241 - 11.7
244 6.4 28.1
264 1.7 10.4
272 33 21.1
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273 3.5 : 9.2
274 2.3 ' 13.1
275 1.9 6.9
276 2.3 9.9
280 4.1 10.1
285 2.4 11.0
286 2.3 11.3
287 2.2 10.2
288 3.3 9.4
289 3.0 19.1
291 3.1 -
292 38 17.1
294 1.7 6.5
300 29 14.7
301 3.3 21.9
309 1.7 11.6
310 26 7.3
316 18 5.9
326 2.2 27.6
331 - 16.1
332 - 13.4
333 8 135
335 - 7.4

The AKT data in table 3 show that the diboron insulin conjugates of the invention give higher
levels of AKT phosphorylation in presence of higher glucose concentrations (20 mM) versus
lower glucose concentrations (3 mM). The lipogenesis data in table 3 show that the diboron
insulin conjugates of the invention give higher levels of lipogenesis (ie more glucose
transport) in the presence of higher levels of sugar (10 mM sorbitol) compared to no added
sugar (0 mM sorbitol).

The cells need glucose to survice, so 3 mM glucose was used as lower level, and 20 mM as
higher level. The rFFC assay is itself sensitive to glucose levels, so sorbitol (which don’t
affect glucose transport in itself) was used as sugar to displace diboron-insulin derivatives
from HSA in the rFFC assay.
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Example E: PK and PD data

Euglycaemic and hyperglycaemic clamp were performed in 65-100 kg naive female domestic
pigs. The animals were instrumented with two venous catheters one for infusion and one for
sampling of blood. Basal replacement was performed by constant infusion of somatostatin,
glucagon and human insulin. After infusion start the plasma glucose level was changed to 10
mM or 3.5-4 mM by adjusting the g glucose infusion. After plasma glucose steady state (90
or 120 min) a i.v. bolus of an insulin analog was delivered. For pharmacokinetic (PK) analysis
plasma was sampled at selected timepoints for 360 to 510 min and analyzed specifically for
the analog. For pharmadynamic (PD) analysis the change in glucose infusion rate from

steady state was used.

Glucose-sensitive PK data for insulin derivatives of the invention, as well as controls, by i.v.
dosing to pigs clamped at 3.5-4 or 10 mM glucose are shown in figures 1-9, and PD data as
baseline-adjusted glucose infusion rate areas under the curves, for clamps at 3.5-4 mM

glucose vs 10 mM glucose is shown in figure 10.

The pig PK data show that diboron insulin conjugates of the invention are cleared faster at
higher blood glucose levels (10 mM) compared to lower glucose levels (3.5-4 mM). The
displacement of diboron insulin conjugates from albumin binding by glucose give raise to
larger fraction of unbound insulin, thus available for insulin receptor binding and activation.
The pig PD data show diboron insulin conjugates of the invention give raise to more glucose
disposal at high glucose blood glucose levels compared to low glucose level. Contrary, non-
glucose-sensitive insulin controls (insulin aspart and insulin degludec) show the same PK

and PD in pigs clamped at high and low blood glucose leveis.

While certain features of the invention have been illustrated and described herein, many
modifications, substitutions, changes, and equivalents will now occur to those of ordinary skiil
in the art. It is, therefore, to be understood that the appended claims are intended to cover all

such modifications and changes as fall within the true spirit of the invention.
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CLAIMS
1. A compound comprising
i) human insulin or a human insulin analogue; and

i) two or more modifying groups M, wherein each of the modifying groups M comprises two

aryl moieties, wherein a boron atom is attached to each of the two aryl moieties; and

wherein each of the two or more modifying groups M is attached, optionally via a spacer, to
the amino group of the N-terminal amino acid residue of the A-chain or B-chain of said
human insulin or human insulin analogue or to the epsilon amino group of a lysine in said

human insulin or human insulin analogue; and

wherein each of the modifying groups M is independently selected from the group of

R1
s

H
N
N
// : n H
w1
0
Formula M1 ,

R1

which represents a D- or an L-amino acid form, and
wherein n represents an integer in the range of 1 to 4;
wherein W1 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W1 represents
NH-CH,-C(=0)-*,
NH-CH2CH>-C(=0}-*,
the D- or L-form of NH-CH(COOH)-CH2CH,-C(=0)-*,
the D- or L-form of NH-CH(COOH)-CHCH,-C(=0)-NH-CH;CH,-C(=0)-*, or
NH-CH2CH2-C(=0)-NH-(CH>)-0-(CH2),-O-CH»-CO-*,
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and

wherein R1 is selected from
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Formula R1a Y3 Formula R1b

Formula R1c

wherein Y1, Y2, Y3, Y4, Y5 and Y6 is independently selected from H, F, Cl, CHF2, and CFa;

H

R2. N
\Nz’\\/ ~Ro

w2

Formula M2 ©

wherein W2 is absent and represents the point of attachment * to said human insulin or

human insulin analogue, or W2 represents the D- or L-form of NH-CH(COOH)-CH>CH,-

C(=Q)-*, or NH-CH.CH2CH:-C(=0)-*, wherein * represents the point of attachment to said
10 human insulin or human insulin analogue; and

wherein R2 is selected from

Formula R2a Yo . Formula R2b © , and



10

WO 2020/201041 PCT/EP2020/058641

358

Formula R2c¢ )

wherein Y7, Y8, Y9, Y10, Y11 and Y12 is independently selected from H, F, Cl, CHF>, and
CF3;

0

Formula M3 0

which represents a R,R or S,S, or R,S sterecisomer of the 3,4-diamino-pyrrolidine; and
wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein Y13 and Y14 is independently selected from H, F, Cl, CHF,, and

CF3;
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HO OH

Y16 Y16

Y15 Y16

Q *
Formula M4

wherein * represents the point of attachment to said human insulin or human insulin
analogue, and wherein Y15 and Y16 is independently selected from H, F, Cl, CHF, and CF3;

B B
HO” ™oH HO” “OH

Formula M5
wherein each of the amino acid residues represents a D- or an L-amino acid form, and
wherein * represents the point of attachment to said human insulin or human insulin
analogue;
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Y17

Y18

Y17
Formula M6

wherein the a-amino acid residue represents a D- or an L-amino acid form, and wherein *
represents the point of attachment to said human insulin or human insulin analogue; and

wherein Y17 and Y18 is independently selected from H, F, Cl, CHF,, and CF3;

W3

=2

o=

m Q
O
2

£ad

B
HO/ ~. o/ ~ H
Formula M7 OH H ©

wherein W3 is absent and represents the point of attachment * to said human insulin or

human insulin analogue, or W3 represents the D- or L-form of NH-CH(COOH)-CH,CHj-
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C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin

analogue;
w //

/ \ ~ \
Formula M8 OH HO

5 wherein W4 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W4 represents NH-CH,-C(=0)-*, wherein * represents the point
of attachment to said human insulin or human insulin analogue; and wherein Y19 is H, F, Cl,
CHF», and CF; or SFs;

B B
PN AN
10 Formula M9 HO OH HO OH

wherein * represents the point of attachment to said human insulin or human insulin

analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, F, Cl,
CHF,, and CF3;

B B
HO” NOH HO” SOH

15 Formula M10

wherein * represents the point of attachment to said human insulin or human insulin

analogue; and
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HO\B/OH HO\ /OH

JeUe ¥

(o) NH

) : *

Q 0

H
)t N /\/g
H,C N N (o}
H H
(0]
NH 6]

HO” SOH HO” “SOH
Formula M11
wherein each of the amino acid residues represents a D- or an L-amino acid form, and
wherein * represents the point of attachment to said human insulin or human insulin

5 analogue.

2. The compound according to claim 1, wherein each of the modifying groups M is
independently selected from the group of

10 Formula M1 R

which represents a D- or an L-amino acid form, and wherein nis 1;
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W1 represents NH-CH2CH.-C(=0)-* or the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-*,
wherein * represents the point of attachment to said human insulin or human insulin

analogue; and

R1is of Formula R1a
wherein Y1 and Y2 are H; and Y3 is F or CF3;

H
RZ\M /\\/N\R2
w2
Formula M2 © ,
wherein W2 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W2 represents the D- or L-form of NH-CH(COOH)-CH,CH,-
C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin

analogue; and

Y7

o OH

/

B

- \
0

Y8
wherein R2 is of Formula R2a Y9 ,

wherein Y7 and Y8 are H; and Y9 is Cl, CHF2, or CF3;
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Y16

~Y 15

Formula M4

H

wherein * represents the point of attachment to said human insulin or human insulin
analogue, and wherein Y15 is H, and Y16 is F;

W3

==z

F3C

o=

B B
H ™ O/ . H
5 Formula M7 © OH H ©

wherein W3 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W3 represents the D- or L-form of NH-CH(COOH)-CH2CH2-

C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin
analogue;

10

Formula M8
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wherein W4 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W4 represents NH-CH,-C(=0)-*, wherein * represents the point
of attachment to said human insulin or human insulin analogue; and wherein Y19 is CF3: and

B B
PN N
Formula M9 HO OH HO on ;

wherein * represents the point of attachment to said human insulin or human insulin
analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H and F;
with the provisio that when Y21 is F, then Y20 and Y22 are H; and when Y21 is H, then Y20
and Y22 are F.

3. The compound according to any one of claims 1-2, wherein said human insulin or human

insulin analogue optionally comprises a spacer selected from the group of

a) a peptide spacer at the C-terminal of the A-chain of said human insulin or
human insulin analogue,
wherein said peptide spacer comprises (GES).K, wherein p is an integer

from 310 12; or

b) a peptide spacer or a linker L at the N-terminal of the B-chain of said human
insulin or human insulin analogue;
wherein said peptide spacer comprises GKPG, GKP(G4S)q, KP(G4S);,
GKPRGFFYTP(G4S)s, or TYFFGRKPD(G4S), wherein each of g, r, s and t is
independently selected from an integer from 1 to 5; and

wherein said linker L is selected from

o OH
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Formula L1,
wherein *1 denotes the attachment point to the modifying group M and *2 denotes
the attachment point to the amino group of the amino acid residue at the N-terminal

of the B-chain of said human insulin or human insulin analogue;

o) OH :
) *
* /\/\j ° H 2
1 \“N N \/\O/\/
H H

U

Formula L2,

wherein *1 denotes the attachment point to the modifying group M and *2 denotes
the attachment point to the amino group of the amino acid residue at N-terminal of
the B-chain of said human insulin or human insulin analogue, and

whereinuis 1, 2 or 3; and

NH», 0
H
*1 N 0 .
SN ’ \/\o/\/ =N
H | H %
0 PR 2

Formula L3,
wherein *1 denotes the attachment point to the modifying group M and *2 denotes

the attachment point to the amino group of the amino acid residue at N-terminal of
the B-chain of said human insulin or human insulin analogue, and

wherein vis 2 or 3.

4. The compound according to claim 3, wherein q is an integer selected from 110 3;ris 3; s

is 2; and tis 3.

5. The compound according to any one of claims 1 to 4, wherein each modifying group M is
attached to an attachment point selected from one of the following groups:
a) the amino group of the N-terminal amino acid residue of the A-chain of said human
insulin or human insulin analogue;

b) the epsilon amino group of a lysine in position 22 of the A-chain of said human insulin

analogue; or
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the epsilon amino group of the lysine in said optional peptide spacer at the C-terminal
of the A-chain of said hurnan insulin or human insulin analogue;

c) the amino group of the N-terminal amino acid residue of the B-chain of said human
insulin or human insulin analogue;
the epsilon amino group of a lysine residue in position 1 or position 4 of the B-chain of
said human insulin analogue;
the epsilon amino group of a lysine in said optional peptide spacer at the N-terminal
of the B-chain of said human insulin or human insulin analogue; or
the distal amino group marked with *1 in said optional linker L at the N-terminal of the
B-chain of said human insulin or human insulin analogue; and

d) the epsilon amino group of a lysine in position 22 or position 29 of the B-chain of said

human insulin or human insulin analogue.

6. The compound according to any one of claims 1 to 5, having exactly two, three or four

modifying groups M.

7. The compound according to any one of claims 1 to 6, wherein said human insulin or
human insulin analogue is @ human insulin analogue selected from the group of
desB30 human insulin;

A21Q desB30 human insulin;

A14E B25H desB30 human insulin;

A14E B1K B2P B25H desB27 desB30 human insulin;

A14E A22K B25H desB27 desB30 human insulin;

A14E A22K B25H B27P B28G desB30 human insulin;

A14E desB1-B2 B4K B5P desB30 human insulin;

A14E desB1-B2 B3G B4K B5P desB30 human insulin;

A14E B-1G B1K B2P desB30 human insulin;

A22K desB30 human insulin;

A22K B29R desB30 human insulin;

A22K B22K B29R desB30 human insulin; and

A-2K A-1P desB30 human insulin.

8. A compound according to any one of claims 1 to 7, comprising
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i) human insulin or a human insulin analogue, wherein said human insulin or human insulin
analogue optionally comprises a peptide spacer at the N-terminal of the B-chain of said
human insulin or human insulin analogue;
wherein said peptide spacer comprises GKPG, GKP(G4S)q, KP(G4S)r,
5 GKPRGFFYTP(G4S)s, or TYFFGRKPD(G4S);, wherein q is an integer from 1 to 3; ris
3;sis2andtis 3;

i) two modifying groups M, wherein each of the modifying groups M is independently
selected from the group of
10

R1

Iz

R1
w1

0]
Formula M1

£

which represents a D- or an L-amino acid form, and wherein n is 1; W1 represents

NH-CH,CH,-C(=0)-*, or the D- or L-form of NH-CH(COOH)-CH,CH,-C(=0)-*, wherein *

represents the point of attachment to said human insulin or human insulin analogue; and
156 wherein R1is of

Formula R1a
wherein Y1 and Y2 is H, and Y3 is CF3;
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o

CF3

Formula M7 HO/B\OH HO/B\OH ,
wherein W3 is absent and represents the point of attachment * to said human insulin or
human insulin analogue, or W3 represents the D- or L-form of NH-CH(COOH)-CH,CH2-
C(=0)-*, wherein * represents the point of attachment to said human insulin or human insulin

5 analogue;

q§g¢p

S

B B
HO” SOH HO” “OH

W4

Formula M8

wherein W4 is absent and represents the point of attachment * to said human insulin or

human insulin analogue, or W4 represents NH-CH»-C(=0)-*, wherein * represents the point

of attachment to said human insulin or human insulin analogue; and wherein Y19 is CF3;
10

B B
HO” SOH HO” SOH

Formula M9

wherein * represents the point of attachment to said human insulin or human insulin

analogue; and wherein each of Y20, Y21, and Y22 is independently selected from H, and F;

with the provisio that when Y21 is F, then Y20 and Y22 are H; and when Y21 is H, then Y20
15  and Y22 are F; and
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wherein one modifying group M is attached to the epsilon amino group of a lysine in position
29 of the B-chain of said human insulin or human insulin analogue; and one modifying group
M is attached to
the epsilon amino group of a lysine residue in position 1 or position 4 of the B-chain
of said human insulin analogue; or
the epsilon amino group of a lysine in said optional peptide spacer at the N-terminal of the B-

chain of said human insulin or human insulin analogue.

9. The compound according to any one of claims 1 to 8, wherein the compound is selected

from the group of:

O F

o
o iy,
PN
$—S%
#—G | VEQCGTS | CSLYQLENYCN—ox
S $
, $ $ o §
H-GN"-PGGGGSGGG GSGGGGS FYNQHLCGSHLVE ALYLVCGFERGFFYTPN\/U—-QH

&)

(the compound of Example 280);
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w /(
HN/ o \}/
E} S S

] {
~GIVEQCCTSICSLYQLENYCN—on
Ho > 0HHO" *an ! ] hih

¢ S %
$ 8

i H
umewﬁ‘ Emw GGGGSGGGBSGGGGS FYNQHLEGSHLVE ALYLVCGERGFFYTPN LOH
HO, OHHO__ OH
E& ﬁ j

x J; Kimg_lw &1 Lr

F

(the compound of Example 284);

S— 8§
H—GIVEQéCTSléSLEQLENYCN—m
s

S H
mGN\/ﬂPLCGSHLVEALYLVCGERGFFYTPN ﬁmmH

HN
Mp L\ 5 q@53 HN
Fm“xffﬂwf x} \Nf Fg MM§§?~Mx\ﬁ)\E‘ NQ'
S N’”"mfj
o x w \ B ,r 5
HO?T "OHHO” TOH HQ" "OHHO C}H

(the compound of Example 285);
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372
——3

1—G | VEQCETS | CSLYQLENYCN—on
s g

S
R N ﬂ PGGGCGGSGGGGS FVNQHLCGSHLVE ALYLVCGERGFFYTPN lLCJH

HO__ OHHO_ OH

S B et HO 0 H ;
. B 5 HO, B,O H ui
| [ j\ Fr 7 E *””ﬁ [
HN P | L
\ﬁ - m“ "/ ;)S:f = FF ,fLM S,»'I%f ““'*TF’NH
O & I \\O O

(the compound of Example 288);

s s
H—G I VEQCF:C’:TS 1¢s LYQLENYCN—ox

i i

0
H S $ H
—-6-N_Jpecaeas FynaHLCaSHLVE ALYLVEGERGF FyTen__JLoH

i8 Bl

|
NH NH
,)%0 =0

E F o] }Z\F F F
o et -
,«*1» \]/ *’N\. i;?“\(ﬁ\' o ~*“S“~;“f§ - F
Bf kB
HOPoy ho HO " on Ho™ OH

(the compound of Example 291);
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373
§— 8
ey VEQéICTs | Cl)SLYQLENY[CN——oa
3 s
o] $ 0
H lL : H ﬁi
“-G-N__J-P GGGGS FVNQHLCGSHLVE ALYLVCGERGFFYTPN__JI-OH
\L lwxH
HN MM
Y= %:z(}
HN
>‘;2‘0
o
R wa»‘.{Nw-w/
./ H H i
Ho_ /= 4 %ﬁ .
<7, OF
OI‘W,&' ” ><MF aﬁg F
£ e HQ""\O,«
(the compound of Example 300);
3
#—G | VEQCCTS | CSLYQLENYCN—on
S g
M o é é H Q
H~G~N\/H«P GGGGSGGG GS FYNQHLCGSHLVE ALYLVEGERGFFYTRN OH
k.
HN
g;mo
Y
HN
=0
San Ny =
Y Nid!
mi H H ) £
HO . ‘
B ) i
i g = B
Q7 Q{,\ Bf
iy:,f F O wor‘

(the compound of Example 301),
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S s
i {
H—GlVEQC?TS!CSLYQLENY}CNWOH
i ;
o o
H 8 3 B
Hee G N PGGGGSGGGGSGGGGS FYNQHLCGSHLVE ALYLVCGERGFFYTPN, r OH
»

(the compound of Example 324);

S— 5§
H-G | vsoég'rs ICS LEQLENYCN-ox

S
S

o) s o)
H H
H—-GNJPNQHLéGSHLVEA LYLVCGERGFFYT F’N\/“-OH

(the compound of Example 327);
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S— 8
G | VEQéC,.‘.TS I¢s LYQLENYCN—ox
g g

o] | | o
H S $ H
HMG»N\)LF’ GGCGGGSGGG GS FYNQHLCGSHLVE ALYLVCGERGFFYTPN\% W!LQH

g 5

1 [

N A
oA o o Ao
iy | F )
‘OH F%th £ NQLF HO™
HN. O ‘ O, NH
T a LIe o T R
HO HNZ e uﬂﬂf R B | “NH OH
' OH 7 ) T ‘ i
Bo N0 ¢ HO 0 Oéﬁi\.‘f}‘“ B
o 1 T o
N Ry S
e T
F
(the compound of Example 331);
s——3
w—G | VEQC?TS ICSLYQLENYCN—on
S S

]
H © S S H CL
~G-N__ILP 6 66 G'S FYNQHLCGSHLVE ALYLVEGERGF FYyTeN__JLoH

-

(the compound of Example 333); and
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S——S
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(the compound of Example 335).

10. An intermediate product selected from the group consisting of

A14E desB1-B2 B4K B5P desB30 human insulin (SEQ {D NO:4 and SEQ ID NO:16);

A14E desB1-B2 B3G B4K B5P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:17);
A14E B-1G B1K B2P desB30 human insulin (SEQ ID NO:4 and SEQ ID NO:18);

A22K B22K B29R desB30 human insulin (SEQ ID NO:6 and SEQ ID NO:20);

A21Q (GES)3K desB30 human insulin (SEQ ID NO:8 and SEQ ID NO:11);

A21Q (GES)6K desB30 human insulin (SEQ ID NO:9 and SEQ ID NO:11);

A21Q (GES)12K desB30 human insulin (SEQ ID NO:10 and SEQ ID NO:11);
B1-KPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:21);
B1-KPGGGGSGGGGSGGGGS A14E B25H desB30 human insulin (SEQ ID NO:4 and SEQ
ID NO:22);

B1-GKPGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ 1D NO:23);
B1-GKPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:24),
B1-GKPGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:25);

B1-GKPG desB30 human insulin (SEQ ID NO:1 and SEQ ID NO:26);
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B1-GKPRGFFYTPGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ ID
NO:27); and

B1-TYFFGRKPDGGGGSGGGGSGGGGS desB30 human insulin (SEQ ID NO:1 and SEQ
ID NO:28).

11. A composition comprising a compound according to any one of claims 1-9.
12. A compound according to any one of claims 1-9, for use as a medicament.

13. A compound according to any one of claims 1-9, for use in the prevention or treatment of
diabetes, diabetes of Type 1, diabetes of Type 2, impaired glucose tolerance, hyperglycemia,
and metabolic syndrome (metabolic syndrome X, insulin resistance syndrome).

14. A method for the treatment or prevention of diabetes, diabetes of Type 1, diabetes of
Type 2, impaired glucose tolerance, hyperglycemia, and metabolic syndrome (metabolic
syndrome X, insulin resistance syndrome), which method comprises administration to a
subject in need thereof a therapeutically effective amount of a compound according to any

one of claims 1-9 or the composition according to claim 11.



