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Title: Small-molecule stabilizers of the ChREBP 14-3-3 interaction

Introduction

The chronic metabolic disease of type 2 diabetes (T2D) affects more than million
people worldwide, and is expected to rise to 693 million by 2045, making it one of the
leading causes of global morbidity. T2D is characterized by the body’s loss of control
over blood sugar which results from pancreatic p-cell dysfunction leading to insulin
deficiency and Insulin Resistance (IR) in target organs. This leads to various medical
complications including, but not limited to, cardiovascular disease, kidney disease,
cancer and impaired vision. The global epidemic of T2D is mainly driven by the rise in
obesity, sedentary lifestyles and population ageing. Strong evidence shows that many
cases of T2D could be prevented by maintaining a healthy lifestyle. However, the
globally increasing number of patients with T2D, in combination with the progressive
nature of it, demands the need for novel antidiabetic agents to arrest this process. The
currently available anti-T2D drugs (e.g. metformin) aim to increase pancreatic p-cell
insulin production or enhance systematic insulin sensitivity. However, to date, only a
handful of protein candidates have been identified that can be targeted for treating
T2D.

An emerging potential target to treat T2D is the glucose-responsive
transcription factor ChREBP (Carbohydrate Response Element Binding Protein).
ChREBP is a key mediator in the response to glucose in pancreatic p-cells, strongly
regulating glycolytic and lipogenic pathways. Several protein regulators interact with
ChREBP that are involved in its activation mechanism, including the 14-3-3p protein.
The “hub” protein 14-3-3 is involved in numerous signaling pathways, as well as in the
pathophysiologic state of diabetes. ChREBP interacts with 14-3-3 via an alpha helix in
its N-terminal domain (residues 117-137) and is one of the few phosphorylation-
independent 14-3-3 partner proteins described. A free sulfate or phosphate ion in the
14-3-3 phospho-accepting pocket interact with both proteins (Figure 12A). Adenosine
MonoPhosphate (AMP) has also been reported to bind this phospho-accepting pocket,
thereby mildly stabilizing the protein complex and enhancing 14-3-3’s regulation of
ChREBP cytosol-nuclear trafficking (Figure 12B). The development of small molecule
stabilizers of the ChREBP-14-3-3 Protein-Protein Interaction (PPI) are potentially
valuable tools to suppress glucolipotoxicity in T2D by inhibiting the transcriptional
activity of ChREBP.
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Of ChREBP two central splice isoforms exist: ChREBP-a and ChREBP-B. The
ChREBP-a isoform contains the low glucose inhibitor domain (LID, including the
Nuclear Export Signal (NES)) at its N-terminal region. 14-3-3 is understood to bind to
an alpha-helix in this region, keeping ChREBP-a inactive by cytoplasmic retention
during low glucose levels (Figure 2A). ChREBP-B lacks this N-terminal domain, and
so has no steric hindrance of its activation domain, resulting in a nuclear constitutively
active transcription factor. An increase in glucose levels is understood to cause
ChREBP-a to disassociate from 14-3-3 and translocate to the nucleus to subsequently
induce ChREBP-B transcription, ultimately resulting in glucose-stimulated B-cell
proliferation to meet of the demand for insulin (Figure 2A). ChREBP-B expression is
understood to be driven by Carbohydrate Response Elements (ChoRESs), located near
its own alternative transcription site. Under (prolonged) hyperglycemia conditions
(Figure 2B) a robust positive feedback loop is understood to be triggered in which the
newly produced ChREBP-B binds to its own ChoRE leading to more ChREBP-B
synthesis. Overexpression of ChREBP-B is believed to give rise to glucotoxicity or
glucolipotoxicity resulting in p-cell apoptosis and a reduction of B-cell mass,
consequently causing a ferocious cycle with ever-increasing glucose concentrations

and ever-declining p-cell function.

Description of the invention

This invention relates to small-molecule stabilizers for the ChREBP 14-3-3 complex,
such as ChREBP-a 14-3-3 complexes. ChREBP-a when complexed with 14-3-3 is
retained in the cytoplasm. When not in complex, it is translocated to the nucleus
where ChREBP-a can induce transcription, in particular of ChREBP-B. Without being
bound by theory, ChREBP-B expression, e.g. under (prolonged) hyperglycemic
conditions, may give rise to glucotoxicity or glucolipotoxicity in pancreatic p-cells,
which consequently may lead to cell death and reduction of the number of p-cells. As
complexes formed between ChREBP and 14-3-3 play an important role in pancreatic
B-cells, without being bound by theory and as briefly explained above and further
explained herein, small-molecules that can stabilize the 14-3-3 and ChREBP
interaction are prime candidates for the treatment of type 2 diabetes and the like, as
these small molecules have the potential to improve health and/or reduce death of

pancreatic B-cells.
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The current invention now provides for small molecule stabilizers that, as
shown in the examples herein, are not only capable of stabilizing ChREBP 14-3-3
interactions, but are also from a biological perspective safe, effective and/or
selective. Such molecules may find use in particular in cellular assays, and,

5 importantly, medical treatments. It was observed that biochemically active
compounds, shown to be toxic to cells in cell culture experiments, could retain their
biochemical activity and be made non-toxic by modifying the small molecules to
include fluoro groups. For example, a compound such as the representative
compound 2, as designated herein and as shown in the examples in Section |, which

10  was shown to have toxic effects in cell culture, when modified to include fluoro
groups, i.e. a geminal difluoro group, such modified compounds as shown herein
could substantially retain or even enhance its stabilizing function while at the same
time no longer be toxic in cellular assays. Moreover, as shown herein as well, these
fluorinated compounds were biological active in cellular assays with regard to the

15 feature of reducing transport of ChREBP-a to the nucleus and consequently reducing
induction of transcription of ChREBP- expression.

Hence, the current invention provides for compounds such as compound 2,
and analogs thereof, which have been modified to include a fluoro group, preferably
a difluoro, most preferably a geminal difluoro-group. Such novel compounds are

20 described in the examples herein. In particular in one embodiment, such compounds

are defined by formula Va:

y 4
.“.Y/.

2

;z/z.
o

(formula Va)
wherein at least one of Z is F, and the other Z is H, preferably wherein both of Z are
25 F
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wherein X is selected from H, F, Br, Cl, CFs;, OCH2Ph, and p-OCHzPyr (N-2, N-3 or N-
4);

U and W are selected from F and H;

R is selected from H, CHs or F; and

V is selected from PO(OH). and OPO(OH)..

It is understood that for the X and U-groups, and for the R and V-groups as well, these
groups can be positioned at the meta, ortho and para position. It is understood that in
case an X group is placed at the meta position, this means that the U group is to be
placed at the para or ortho position.

The Z groups in accordance with the invention highly preferably represent a
geminal difluoro group, but in accordance with the invention a monofluoro is
contemplated as well.

In another embodiment, a compound in accordance with the invention is

provided in accordance with formula Vb:

(formula Vb)

wherein X is selected from H, F, Br, Cl, CFs;, OCH2Ph, and p-OCHzPyr (N-2, N-3 or N-
4);

U and W are selected from F and H;

R is selected from H, CHs or F; and

V is selected from PO(OH). and OPO(OH)..
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In yet another embodiment, a compound is provided in accordance with the invention,

which is as defined by formula VI:

: \\\

3
3

%,
Y, iy,
7/////

AR

L

(formula Vi)
wherein X is selected from H, F, Br, Cl, CF3, OCHzxPh, and p-OCH:Pyr and U is
5 selected from F and H. It is understood that like above as explained for compounds in
accordance with formula Va, instead of geminal-difluoro group, a monofluoro group
may be contemplated.
In a further embodiment, for compounds such as defined in accordance with the
invention in accordance with formula Va, Vb, VI, and VII, as described herein, at least
10 one of Xand U is F. In another further embodiment, for compounds such as defined in
accordance with the invention in accordance with formula Va, Vb, VI, and VI, as
described herein, both of X and U are F.

In another embodiment, the compound in accordance with the invention is

or
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Compounds such as described above and disclosed herein may be highly
advantageously used for the preparation of pharmaceuticals. Hence, compounds may
be selected to be in the form of a pharmaceutically acceptable form. Pharmaceutically
acceptable salts that may be contemplated may include e.g. salt forms of deprotonated
OH groups from the phosphate group that is present, such as a sodium salt or the like.
The skilled person is well capable of preparing and selecting a suitable pharmaceutical

acceptable salt of the compounds in accordance with the invention.
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Likewise, these compounds may be selected to be in the form of a
pharmaceutically prodrug. Prodrugs are compounds that are inactive and upon
conversion in the body, or in cells when tested e.g. in biologically relevant assays,
become active. Hence upon conversion of the prodrug, a compound as defined in
accordance with formula Va, Vb, and VI can be formed. As shown in the examples in
section | herein, some prodrug forms were made and tested, e.g. compounds [, II, Il
and IV as depicted in Figure 21. However, some of these prodrugs were shown to
induce signs of cytotoxic and some form not. Hence, the skilled person is well capable
of selecting and testing appropriate pharmaceutically acceptable prodrugs that are
capable of inducing the desired biological effects while at the same time are not
cytotoxic. Hence, in one embodiment, the compound is in the form of formula VII, as

this form of prodrug was exemplary in being both active and not cytotoxic as shown in

C oy, 7S
*X

the examples:

(formula Vi)

wherein X is selected from H, F, Br, Cl, CFs;, OCH2Ph, and p-OCHzPyr (N-2, N-3 or N-
4);

U and W are selected from F and H;

R is selected from H, CHs or F; and

V is selected from PO(OH), and OPO(OH).. It is understood that like above as
explained for compounds in accordance with formula Va, instead of geminal-difluoro

group, a monofluoro group may be contemplated.
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In a further embodiment, a pharmaceutically acceptable prodrug is:

Use of the compounds in accordance with the invention
As shown in the examples herein, the compounds provided in accordance with the
invention may find use in interacting with a first protein and a client protein, wherein
the first protein and client protein form a complex, and wherein the compound in
accordance with the invention stabilizes the complex. It is understood that the
compound is comprised in the complex formed between the first protein and client
protein. Hence, the complex formed in the presence of the compound comprises the
first protein, the client protein and the compound in accordance with the invention. The
complex thus formed highly preferably and advantageously in accordance with the
invention is to be more stable as compared with the complex formed in the absence of
the compound. Hence, the invention provides for a use of the compound in accordance
with the invention, wherein the compound is capable of interacting with a first protein
and a client protein and wherein the first protein and the client protein and the
compound form a complex, for stabilizing the complex. Such use as shown in the
example section may be useful for example for studying the interactions between a
first protein and a client protein. Such uses may include also all kinds of in vitro assays,
including cellular assays, studying effects of compounds on translocation of complexes
from the cytoplasm to the nucleus and/or effects on transcription, e.g. for studying
effects on ChREBP- expression induced by such compounds.

Hence, in a further embodiment, a use of the compounds in accordance with

the invention is provided, wherein the first protein is a 14-3-3 protein and the client
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protein is a phosphorylation-independent 14-3-3 client protein, preferably wherein the
client protein is a ChREBP protein such as ChREBP-a.

As used herein, the term “ChREBP” refers to a glucose responsive-transcription
element (Carbohydrate Response Element Binding Protein) which is a mediator in the
response to glucose in pancreatic p-cells, strongly regulating glycolytic and lipogenic
pathways. ChREBP is a phosphorylation-independent 14-3-3 partner protein. Several
protein regulators interact with ChREBP that are involved in its activation mechanism,
including 14-3-3 proteins, such as the 14-3-3f protein. ChREBP interacts with 14-3-3
proteins and forms protein complexes. Adenosine MonoPhosphate (AMP) has been
reported to mildly stabilize the protein complex and enhancing 14-3-3’s regulation of
ChREBP-a cytosol-nuclear trafficking (Figure 12B). ChREBP (e.g. uniprot reference
QO9NP71) consists as different isoforms, i.a. ChREBP-a (Q9NP71-1) and ChREBP-B
(Q9NP71-2). The ChREBP-a isoform contains the low glucose inhibitor domain (LID,
including the Nuclear Export Signal (NES)) at its N-terminal region. 14-3-3 binds to an
alpha-helix in this region, keeping ChREBP-a inactive by cytoplasm retention during
low glucose levels (Figure 2A). ChREBP-B mRNA is transcribed from a ChoRE-
containing promoter located upstream of the ChREBP-a transcriptional start site, in
which exon 1b is spliced to exon 2, bypassing exon 1a, and retaining the remainder of
the ChREBP-a exons. This results in a transcript that produces a 687-amino acid
protein (as opposed to the 864-amino acids of ChREBP-a) that lacks both the nuclear
export signal and the sterically-repressive low glucose inhibitory domain.

The term “14-3-3 protein” as used herein refers to a protein (or portion thereof)
that is a member of the 14-3-3 protein family, including, but not limited to, various
human isoforms (B, v, €, {, n, /0 and &). The term can refer to one specific isoform or
to multiple isoforms, such as the various human isoforms. 14-3-3 proteins may interact
with more than 300 different partners (client proteins), including Raf kinases, heat
shock proteins, oncogenes, and tumor suppressors (Mackintosh, Biochem J (2004)
381 (2): 329-342). 14-3-3 proteins are central regulators in many biological processes
and pathologies. The 14-3-3 protein may be 14-3-30 (14-3-3sigma) (e.g., Entrez 2810,
UniProt P31947, RefSeq NP_006133). The 14-3-3 protein may be 14-3-3p (14-3-
3beta) (e.g., Entrez 7529, UniProt P31946, Q4VY19, RefSeq NP_003395). The 14-3-
3 protein may be 14-3-3¢ (14-3-3epsilon) (e.g., Entrez 7531, UniProt P62258, RefSeq
NP_006752). In embodiments, the 14-3 protein may be 14-3-3n (14-3-3eta) (e.qg.,
Entrez 7533, UniProt Q04917, RefSeq NP_003396). The 14-3-3 protein may be 14-3-
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3y(14-3-3gamma) (e.g., Entrez 7532, UniProt P61981, RefSeq NP_36611). The 14-3-
3 protein may be 14-3-31 (14-3-3tau) (e.g., Entrez 10971, UniProt P27348, RefSeq
NP_006817). The 14-3-3 protein may be 14-3-3( (14-3-3zeta) (e.g., Entrez 7534,
UniProt P63104, RefSeq NP_003397).

Hence, in one embodiment, the compounds in accordance with the invention
are for use in stabilizing the formation of a complex between ChREBP and 14-3-3
protein. In another embodiment, the compounds in accordance with the invention are
for use in stabilizing the formation of a complex between ChREBP-a and 14-3-3
protein. In yet another embodiment, the compounds in accordance with the invention
are for use in stabilizing the formation of a complex between ChREBP and 14-3-3p
protein. In yet another embodiment, the compounds in accordance with the invention
are for use in stabilizing the formation of a complex between ChREBP and 14-3-3¢
protein. In still yet another embodiment, the compounds in accordance with the
invention are for use in stabilizing the formation of a complex between ChREBP-a and
14-3-3B. In still yet another embodiment, the compounds in accordance with the
invention are for use in stabilizing the formation of a complex between ChREBP-a and
14-3-30 protein.

Furthermore, as shown in the example section, the compounds in accordance
with the invention in another embodiment are selective for the ChREBP and 14-3-3
complex. It is understood that selective in accordance with the invention means that
this particular interaction between ChREBP and 14-3-3 protein, such as ChREBP-a
and 14-3-3 protein, is stabilized, whereas the interaction between 14-3-3 protein and
another client protein other than ChREBP are not stabilized. As shown in the
examples, it was observed that compounds in accordance with the invention did not
apparently stabilize interactions between 14-3-3f and client proteins such as BRAF,
CRAF, ERa Exo-S, P65, Pin1 and USP8 (Figure 7B).

It is understood that the complexes thus formed may be retained in the
cytoplasm, such as shown in the examples herein, e.g. for complexes comprising
ChREBP-a. Hence, the use of the compounds in accordance with the invention may
be for use in reducing translocation in a cell of the complex from the cytoplasm to the
nucleus. As ChREBP-a is involved in transcription, which takes place in the nucleus,
such use may in some embodiments include repression of ChREBP-a mediated gene

expression. As in particular ChREBP-B transcription may be reduced by the
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compound, in another embodiment, the compound may be for use in repression of
ChREBP transcription.

As the compounds in accordance with the invention can be considered safe,
effective and selective, these compounds can be considered highly suitable
candidates for use in medical treatment.

In any case, without being bound by theory and/or the specific observations
made and as shown in the examples, the effect of the compounds in various assays
show that the compounds in accordance with the invention have an advantageous
effect on parameters related to i.a. Type 2 Diabetes and appear to be both safe and
selective. Hence, compounds in accordance with the invention are suitable for medical
treatments, in particular of conditions such as Type 2 Diabetes and the like.

Hence, in one embodiment, a compound in accordance with the invention is
provided for use in a medical treatment. In a further embodiment, such use involves
the treatment of Type 2 Diabetes. In another further embodiment, such treatment
involves reducing or preventing glucose toxicity. In yet another embodiment such
treatment involves reducing or preventing glucolipotoxicity. Glucolipotoxicity is a
phenomenon that plays a role in type 2 diabetes (T2D) and is regarded a pathogenic
consequence of glucose and lipid toxicity causing additional damaging or toxic effects
on the pancreatic B-cell. In still, yet another embodiment, such use involves the
treatment of a condition characterized by hyperglycemia, such as a hyperglycemic
condition, e.g. a prolonged hyperglycemic condition. Furthermore, as shown in the
examples herein, the compounds in accordance with the invention prevent
dedifferentiation of B-cells, i.e. preserve B-cell identity under conditions relevant for
type 2 Diabetes. Hence, the compounds in accordance with the invention, for use in
the medical treatment of type 2 Diabetes may affect B-cells in patients, allowing to

preserve B-cell identity and/or prevent dedifferentiation of B-cells.

It is understood that the compounds in accordance with the invention in

particular find use in the treatment of human conditions.

Further medical treatments
In addition to the highly advantageous use of the compounds in accordance with the

invention in the treatment of type 2 Diabetes, the present invention provides for further
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highly useful medical uses of the compounds in accordance with the invention. Such
further medical uses include the treatment of type 1 Diabetes and the treatment of
cancer. Furthermore, the compounds of the present invention also provide for use in
altering immune function, in particular in auto-immune disease. Without being bound
by theory, compounds in accordance with the invention that are selective for stabilizing
the complex of 14-3-3 and ChREBP-a, and/or reduce translocation in a cell of the
complex from the cytoplasm to the nucleus, and/or represses ChREBP-a mediated
gene expression, and/or represses ChREBP-B transcription, in particular, compounds
such as 66, and the like, can be highly useful in these further medical treatments, such
as of the diseases as described herein below.

With regard to Diabetes type 1, it is understood that this is the result of an
autoimmune reaction against the B cells, which produce insulin. B cells are found in
the pancreas within clusters of cells known as islets of Langerhans. The destructive
mechanism involves the invasion of immune cells in the islets of Langerhans, which
immune cells secrete cytokines, ultimately resulting in destruction of B cells. The
present inventors have now surprisingly found that compounds in accordance with the
invention, such as compound 66, have furthermore advantageous properties that are
highly useful for the treatment of Diabetes type 1, in particular for the early stages of
disease wherein some B cells are still remaining.

As shown in the examples herein compounds in accordance with the invention,
e.g. a stabilizing 14-3-3 ChREBPa compound such as 66, was shown to protect B cells
from cytokine induced cell death, and, in addition improved B cell function. The
stabilizing compound was shown to prevent nuclear localization of ChREBP induced
by cytokines. Moreover, in a mouse model for type 1 Diabetes, nuclear staining of
ChREBP was already observed in the early phase of the disease in B cells, and also
in CD45+ immune cells associated with insulitis. Combined, this indicates that the
compounds in accordance with the invention are highly useful in the treatment of type
1 diabetes as well, in particular in the early phase of the disease, wherein substantial
amounts of B cells may still be present. By administering a compound in accordance
with the invention to patients, B cell function can be improved, B cell killing can be
reduced, and/or autoimmune function can be affected, thereby preventing or delaying
onset of type 1 diabetes. It is understood that by administering a compound in
accordance with the invention to patients, the effect in the treatment can comprise

cell function improvement, or, B cell killing reduction, or, affecting autoimmune
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function, or, B cell function improvement and B cell killing reduction, or, B cell killing
reduction and affecting autoimmune function, or, affecting autoimmune function and B
cell function improvement, or, B cell killing reduction and affecting autoimmune
function and B cell function improvement. Such effects are advantageous in the
treatment of type 1 diabetes, and the compounds in accordance with the invention can
be used in any treatment contemplated for type 1 diabetes, more preferably in the
early stage of the disease.

In one embodiment, the compounds in accordance with the invention are highly
useful in the treatment of type 1 Diabetes. In another embodiment the compounds in
accordance with the invention are for use in the treatment of early stages of type 1
Diabetes. In another embodiment, a compound in accordance with the invention is
provided for use in the treatment of patients diagnosed with type 1 diabetes. In the
early phase of the disease, patients, usually after presenting an acute episode of
hyperglycemia and being diagnosed with type 1 Diabetes, may enter into a period of
apparent recovery for several months or more, wherein p cells die and new B cells are
formed. The less B cells remain, the less insulin the pancreas makes and the more
insulin need to be administered. This period is referred to as the honeymoon phase of
type 1 Diabetes and can last from about 1 month up to 1 year. Hence, in particular
the compounds of the present invention are for use in the treatment of type 1 Diabetes
in patients in the honeymoon period of the disease. The compounds in accordance
with the invention may also be used for the treatment of patients being at risk of
developing type 1 Diabetes. As long as patients at risk of or diagnosed with type 1
Diabetes have B cells, such B cells can be protected by the compounds of the present
invention, which may allow to delay or prevent disease progression, and such patients
may benefit from treatment in accordance with the invention.

In addition, beta cell regenerative drugs are at present under development for
the treatment of type 1 Diabetes. These drugs are being developed with the aim of
regenerating B cells, i.e. to increase their number. The compounds in accordance with
the invention may hence find further use when combining the compounds in
accordance with the invention with further regenerative medicine and/or treatment.
Such regenerative medicine for the treatment of type 1 diabetes include drugs that are
aimed at B cell proliferation. Type 1 diabetic patients at late stages of disease, even
>50 years after diagnosis, still have some insulin positive B cells. This means that

regenerative treatments in such patients may advantageously include treatment with
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the compounds of the present invention. Hence, the compounds in accordance with
the invention may benefit type 1 Diabetes patients at any stage of disease.

As outlined above, and as shown in the examples herein, as immune cells
involved in autoimmunity were shown to express ChREBP, in particular in the context
of type 1 diabetes, without being bound by theory, the compounds in accordance with
the invention may also be useful in autoimmune diseases in general. Immune cells of
which immune cell function may in particular be modulated includes CD45+ immune
cells at the site of inflammation. Hence, without being bound by theory, the compounds
in accordance with the invention may also be useful in modulating immune responses,
e.g. inflammation.

Lastly, as shown in the examples, compounds in accordance with the present
invention are also useful in the treatment of cancer. As shown in the examples herein,
blocking ChREBP in cancer cells was shown to block proliferation. Hence, in another
embodiment, the compounds in accordance with the invention are for use in the
treatment of cancer. Preferably, the treatment of cancers as contemplated herein
involves the treatment of cancers that are dependent on ChREBP for proliferation. As
described in the examples, such suitable cancers can include colon cancer, hepatic
cell carcinoma, or insulinoma. As shown in the examples herein, dependency on
ChREBP for proliferation can easily be determined in assays assessing the effect of
the presence or absence of a compound such as compound 66 on proliferation and/or
by staining for ChREBP as shown in the examples herein. The present invention
describes numerous assays which may be adapted for use in assessing different kinds
of cancer and the suitability for the compounds of the present invention for the
treatment of such cancers.

Hence, cancers suitable for treatment with the compounds in accordance with
the invention can easily be identified, and may not necessarily be limited to colon
cancer, hepatic cell carcinoma and insulinoma. Moreover, it is understood that as
many cancers at present when being treated in the clinic often involve combination
treatments, i.e. wherein multiple anti-cancer drugs are combined. Hence, the
compounds in accordance with the invention may find use in combination treatments

of cancers as well.

Embodiments for further medical treatments
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1. The compound as defined by formula Va:

X

(formula Va).

wherein one of Z is F, and the other Z is H, preferably wherein both of Z are F;
wherein X is selected from H, F, Br, Cl, CF3;, OCH2Ph, and p-OCHxPyr (N-2, N-
3 or N-4),

U and W are each individually selected from F and H;

R is selected from H, CHs or F; and

V is selected from PO(OH), and OPO(OH)», wherein the compound is for use

in the treatment of type | diabetes.

2. The compound for use in accordance with embodiment 1, wherein the

treatment is for preventing and/or delaying onset of type 1 diabetes.

3. The compound for use in accordance with embodiment 1 or embodiment 2,
wherein the treatment is for use in the treatment of the honeymoon period

of type 1 diabetes.

4. The compound for use in accordance with any of embodiments 1-3, wherein
the honeymoon period is prolonged in patients in the honeymoon period of

type 1 diabetes.
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5. The compound for use in accordance with any of embodiments 1-4, wherein
the B cell function is improved, B cell killing is reduced, and/or autoimmune

function affected.
6. The compound for use in accordance with any of embodiments 1-5, wherein

the treatment is combined with B cell regenerative medicine and/or

treatment.

7. The compound as defined by formula Va:

(formula Va).

wherein one of Z is F, and the other Z is H, preferably wherein both of Z are F;
wherein X is selected from H, F, Br, Cl, CF3;, OCH2Ph, and p-OCHxPyr (N-2, N-
3 or N-4),

U and W are selected from F and H;

R is selected from H, CHs or F; and

V is selected from PO(OH), and OPO(OH)», wherein the compound is for use

in the treatment of cancer.

8. The compound for use in accordance with embodiment 7, wherein the cancer

is dependent on ChREBP for proliferation.
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14.
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The compound for use in accordance with embodiment 7 or 8, wherein the

cancer is colon cancer, hepatic cell carcinoma or insulinoma.

The compound for use in accordance with any of embodiments 1-9, wherein

the compound is as defined by formula VI:

S
~ \
\\

X \‘::

//////
SIS

:\

s
s:
N
SN RN S SR
f\ \\\ .\\‘-“‘ N “\\.y \"\;-3' FaT
e X
3 z

(formula VI)

wherein X is selected from H, F, Br, Cl, CF3, OCH:Ph, and p-OCH:Pyr and

U is selected from F and H.

The compound for use in accordance with any of embodiments 1-10, wherein

at least one of Xand U is F.

The compound for use in accordance with any of embodiments 1-11, wherein
both of X and U are F.

The compound in accordance with any of embodiments 1-12, wherein the

compound is in the form of a pharmaceutically acceptable salt.

The compound for use in accordance with any embodiments 1-13, wherein the

compound is:
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15. The compound for use in accordance with any of embodiments 1-14, wherein

the compound is in the form of a pharmaceutically acceptable prodrug.
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16. The compound for use in accordance with embodiment 15, wherein the

compound is in the form of formula VII:

(formula Vli).

17. The compound for use in accordance with embodiment 15 or embodiment 16 ,

wherein the compound is:

10
18. The compound for use in accordance with any of embodiments 1-17, wherein

the compound is capable of interacting with a first protein and a client protein
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and wherein the first protein and the client protein and the compound form a

complex, for stabilizing the complex.

19. The compound for use in accordance with embodiment 18, wherein the first
protein is the 14-3-3 protein and the client protein is a phosphorylation-

independent 14-3-3 client protein, preferably ChREBP-a.

20. The compound for use in accordance with embodiment 19, wherein the

compound is selective for stabilizing the complex of 14-3-3 and ChREBP-a.

21. The compound for use in accordance with embodiment 18-20, wherein the
compound is capable of reducing translocation in a cell of the complex from the

cytoplasm to the nucleus.

22. The compound for use in accordance with any of embodiments 19-21, wherein

the compound represses ChREBP-a mediated gene expression.

23. The compound for use in accordance with any of embodiments 18-22, wherein

the compound represses ChREBP-f transcription.

Figures

Figure 1: Graphical abstract of compound, i.e. stabilizer, interacting with ChREBP and
the 14-3-3 protein. The middle picture depicts the crystal structure of a representative
compound according to the invention (62) in complex with 14-3-3 and ChREBP. The
right figure shows that the compound, ChREBP and 14-3-3, form a complex resulting

in cytoplasmic retention, thereby suppressing ChREBP mediated transcription.

Figure 2: (A) Increased glucose levels activate ChREBP-a resulting in a de-association
of 14-3-3, nuclear localization and induction of ChREBP-B, which is constitutively
active as it is missing the LID and NES domains. A combination of metaboliteactivated
ChREBP-a and constitutively active ChREBP-f results in expansion of functional B-
cell mass through proliferation of p-cells to meet demand for insulin. (B) Prolonged
hyperglycemia gives rise to glucotoxicity and/or glucolipotoxicity, which impairs insulin

production and secretion, promoting a vicious cycle with ever-increasing glucose
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concentrations and ever-declining B-cell function, and eventually B-cell death. (C)
Stabilizing ChREBP-a to 14-3-3 using small molecular stabilizers may prevent nuclear
import of ChREBP-a, induction of ChREBP-B and thereby rescue the cells from

glucotoxicity and/or glucolipotoxicity

Figure 3: (A) The receptor grid (black dotted box) for docking in the crystal structure
of 14-3-3p (white surface), ChREBP (red cartoon and sticks) and AMP (yellow surface)
(PDB entry 5F74). (B) Molecular structures of docking hit 1 and ChREBP-14-3-3
stabilizer 2 discovered by SAR by catalogue. (C) Fluorescence Anisotropy (FA)
compound titration of 2 into FITC-labeled ChREBP peptide (10 nM) and 14-3-38 (150
nM). (D) FA 2D protein titration of 14-3-3B in FITC-labeled ChREBP peptide (10 nM)
and varied but fixed concentrations of 2 (0—500 pM). (E) Crystal structure of compound
2 (blue sticks) in complex with 14-3-3c (white surface) and ChREBP (red sticks and
surface). Final 2Fo-Fc electron density contoured at 1.0c. (F) Interactions of 2 (blue
sticks) with 14-3-30 (white) and ChREBP (red) residues (relevant side chains are

displayed in stick representation, polar contacts are shown as black dashed lines).

Figure 4: Compound 2 and two best stabilizers are highlighted. EC50 in parenthesis
with mean £ SD, n = 2. For FA titration graphs see Figure 16A+B. Compounds with a
star (*) were also described previously in Sijbesma, E. et al Structure-based evolution
of a promiscuous inhibitor to a selective stabilizer of protein—protein interactions. Nat.
Commun. 11, 1-9 (2020)

Figure 5. (A) Crystallographic overlay of 2 (blue sticks) with 62 (yellow sticks) in
complex of 14-3-3c0 (white cartoon) and ChREBP (red cartoon). (B) Interactions of 62
(yellow) with 14-3-3 (white) and ChREBP (red) (relevant side chains are displayed in
stick representation, polar contacts are shown as black dashed lines). (C) Structures
and bar graphs of EC50 values derived from FA compound titrations, for Y=H (blue
solid bars) and Y=F (yellow and diagonally striped bars). (For graphs see Figure
16A+B), for EC50 values see Figure 24) (mean = SD, n=2).

Figure 6: (A) Crystallographic overlay 62 (yellow) and 66 (purple) in complex with 14-
3-30 (white cartoon) and ChREBP (red cartoon). Helix 9 of 14-3-30 is colored the same

as the compound it's complexed with, showing a helical ‘clamping’ effect when 66
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(purple) is present. (B) Surface representation of 66 (purple) in complex with 14-3-3
(white) and ChREBP (red), showing the distances (black dashes) of the 66 m-F
substitution to the residues (sticks) of 14-3-3 and ChREBP. (C) Interactions of 66
(purple) with 14-3-3 (white) and ChREBP (red) (relevant side chains are displayed in
stick representation, polar contacts are shown as black dashed lines). (D)
Crystallographic overlay of 62 (yellow) and 65 (green) in complex with 14-3-30 (white
cartoon) and ChREBP (red cartoon). Helix 9 of 14-3-30 is colored the same as the
compound it's complexed with, showing a helical ‘clamping’ effect when 65 (green) is
present. (E) Surface representation of 65 (green) in complex with 14-3-3 (whit) and
ChREBP (red), showing the distances (black dashes) of the phenyl ring of 65 to the
residues (sticks) of 14-3-3 and ChREBP. (F) Interactions of 65 (green) with 14-3-3
(white) and ChREBP (red) (relevant side chains are displayed in stick representation,

polar contacts are shown as black dashed lines).

Figure 7: (A) Titration of 14-3-3B to FITC labeled ChREBP peptide (10 nM) against
varying fixed concentrations of 62, 66 or 76 (0-500 uM) (mean £ SD, n = 2, DMSO
condition shown in solid black most right lines at start of arrows). (B) Apparent KD
value of the ChREBP-14-3-3 interaction (y-axis) in the presence of a range of
concentrations (0-250 uM) of 2 (blue; line with solid circles), 62 (orange; line with solid
squares), 66 (purple; line with solid triangle pointing upwards) and 76 (green; line with
solid triangle pointing downwards) (x-axis). Lines run in parallel with from top to bottom
2, 66, 76 and 66. (C) Selectivity studies by titrating 62, 66 or 76 to 14-3-3 and eight
different 14- 3-3 interaction FITC-labeled peptides (all 10 nM) (mean + SD, n = 2) Line
showing an increase up to 150 represent ChREBP; whereas the other lines correspond
with different 14- 3-3 interaction FITC-labeled peptides which do not show such an
increase. (D) ITC experiments of ChREBP peptide titrations (400 uM) in 14-3-38 (30
MM) in the presence of DMSO or 500 uM of 62 or AMP. (E) Biophysical parameters
derived from ITC experiments, comparing enthalpic and entropic differences between
62 and AMP (measured in two independent experiments, for replicate 2 see Figure
20).

Figure 8: (A) Structures of analogs tested in cell assays in different cultured conditions.
(B) Percentage (%) increase of cell number (INS-1) after 48h in culture under low

glucose (blue, left bar of each set, 6 mM glucose), high glucose (yellow, middle bar of
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each set, 20 mM glucose) or glucolipotoxic conditions (red, right bar of each set, 20
mM glucose + 1 mM palmitate) in the presence of DMSO (Ctrl) or 10 uM of IV, 62, or
66. (C) percentage (%) of cell death (INS-1) after 24h in culture under low glucose
(blue, left bar of each set, 6 mM glucose), high glucose (yellow, middle bar of each
set, 20 mM glucose) or glucolipotoxic conditions (red, right bar of each set, 20 mM
glucose + 1 mM palmitate) in the presence of DMSO (Ctrl) or 10 pyM of IV, 62 or 66.
(Mean = SD, n = 3, statistical differences tested by 2way ANOVA, *p<0.05
****p<0.001).

Figure 9: (A) INS-1 cells were cultured low glucose (blue, left bar of each set, 6 mM
glucose), high glucose (yellow, middle bar of each set, 20 mM glucose) or
glucolipotoxic conditions (red, right bar of each set, 20 mM glucose + 1 mM palmitate)
for 24h, in the presence of IV, 62 or 66 (all 10 uM). Cells were fixed and immuno-
stained with the C-terminal antibody for ChREBP-a and ChREBP-B (left) or the N-
terminal antibody for ChREBP-a (right) (mean + SD, n=3, *p<0.05, significance test by
2way ANOVA). (B) INS-1 cells were cultured in high glucose (left, 20 mM) or
glucolipotoxic conditions (right, 20 mM glucose + 1 mM palmitate) for 0 min, 30 min
and 120 min, in the presence of IV (line with solid squares), 62 (line with solid triangle
facing upward) or 66 (line with solid triangle facing downward) (all 10 uM).Nuclear
localization of ChREBP-a can be seen to rapidly (30 min.) increase and slowly
decrease again (120 min.) after glucose or glucose + palmitate stimulation under
normal conditions. Rapid nuclear localization of ChREBP-a is suppressed upon
compound treatment after glucose stimulation (IV, 62, 66) and after glucose +
palmitate stimulation (62, 66). Cells were fixed and immuno-stained with the N-terminal

antibody for ChREBP-a (mean + SD, n=3, lines are meant to guide the eye).

Figure 10: INS-1 cells, that stably express luciferase under control of the Txnip
promoter, were treated for 24 hours with 10 uM of IV, 62 and 66 under low glucose
(blue circles, left bar of each set, 6 mM glucose) and high glucose (yellow circles, right
bar of each set, 20 mM glucose) conditions followed by luciferase measurement (mean
1 SD, n=3 (4 for Ctrl), 2way ANOVA, ****p<0.0001).

Figure 11: Proximity Ligation Assays (PLA) of INS-1 cells cultured under high glucose
conditions (2 mM); nuclei are stained with DAPI (large grey areas) and PLA ChREBP-
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0a—14-3-3 co-localization signals are visualized as small dots. INS-1 cells were treated
with (A) DMSO as control, or (B) 10 uM of 62. Results indicate direct interaction
between ChREBP-a and 14-3-3 upon stabilizer treatment (right) and show increased
cytoplasmic co-localization of ChREBP-a and 14-3-3 in INS-1 cells in the presence of

62 (more small dots), cultured under high glucose conditions (2 mM glucose).

Figure 12: Crystal structures of 14-3-3pB (white) in complex with ChREBP (red) and (A)
S04 (PDB ID: 4GNT), or (B) AMP (PDB ID: 5F74).

Figure 13: Molecular structure of docking hit 1 and fluorescence anisotropy (FA) data
of 14- 3-3B titration to FAM-labeled ChREBP peptide (100 nM) and fixed
concentrations (1, 10 and 100 uM) of compound 1, showing a 4-fold increase in
stabilization with 100 yM, with lines from right to left represent DMSO, 1, 10, 100 pM.

Figure 14: Left: experimental fluorescence anisotropy data of 14-3-3 titration to FITC-
labeled ChREBP peptide in the presence of several concentrations of compound 2, up
and left shifted lines represent relatively increasing concentrations of compound 2.
Right: error-landscape plot centered on the determined KDIl and a factors. The
contours show that there is a valley of combinations that result in relatively low mean

squared error (MSE).

Figure 15: (A) side view of the 14-3-3B dimer (white cartoon) bound by two ChREBP
peptides (red cartoon) and two 2 molecules (blue sticks). (B) top view displaying the
antiparallel orientation of the ChREBP helices in the 14-3-3 dimer. (C) Front view of
one 14-3-38 monomer (white surface) bound by one ChREBP peptide (red cartoon)
and 2 (blue sticks). (D) close-up of the electron density of 2 solved by the co-
crystallization with 14-3-3p8 and ChREBP (PDB ID: 6YGJ, ‘old’ structure). (E) close-up
of electron density of 2 solved by the soaking method into 14-3-3¢0 crystals (‘new’

structure).

Figure 16A+B: Compounds were titrated in FITC-labeled ChREBP peptide (10 nM)
with or without the presence of 14-3-3B (150 nM). Compound numbers indicated with
a star (*) are not described in Figure 4, instead their structure and EC50 value is given
in Figures 23-24.
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Figure 17: Molecular structure of 81 and crystal structure of 2 (blue sticks) in complex
with 14-3-3 (white) and ChREBP (red), to show distances to hydrophobic roof of 14-3-
3.

Figure 18: Crystal structures of 14-3-3c (white surface) in complex with ChREBP (red
sticks) and stabilizer. (A) 62 as yellow sticks. (B) 65 as purple sticks. (C) 66 as green

sticks. Fo-Fc electron density maps (blue mesh) are contoured at 10.

Figure 19: Left: experimental fluorescence anisotropy data of 14-3-3 titration to FITC-
labeled ChREBP peptide in the presence of several concentrations of compound 62,
66 or 65. Left: Depicted lines go from far left to far right corresponding with high
concentration (500) going to lower concentration (0) of the compounds. Right: error-

landscape plot centered on the determined KDIl and a factors.

Figure 20: Replicate 2 of ITC experiments of ChREBP peptide titrations (400 pM) in
14-3-3B (30 pM) in the presence of DMSO or 500 pM of 62 or AMP.

Figure 21: Compound [, Il, and Ill where cytotoxic, compound |V showed activity.
Figure 22: Crystal structure of non-natural peptide 2d (blue sticks) in complex with 14-
3-30 (white surface) (PDB ID: 7ZMU), overlayed with the crystal structure of compound

62 (yellow sticks) in complex with ChREBP peptide (red cartoon).

Figure 23: EC50 in parenthesis with mean £ SD, n = 2. For FA titration graphs see
Figure 16A+B.

Figure 24: EC50 in parenthesis with mean + SD, n = 2. For FA titration graphs see
Figure 16A+B.

Figure 25. XRD data collection and refinement statistics for ChREBP-14-3-30

structures
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Figure 26: 66 preserves p-cell identity in glucolipotoxicity and prevents upregulation
of ChREBP glucolipotoxicity. a-d. mRNA fold enrichment over control low glucose in
human islets, 10 uM of 66 was added in glucolipotoxic coditions for 24 h . Low refers
to 5.5 mM glucose, High refers t020 mM glucose; High + Pal refers to glucolipotoxicity
conditions with 20 mM glucose and 500 uyM palmitate. Data are the means +/- SEM,
n=3-7, *p<0.05, **p<0.01.

Figure 27: 66 preserves B-cell identity in glucolipotoxicity and prevents upregulation
of ChREBPS in glucolipotoxicity. a-c Human islets were treated with 10 pM 66 for 24
h under various conditions. Low refers to 5.5 mM glucose, High refers to 20 mM
glucose; High + pal refers to glucolipotoxicity conditions with 20 mM glucose and 500
MM palmitate. a-c. Immunostaining for c-term ChREBP, PDX1, and insulin, and these
stainings merged, and these stainings merged and combined with DAPI staining in
dispersed islets treated for 24 h with indicated treatments. Data are the means +/-
SEM, n=4. Data are the means +/- SEM, n=3-7, *p<0.05, **p<0.01.

Figure 28: Cytokines induce ChREBPB expression and 66 prevents nuclear
accumulation of ChREBP in response to cytokines. INS-1 cells were treated for 24 h
at low glucose (5.5 mM) with Cytokine mix (TNFa-100 ng/ml; IL1B-10 ng/ml; INFy-100
ng/ml), or without (Ctrl), indicated under the x-axis, and with 10uM 66 (right two bars),
or without 66 (right two bars). a,b. Cells fixed and nuclei stained with DAPI and C-term
ChREBP. In response to cytokines, marked ChREBP co-localization is apparent, while
in the presence of 10 uM 66, ChREBP is no longer localized to the nucleus. Data are
means +/- SEM; n=4; **, p < 0.01; ***, P<0.005

Figure 29: 66 protects INS-1 cells from dying from cytokine induced toxicity. INS-1
cells were treated for 24 h at low glucose (5.5 mM) with Cytokine mix (TNFa-100 ng/ml;
IL1B-10 ng/ml; INFy-100 ng/ml) or without (Ctrl), indicated under the x-axis, and with
10uM 66 (right two bars) and without 66 (left two bars). A. % change in cell numbers
compared to time 0. Cell numbers assessed by Syto21 staining. B. % Dead cells 24 h
following indicated treatment. Dead cells assessed by Yoyo3 staining. Data are means
+/- SEM; n=4; *, p < 0.05
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Figure 30: 66 improves human islets glucose stimulated insulin secretion (GSIS) in
high glucose and in cytokine induced toxicity. Human islets from cadaveric donors
were treated for 24 h at low glucose (5.5 mM) (Low), high glucose (20mM) (High) or
with low glucose with Cytokine mix (TNFa-100 ng/ml; IL18-10 ng/ml; INFy-100 ng/ml)
(Low + cyto); and with (right bar) or without (left bar) 10uM 66. a-c. Following
treatment, islets were incubated at HANKS-BSA buffer for 30 min following 30 min of
low glucose, 30 min of High glucose, 10 min of KCI| and determined was a. Stimulation
Index (SI) of high versus low glucose. b. S| of KCI stimulation versus low glucose. c.

Total insulin content. Data are means +/- SEM; n=4; *, p < 0.05, **; p<0.01

Figure 31: hPAP scRNA-Seq dotplot of B-cell population highlighting ChREBP (gene
name MLXIPL), and its homolog (MondoA, gene name MLIXP), heterodimer partner
(MLX) as well as known ChREBP target genes. MLXIPL (ChREBP) expression is
upregulated in beta cells of autoantibodies positive (AAB+) donors and in beta cells
from Type 1 Diabetes (T1D) diabetes compared to non-diabetic (ND) donors. MLXIP,
MLX and all target genes of MLXIP are upregulated in beta cells of T1D donors
compared to AAB+ and to ND donors. Data obtained using the Expression Browser
from <https://doi.org/10.2337/db23-0130>.

Figure 32: Pancreatic sections of normoglycemic NOD female mice exhibit high levels
of nuclear ChREBP in B-cells and high Cytoplasmic ChREBP in CD45+ cells.
Pancreatic slides from NOD mice (a) or C57BL/6 (b) mice at indicated age (4, 12 and
15 weeks) were immunostained with Insulin (left), C-term ChREBP (second from the
left) recognizing both ChREBPa and B, CD45 to mark immune cells (third from the left)
and DAPI (fourth from the left), and last is shown a merged image. (b) same staining
as panel (a), only merged image shown Representative images from each age group

are presented here. N=6-10 per age group.

Figure 33: High Cytoplasmic ChREBPa in CD45+ cells.

Pancreatic slides from NOD mice (a) or C57BL/6 (b) mice at indicated age were
immunostained with Insulin (left), N-term ChREBP (second from the left) recognizing
ChREBPa, CD45 to mark immune cells (third from the left) and DAPI (fourth from the

left), and last is shown a merged image. (b) same staining as panel (a), only merged
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image shown. Representative images from each age group are presented here. N=6-

10 per age group.

Figure 34. Compound 66 attenuates glucose-stimulated proliferation of INS-1 cells.

INS-1 cells were cultured for 96 h with 20 mM glucose (round data points, above (ctrl
high) or 20 mM glucose and 66 (triangular data points, below, (high + 66). A much less
steep slope is observed in the presence of compound 66 as compared to without
compound 66. Syto 21 was used to ascertain cell numbers. Compound 66 significantly
decreased the rate of proliferation (representative trace of 3 independent

experiments).

Examples

SECTION |

EXPERIMENTAL PROCEDURES

Virtual Screening and Docking Procedures. The virtual screen was performed as
described previously.! Briefly, the Molport Library (release date 04-08-2017) was
screened for drug-like molecules by implementing it as a single workflow in KNIME
analytics Platform. The resulting compounds were docked using the Molecular
Modeling Platform of Schrédinger into the 14-3-3/ChREBP/AMP complex (PDB entry
5F74, resolution 2.35 A), generated by using the Protein Preparation Wizard. AMP
was removed and its binding position used as a reference for ligand docking.
Compound selection was prepared using Ligprep and docking was performed with
Glide in XP mode. Results were converted to a ranked list of docking scores containing
compound SMILES using a second KNIME workflow. The top 200-ranked poses were
visually inspected, and 13 compounds were selected for experimental validation. All
ligands were obtained from Molport and purity was confirmed by analytical liquid
chromatography coupled with mass spectrometry (LC-MS), performed on a C4 Jupiter
SuC4300A 150 x 2.0 mm column (using a 15 min. gradient of 5% to 100% acetonitrile
in H20O (0.1% formic acid)), connected to a ThermoFischer LCQ Fleet lon Trap Mass

Spectrometer
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Purchasing of ligands. All ligands were obtained from Molport (Here, compound 1
and 2) and purity was confirmed by analytical liquid chromatography coupled with

mass spectrometry (LCMS) as described previously.’

Protein expression and purification. The 14-3-3BFL and AC, and 14-3-3cAC isoform
(full length and truncated C-terminus after T231 (AC to enhance crystallization))
containing a N-terminal His6 tag were expressed and purified using standard
procedures.The 14-3-3B full-length isoform (for fluorescence anisotropy and ITC
assays) and 14-3-3c isoform lacking the C-terminus (amino acids 1-231; for
crystallography) were cloned into pPROEX HTb expression vector with a N-terminal
His6 tag. Plasmids were transformed following manufacturer's instructions into
RosettaTM 2(DE3)pLysS competent E. coli (Novagen). Single colonies were picked
and inoculated in 30 mL precultures grown in LB media overnight at 37°C. Inoculations
were then added to 1.5 L terrific broth (TB) medium. Expression was induced upon
reaching OD600 1.9-2.1 by adding 400 uM IPTG. After overnight expression at 30°C,
150 rpm, cells were harvested by centrifugation at 6,500 rpm, resuspended in lysis
buffer (50 mM HEPES pH 7.5, 500 mM NaCl, 20 mM imidazole, 10% glycerol, 1 mM
TCEP), and lysed by sonication. The His6-tagged protein was purified by Ni-affinity
chromatography (Ni-NTA Agarose, Invitrogen) (Wash buffer 50 mM HEPES pH 7.5,
500 mM NaCl, 20 mM imidazole, 1 mM TCEP; Elution buffer 50 mM HEPES pH 7.5,
500 mM NaCl, 500 mM imidazole, 1 mM TCEP) and analyzed for purity by SDS-PAGE
and Q-Tof LC/MS. The protein was buffer exchanged (Storage buffer 25 mM HEPES
pH 7.5, 150 mM NaCl, 1 mM TCEP) and concentrated to ~67 mg/mL and aliquots flash-
frozen for storage at —-80°C. After Ni-affinity chromatography, the crystallography
construct was treated with TEV protease to cleave off the His6 tag during dialysis (25
mM HEPES, pH 7.5, 200 mM NaCl, 5% glycerol, 10 mM MgCI2, 250 pM TCEP)
overnight at 4°C. The flow-through of a second Ni-affinity column was subjected to a
final purification step by size exclusion chromatography (Superdex 75 pg 16/60 size
exclusion column (GE Life Science) (SEC buffer: 256 mM HEPES pH 7.5, 100 mM NacCl,
10 mM MgCl2, 250 uM TCEP). The protein was concentrated to ~60 mg/mL, analyzed
for purity by SDS-PAGE and Q-Tof LC/MS and aliquots were flash-frozen for storage
at -80 °C.
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Peptide Sequences. The N-terminal FITC labeled ChREBP-derived peptide (residues
117 — 142; sequence: RDKIRLNNAIWRAWYIQYVKRRKSPV-CONH2) (SEQ ID NO.1)
was synthesized via Fmoc solid phase peptide synthesis as described previously.” N-
terminal acetylated ChREBP peptide used for crystallization was purchased from

GenScript Biotech Corp.

Peptides used for selectivity studies were purchased from GenScript Biotech Corp with
the following sequences: BRAF: (5-FAM-RDRSS(pS)APNVH-CONH2) (SEQ ID NO.2),
CRAF:. (5- FAM-QRST(pS)TPNVH-CONH2) (SEQ ID NO.3) , ERa: (5-FAM-
AEGPFA(pT)V-COOH) (SEQ ID NO.4), EXO-S: (5-FAM-KKLMFK(pT)EGPDSD-
CONH2) (SEQ ID NO.5), P65: (5-FAM-EGRSAG(pS)IPGRRS-CONH2) (SEQ ID
NO.6), PIN1: (5- FAM-LVKHSQSRRPS(pS)WRQEK-CONH2) (SEQ ID NO.7), USPS8:
(5-FAM-KLKRSY (pS)SPDITQ-CONH2) (SEQ ID NO.8). In case of any difference
between the sequences disclosed in this section and the sequence listing provided at
filing, the sequences listed above prevail.

Fluorescence Anisotropy measurements. Fluorescein labeled peptides, 14-3-3BFL
protein, the compounds (100 mM stock solution in DMSO) were diluted in buffer (10
mM HEPES, pH 7.5, 150 mM NaCl, 0.1% Tween20, 1 mg/mL Bovine Serum Albumin
(BSA; Sigma-Aldrich). Final DMSO in the assay was always 1%. Dilution series of 14-
3-3 proteins or compounds were made in black, round-bottom 384-microwell plates
(Corning) in a final sample volume of 10 uL in duplicates. Fluorescence anisotropy
values were measured using a Tecan Infinite F500 plate reader (filter set lex: 485 %
nm, lem: 535 = 25 nm; mirror: Dichroic 510; flashes:20; integration time: 50 ms; settle
time: 0 ms; gain: 55; and Z-position: calculated from well). Wells containing only FITC
labeled peptide were used to set as G-factor at 35 mP. Data reported are at endpoint.
EC50 and KD values were obtained from fitting the data with a four-parameter logistic
model (4PL) in GraphPad Prism 7 for Windows. Data was obtained and averaged

based on two independent experiments.

Compound Titrations were made by titrating the compound in a 3-fold dilution series
(starting at 500 uM) to a mix of FITC labelled peptide (10 nM) and 14-3-38
(concentration at EC20 value of protein-peptide complex; 150 nM for ChREBP). For
the selectivity studies concentrations of 14-3-3p were: 300 nM for ERa, 3.65 uM for
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Exo-S, 10 uM for Pin1, 250 nM for USP8, 230 nM for B-RAF, 30 uM for P65 and 450

nM for C-RAF. Fluorescence anisotropy measurements were performed directly.

Protein 2D titrations were made by titrating 14-3-3p in a 2-fold dilution series (starting
at 300 uyM) to a mix of FITC-labelled peptide (10 nM) against varying fixed
concentrations of compound (2-fold dilution from 500 uM), or DMSO. Fluorescence

anisotropy measurements were performed directly.

Cooperativity Analysis. The cooperativity parameters for compound 2, 62, 66 and 65
for 14- 3-3 and ChREBP were determined by using the thermodynamic equilibrium
system (Geertjens et al. RSC Chem. Biol., 2023,4, 252-260). The data from 2D-
titrations was provided to the model including the KDI = 1.4 uM, 1.1 uM, 1.8 uM or 1.5
MM for 2, 62, 66 or 62, respectively, P_tot = 10 nM, and the variable concentrations of
14-3-3 and stabilizer at each data point. Fit parameters were given the following initial
guess values: KDII: 5.5 uM, a: 400.

To determine the cooperativity parameters from the 2D-titration of 14-3-3/ChREBP-
peptide with 2, 62, 66 and 76, we used the general framework for straightforward model
construction of multi-component thermodynamic equilibrium systems as described by
Geertjens et al.38 This general platform generates a model to describe multi-
component equilibrium systems when given a system description. In our case we gave

the following system description:

R+ P =RP; KDI
RP + S =RPS; KDIl / a
R+ S =RS; KDIl
RS + P=RSP; KDI/ a

with R = 14-3-3, P = ChREBP-peptide and S = stabilizer. The KDIl and a are
determined based on the equilibrium equations. The data from 2D-titrations was
provided to the model including the KDI = 1.4 pM, 1.1 uM, 1.8 uM or 1.5 uM for 2, 62,
66 or 62, respectively, P_tot = 10 nM, and the variable concentrations of 14-3-3 and
stabilizer at each data point. Fit parameters were given the following initial guess
values: KDII: 5.5 uM, a: 400.
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X-Ray crystallography data collection and refinement. The crystal structure of
compound 2 in complex with 14-3-38 and ChREBP peptide was produced and solved
as described previously.! For the 14-3-30 crystal structures; a mixture of Ac-ChREBP
peptide and compound (2 puL of 5 mM stock ChREBP peptide + 0.5 yL of 100 mM stock
compound) was mixed in crystallization buffer (CB: 20 mM HEPES pH 7.5, 2 mM
MgCl2, 2 mM BME) to a final volume of 4 pyL. This was added to preformed 14-3-
30/Peptide-C crystals at 4 °C that were produced as described previously.? Single
crystals were fished after 7 days of incubation at 4 °C, and flash cooled in liquid
nitrogen. Diffraction data was collected at either the Deutsche Elektronen Synchrotron
(DESY Petra Ill beamline P11 proposal 11011126 and 11010888, Hamburg, Germany
(crystal structures of compound 2 and 62), or at the European Synchrotron Radiation
Facility (ESRF Grenoble, France, beamline |D23-2 proposal MX2268) (crystal
structures of compound 66 and 65). Initial data processing was performed at DESY
using XDS73 or at ESRF using DIALS74 after which pre-processed data was taken

towards further scaling steps, molecular replacement and refinement.

Data was processed using the CCP4i2 suite75 (version 8.0.003). After indexing and
integrating the data, scaling was done using AIMLESS76. The data was phased with
MolRep77, using 4JC3 as a template. Presence of soaked ligands and ChREBP-
peptide was verified by visual inspection of the Fo-Fc and 2Fo-Fc electron density
maps in COOT78,79 (version 0.9.6). If electron density corresponding to ligand and
peptide was present, the ChREBP peptide was built in and the structure and restrains
of the ligands were generated using AceDRG80, followed by model rebuilding and
refinement using REFMAC581. The PDB REDO82 server (pdb-redo.edu) was used to
complete the model building and refinement. The images were created using the
PyMOL Molecular Graphics System (Schrédinger LLC, version 2.2.3). For refinement

statistics see Figure 25.

The structures were deposited in the protein data bank (PDB) with IDs: 8BTQ
(compound 2), 8C1Y (compound 62), 8BWH (compound 66) and 8BWE (compound
65).
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Synthesis of SAR library for 2. All analogs of 2 analyzed for activity and displayed
in Figures 4, 23, 24 were synthesized and characterized. Detailed synthetic
procedures and characterization of compounds marked with a star (*) in Figure 4 have

been described previously in detail.’

All the compounds as described herein throughout were synthesized following
established procedures as previously described in detail (see ref. 1, i.e. Sijbesma, et
al. Nat. Commun. 11, 1-9 (2020), incorporated herein by reference). Common
adaptations on standard synthesis protocols were made, if necessary, depending on
the availability of starting materials and/or potential requirements of alternating
protecting group strategies and correlated building block coupling chemistries, and as

described in Section Il herein.

Generally, all compounds obtained were purified by reversed-phase high performance
liquid chromatography (HPLC) and characterized by liquid chromatography mass
spectrometry (LC-MS) and nuclear magnetic resonance (NMR; 400 MHz for 1H NMR
and 100 MHz for 13C NMR). Compounds were prepared as 100 mM stock solutions in

DMSO before use in experiments, and stored at -20 °C.

Cell culture. INS-1-derived 832/13 cells were cultured as described previously.®

Proliferation and cell death. Cellular proliferation and cell death was quantified using
Real-Time Kinetic Labeling (SPARKL) technique. Syto21 marked all cells, Yoyo3

marked all dead cells.

Immunofluorescence. The immunofluorescence measurements were performed as
described previously.* Briefly, cells were plated on 12-mm laminin coated glass placed
in 24-well plates. Cells were rinsed with PBS and fixed in 4% paraformaldehyde.
Confocal images were acquired using the Cytation 10. Images and image analysis will

be provided in the supplementary information of the original manuscript.

Antibodies. Anti-ChREBP C-term rabbit polyclonal at 1:250 from Novus (cat # NB400-
135, AB_10002435). Anti-ChREBP N-term rabbit polyclonal at 1:250 generated by

Genscript.
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Luciferase Reporter. The reporter assays were done as described previously.®
Briefly, INS-1-derived 832/13 cells that stably express the luciferase reporter gene
under control of the human Txnip promoter Cells were harvested after 24h and
luciferase activity was measured using the Luciferase Reporter Assay System
(Promega, Cat. #£1500) on Victor Nivo luminometer (PerkinElmer). Luciferase activity

was normalized to Renilla activity.

Proximity Ligation Assay (PLA) assays were performed in INS-1-derived 832/13
cells, in the presence of DMSO or 10 uM of compound 66. PLA samples were prepared
following manufacturer’s instructions (Duolink®), using N-terminal ChREBP antibody
(generated by Genscript), and pan 14-3-3 (sc133233).

Statistics. All studies were performed with a minimum of three independent repletion.
Data represented in this study as means t standard error of the mean (SEM).

Statistical analysis was performed using Two-way ANOVA on GraphPad (Prism) V9.2.

RESULTS

In-silico screen discovers small molecular stabilizers

The two crystal structures of ChREBP-14-3-3 in the Protein Data Bank (PDB entries
4GNT and 5F74) served as entry points for the structure-based in silico screen for the
identification of ChREBP-14-3-3 stabilizers. A phospho-binding pocket centered
receptor grid was generated, using the Molecular Modeling Platform of Schrédinger,
for the structure of 14-3-3B bound to the a2 helix of ChREBP (Figure 3A). The virtual
Molport library (~6 million compounds) was filtered for drug-like compounds
encompassing a phosphate- or phosphonate moiety. The resulting 471 virtual
compounds were molecularly docked into the receptor grid and hits were evaluated
based on their docking score. Thirteen compounds were selected for in vitro testing by
employing fluorescence anisotropy (FA) assays.' Compound 1 (100 uM) increased the
binding affinity of 14-3-3p for ChREBP in a dose-dependent fashion up to 4-fold (Figure
3B, Figure 13)." The attractive and synthetically accessible phosphonate-based
scaffold of 1 prompted its chemical optimization to establish a SAR. An initial SAR-by-
catalog study resulted in an increased PPI stabilization by 2, with an EC50 value of
37.2 £ 1.8 uM for the ChREBP-14-3-38 interaction as determined by FA (Figure 3C).
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Considering that the characterization of complex stabilization in solution is dependent
on relative concentrations of binding partners, we performed FA 2D titrations. 14-3-3p
was titrated to FAM-labelled ChREBP peptide in the presence of varied but constant
concentrations of 2 (0—500 uM), showing up to 25-fold increase in stabilization of the
ChREBP-14-3-3p interaction (Figure 3D). A thermodynamic equilibrium model was
then used (Figure 14) to determine a cooperativity factor (a) of 39 for compound 2 with
an intrinsic affinity for 14-3-3p of 5.5 yM (KDII). Of note, while the model gives these
fixed values, the fitting by the model may not be optimal which is reflected by the range
of possibilities in a factor and KDIl values visualized by the mean squared error

landscape (Figure 14).

The tertiary 14-3-3—ChREBP-2 protein complex co-crystal structure was solved by
X-ray crystallography at a resolution of 2.07 A (PDB ID: 6YGJ) (Figure 15A-C)." The
overall complex resembled the reported crystal structures for a 14-3-3p dimer with the
two antiparallel-binding ChREBP-a2 helices. Compound 2 was positioned in the
phospho-accepting pocket of 14-3-3, but the phenyl ring and linker were poorly
resolved (Figure 15D). Since this co-crystallization method was laborious and could
not be replicated with other stabilizers, we directed our efforts to the development of
alternative crystallization approaches. Co-soaks of ChREBP-peptide and compound 2
into pre-formed 14-3-3c—peptide-C crystals 2, resulted in a displacement of peptide-C
by compound 2 and ChREBP, as indicated by their high-resolution electron density at
1.60 A (Figure 3E). This soaking and displacement approach was previously described
using the low-affinity cJun-pS227 peptide, similarly resulting in robust 14-3-3—peptide
crystal structures.® The improved resolution of the 14-3-3—-ChREBP-2 complex
resulted in an explicit density for compound 2. This enabled the absolute positioning
of the phenyl ring and linker of 2 (Figure 15E). The phosphonate group of 2 interacted
with Arg128 of ChREBP and Arg56, Arg129 and Tyr130 of 14-3-3c (Figure 3F). Both
phenyl rings of 2 made hydrophobic contacts with side chains of both proteins, as
observed for the phenylphosphonate with Trp127 of ChREBP, and the second phenyl
with 1le120 of ChREBP and Leu218, 11€219, and Leu222 of 14-3-3, thereby beneficially
engaging the hydrophobic roof of the groove. Similar as observed for the 14-3-3B
crystal structure, an intramolecular polar interaction was detected for 2 between its

amide and phosphonate, stabilizing the conformation of 2. The improved resolution of
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this novel crystal structure allowed for the detection of a water-mediated hydrogen
bond between the carbonyl oxygen of 2 and the main-chain amide of [le120 of
ChREBP.

Focused library based on 2 establishes a crucial SAR

The stabilization mechanism of 2 was studied in more detail by synthesis of a focused
library around 2 for SAR analysis. An overview of all analogs is depicted in Figure 4,
where a star (*) represents the compounds that were described in our previous study.’
Here, we built upon this SAR analysis and all compounds were screened at lower 14-
3-3B concentrations (at EC20 of ChREBP-14-3-3p interaction) to enlarge our window
for the detection of improved stabilizers. Similar trends were observed as previous with
the most essential observations being: (l) the importance of the linker length of 2 (3 —
9), (I) substitutions at the phenylphosphonate ring moiety (26 — 31) were tolerated but
do not lead to a significant improvement in stabilization, except for 27 which showed
marginal improvement in affinity, and (lll) substitutions at the N-phenylethyl ring
resulted in similar or slightly improved stabilization, for which a F-substitution (32, 33,
34) or an o-OCH2Ph substitution (41, 42, 43) were most beneficial while other
halogens (p-Cl and p-Br) or a p-hydroxy substitutions were not tolerated (35, 36, 37).
Further, shifting the position of the phosphonate showed that indeed the ortho position
is most favorable (2, 16, 17). Interestingly, replacement of the phosphonate-group with
a phosphate was tolerated (18, 19, 20), with even an improvement of stabilization for
the para position (EC50 = 17.4 £ 3.2 yM). The addition of a carbon between the
phosphonate and the phenyl ring to afford the benzyl phosphonic acid was not
tolerated (23, 24, 25).

We contemplated that the double negative charge of the phosphonate group at
physiological pH may be disadvantageous for cellular permeabilization. Therefore, we
directed our efforts to the investigation of phosphonate-mimetics. Unfortunately
replacing the phosphonate with either a boronic acid (21) or a sulfonamide (22)
resulted in an inactivation. Interestingly, the addition of a pyridine group (p-OCH2Pyr,
44, 45, 46) largely increased the stabilization efficiency, especially for N-2 (44, EC50
=7.6 0.5 uM). Replacement of the phosphonate with a sulfonamide and incorporation
of the pyridin-4-ylmethanol moiety (81, EC50 = 68.2 £ 7.9 uM) resulted in our first

weakly active stabilizer harboring a phosphonate-mimetic (Figure 23). Notably,
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sulfonamides bearing p-F (78), or OCH2Ph (79 and 80) substitutions remained
inactive. Phosphonates with naphthalene groups also increased the stabilization
potency (48, 49), whereas replacement of the phenyl ring with a benzene (47), indole
(61) or purine groups (50, 52, 53) was not tolerated. Lastly, we focused on
modifications of the phenyl-linker. The introduction of cyclic groups was only favorable
for the specific stereo centric S, R combination of the cyclopropyl ring (564, EC50 =
17.6 £ 1.7 uM), while 194 other pairs were either not tolerated (56, 58) or did not
enhance the activity (65, 57). Interestingly, the introduction of a geminal-difluoro group
significantly enhanced (sixfold relative to 2) the stabilization of the ChREBP-14-3-3
interaction, resulting in the best stabilization observed so far (62, EC50 = 5.8 + 0.4
pM). Unfortunately, this analog was not amendable for phosphonate replacement with
a sulfonamide or boronic acid, since this resulted in inactivity (82, 92, Figure 23).
Moreover, combining the two substitutions of the best stabilizers (44 and 62) resulted
in an analog with similar stabilization properties compared to each individual
substitution (97: EC50 = 11.0 £ 1.5 uM, Figure 24).

Fluorination of compounds improves stabilization potency

The best stabilizers (44 and 62) where co-soaked with the ChREBP-peptide into
preformed 14-3-3c—peptide-C crystals, aiming to resolve their ChREBP-14-3-30-
stabilizer structure complex. This was successful for 62, showing a clear density of
both the ChREBP peptide and 62 (Figure 18A). Overlaying the crystal structure of 62
with 2 showed a high conformational similarity of 14-3-3c and ChREBP peptide, with
a comparable positioning of the phosphonate of 62 in the ChREBP-14-3-3 phospho-
accepting pocket (Figure 5, Figure 5A). The geminal-difluoro group of 62 was directed
towards the 14-3-3 binding groove, causing an alternative bend of the linker compared
to 2. Both fluorine atoms interacted with 14-3-30; one contacted Lys49 directly and the
other underwent water-mediated polar interactions with Asn175 (Figure 5B). These
interactions align with literature showing that fluorinated small molecules can form
hydrogen bonds. Additionally, due to the alternative bend of the linker, the amide of
62 was now positioned to interact with Asn123 and Asn124 of ChREBP. These
additional contacts with both 14-3-3 and ChREBP may explain the high increase in
stabilization by only introducing the geminal-difluoro group. Encouraged by these
observations, a focused library of fluorinated compounds was synthesized and

compared to their non-fluorinated analogs (Figure 5C).



10

15

20

25

30

WO 2025/005795 PCT/NL2024/050337

38

Fluorination of analogs increased their stabilization potency consistently across all
library members. Even previously inactive compounds may elicit a high activity when
substituted with the geminal -difluoro group (see e.g. p-Cl (35) and p-Br (37), as
compared respectively with 63: EC50 = 6.6 + 0.9 uM, 64: EC50 = 4.1 + 0.4 uM,
respectively). The fluorine functionality has a place in medicinal chemistry as reflected
by a portion of drugs in the pharmaceutical pipeline containing at least one fluorine
atom.”8 Placing an additional fluor group at the meta position of the phenyl ring even
further improved compound activity (66: EC50 = 3.8 + 0.2 uM). Co-soaking this
compound into 14-3-3c0—peptide-C crystals resulted in a clear density for the entire
molecule (Figure 17B). A crystallographic overlay with 62 revealed an apparent
additional conformational ‘clamping’ effect of helix-9 of 14-3-30 in the presence of 66
(Figure 6A), causing the hydrophobic residues of 14-3-3 (lle219, Leu218) to be closer
to the phenyl ring of 66. A more detailed analysis showed that the meta-fluoro group
of 66 appears to be positioned at the rim of the hydrophobic interface of 14-3-3 and
ChREBP, with a distance of 4.3 A to Leu218 and 3.2 A to Leu223 of 14-3-3, and 4.4 A
to 1le120 of ChREBP (Figure 6B). Furthermore, the fluoro groups at the linker appeared
to interact with Lys49 of 14- 3-30, and Asn124 and Asn123 of ChREBP underwent
polar contacts with the linker amide, either direct or via two water-molecules (Figure
6C). An ortho-fluoro substitution at the of the phenyl ring appeared less favorable (65,
EC50 = 9.6 £ 1.1 uM) although it did result in a similar apparent ‘clamping’ effect of
helix-9 of 14-3-3 (Figure 6D, Figure 17C). This ortho substituted fluoro was not
apparently positioned at the rim of the ChREBP-14-3-3 interaction interface, instead
it made a polar interaction with Asn175 of 14-3-3 (Figure 6E). Also, one of the fluoro
groups at the linker of 65 contacted both Lys49 and Asn175 of 14-3-3 via a water-
mediated hydrogen bond interaction. The interactions of 65 with ChREBP were
analogues to 66 (Figure 6F). Additional to single fluoro substitutions at the phenyl ring
of 62, double fluoro substituted analogs were synthesized (panel IV in Figure 5C). A
2,4-fluorosubstitution resulted in the most potent stabilizer observed so far (76, EC50
= 3.1+ 0.6 uM). While no crystal structure could be solved for this analog, the structure
of 66 shows room for a fluoro substitution at the para position of its phenyl ring,
explaining the high potency of 76 (Figure 6B). Likely, the electron withdrawing effects
of the fluorine substitutions may be enhancing hydrophobic contacts with the

hydrophobic amino acids at the roof of the 14-3-3 groove.
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Fluorinated ligands show increased cooperativity and selectivity
Two-dimensional (2D) FA titrations were performed to investigate the cooperativity in
ChREBP-14-3-3-stabilizer complex formation. 14-3-3p3 was titrated to FITC-labeled
ChREBP peptide (10 nM) in the presence of varied but constant concentrations of 62,
66 or 76 (0-500 uM), showing up to 138-fold, 60-fold and 111-fold increase in
stabilization, respectively (Figure 7A). Fitting the change in apparent KD of the
ChREBP-14-3-3 complex derived by the 2D FA titrations, over different concentration
stabilizers (Figure 7B), showed that all three fluorinated compound (62, 66 and 76)
elicit a similar stabilizing profile with a 2.4- to 6-fold increase in stabilization compared
to the defluorinated parent analog 2. The obtained data was fitted using a
thermodynamic equilibrium model38 (Figure 19) to determine the cooperativity factors
(a) and the intrinsic compound affinities to 14-3-3 (KDIl). All three fluorinated
compounds showed increased cooperativity (a = 86 (62), 104 (66) 90 (76)) compared
to their defluorinated parent compound 2 (a = 39), while their intrinsic affinity for 14-
3-3 was barely affected (KDIl = 7.4 uM, 8.2 uM, 3.8 uM for 62, 66, 76 and 5.5 uM for
2) (Figure 19). This indicates that the chemical compound evaluation may have mainly
improved upon the interaction with ChREBP and not the background binding affinity to
14-3-3. c.

Phosphate- and phosphonate-based inhibitors can inhibit 14-3-3—client complexes in
the low micromolar (IC50 ~ 1-20 pM) range. To test the specificity of the ChREBP-14-
3-3 stabilizers, we selected an array of eight representative 14-3-3 client-derived
peptide motifs with differentiating binding sequences and included internal binding
motifs (BRAF50, CRAF51, P6552, USP853), one C-terminal binding motif (ERa54),
one special binding mode (Pin155) and another reported non-phosphorylated motif
(Ex0S20). Strikingly, all three compounds (62, 66, 76) displayed a high selectivity for
stabilizing ChREBP, without affecting any other client peptide up to 100 uM (Figure
7C). This data demonstrates the highly selective nature of the activity of these
compounds by addressing a unique pocket only present in the ChREBP-14-3-3

complex and via a stabilization mechanism, involving a large cooperativity effect.

Lastly, ITC experiments were performed to analyze the thermodynamics of the

ChREBP-14-3-3 interaction in the presence of stabilizer 62 and the natural compound
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stabilizer AMP (Figure 7D, 6.5E). ChREBP peptide (400 pM) was titrated to 14-3-3p
(30 M) with a determined KD value of 12.5 + 0.5 uM. The binding was enthalpically
favorable (AH = -35.2 + 0.5 kJ.mol-1), which compensated for the entropic cost (AS =
-24.3 + 1.4 J/mol.K) probably arising from the alpha-helical formation of the ChREBP
peptide upon 14-3-3 binding. Addition of 62 to the system significantly enhanced the
ChREBP-14-3-3 affinity (KD = 0.2 £+ 0.03 uM) and reduced the entropic cost (AS =
3.12 £ 11.5 J/mol.K), presumably by the release of water molecules from the ChREBP-
14-3-3 binding pocket. AMP similarly increased the ChREBP-14-3-3 affinity (KD = 0.4
1+ 0.3 uM), but, in contrast to 62, this was enthalpically driven (AH =-59.8 + 2.6 kJ.mol-
1) and entropically unfavorable (AS = -76.2 + 1.2 J/mol.K).

ChREBP-14-3-3 stabilizers rescue INS-1 cells from glucolipotoxicity

The stabilization of the ChREBP-14-3-3 PPI on glucotoxicity was investigated in a
cellular setting using the rat insulinoma cell line, INS-1 832-13. Because of the double
negative charge of phosphonates at physiological pH, they are generally recognized
to have a potentially limited therapeutic impact due to their poor cellular permeability.
Albeit that that such challenges are more relevant for the physiological level than for
certain cell lines. The protection of phosphonates as a prodrug has shown promise in
drug delivery.® Likewise, similar approaches may be envisioned for the advantageous
compounds as described herein. Hence, four prodrugs were synthesized containing
diesters and dibenzyl groups for scaffold 2 and 62, resulting in prodrugs I, II, lll and IV
(Figure 21). While prodrug I, Il, and Ill were cytotoxic to INS-1 cells, prodrug 1V did not
show signs of cytotoxicity at 10 uM (data not shown). Hence, prodrug IV is a
pharmaceutically acceptable prodrug. Analogs 2, 62 and 66 (all 10 uM) were also
tested in INS-1 cells, despite their unprotected phosphonate group. The non-
fluorinated analog 2 showed a general toxicity while the addition of the geminal-difluoro

groups in 62 and 66 seem to counteract this (data not shown).

Non-toxic compounds 1V, 62 and 66 (all 10 uM) were followed up in cellular assays at
low glucose- (6 mM), high glucose- (20 mM) and glucolipotoxicity conditions (20 mM
glucose + 1 mM palmitate) (Figure 8A). A Single-Cell and Population-Level Analysis
Using Real-Time Kinetic Labelling (SPARKL) technique was used to monitor over time
cell proliferation (Figure 8B) and cell death (Figure 8C). In the control group,

glucolipotoxicity caused a significant reduction of INS-1 cell proliferation (reduction of
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~173%) and a significant increase in cell death (increase of ~30%), as expected.
Remarkably, all three compounds (IV, 62 and 66) were able to rescue the cells from
glucolipotoxicity in a comparable manner. No significant reduction in cellular
proliferation was observed in glucolipotoxicity conditions upon addition of 10 uM of IV,
62 or 66 (Figure 8B). For the prodrug IV, there was still a small increase in cell death
under glucolipotoxicity conditions (increase of ~11 %) but this was significantly lower
than the control group (Figure 8C). For the unprotected analogs 62 and 66 no
significant increase in cell death was observed under glucolipotoxicity conditions.
Thus, all three stabilizers of the ChREBP-14-3-3 complex were able to rescue INS-1
beta cells from glucolipotoxicity, with the unprotected phosphonate analogs (62 and
66) showing no significant increase in cell death, and the prodrug (IV) showing a

lowered but significant increase in cell death.

ChREBP-14-3-3 stabilizers reduce nuclear ChREBP levels

The nuclear localization of both ChREBP-a and ChREBP-B was analyzed by
immunofluorescence, to verify if the observed effect of glucolipotoxicity prevention by
the stabilizers was due to their inhibition of ChREBP nuclear localization. INS-1 cells
were cultured in low glucose-, high glucose-, or glucolipotoxic conditions for 48 hours,
in the presence of DMSO control, IV, 62 or 66 (all 10 uM), followed by fixation and
immunostaining with the C-terminal antibody for ChREBP, which recognizes both
ChREBP-a and ChREBP-B, or the N-terminal antibody for ChREBP, specific for
ChREBP-a (Figure 9A). By using the C-terminal antibody (Figure 9A left panel), under
low glucose conditions, 45.8 + 1.5% of the cells stained for nuclear ChREBP which
was increased to 76.4 + 7.5% in response to glucose and this was reduced again to
35.2 £ 3.5% under glucolipotoxicity. As such, there was no significant difference in
nuclear ChREBP levels between low glucose conditions and under glucolipotoxicity.
In the presence of stabilizers IV, 62 and 66, nuclear ChREBP levels were significantly
reduced under glucolipotoxicity (35.2 = 3.5%, 244 + 2.8% and 14.3 £ 5.9%,
respectively) compared to their low glucose conditions (62.3 £ 14.7%, 68.9 £+ 26.7%
and 67.8 £ 26.7%, respectively) (Figure 9A, left panel). In addition, no significant
increase in nuclear ChREBP levels was detected anymore upon glucose stimulation
(38.5 £ 7.4%, 38.3 £ 29.2% and 36.7 £ 18.7%, respectively) for all three stabilizers.
These results show that stabilization of the ChREBP-a-14-3-3 complex in the cytosol,

indeed results in reduced total nuclear ChREBP levels, especially under glucose
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stimulation and glucolipotoxicity conditions. Since these results are obtained by using
a C-terminal ChREBP antibody, this can be due to both ChREBP-a as well as
ChREBP-B levels. A N-terminal ChREBP antibody, that only detects ChREBP-a, was
used to distinguish between these two isoforms (Figure 9A, right panel). In all three
treatment conditions (low glucose, high glucose and glucolipotoxicity), almost no
ChREBP-a was present in the nucleus, nor in the control group or upon addition of the
stabilizers. Thus, the effects observed by using the C-terminal antibody (Figure 9A,
left panel), represents nuclear ChREBP-B levels. It has been shown that the nuclear
translocation of ChREBP-a happens very rapidly, within minutes upon glucose
stimulation, followed by a nuclear efflux within hours. Since the nuclear ChREBP levels
shown in Figure 9A were measured after 48 hours of glucose stimulation, it may be
likely that at this fixed time point ChREBP-a was already exported out of the nucleus
after stimulating ChREBP-B transcription. To follow the time course of ChREBP-a
nuclear localization in the presence of the stabilizers, cells were fixed and stained with
the N-terminal ChREBP-a antibody after 0-, 30- and 120 minutes of glucose stimulation
(Figure 9BIn the control group, ChREBP-a translocated to the nucleus within 30
minutes of glucose stimulation, and then cleared out of the nucleus within 2 hours
(Figure 9B, left panel). All three stabilizers (IV, 62 and 66) were able to block this
nuclear translocation of ChREBP under high glucose conditions. Under
glucolipotoxicity conditions (Figure 9B, right panel), ChREBP-a remained nuclear over
time, which was attenuated by 66, while for IV and 62 the nuclear levels remained
unaffected. Thus, compound 66 showed a suppression of ChREBP-a nuclear levels
after 30 minutes of glucolipotoxicity stimulation which is likely the cause of the reduced

ChREBP-B nuclear levels observed after 48 hours under glucolipotoxicity conditions.

ChREBP-14-3-3 stabilizers suppress ChREBP-B transcriptional activity

Finally, a luciferase reporter assay was performed in INS-1 cells to verify if the
reduction of nuclear ChREBP-B levels results in a suppression of its transcriptional
activity. For this end, a cell line was generated that stably expressed luciferase under
control of the human thioredoxin interaction protein (Txnip) reporter. Txnip is an
important mediator of glucose toxicity and a target gene of ChREBP-B since it contains
the ChoRE motifs important for ChREBP-B binding. After 24 hours of treatment with
the stabilizers, these cells were harvested and firefly luciferase activity was measured

and normalized to Renilla luciferase activity (Figure 10). All three stabilizers (IV, 62
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and 66) blocked the glucose response of the human Txnip promoter by 2 £ 0.2-fold
compared to the control, indicating that the transcriptional activity of ChREBP-B is
indeed suppressed under high glucose conditions by our ChREBP-a-14-3-3

stabilizers.

Summary

Here we provided for novel and advantageous small molecule stabilizers of ChREBP
— 14-3-3, such as the ChREBPa —14-3-3 complex. We implemented a structure-based
in silico approach, based on the crystal structure of the ChREBP-a(peptide)—-14-3-3—
AMP complex. We reported a successful molecular docking strategy for the discovery
of chemical starting points of phosphonate containing analogs to stabilize ChREBP-a
14-3-3 interaction.! Subsequent structure-activity relationship (SAR) optimization
resulted in highly advantageous small molecule stabilizers with an increase in affinity
of the ChREBP-a-14-3-3 interaction of up to 138-fold, as determined by fluorescence
anisotropy. X-ray crystallography confirmed their engagement of the composite
interface formed by ChREBP-a-peptide and 14-3-3.

Importantly, fluorination of the analogs could significantly enhance their stabilization
efficiency. Moreover, fluorinization was shown to be important for their cellular activity
and allowed to counteract general toxicity of non-fluorinated analogs.
Immunofluorescence showed a retention of ChREBP-a in the cytoplasm of B-cells
upon addition of the stabilizers, concomitantly suppressing its transcriptional activity
and transduction of ChREBP-B, as determined by reporter assays. B-cells were shown
to be rescued from glucolipotoxicity by keeping ChREBP apparently inactive at high
glucose levels. Advantageously, the small molecule stabilizers thus provided are
understood to be highly advantageous as a medicament and/or for use in the treatment
of T2D.
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RESULTS I

Following the above experiments, further experiments were conducted.

We assessed the effect of stabilizers on transcription of the ChREBP splice isoforms
in human islets. While ChREBPa mRNA levels remained relatively stable in all
conditions tested (Figure 26a), ChREBPB, which contains a well characterized
carbohydrate hydrate response element (ChoRE) on its promoter, was upregulated in
response to high glucose, or to high glucose and high palmitate (glucolipotoxicity).
Since part of the demise process in glucolipotoxicity includes B-cell de-differentiation,
we looked at two B-cell identity marker genes PDX1 (Figure 26¢) and INS (Figure
26d). Both were downregulated at the mRNA level in human islets exposed to
glucolipotoxicity, consistent with the previously reported de-differentiation phenotype
pertinent to B-cell demise. Yet, in the presence of 66 this de-differentiation was
prevented (Figure 26c¢c-d). Similarly, immunostaining of dispersed human islets,
revealed increase in nuclear ChREBPB nuclear localization and compound 66

prevented upregulation of ChREBPB both at mMRNA level (Figure 26b) and at protein
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level (Figure 27a-b), indicating that inhibition of the nuclear translocation of ChREBPa
by strengthening the ChREBPa/14-3-3 interaction with 66 is required for the blocking
of the upregulation of glucose responsive genes such as ChREBPB. Similarly,
immunostaining for PDX1 showed a marked decrease in PDX1 protein levels in

glucolipotoxicity, which was rescued by 66 (Figure 27a, 2c¢).

66 and related active compounds in relation to Type 1 Diabetes

Type | diabetes results from autoimmune destruction of beta cells. Patients usually
present with an acute episode of hyperglycemia followed by apparent recovery for a
period of several months or more — called the honeymoon period. The destructive
mechanism involves the secretion of cytokines from immune cells surrounding the
islets of Langerhans (insulitis), which include the insulin-producing beta cells.
Cytokines are known to induce ChREBP, though the isoforms involved were not
distinguished '. Thus, we tested if compound 66 can block induction of ChAREBPR from
cytokines and if this protected beta cells from cell death. We found increased nuclear
expression of ChREBP in response to TNFaq, IL1B and INFy cytokine exposure (Figure
28a-b) and our 14-3-3: ChREBPa stabilizing compound, 66, prevented nuclear
localization of ChREBP in response to cytokines (Figure 28a-b). Moreover, addition
of the cytokine mix led to massive death of INS-1 cells (Figure 29) and compound 66
protected INS-1 cells from cytokine-induced toxicity (Figure 29). Importantly, beta cell
function was assessed after treatment with compound 66. Human islets from cadaveric
donors were pre-treated for 24 h with DMSO or 10 uM of compound 66 under various
conditions, including low glucose (5.5 mM), high glucose (20 mM), and high glucose
with cytokine mix (TNFa, IL1B, INFy). Following treatment, the islets were assessed
for glucose-stimulated insulin secretion (GSIS). The stimulation index (SI, insulin
concentration in the media from high glucose divided by insulin concentration in the
media with low glucose) was significantly higher in islets treated with compound 66
compared to untreated controls or to islets that were pre-incubated for 24 h with either
high glucose or with the three cytokine mix (Figure 30a). These data demonstrate
improved beta cell secretory function in the presence of 66. Importantly, the Sl for KCI
stimulation (to determine maximal secretory capacity) versus low glucose was not
significantly affected among our treatment groups (Figure 30b). Similarly, total insulin
content was constant among our treatment groups, demonstrating that compound 66

had no effect on insulin production or turnover (Figure 30c¢).
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To support the idea that ChREBP might be involved in T1D, single cell data from HPAP
(human pancreas analysis program) of HIRN (human islet research network) was
interrogated for Mixip/ (the gene name for ChREBP) and its close relative (M/xip) and
their target genes in subjects that were non-diabetic, auto-antibody positive, and
therefore were likely to get T1D, and subjects with T1D. In Figure 31, Mixipl is very
highly expressed in auto-antibody positive subjects and Mlixip/ and its target genes
are highly expressed in T1D subjects compared to non-diabetic controls. In addition,
tissue sections of pancreata of female NOD (non-obese diabetic) mice up to 15 weeks
of age were stained with an antibody against the C-terminus of ChREBP (recognizing
both ChREBPa and ChREBPB) (Figure 32) or the N terminus (only recognized
ChREBPa) (Figure 33). Female NOD mice become diabetic around week 20. In
Figure 32a, 4-week old mice that are not diabetic, are not hyperglycemic, and did not
yet show signs of insulitis (infiltration of immune cells) nonetheless have strong nuclear
staining of ChREBP, which is not present in control non-diabetic C57BI/6 mice (Figure
32b). The ChREBP isoform in the nucleus is ChREBPR since all the staining of the N-
terminal antibody in Figure 33a is cytoplasmic, as is the control C57BL/6 (Figure 33b).
ChREBP was also found in the CD45+ immune cells associated with insulitis seen at
15 weeks — this consistently cytoplasmic with both antibodies (Figures 32a and 33a)
and is therefore most likely ChREBPa. ChREBP is not normally thought to be
expressed in T-cells, the major cell type of insulitis, so this finding was a surprise and
forms the basis of our working hypothesis that ChREBP is important for the
autoimmune function in these mice, and that treatment with 66 or related active

compounds may in addition mitigate their autoimmune functions.

Together, the implications of these data are: 1) compound 66 and closely related active
compounds in accordance with the invention may prevent the cytokine-mediated
autoimmune destruction of beta cells, 2) that since ChREBP is expressed before the
onset of insulitis and therefore may participate in the pathogenesis of T1D, compound
66 and closely related active compounds may be useful to prevent or delay the onset
of T1D after the honeymoon period, 3) since ChREBP is expressed in the T-cells
involved in autoimmune destruction of beta cells in NOD mice, and that T-cells
normally do not express ChREBP, compound 66 and closely related active compounds

may also alter immune function of these T-cells and therefore mitigate the autoimmune
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function of immune cells in the context of T1D. Combined, this shows that compound
66 and compounds in accordance with the invention can find use in the treatment of
T1D.

66 and related active compounds in relation to cancer

Compound 66 and related active compounds in accordance with the invention block
ChREBP-dependent proliferation and are therefore a possible cancer therapeutic. We
and others have shown that ChREBP is necessary for cellular proliferation in some
cell types %% In pancreatic beta cells, glucose acts as a mitogen for adaptive
proliferation, and ChREBP is necessary for glucose-stimulated beta cell proliferation.
In cancer, Thompson and colleagues noted the necessity of ChREBP for proliferation
of HCT116 cells as early as 2009 °. Recently, Benichou et al. showed that ChREBP is
necessary for proliferation of hepatic cell carcinomas 2. Figure 34 shows that
compound 66 blocks high glucose-mediated proliferation of INS-1 insulinoma cells.
Based on these data, the literature, and our understanding of how 66 stabilizes 14-3-
3:ChREBP, 66 and related active compounds in accordance with the invention may be
highly useful for cancer therapy by blocking proliferation of cancer cells that are

dependent on ChREBP for proliferation.
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SECTION II - Synthesis and Characterization of chemical compounds

Please note that in this Section Il, synthesis of compounds is described. The
compound is depicted to explicitly indicate the compound made with the synthesis.
The numbering scheme in this Section Il is different from the Section | above. Not
every compound made in this section Il was used in section |. Please note that for the
preparation of compounds, the heading as listed below is subsequently followed by
the number as used in the section above. For example, for compound nr. 298, i.e.
KPP298, of this Section Il, this corresponds with compound 62, as described in the
Section |, indicated by the heading as follows:

298: Synthesis of 2-(2-((2,2-Difluoro-2-phenylethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP298) 62

General Information (chemicals, materials and instrumentation)

Reagents and dry solvents

All reagents were purchased from ABCR, Acros Organics, Alfa Aesar, Carbolution
Chemicals, Carl Roth, Fisher, Fluka, Fluorochem, Merck, Riedel de H&en, Sigma
Aldrich, TCI Chemicals, Bernd Kraft or VWR Chemicals and were used without further
purification. All dry solvents were purchased from the same supplier with the best

quality available.

Column chromatography

Compound purification by column chromatography was achieved using glass columns
filled with silica gel (particle size 35 — 70 ym, from Acros Organics) as stationary phase
and eluent mixtures of different solvents as mobile phase. The exact ratios of the

solvents are listed in the corresponding synthesis procedures.

Thin layer chromatography (TLC)

Thin layer chromatography was performed on silica coated aluminum plates (60 F2s4)
from Merck. Detection of substances was conducted with UV light (wave length 254 nm
or 366 nm). The resulting R; values including the used solvents are listed in the

corresponding synthesis procedures.
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Freeze-drying

Freeze-drying of the products was carried out with a Iyophilizer ALPHA 2-4 LD plus
(CHRIST) at an ice condenser temperature of -80 °C. The drying process is favored
by a large ice surface and a low ice thickness. To obtain the largest possible ice
surface, an aqueous solution of the corresponding substance was frozen in liquid
nitrogen under constant rotation. The corresponding frozen compounds were then put

for 24 — 72 h on the lyophilizer.

Reversed-phase liquid chromatography electrospray ionization mass spectrometry (LC-MS)

Reaction control analyses were performed on a LC-MS system from Thermo Scientific.
The system consisted of a Thermo Scientific Accela™ (peak detection at 210 nm) and
a Thermo Scientific UltiMate™ 3000 (peak detection at 230 nm and 260 nm) equipped
with an Eclipse XDB-C18 column (particle size 5 ym, from Agilent) and a Thermo
Scientific LCQ Fleet™ ESI-MS. For analysis, a linear gradient of solvent B (0.1 %
formic acid in acetonitrile) in solvent A (0.1 % formic acid in water) at flow rate of 1 mL
min-' and the following gradient program: 0 min (10 % B) — 1 min (10 % B) — 10 min
(100 % B) — 12 min (100 % B) — 15 min (10 % B) was used.

High-resolution mass spectrometry (HRMS)

HRMS spectra were recorded on an Exactive Plus EMR mass spectrometer from

Thermo Fisher with an Advion TriVersa NanoMate ESI system from Advion.

Preparative reversed-phase high performance liquid chromatography (prep HPLC)

Compound purification by HPLC was achieved using the Prominence UFLC system
from Shimadzu (peak detection at 210 nm and 254 nm). The system was equipped
with a reversed-phase C18 column from Phenomenex (Luna® 5 pum C18(2),
100 x 21.20 mm). For purification a linear gradient of solvent B (0.1 % TFA in

acetonitrile) in solvent A (0.1 % TFA in water) at a flow rate of 20 mL min-! was used.

Nuclear magnetic resonance spectroscopy (NMR)

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance I 400
(400 MHz for "H NMR and 100 MHz for "*C NMR) machine. As solvents deuterated
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chloroform-d4, deuterated DMSO-ds or deuterated methanol-ds were used. The
chemical shifts & are reported in parts per million (ppm). The spectra were referenced
to the residual signals of undeuterated solvents (CDCl;: & ('H)=7.26 and
6 ('*C) = 77.16, DMSO: & ('H) = 2.50 and & ("*C) = 39.52, MeOD: & ('H) = 4.87 and
5 ('*C) = 49.00). The coupling constants J are reported in Hertz (Hz). The '"H NMR
spectral data list the chemical shifts 6, the multiplicities (s: singlet, d doublet, t: triplet,
m: multiplet), the coupling constant J and the number of protons. The "*C NMR spectra

list only the chemical shifts &.

General Procedures (GP)

General Procedure A: Synthesis of the phosphate derivative

The corresponding phenol derivative (1.0 eq) was dissolved in dry DCM (0.5 mL per
mmol). Tetrachlormethane (1.0 eq) and triethylamine (1.0 eq) were added. The
solution was cooled to 0 °C and dimethyl phosphite (1.5 eq) was added dropwise. The
resulting solution was stirred for 16 h, allowing the mixture to slowly reach room
temperature. The reaction mixture was washed with 5% NaHCO; solution (3x), the
organic phase was dried over MgSO. and the solvent was removed under reduced

pressure. The crude product was purified by column chromatography.

General Procedure B: Synthesis of the phosphonate derivative

Generation of LDA: Dry di-isopropyl amine (1.7 eq) was dissolved in dry THF (4.8 mL
per mmol of the phosphate derivative) and cooled to -78 °C. n-BuLi (2.5 M, 1.5 eq)
was added dropwise. The cooling bath was removed and the mixture was stirred for
1h.

The LDA mixture was cooled to -78°C again. The respective phosphate
derivative (1.0 eq) was dissolved in dry THF (0.7 mL per mmol of the phosphate
derivative), cooled to -78 °C and added to the LDA solution. The resulting mixture was
stirred for 16 h, allowing the mixture to slowly reach room temperature. The reaction
mixture was quenched with saturated NH4Cl solution (0.6 mL per mmol of the
phosphate derivative), the organic phase was separated and the solvent was removed

under reduced pressure. The crude product was purified by column chromatography.
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General Procedure C: Amide coupling with HOBt and EDC

The carboxylic acid derivative (1.0 eq) was dissolved in DCM (50 mL per mmol of the
carboxylic acid derivative). EDC (4.0 eq), HOBt (4.0 eq) and DIPEA (6.0 eq) were
added. The corresponding amine (2.0 eq) was added and the mixture was stirred for
16 h at room temperature. The reaction mixture was washed with 5% KHSO.
solution (3x) and 5% NaHCOs solution (3x). The organic phase was dried over MgSO4

and the solvent was removed under reduced pressure.

General Procedure D: Amide coupling with bromoacetyl bromide

The amine derivative (1.0 eq) was dissolved in dry DCM (3 — 5 mL per mmol) and
cooled to 0 °C. Triethylamine (1.1 eq) and bromoacetyl bromide (1.0 — 1.2 eq) were
added and the resulting mixture was stirred for 16 h, allowing the mixture to slowly
reach room temperature. The reaction mixture was washed with saturated NH4CI
solution (3x) and the organic phase was dried over MgSO4 and the solvent was

removed under reduced pressure. The crude product was purified by HPLC.

General Procedure E: Amide coupling with acid chloride

Generation of the acid chloride: The acid derivative (1.5 eq.) was dissolved in dry
DCM (5 mL per mmol), oxalyl chloride (3.0 eq) and some drops of dry DMF were
added. The resulting mixture was stirred for 2 h at 40 °C. After cooling down to room
temperature the volatiles were removed under reduced pressure.

The resulting acid chloride was redissolved in dry DCM (5 mL per mmol amine). The
amine (1.0 eq.) was dissolved in dry DCM (9 mL per mmol) and cooled to 0 °C.
Triethylamine (3.0 eq.) and the acid chloride solution were added and the resulting
mixture was stirred for 16 h, allowing the mixture to slowly reach room temperature.
The solvent was removed under reduced pressure and the crude product was purified
by HPLC.
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General Procedure F: Amide coupling with isobutyl chloroformate

The acid derivative (1.0 eq.) was dissolved in dry THF (10 mL per mmol acid). N-
Methylmorpholine (1.0 eq.) was added and the mixture was cooled to -35 °C. Isobutyl
chloroformate (1.0 eq) was added and the resulting mixture was stirred for 45 min. The
amine (1.0 eq.) and N-Methylmorpholine (1.0 eq.) were added and the resulting
mixture was stirred for 16 h, allowing the mixture to slowly reach room temperature.
The solvent was removed under reduced pressure and the residue was poured into
ethyl acetate. The organic phase was washed with saturated NH4ClI solution (3x), dried

over MgSO4 and the solvent was removed under reduced pressure.

General Procedure G: Williamson ether synthesis

Reaction in acetone: The respective nucleophile (1.0 eq) was dissolved in
acetone (10 — 25 mL per mmol). Potassium carbonate (2.0 eq) was added and the
resulting suspension was stirred for 20 min at room temperature. The respective
bromide (1.0 — 1.3 eq) was added and the resulting mixture was stirred for 16 h at
room temperature. The solvent was evaporated and the residue was suspended in
ethyl acetate (25 mL per mmol of the phosphonate derivative). This suspension was
washed with saturated NH4Cl solution (3x) and the organic phase was dried over
MgSO4 and the solvent was removed under reduced pressure.

Reaction in DMF:. The respective nucleophile (1.0 eq) was dissolved in
DMF (2 - 10 mL per mmol). Potassium carbonate (2.0 eq) was added and the
resulting suspension was stirred for 20 min at room temperature. The respective
bromide (1.0 — 1.3 eq) was added and the resulting mixture was stirred for 16 h at
room temperature. The reaction mixture was poured into water (5 mL per mL DMF)
and was extracted with diethyl ether (3x). The combined organic phases were dried

over MgSO4 and the solvent was removed under reduced pressure.

General Procedure H: Deprotection of the phosphonates

The protected phosphonate derivative (1.0 eq) was dissolved in dry DCM (6 mL per
mmol) and cooled to 0 °C. TMSBr (5.0 — 50.0 eq) was added and the resulting solution
was stirred for 4 h, allowing the mixture to slowly reach room temperature. The solvent

was removed under reduced pressure. The residue was re-dissolved in a mixture
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MeOH/H20 (3:1, 6 mL per mmol of the protected phosphonate derivative) and stirred
for 1 h at room temperature. The solvent was removed under reduced pressure and

the crude product was purified by HPLC.

General Procedure J: Substitution with 2-(Boc-amino)ethyl bromide

The heteroaromatic (1.0 eq) was dissolved in DMF (8 mL per mmol). Potassium
carbonate (2.4 eq) was added and the resulting suspension was stirred for 20 min at
room temperature. 2-(Boc-amino)ethyl bromide (1.0 eq) was added and the resulting
mixture was stirred for 48 h at room temperature. The reaction mixture was poured
into water (5 mL per mL DMF) and was extracted with ethyl acetate (3x). The
combined organic phases were dried over MgSO4 and the solvent was removed under

reduced pressure.

General Procedure K: Boc protection

The amine (1.0 eq.) and Di-terf butyl dicarbonate (1.03 eq.) was suspended in
THF (4.3 mL per mmol amine) and cooled down to 0 °C. NaHCO; (1.11 eq.) was
dissolved in H2O (2.2 mL per mmol amine) and added to the suspension dropwise. The
resulting mixture was stirred for 16 h, allowing the mixture to slowly reach room
temperature. The solvent was removed under reduced pressure and the residue was
poured into ethyl acetate (10 mL per mmol amine). The organic phase was washed
with 0.5M HCI (3x), H20 (1x) and brine (1x), dried over MgSO4 and the solvent was

removed under reduced pressure.

General Procedure L: Boc deprotection

Deprotection with dioxane: The Boc protected amine (1.0 eq.) was dissolved in
dioxane (0.1 — 1.0 mL), 4M HCl/dioxane was added and the reaction was stirred for
3 h at room temperature. The suspension was poured in diethyl ether and 1 M
NaOH (20 mL per mmol amine) was added. The phases were separated and the
aqueous phase was extracted with diethyl ether (3x). The combined organic phases

were dried over MgSO4 and the solvent was removed under reduced pressure.
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Deprotection with TFA: The Boc protected amine (1.0 eq.) was dissolved in
DCM/TFA (1:1, 5 mL per mmol) and stirred for 16 h at room temperature. The solvent

was removed under reduced pressure.

General Procedure M: Henry reaction with sodium hydroxide

The aldehyde (1.0 eq.) and nitromethane (1.1 eq.) were dissolved in ethanol (1.75 mL
per mmol aldehyde) and cooled down to 0 °C. 10M NaOH (100 uL per mmol aldehyde)
was added slowly and the resulting mixture was stirred for 2 h at 0 °C. The mixture
was quenched with HCI/ H>O (1:1, 5 mL per mmol aldehyde) and stirred for 1 h at 0 °C.

The resulting soild was filtered, washed with H>O and dried under reduced pressure.

General Procedure N: Reduction with lithium aluminium hydride

The nitrovinyl derivative (1.0 eq.) was dissolved in dry THF (2 mL per mmol nitrovinyl
derivative). Lithium aluminium hydride was suspended in dry THF (2 mL per mmol
nitrovinyl derivative) and cooled down to 0 °C). The nitrovinyl derivative solution was
added slowly and the resulting mixture was stirred for 20 min at 0 °C and then for 3 h
at 45 °C. The mixture was then cooled down to 0 °C again and quenched with 10 %
NaOH solution (1.2 mL per mmol nitrovinyl derivative). The mixture was filtered over
Celite and the filter cake was washed with ethyl acetate. The crude product was dried

under reduced pressure and then purified by column chromatography or HPLC.

General Procedure O: Copper mediated cross coupling

Activated copper (2.6 — 3.9 eq.) was suspended in dry DMSO or DMF (1.6 —2.6 mL
per mmol iodobenzene derivative). The idoobenzene derivative (1.0 eq.) and ethyl
bromodifluoroacetate (1.0 — 1.5 eq.) were added and the reaction mixture was stirred
for 16 h at 60 °C. After cooling down to room temperature the reaction mixture was
poured into ice/ saturated NH4Cl solution (1:1), the inorganic solid was filtered out and
the filtrate was extracted with diethyl ether. The combined organic phases were dried
over MgSO. and the solvent was removed under reduced pressure. The crude product

was purified by column chromatography.
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Copper activation: Copper was suspended in 1M HCI solution (0.4 mL per mmol
copper). The suspension was stirred for 10 min at room temperature and the solvent
was filtered out. The procedure was repeated one after another with H.O, MeOH and

Aceton. At the end the activated copper was dried under reduced pressure.

General Procedure P: Reduction with sodium boronhydride

The difluoroacetate derivative (1.0 eq.) was dissolved in MeOH (3.4 — 3.8 mL per
mmol) und cooled down to 0 °C. NaBH4 (1.0 eq.) was added and the mixture was
stirred for 1 h at 0 °C. The reaction mixture was quenched with H,O/ saturated NH4CI
solution (1:1, 1.4 mL per mmol) and with ethyl acetate extracted. The combined
organic phases were dried over MgSO4 and the solvent was removed under reduced

pressure.

General Procedure Q: Amination

The alcohol (1.0 eq.) was dissolved in dry acetonitrile (1.8 mL per mmol alcohol) and
pyridine (1.6 eq.) was added. The mixture was cooled down to 0 °C and TF20 (1.1 eq.)
was added slowly. The mixture was stirred for 15 min at room temperature.
NH4+OH (28 %, 1.8 mL per mmol alcohol) was added and the mixture was stirred for
16 h at room temperature. The reaction mixture was extracted with DCM, the combined
organic phases were dried over MgSO4 and the solvent was removed under reduced

pressure.

General Procedure R: Esterification with chloromethyl pivalate

The acid (1.0eq.) was dissolved in dry DMF (15 mL per mmol acid) and
triethylamine (2.0 eq.) was added. After 10 min stirring at room temperature
chloromethyl pivalate (10.0 eq.) was added and the reaction mixture was stirred for
16 h at 60 °C. After cooling down to room temperature the mixture was poured into
H.O and extracted with diethyl ether. The combined organic phases were dried over

MgSO4 and the solvent was removed under reduced pressure.
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Synthetic Procedures and Characterization of Compounds

001: Synthesis of dimethyl phenyl phosphate (KPP001)

& o

~o%s The phosphate KPP001 was synthesized via GPA using

phenol (9.41 g, 100 mmol), tetrachlormethane (9.6 mL, 100 mmol),
5 triethylamine (14.9 mL, 100 mmol) and dimethyl phosphite (13.8 mL,
150 mmol) in dry DCM (50 mL). The crude product was purified by column
chromatography (cyclohexane/ethyl acetate 2:1 - 1:1) to obtain KPP001 (11.82 g,
58.5 mmol, 59 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 1:1 v/v): Ry= 0.4.
LC-MS (ESI): tr=7.13 min; m/z = 203.03 [M + HJ". H NMR (400
MHz, CDCl): 6 = 7.26-7.22 (m, 2H), 7.13-7.06 (m, 3H), 3.73 (s, 6H).
3C NMR (101 MHz, CDCls): & =150.81, 129.95, 125.33, 120.05, 120.00, 55.01.
HRMS (ESI): m/z = 203.0468 calcd. for [CsH11O4P + H]*; found: 203.0462.

003: Synthesis of dimethyl 2-hydroxyphenylphosphonate (KPP003)

Hojij The phosphonate KPP003 was synthesized via GP B using di-
\Z\:P\o isopropyl amine (13.8 mL, 98.5 mmol), n-BuLi(2.5M, 34.8 mL,

|03 g7 8 mmol) and phosphate KPP0O1 (11.80 g, 58.4 mmol) in dry
THF (280 mL + 40 mL). The crude product was purified by column chromatography
(cyclohexane/ethyl acetate 2:1) to obtain KPP003 (9.92 g, 49.1 mmol, 84 %) as a
white solid. TLC (cyclohexane:ethyl acetate, 2:1 v/v): R;{=0.4. LC-MS (ESI):
tr = 6.02 min; m/z =202.98 [M + H]*. '"H NMR (400 MHz, CDCl;s): & = 10.06 (s, 1H),
7.47 —7.43 (m, 1H), 7.35 (ddd, J=14.3, 7.7, 1.7 Hz, 1H), 6.99 — 6.90 (m, 2H), 3.74
(d, J = 11.6 Hz, 6H). *C NMR (101 MHz, CDCls): 6 = 162.77, 135.94, 132.01, 120.22,
118.29, 77.80, 77.16, 53.47. HRMS (ESI): m/z = 203.0468 calcd. for [CsH11O4P + H]*;
found: 203.0461.

008: Synthesis of 2-(2-(methoxyphosphono)phenoxy)acetic acid (KPP008)

0 The phosphonate derivative KPP008 was synthesized via GP G using

HOJ\ phosphonate KPP003 (1.822 g, 9.00 mmol), potassium
(0]

o carbonate (2.484 g, 18.0 mmol) and methyl bromoacetate (0.95 mL,

008 Z\? 9.90 mmol) in acetone (225 mL). The crude intermediate was dissolved
rd
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in a mixture THF/ methanol (1:1, 300 mL). Lithium hydroxide (0.647 g, 27.0 mmol,
3.0 eq) was added and the solution was stirred for 16 h at room temperature. The
reaction mixture was acidified with 1M HCI solution (to a pH < 3) and the solvent was
evaporated under reduced pressure. The crude product was purified by column
chromatography (ethyl acetate/methanol 1:1) to obtain KPPO008 (1.56 g,
6.00 mmol, 67 % over two steps) as a white solid. TLC (ethyl acetate:methanol, 1:1
v/v): Rf=0.5. LC-MS (ESI): tr = 4.92 min; m/z = 261.00 [M + H]*. 'TH NMR (400 MHz,
CDCls): 6 =10.93 (s, 1H), 7.65-7.59 (m, 1H), 7.55-7.51 (m 1H), 7.12 - 7.06 (m,
1H), 6.97 —=6.92 (m, 1H), 4.72 (d, J = 2.6 Hz, 2H), 3.78 (dd, J= 11.4, 2.9 Hz, 6H).
3C NMR (101 MHz, CDCl;): 6 = 169.86, 160.32, 135.53, 134.05, 122.67, 114.19,
67.73, 53.84. HRMS (ESI): m/z = 261.0523 calcd. for [C1oH1306P + H]*; found:
261.0514.

080: Synthesis of dimethyl m-tolyl phosphate (KPP080)

Qo

CH3
\O/P\O\©T5 The phosphate KPP080 was synthesized via GP A using m-
/

050 cresol (2.10 mL, 20.00 mmol), tetrachlormethane (1.92 mL,

20.00 mmol), triethylamine (2.98 mL, 20.0 mmol) and dimethyl
phosphite (2.77 mL, 30.00 mmol) in dry DCM (15 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 2:1 - 1:1) to obtain
KPPO080 (1.90 g, 8.79 mmol, 44 %) as a colorless oil. TLC (cyclohexane:ethyl acetate,
1:1  wv/v): Ri=04. LC-MS(ESI): tr=7.47min; m/z=216.99 [M + H]".
"H NMR (400 MHz, CDCl3): & =7.16-7.11 (m, 1H), 6.97 -6.90 (m, 3H), 3.99 (d,
J=11.5Hz, 6H), 2.27 (s, 3H). *C NMR (101 MHz, CDCl;): & = 150.43, 139.88,
129.29, 125.78, 120.24, 116.60, 54.65, 21.11. HRMS (ESI): m/z = 217.0624 calcd. for
[CoH1304P + H]*; found: 217.0621.

081: Synthesis of dimethyl 2-hydroxy-4-methylphenylphosphonate (KPP081)

HO ch, 1he phosphonate KPP081 was synthesized via GP B using di-
o\\P\j@/ isopropyl amine (2.07 mL, 14.82 mmol), n-BuLi(2.5M, 5.23 mL,
i CI) 80 13.22 mmol) and phosphate KPP080 (1.91 g, 8.79 mmol) in dry
THF (45 mL + 5 mL). The crude product was purified by column chromatography

(cyclohexane/ethyl acetate 2:1) to obtain KPP081 (0.59 g, 2.71 mmol, 31 %) as a
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white solid. TLC (cyclohexane:ethyl acetate, 2:1 v/v): R{=0.3. LC-MS (ESI):
tr = 6.84 min; m/z = 216.97 [M + H]*. "TH NMR (400 MHz, CDCl3): & =9.90 (s, 1H),
7.26 -7.21 (m, 1H), 6.81 -6.75 (m, 2H), 3.73 (d, J=11.5Hz, 6H), 2.34 (s, 3H).
3C NMR (101 MHz, CDCly): & =162.39, 146.67, 131.35, 121.10, 117.90, 103.086,
52.87, 21.75. HRMS (ESI): m/z = 217.0624 calcd. for [CeH1304P + H]*; found:
217.0621.

087: Synthesis of 3-fluorophenyl dimethyl phosphate (KPP087)
Q.0

\O’P\/O\Ej/F The phosphate KPP087 was synthesized via GP A using m-

os7 10 fluorophenol (1.81 mL, 20.00 mmol), tetrachlormethane (1.92 mL,
20.00 mmol), triethylamine (2.98 mL, 20.00 mmol) and dimethyl phosphite (2.77 mL,
30.00 mmol) in dry DCM (15 mL). The crude product was purified by column
chromatography (cyclohexane/ethyl acetate 2:1 - 1:1) to obtain KPP087 (1.65 g,
7.47 mmol, 34 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 1:1 v/v): Ry= 0.4.
LC-MS (ESI): tr=7.95 min; m/z =220.96 [M + H]*, calcd. for CgH1oFO4P: 220.03.
'H NMR (400 MHz, CDCls): 6 ==7.32-7.26 (m, 1H), 7.03.-6.95 (m, 2H),
6.91 -6.87 (m, 1H), 3.87 - 3.84 (m, 6H). *C NMR (101 MHz, CDCl5): 6 = 164.23,
161.77, 151.46, 130.53, 115.70, 112.32, 107.88, 54.98.

090: Synthesis of dimethyl o-tolyl phosphate (KPP090)

CHs

\ch“.:(;’\@ The phosphate KPP090 was synthesized via GP A using o-

/ cresol (2.08 mL, 20.00 mmol), tetrachlormethane (1.92 mL,

o 20.00 mmol), triethylamine (2.98 mL, 20.00 mmol) and dimethyl
phosphite (2.77 mL, 30.00 mmol) in dry DCM (15 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 2:1 - 1:1) to obtain
KPPO090 (1.30 g, 6.03 mmol, 30 %) as a colorless oil. TLC (cyclohexane:ethyl acetate,
1:1 wviv): Ri=03. LC-MS(ESI): t=7.76min; m/z=217.07 [M + H]".
"H NMR (400 MHz, CDCls): 6 = 7.37 - 7.26 (m, 3H), 7.20 (t, J = 7.4 Hz, 1H), 3.99 (d,
J=11.5Hz, 6H), 2.43 (s, 3H). *C NMR (400 MHz, CDCl3): & = 148.91, 131.52,
129.23, 127.19, 125.36, 119.60, 55.19, 16.25. HRMS (ESI): m/z = 217.0624 calcd. for
[CoH1304P + H]*; found: 217.0622.
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091: Synthesis of dimethyl p-tolyl phosphate (KPP091)

Q,

\O”\\P‘/s\@ The phosphate KPP091 was synthesized via GP A using p-
/ cHs  cresol (2.10 mL, 20.00 mmol), tetrachlormethane (1.92 mL,

091 20.00 mmol), triethylamine (2.98 mL, 20.00 mmol) and dimethyl
phosphite (2.77 mL, 30.00 mmol) in dry DCM (15 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 2:1 - 1:1) to obtain
KPP091 (2.23 g, 10.32 mmol, 52 %) as a colorless oil. TLC (cyclohexane:ethyl
acetate, 1:1 v/v): Rf=0.3. LC-MS (ESI): tr=7.80 min; m/z=217.07 [M + HJ]*.
"H NMR (400 MHz, CDCl;): & = 7.09 - 7.03 (m, 4H), 3.78 (d, J = 11.3 Hz, 6H), 2.26 (s,
3H). '3C NMR (101 MHz, CDCls): 6 = 148.37, 134.70, 130.14, 119.49, 54.81, 20.60.
HRMS (ESI): m/z = 217.0624 calcd. for [CoH1304P + H]*; found: 217.0623.

092: Synthesis of 2-fluorophenyl dimethyl phosphate (KPP092)

r The phosphate KPP092 was synthesized via GP A using o-
\q‘p\o\® fluorophenol (1.79 mL, 20.00 mmol), tetrachlormethane (1.92 mL,
20.00 mmol), triethylamine (2.98 mL, 20.00 mmol) and dimethyl
phosphite (2.77 mL, 30.00 mmol) in dry DCM (15 mL). The crude product
was purified by column chromatography (cyclohexane/ethyl acetate 2:1 = 1:1) to
obtain KPP092 (1.75 g, 7.96 mmol, 40 %) as a colorless oil. TLC (cyclohexane:ethyl
acetate, 1:1 v/v): Rf=0.4. LC-MS (ESI): tr=7.40 min; m/z=221.04 [M + H]".
"H NMR (400 MHz, CDCl;): 6 =7.34-7.30 (m, 1H), 7.11. - 7.06 (m, 3H), 3.88 - 3.84
(m, 6H). 3C NMR (101 MHz, CDCls): 6 = 154.27, 152.56, 138.44, 126.20, 124.67,
122.39, 116.92, 55.18. HRMS (ESI): m/z = 221.0373 calcd. for [CsgHioFO4P + HI;
found: 221.0371.

092

093: Synthesis of 4-fluorophenyl dimethyl phosphate (KPP093)

\\ O
\©\ The phosphate KPP093 was synthesized via GP A using p-
093 fluorophenol (2.24 g, 20.00 mmol), tetrachlormethane (1.92 mL,
20.00 mmol), triethylamine (2.98 mL, 20.00 mmol) and dimethyl phosphite (2.77 mL,
30.00 mmol) in dry DCM (15 mL). The crude product was purified by column
chromatography (cyclohexane/ethyl acetate 2:1 - 1:1) to obtain KPP093 (2.52 g,

11.46 mmol, 57 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 1:1 v/v):
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Ri=0.3. LC-MS (ESI): tr=7.39 min; m/z=221.04 [M+HJ*. 'H NMR (400 MHz,
CDCl): & =7.19-7.16 (m, 2H), 7.04.-7.00 (m, 2H), 3.87-3.84 (m, 6H).
13C NMR (101 MHz, CDCls): & = 161.13, 158.71, 146.66, 121.53, 116.60, 116.36,
55.15. HRMS (ESI): m/z = 221.0373 calcd. for [CsH1oFOsP + HJ*; found: 221.0369.

094: Synthesis of dimethyl 4-fluoro-2-hydroxyphenylphosphonate (KPP094)

The phosphonate KPP094 was synthesized via GP B using di-isopropyl
O j@/ amine (1.78 mL, 12.69 mmol), n-BuLi (2.5 M, 4.45 mL, 11.21 mmol) and
=0 ‘|’ ws Phosphate KPP087 (1.64 g, 7.47 mmol) in dry THF (30 mL + 5 mL). The
crude product was purified by column chromatography (cyclohexane/ethyl acetate 2:1)
to obtain KPP094 (0.37 g, 1.68 mmol, 23 %) as a white solid. TLC (cyclohexane:ethyl
acetate, 2:1 v/v): Rf=0.5. LC-MS (ESI): tr = 7.50 min; m/z = 220.98 [M + H]*, calcd.
for CsH10FO4P: 220.03. "H NMR (400 MHz, CDCls): & = 10.77 (s, 1H), 7.44 - 7.38 (m,
1H), 6.79.-6.76 (m, 1H), 6.62.-6.56 (m, 1H), 3.82-3.77 (m, 6H).

3C NMR (101 MHz, CDCls): 6 = 164.15, 162.60, 136.49, 114.08, 106.47, 53.83.

095: Synthesis of dimethyl 2-hydroxy-3-methylphenylphosphonate (KPP095)

CHy The phosphonate KPP095 was synthesized via GP B using di-isopropyl
HO amine (1.42 mL, 10.17 mmol), n-BuLi (2.5 M, 3.59 mL, 9.07 mmol) and
\O\IP\I (())95 phosphate KPP090 (1.31 g, 6.03 mmol) in dry THF (30 mL + 4 mL). The
crude product was purified by column chromatography
(cyclohexane/ethyl acetate 2:1) to obtain KPP095 (0.45 g, 2.08 mmol, 34 %) as a
yellow oil. TLC (cyclohexane:ethyl acetate, 2:1 v/v): R{=0.5. LC-MS (ESI):
tr=7.77 min; m/z = 217.03 [M + HJ*, calcd. for CgH1304P: 216.06. 'TH NMR (400 MHz,
CDCls): 6 =10.02 (s, 1H), 7.23 = 7.19 (m, 1H), 6.89 — 6.74 (m, 2H), 3.74 (d, J=11.4
Hz, 6H), 2.34 (s, 3H). "*C NMR (101 MHz, CDCls): & = 157.59, 148.52, 131.36,

120.94, 118.06, 52.87, 21.78.



10

20

25

WO 2025/005795 PCT/NL2024/050337

61
096: Synthesis of dimethyl 2-hydroxy-5-methylphenylphosphonate (KPP096)

HO The phosphonate KPP096 was synthesized via GP B using di-
O\\PD\CH:; isopropyl amine (2.43 mL, 17.38 mmol), n-BuLi(2.5M, 6.13 mL,
| 15.51 mmol) and phosphate KPP091 (2.24 g, 10.31 mmol) in dry

5 THF (50mL + 5mL). The crude product was purified by column

chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP096 (1.48 g,
6.83 mmol, 66 %) as a white solid. TLC (cyclohexane:ethyl acetate, 2:1 v/v): Ry= 0.3.
LC-MS (ESI): tr = 6.84 min; m/z = 216.97 [M + HI". "H NMR (400 MHz,
CDCls): 6 =9.55 (s, 1H), 7.21 (d, J=8.5 Hz, 1H), 7.17 - 7.07 (m, 1H), 6.89 —6.79
(m, 1H), 371 (d, J=116 Hz, 6H), 223 (s, 3H). "C NMR (101 MHz,
CDCls): 6 =159.88, 136.62, 131.31, 129.18, 117.60, 107.53, 53.12, 20.19.
HRMS (ESI): m/z = 217.0624 calcd. for [CoH1304P + H]*; found: 217.0621.

097: Synthesis of dimethyl 3-fluoro-2-hydroxyphenylphosphonate (KPP097)

amine (1.88 mL, 13.42 mmol), n-BuLi (2.5 M, 4.73 mL, 11.97 mmol) and
~0 \/0 phosphate KPP092 (1.75 g, 7.96 mmol) in dry THF (35 mL + 5mL). The

097

1? The phosphonate KPP097 was synthesized via GP B using di-isopropyl
HO
P

crude product was purified by column chromatography (cyclohexane/ethyl
acetate 2:1) to obtain KPP097 (0.34 g, 1.55 mmol, 19 %) as a slightly yellow solid.
TLC (cyclohexane:ethyl acetate, 2:1 v/v): R¢{=0.2. LC-MS (ESI): tr=6.23 min;
m/z = 220.98 [M + H]*. 'TH NMR (400 MHz, CDCls): 6 =9.27 (s, 1H), 7.21-7.16 (m,
1H), 7.11. - 7.05 (m, 1H), 6.84. —6.78 (m, 1H), 3.72 (d, J = 11.6 Hz, 6H). '3C NMR
(101 MHz, CDCls): 6 = 152.98, 150.57, 126.84, 121.56, 119.96, 110.96, 109.20,
53.43. HRMS (ESI): m/z = 221.0373 calcd. for [CsH1oFO4P + H]*; found: 221.0361.

098: Synthesis of dimethyl 5-fluoro-2-hydroxyphenylphosphonate (KPP098)

HO The phosphonate KPP098 was synthesized via GP B using di-isopropyl
D\F amine (2.74 mL, 19.48 mmol), n-BuLi (2.5 M, 6.88 mL, 17.19 mmol) and
| phosphate KPP093 (2.31 g, 11.46 mmol) in dry THF (55 mL + 8 mL).
0%6 The crude product was purified by column chromatography
(cyclohexane/ethyl acetate 2:1) to obtain KPP098 (1.33 g, 6.03 mmol, 53 %) as a

white solid. TLC (cyclohexane:ethyl acetate, 2:1 v/v): R;{=0.4. LC-MS (ESI):

<
\O’P\
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tr = 6.40 min; m/z = 220.96 [M + H]*. "H NMR (400 MHz, CDCls): & = 8.83 (bs, 1H),
7.17 - 7.12 (m, 1H), 7.04 - 6.97 (m, 1H), 6.94 - 6.88 (m, 1H), 3.74 (d, J = 11.5 Hz, 6H).
13C NMR (101 MHz, CDCly): &= 158.80, 157.66, 154.85, 122.96, 119.50, 116.56,
108.64, 107.08, 53.34. HRMS (ESI): m/z = 221.0373 calcd. for [CsHioFO4P + HI;
found: 221.068.

273: Synthesis of 2-hydroxyphenyl dimethyl phosphate (KPP273)

HO

o)

. .D The phosphate KPP273 was synthesized via GPA using

0==0 catechol (5.51 g, 50.0 mmol), tetrachlormethane (6.90 mL, 50.0 mmol),

g 1263 triethylamine (7.45 mL, 50.0 mmol) and dimethyl phosphite (4.80 mL,
15.0 mmol) in dry DCM (50 mL). The crude product was purified by column
chromatography (ethyl acetate) to obtain KPP273 (7.15 g, 32.8 mmol, 66 %) as
slightly brown solid. TLC (ethyl acetate, v/v): Rf=0.5. LC-MS (ESI): tr=6.16 min;
m/z=219.05 [M+H]*, caled. for CgH1OsP: 218.03. 'HNMR (400 MHz,
MeOD): 6 =7.12 (dt, J=8.1, 1.5 Hz, 1H), 7.06 —6.96 (m, 1H), 6.97 —6.84 (m, 1H),
6.77 (td, J=7.7, 1.6 Hz, 1H), 3.84 (d, J=11.5 Hz, 6H). "*C NMR (101 MHz,
MeOD): 6 = 149.66, 139.86, 127.26, 122.29, 120.70, 118.23, 55.82.

298: Synthesis of 2-(2-((2,2-Difluoro-2-phenylethyl)amino)-2-oxoethoxy)phenyl)phosphonic
acid (KPP298) 62

o The phenylphosphonic acid derivative KPP298 was synthesized via
©§ONJ\ GPF and GPH. GP F employed phosphonate KPP008 (260 mg,
gj 1.00 mmol), N-Methylmorpholine (111 uL, 1.00 mmol) and isobutyl
IS chloroformate (130 pL, 1.00 mmol) in dry THF (10 mL) as well as N-
Methylmorpholine (111 pL, 1.00 mmol) and 2,2-difluoro-2-
phenylethanamine (157 mg, 1.00 mmol). The crude intermediate was deprotected via GP H
using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and MeOH/H-0O (3:1, 8 mL). The
crude product was purified by HPLC to obtain KPP298 (158 mg, 0.43 mmol, 43 % over two
steps) as a white solid. LC-MS (ESI): tr=6.11 min; m/z=371.88 [M + H]*, calcd. for
CisH16F2NOsP:  371.07. 'H NMR (400 MHz, DMSO0):6=9.39 (t, J=6.3Hz, 1H),
7.68—-7.59 (m, 1H), 7.54 —7.38 (m, 6H), 7.12—-7.05 (m, 2H), 4.64 (s, 2H), 3.87 (td,
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J=15.0, 6.3 Hz, 2H). *C NMR (101 MHz, DMSO): & = 168.65, 158.78, 134.68, 133.16,
132.59, 130.30, 128.56, 125.08, 123.14, 121.19, 120.57, 113.18, 67.52, 44.09.
HRMS (ESI): m/z = 372.0807 calcd. for [C1sH16F2NOsP + HJ*; found: 372.0806.

332: Synthesis of ethyl 2,2-difluoro-2-phenylacetate (KPP332)

o The phenylacetate derivative KPP332 was synthesized via GP O using
@o/\ iodobenzene (1.12 mL, 10.00 mmol), ethyl bromodifluoroacetate (1.95 mL,
i 332 15.00 mmol) and activated copper (2.55g, 39.00 mmol) in dry
DMSO (26 mL). The crude product was purified by column chromatography
(cyclohexane/ethyl acetate 19:1) to obtain KPP332 (1.37 g, 6.83 mmol, 68 %) as a
colorless oil. TLC (cyclohexane:ethyl acetate, 19:1 v/v): R¢=0.43. LC-MS (ESI):
tr=9.81 min; m/z=200.74 [M + H]*, calcd. for C1oH1oF202: 200.06. 'H NMR (400 MHz,
CDCls): 6=7.66-7.59 (m, 2H), 7.53 -7.36 (m, 3H), 4.28 (q, J=7.1 Hz, 2H), 1.29 (4,
J=7.2Hz, 1H). 3C NMR (101 MHz, CDCl): 6 = 164.26, 132.89, 131.07, 128.71, 125.53,
113.49, 63.19, 13.86.

333: Synthesis of ethyl 2,2-difluoro-2-(4-fluorophenyl)acetate (KPP333)

F o The phenylacetate derivative KPP333 was synthesized via GP O using
mgﬁ\ 4-fluoroiodobenzene (1.15 mL, 10.00 mmol), ethyl

] 33'; bromodifluoroacetate (1.28 mL, 10.00 mmol) and activated
copper (1.65 g, 26.00 mmol) in dry DMF (15 mL). The crude product was purified by column
chromatography (cyclohexane/ethyl acetate 19:1) to obtain KPP333(0.81g,
3.71 mmol, 37 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 19:1 v/v): Re = 0.49.
LC-MS (ESl): tk=9.98 min; m/z=219.26 [M + H]*, calcd. for CioHeF302 218.06.
"H NMR (400 MHz, CDCly): 6=7.65-7.55 (m, 2H), 7.12 (t, J=8.6 Hz, 2H), 4.28 (q,
J=7.1Hz, 2H), 1.28 (t, J=7.2 Hz, 1H). *C NMR (101 MHz, CDCl): & = 165.75, 164.07,
163.11, 128.97, 127.85, 116.02, 113.15, 63.33, 13.87.



10

20

30

WO 2025/005795 PCT/NL2024/050337

64
334: Synthesis of ethyl 2,2- difluoro-2-(4-chlorophenyl)acetate (KPP334)

cl o The phenylacetate derivative KPP334 was synthesized via GP O
mo/\ using 4-chloroiodobenzene (2.39 g, 10.00 mmol), ethyl

F
334

copper (1.65 g, 26.00 mmol) in dry DMF (15 mL). The crude product was purified by

bromodifluoroacetate (1.28 mL, 10.00 mmol) and  activated

column chromatography (cyclohexane/ethyl acetate 19:1) to obtain KPP334 (1.27 g,
5.41 mmol, 54 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 19:1 v/v):
Rf=0.45. '"H NMR (400 MHz, CDCl;): 6 = 7.53(d, J = 8.8 Hz, 2H), 7.43 (d, J = 8.8 Hz,
2H), 4.28 (q, J=7.1Hz, 2H), 1.28 (t, J=7.2Hz, 8H). "CNMR (101 MHz,
CDCls): 6 =170.77, 163.89, 137.42, 131.40, 129.06, 127.14, 113.05, 63.41, 13.91.

335: Synthesis of 2,2-difluoro-2-phenylethanol (KPP335)

The alcohol KPP335 was synthesized via GPP using the
©§@0H acetate KPP332 (807 mg, 4.03 mmol), and NaBH4 (152 mg, 4.03 mmol)
F335F15 in MeOH (14 mL). The crude product was purified by column
chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP335 (493 mgq,
3.12 mmol, 78 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 2:1 v/v):
R¢=0.57. LC-MS (ESI): tr=7.37 min; m/z = 159.62 [M + H]*, calcd. for CgHsF>O:
158.05. 'TH NMR (400 MHz, CDCls): 6 = 7.58 — 7.50 (m, 2H), 7.49 — 7.31 (m, 3H), 3.95
(t, J=13.5Hz, 1H), 2.41-2.29 (m, 1H). *C NMR (101 MHz, CDCls): & = 134.52,
130.41, 128.66, 125.59, 120.73, 66.06.

342: Synthesis of 2-bromo-N-(2,2-difluoro-2-phenylethyl)acetamide (KPP342)

o The bromoacetamide KPP342 was synthesized via GP Q and GP D.
@}(F\Hé%lr GP Q employed the alcohol KPP335(1.08 g, 6.83 mmol),
342 pyridine (0.88 mL, 10.93 mmol) and Tf.O (1.26 mL, 7.51 mmol) in dry
acetonirile (12.4 mL) as well as NH4sOH (28%, 12.4 mL). The crude intermediate was
coupled to the amide using triethylamine (1.04 mL, 7.51 mmol) and bromoacetyl
bromide (0.60 mL, 6.83 mmol) in dry DCM (34 mL). The crude product was purified by
column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP342 (0.88 g,
3.16 mmol, 46 % over two steps) as a yellow solid. TLC (cyclohexane:ethyl acetate,
2:1 viv): R¢=0.29. LC-MS (ESI): tr=8.11 min; m/z=279.58 [M + H]*, calcd. for
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C1oH10BrF2NO: 276.99. "H NMR (400 MHz, CDCls): & = 7.55 — 7.39 (m, 5H), 6.86 (s,
1H), 3.94 (td, J=14.5, 6.2Hz, 2H), 3.87 (s, 2H). *C NMR (101 MHz,
CDCls): & = 165.85, 134.23, 130.66, 128.77, 125.32, 120.28, 46.09, 28.85.

343: Synthesis of 2-bromo-N-(2,2-difluoro-2-(4-fluorophenyl)ethyl)acetamide (KPP343)

).A and GPD. GPP employed the acetate KPP333 (561 mg,

¥ 257 mmol), and NaBH4 (96 mg, 2,57 mmol) in MeOH (9 mL). The

crude alcohol was converted to the amine via GP Q using pyridine (0.33 mL,
4.11 mmol) and Tf,0 (0.48 mL, 2.83 mmol) in dry acetonirile (4.6 mL) as well as
NH4+OH (28%, 4.6 mL). The crude intermediate was coupled to the amide using

F The bromoacetamide KPP343 was synthesized via GP P, GP Q
T,
FFrH
343

triethylamine (0.39 mL, 2.83 mmol) and bromoacetyl bromide (0.22 mL, 2.83 mmol) in
dry DCM (13 mL). The crude product was purified by column chromatography
(cyclohexane/diethyl ether 1:4) to obtain KPP343 (200 mg, 0.67 mmol, 26 % over
three steps) as a brown solid. TLC (cyclohexane:diethyl ether, 1:4 v/v): R = 0.38. LC-
MS (ESI): tr=8.23 min;, m/z=295.54 [M + H]*, calcd. for CioHeBrFsNO: 294.98.
"H NMR (400 MHz, CDCl3): 6 =7.58 —7.42 (m, 2H), 7.13 (t, J = 8.5 Hz, 2H), 6.80 (s,
1H), 3.92 (td, J=14.3, 6.3Hz, 2H), 3.87 (s, 2H). 'C NMR (101 MHz,
CDCls): 6 = 165.77, 130.35, 127.55, 119.97, 116.06, 115.84, 45.71, 28.84.

344: Synthesis of 2-bromo-N-(2,2-difluoro-2-(4-chlorophenyl)ethyl)acetamide (KPP344)

)OH and GP D. GPP employed the acetate KPP334 (877 mg,

B 3.67 mmol), and NaBH4 (142 mg, 3.67 mmol) in MeOH (13 mL).

The crude alcohol was converted to the amine via GP Q using pyridine (0.47 mL,
5.87 mmol) and Tf.O (0.68 mL, 4.04 mmol) in dry acetonirile (6.5 mL) as well as
NH4+OH (28%, 6.5 mL). The crude intermediate was coupled to the amide using

cl The bromoacetamide KPP344 was synthesized via GP P, GP Q
o,
FrH
344

triethylamine (0.56 mL, 4.04 mmol) and bromoacetyl bromide (0.32 mL, 4.04 mmol) in
dry DCM (18 mL). The crude product was purified by column chromatography
(cyclohexane/diethyl ether 1:4) to obtain KPP344 (216 mg, 0.69 mmol, 19 % over
three steps) as an orange solid. TLC (cyclohexane:diethyl ether, 1:4 v/v): Rs = 0.43.
LC-MS (ESI): tr = 8.37 min; m/z = 311.45 [M + HJ*, calcd. for C10HeBrCIF2NO: 310.95.



10

15

25

WO 2025/005795 PCT/NL2024/050337

66

1H NMR (400 MHz, CDCls): & = 7.50 — 7.38 (m, 4H), 6.78 (s, 1H), 3.93 (td, J = 14.3,
6.3 Hz, 2H), 3.87 (s, 2H). "*C NMR (101 MHz, CDCls): & = 165.76, 136.96, 132.83,
129.11, 126.82, 119.90, 45.91, 28.83.

349: Synthesis of ethyl 2-(4-bromophenyl)-2,2-difluoracetate (KPP349)

The phenylacetate derivative KPP349 was synthesized via GP O using

Br.
(o}
mo/\ 4-bromoiodobenzene (2.83 g, 10.00 mmol), ethyl
F

] 349 bromodifluoroacetate (1.95 mL, 15.00 mmol) and activated
copper (2.55 g, 39.00 mmol) in dry DMSO (26 mL). The crude product was purified by
column chromatography (cyclohexane/ethyl acetate 19:1) to obtain KPP349 (2.38 g,
8.51 mmol, 85 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 19:1 v/v): Re = 0.50.
"H NMR (400 MHz, CDCl3): 6=7.58 (d, J=8.7 Hz, 1H), 7.49 (d, J= 8.5 Hz, 2H), 4.30 (q,
J=7.1Hz, 2H), 1.29 (t, J=7.2 Hz, 3H). 3*C NMR (101 MHz, CDCl;): & = 163.84, 132.05,

127.25,125.79, 113.12, 63.42, 13.94.

350: Synthesis of Diphenyl (2-hydroxyphenyl)phosphonate (KPP350)

HO The phosphonate KPP350 was synthesized via GP B using di-isopropyl
O\\Fl»\o amine (2.39 mL, 17.0 mmol), n-BuLi (2.5 M, 5.95mL, 15.0 mmol) and
@b triphenyl phosphate (3.26 g, 10.0 mmol) in dry THF (35 mL + 15 mL).
26° The crude product was purified by column chromatography
(cyclohexane/ethyl acetate 4:1) to obtain KPP350 (1.89 g, 5.80 mmol, 58 %) as a white
solid. TLC (cyclohexane:ethyl acetate, 4:1 v/v): Ri=0.43. LC-MS (ESI): tr=9.59 min;
m/z = 327.03 [M + H]*, calcd. for C1gsH1s04P: 326.07. 'TH NMR (400 MHz, CDCls): 6 = 9.89
(s, 1H), 7.65 (ddd, J=14.9, 7.9, 1.7 Hz, 1H), 7.47 (t, J=7.8 Hz, 1H), 7.32 (t, J=7.8 Hz,
4H), 7.24 —-7.14 (m, 6H), 6.99-6.93 (m, 2H). 3C NMR (101 MHz, CDCls): & = 162.36,
149.88, 136.11, 131.93, 129.97, 125.68, 120.59, 119.84, 118.04, 108.39, 106.55.

356: Synthesis of 2-bromo-N-(2-(4-bromophenyl)-2,2-difluoroethyl)acetamide (KPP356)

[e]
ébj and GP D. GPP employed the acetate KPP349 (2.12 g,

Br. The bromoacetamide KPP356 was synthesized via GP P, GP Q
U,
FFF
356 B 7.60 mmol), and NaBH4 (0.29 g, 7.60 mmol) in MeOH (25 mL). The
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crude alcohol was converted to the amine via GP Q using pyridine (0.96 mL,
12.16 mmol) and Tf.O (1.44 mL, 8.36 mmol) in dry acetonirile (13 mL) as well as
NH4OH (28%, 13 mL). The crude intermediate was coupled to the amide using
triethylamine (1.16 mL, 8.36 mmol) and bromoacetyl bromide (0.73 mL, 8.36 mmol) in
dry DCM (18 mL). The crude product was purified by column chromatography
(cyclohexane/ethyl acetate 2:1) to obtain KPP356 (1.11 g, 3.10 mmol, 41 % over three
steps) as an orange solid. TLC (cyclohexane:ethyl acetate, 2:1 v/v): Ri= 0.43. LC-
MS (ESI): tr= 9.04min; m/z = 355.58 [M + H]*, calcd. for CioHeBr.F2NO: 354.90.
"H NMR (400 MHz, CDClg): 6 = 7.56 (d, J = 8.2 Hz, 2H), 7.38 (d, J = 8.5 Hz, 1H), 6.88
(s, 1H), 3.92 (td, J=14.3, 6.4 Hz, 2H), 3.85 (s, 2H). "*C NMR (101 MHz,
CDCls): 6 = 165.95, 133.33, 132.02, 127.12, 125.20, 119.92, 45.81, 28.72.

358: Synthesis of (((2-(2-((2, 2-difluor-2-phenylethyl)amino)-2-
oxoethoxy)phenyl)phosphoryl)bis(oxy))bis(methylen) bis(2,2-
dimethylpropanoate) (KPP358) ||

o The ester derivative KPP358 was synthesized via GP R using
©§(\N)H the phosphonic acid derivative KPP298 (230 mg, 0.62 mmol),
D triethylamine (0.17 mL, 1.24 mmol) and chloromethyl

o pivalate (0.90 mL, 6.20 mmol) in dry DMF (10 mL). The crude

o Or 0 product was purified by HPLC to obtain KPP358 (155 mg,

I Oik 0.26 mmol, 42 %) as a colorless oil. LC-MS (ESI):

tr=11.00 min; m/z = 599.73 [M + H]*, calcd. for C2sH3sF2NOgP:

599.21. 'TH NMR (400 MHz, DMSQ): 6 = 8.47 (t, J = 6.4 Hz, 1H), 7.65 — 7.59 (m, 2H),

7.55-7.40 (m, 5H), 7.19 - 7.08 (m, 2H), 5.67 (d, J = 13.8 Hz, 4H), 4.67 (s, 2H), 3.98

(td, J=14.8, 6.3 Hz, 2H), 1.07 (s, 18H). *C NMR (101 MHz, DMSO): & = 176.03,

167.55, 159.04, 135.48, 134.44, 133.55, 130.34, 128.54, 125.11, 121.34, 116.38,

114.49, 113.26, 81.82, 67.16, 43.90, 3811, 26.31. HRMS (ESI):
m/z = 600.2169 calcd. for [C2sH3sF2NOgP + H]*; found: 600.2166.
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359: Synthesis of (2-(2-((2, 2-difluoro-2-(4-fluorophenyl)ethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP359) 67
F o The  phenylphosphonic  acid derivative KPP359 was
\©Y\N)H synthesized via GPG and GPH. GPG employed
FFrofH

phosphonate KPP003 (117 mg, 0.58 mmol), potassium

o\\F,’\OH carbonate (160 mg, 1.04 mmol) and KPP343 (171 mg,
> 0.58 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (0.77 mL, 5.80 mmol) in dry DCM (5 mL) and
MeOH/H20O (3:1, 4 mL). The crude product was purified by HPLC to obtain
KPP359 (92 mg, 0.24 mmol, 41 % over two steps) as a white solid. LC-MS (ESI):
tr=6.25min; m/z=389.84 [M+ H]", caled. for CisHisFsNOsP: 389.06.
'H NMR (400 MHz, DMSO): 6=9.41 (t, J=6.3Hz, 1H), 7.72-7.57 (m, 1H),
7.52 -7.45 (m, 3H), 7.22 (t, J= 8.8 Hz, 2H), 7.14 - 7.02 (m, 2H), 4.63 (s, 2H), 3.86
(dt, J=14.5, 7.2 Hz, 2H). *C NMR (101 MHz, DMSO): & = 168.58, 158.75, 133.07,
132.59, 127.76, 121.16, 115.57, 115.35, 113.24, 67.45, 43.97. HRMS (ESI):

m/z = 390.0713 calcd. for [C1sH15F3NOsP + H]*; found: 390.0711.

359

360: Synthesis of ((2-(2-((2-(4-chlorophenyl)-2, 2-difluoroethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP360) 63

cl 20 The phenylphosphonic acid derivative KPP360 was
\©§(\N% synthesized via GPG and GPH. GPG employed
°:© phosphonate KPP003 (123 mg, 0.61 mmol), potassium
“Pon carbonate (169 mg, 1.22mmol) and KPP344 (191 mg,
wo o 0.61 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (0.81 mL, 6.10 mmol) in dry DCM (5 mL) and
MeOH/H20O (3:1, 4 mL). The crude product was purified by HPLC to obtain
KPP360 (138 mg, 0.34 mmol, 56 % over two steps) as a white solid. LC-MS (ESI): tr
= 6.67min; m/z=40587 [M+H]*, calcd. for CisH1sCIF:2NOsP: 405.03.
"H NMR (400 MHz, DMSO): 6 = 9.46 (s, 1H), 7.71 = 7.58 (m, 1H), 7.53 — 7.40 (m, 5H),
7.16 —7.06 (m, 2H), 4.65 (s, 2H), 3.88 (t, J=12.6 Hz, 2H). '*C NMR (101 MHz,
DMSO): 6 = 168.58, 158.85, 135.01, 133.00, 128.51, 127.23, 121.21, 113.23, 99.50,
67.43, 43.84. HRMS (ESI): m/z = 406.0417 calcd. for [C1sH15CIF2NOsP + H]*; found:

406.0417.
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363: Synthesis of diphenyl (2-(2-((2, 2-difluoro-2-phenylethyl)amino)-2-
oxoethoxy)phenyl)phosphonate (KPP363) IV

o The ester derivative KPP363 was synthesized via GP G using
O}C”)ﬁ 5 phosphonate KPP350 (245 mg, 0.75 mmol), potassium
D carbonate (207 mg, 1.50 mmol) and KPP342 (209 mg,
5o 0.75 mmol) in DMF (5 mL). The crude product was purified by

©/ HPLC to obtain KPP363 (241 mg, 0.46 mmol, 61 %) as a
colorless oil. LC-MS (ESI): tr= 10.58 min; m/z = 523.90 [M + H]*,
calcd. for C2sH24F2NOsP: 523.14. 'H NMR (400 MHz, DMSO): & = 8.50 (t, J = 6.3 Hz,
1H), 7.90 - 7.83 (m, 1H), 7.64 (t, J = 8.0 Hz, 1H), 7.51 = 7.33 (m, 9H), 7.28 — 7.10 (m,
8H), 4.78 (s, 2H), 3.98 (td, J=14.9, 6.3 Hz, 2H). "*C NMR (101 MHz,
DMSO): 6 = 167.59, 159.32, 149.98, 135.93, 134.67, 134.38, 130.34, 129.88, 128.54,
125.27, 121.44, 120.51, 120.46, 115.00, 113.23, 67.09, 43.93, 31.28. HRMS (ESI):
m/z = 524.1433 calcd. for [C2sH24F2NOsP + H]*; found: 524.1422.

364: Synthesis of ((2-(2-((2-(4-bromophenyl)-2, 2-difluoroethyl)amino)-2-

oxoethoxy)phenyl)phosphonic acid (KPP364) 64

Br o The phenylphosphonic acid derivative KPP364 was

\QWN)H 20 synthesized via GP G and GPH. GPG employed
FFF

OD phosphonate KPP003 (202 mg, 1.00 mmol), potassium
TP on carbonate (276 mg, 2.00 mmol) and KPP356 (357 mg,

e 1.00 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20 (3:1, 6 mL). The crude product was purified by HPLC to obtain
KPP364 (181 mg, 0.40 mmol, 40 % over two steps) as a white solid. LC-MS (ESI):
tr=6.82 min; m/z=449.85 [M+H]*, calcd. for CisHisBrF2NOsP: 448.98.
H NMR (400 MHz, DMSO): 6 = 9.44 (t, J =6.2 Hz, 1H), 7.66 — 7.58 (m, 3H), 7.50 (t,
J=72Hz, 1H), 7.38 (d, J= 8.3 Hz, 2H), 7.12 —7.06 m, 2H), 4.64 (s, 2H), 3.88 (td,
J=14.4, 6.3 Hz, 2H). "C NMR (101 MHz, DMSO:;): 6 = 168.59, 158.77, 133.82,
133.05, 132.57, 131.47, 127.47, 123.81, 121.29, 113.24, 67.44, 43.83, 31.31.

HRMS (ESI): m/z = 449.9912 calcd. for [C16H15sBrF2NOsP + H]*; found: 449.9911.
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374: Synthesis of ethyl 2,2-difluoro-2-(2-fluorophenyl)acetate (KPP374)

o The phenylacetate derivative KPP374 was synthesized via GP O using 2-
Q}%%/\ fluoroiodobenzene (1.16 mL, 10.00 mmol), ethyl
a 3.74F 5 bromodifluoroacetate (1.95 mL, 15.00 mmol) and activated copper (2.55 g,
39.00 mmol) in dry DMSO (26 mL). The crude product was purified by column
chromatography (cyclohexane/ethyl acetate 19:1) to obtain KPP374 (1.80¢q,
8.26 mmol, 83 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 19:1 v/v): Re= 0.37.
LC-MS (ESI): tr=9.61min;, m/z=218.58 [M + H]*, calcd. for CioH1oF302: 218.06.
"H NMR (400 MHz, CDCl;): 6=7.66 (t, J=7.6 Hz, 1H), 7.55-7.45 (m, 1H), 7.26 (d,
J=154Hz, 1H), 7.19-7.09 (m, 1H), 4.35 (q, J=7.2 Hz, 2H), 1.32 (t, J=7.2 Hz, 3H).
3C NMR (101 MHz, CDCls): & = 163.32, 158.60, 133.14, 127.17, 124.37, 120.99, 116.25,
111.76, 63.42, 13.83.

375: Synthesis of ethyl 2,2-difluoro-2-(2-fluorophenyl)acetate (KPP375)

o The phenylacetate derivative KPP375 was synthesized via GP O
F/©§J\o/\ using 3-fluoroiodobenzene (1.17 mL, 10.00 mmol), ethyl
" 37: bromodifluoroacetate (1.95 mL, 15.00 mmol) and activated
copper (2.55 g, 39.00 mmol) in dry DMSO (26 mL). The crude product was purified by
column chromatography (cyclohexane/ethyl acetate 19:1) to obtain KPP375 (10.99 g,
4.54 mmol, 45 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 19:1 v/v):
R¢=0.43. 'TH NMR (400 MHz, CDCls): 6 =7.46 — 7.38 (m, 2H), 7.31 (d, J=9.1 Hz,
1H), 7.19 (t, J=7.3 Hz, 1H), 4.30 (q, J=7.1 Hz, 2H), 1.31 (t, J=7.2 Hz, 3H).
3C NMR (101 MHz, CDCl3): 6 = 163.92, 161.46, 135.14, 130.62, 121.31, 118.38,
113.29, 112.74, 63.48, 13.96.

383: Synthesis of 2-bromo-N-(2,2-difluoro-2-(2-fluorophenyl)ethyl)acetamide (KPP383)

The bromoacetamide KPP383 was synthesized via GP P, GP Q and

(o]
Q}(F\”)S GP D. GP P employed the acetate KPP374 (1.45 g, 6.65 mmol), and
] 30Br NaBH4 (0.25 g, 6.65 mmol) in MeOH (22 mL). The crude alcohol was

converted to the amine via GP Q using pyridine (0.86 mL, 10.64 mmol) and

383
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Tf,0 (1.23 mL, 7.32 mmol) in dry acetonirile (12 mL) as well as NHsOH (28%, 12 mL).
The crude intermediate was coupled to the amide using triethylamine (1.01 mL,
7.32 mmol) and bromoacetyl bromide (0.64 mL, 7.32 mmol) in dry DCM (33 mL). The
crude product was purified by column chromatography (cyclohexane/ethyl acetate 2:1)
to obtain KPP383 (679 mg, 2.29 mmol, 34 % over three steps) as a white solid.
TLC (cyclohexane:ethyl acetate, 2:1 v/v): R¢f=0.29. LC-MS (ESI): tr= 8.18 min;
m/z = 29562 [M + H]*, calcd. for CioHeBrFsNO: 294.98. 'H NMR (400 MHz,
CDCls): 6=7.53 (t, J=7.6 Hz, 1H), 7.49-7.43 (m, 1H), 7.22 (t, J=7.6 Hz, 1H),
7.18 —=7.12 (m, 1H), 6.82 (s, 1H), 6.24 (s, OH), 4.07 (td, J = 14.6, 6.3 Hz, 2H), 3.85 (s,
2H). 3C NMR (101 MHz, CDCl;): &6 = 165.91, 158.60, 132.86, 127.50, 124.40, 121.69,
118.79, 116.85, 45.11, 28.77.

384: Synthesis of 2-bromo-N-(2,2-difluoro-2-(3-fluorophenyl)ethyl)acetamide (KPP384)

o  The bromoacetamide KPP384 was synthesized via GP P, GP Q
F/©'>f” and GPD. GPP employed the acetate KPP375(0.73 g,
384 o 3.34 mmol), and NaBH4 (0.13 g, 3.34 mmol) in MeOH (12 mL). The
crude alcohol was converted to the amine via GP Q using pyridine (0.43 mL,
5.34 mmol) and Tf0O (0.62 mL, 3.67 mmol) in dry acetonirile (6 mL) as well as
NH4+OH (28%, 6 mL). The crude intermediate was coupled to the amide using
triethylamine (0.51 mL, 3.67 mmol) and bromoacetyl bromide (0.32 mL, 3.67 mmol) in
dry DCM (17 mL). The crude product was purified by column chromatography
(cyclohexane/ethyl acetate 2:1) to obtain KPP384 (679 mg, 2.29 mmol, 34 % over
three steps) as a white solid. TLC (cyclohexane:ethyl acetate, 2:1 v/v): Rf = 0.40. LC-
MS (ESI): tr = 8.27 min; m/z = 295.61 [M + H]*, calcd. for C1oHeBrFsNO: 294.98.
"H NMR (400 MHz, CDCl3): 6 =7.46-7.40 (m, 1H), 7.29 (d, J=7.8Hz, 1H),
7.24-7.14 (m, 2H), 6.80 (s, 1H), 3.93 (td, J=14.4, 6.3 Hz, 2H), 3.87 (s, 2H).
3C NMR (101 MHz, CDCl;): 6 = 165.83, 161.49, 136.63, 130.66, 121.15, 119.50,
117.70, 113.02, 45.92, 28.77.
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390: Synthesis of (2-(2-((2, 2-difluoro-2-(2-fluorophenyl)ethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP390) 65

o The phenylphosphonic acid derivative KPP390 was synthesized

< HJ\O via GP G and GP H. GP G employed
IB; phosphonate KPP003 (202 mg, 1.00 mmol), potassium

290 O\\Z;OH carbonate (276 mg, 2.00 mmol) and KPP383 (296 mg,

1.00 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20 (3:1, 6 mL). The crude product was purified by HPLC to obtain
KPP390 (158 mg, 0.41 mmol, 41 % over two steps) as a white solid. LC-MS (ESI):
tr=6.11min; m/z=389.84[M + H]*, calcd. for CieHisFsNOsP:  389.06.
"H NMR (400 MHz, DMSO): 6=9.46 (t, J=6.3 Hz, 1H), 7.63 (ddd, J=14.2, 7.7,
1.8 Hz, 1H), 7.60 — 7.44 (m, 2H), 7.38 (t, J=7.7 Hz, 1H), 7.30 (dd, J = 11.4, 8.3 Hz,
1H), 7.22 (t, J=7.6 Hz, 1H), 7.08 (td, J= 7.7, 7.3, 2.6 Hz, 2H), 4.61 (s, 2H), 3.96 (td,
J=14.8, 6.3 Hz, 2H). "*C NMR (101 MHz, DMSOQ): 6 = 168.62, 158.73, 132.51,
127.37, 124.40, 121.14, 116.36, 113.16, 67.49, 43.10. HRMS (ESI):
m/z = 390.0713 calcd. for [C1sH15F3NOsP + H]*; found: 390.0712.

391: Synthesis of (2-(2-((2, 2-difluoro-2-(3-fluorophenyl)ethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP391) 66
o The phenylphosphonic acid  derivative KPP391 was
F N)H synthesized via GPG and GPH. GPG employed
FFrH

OD phosphonate KPP003 (202 mg, 1.00 mmol), potassium
so1 Z:'OH carbonate (276 mg, 2.00 mmol) and KPP383 (296 mg,

25 1.00 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20 (3:1, 6 mL). The crude product was purified by HPLC to obtain
KPP391 (111 mg, 0,28 mmol, 28 % over two steps) as a white solid. LC-MS (ESI):
tr=6.21 min; m/z=389.91[M + H]*, calcd. for CieHisFsNOsP:  389.06.
"H NMR (400 MHz, CDCl;): 6=9.42 (t, J=6.3 Hz, 1H), 7.62 (ddd, J=14.2, 7.4,
1.8 Hz, 1H), 7.53 - 7.42 (m, 2H), 7.37 — 7.24 (m, 3H), 7.08 (td, J = 8.1, 5.3 Hz, 2H),
4.64 (s, 2H), 3.90 (td, J = 14.5, 6.2 Hz, 2H). '*C NMR (101 MHz, CDCls): & = 168.64,

163.04, 160.60, 158.76, 136.97, 132.61, 132.55, 130.81, 121.18, 117.22, 113.16,
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67.50, 43.48. HRMS (ESI):. m/z = 390.0713 calcd. for [C1sH1sFsNOsP + H]*; found:
390.0714.

395: Synthesis of ethyl 2, 2-difluoro-2-(4-hydroxyphenyl)acetate (KPP395)

The phenylacetate derivative KPP395 was synthesized via GP O

HO
[e]
mo/\ using 4-iodophenol (2.20 g, 10.00 mmol), ethyl

F 39: bromodifluoroacetate (1.95 mL, 15.00 mmol) and activated
copper (2.55 g, 39.00 mmol) in dry DMSO (26 mL). The crude product was purified by
column chromatography (cyclohexane/ethyl acetate 4:1) to obtain KPP395 (565 mg,
2.62 mmol, 26 %) as a slightly yellow oil. TLC (cyclohexane:ethyl acetate, 4:1 v/v):
Rf=0.43. '"H NMR (400 MHz, CDCl;): 6 = 7.46 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz,
2H), 4.29 (q, J=7.1Hz, 2H), 1.30 (t, J=7.2Hz, 3H). "CNMR (101 MHz,

CDCls): 6= 164.99, 158.26, 127.33, 124.86, 115.66, 113.68, 63.39, 13.95.

406: Synthesis of ethyl 2, 2-difluoro-2-(2-hydroxyphenyl)acetate (KPP406)

o The phenylacetate derivative KPP406 was synthesized via GP O using
@oA 2-iodophenol (22.0 g, 100.0 mmol), ethyl
or’ 406F bromodifluoroacetate (19.5 mL, 150.0 mmol) and activated
copper (25.5 g, 390.0 mmol) in dry DMSO (260 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 4:1) to obtain KPP406 (6.73 g,
31.1 mmol, 31 %) as a yellow solid. TLC (cyclohexane:ethyl acetate, 4:1 v/v):
Rf = 0.29. 'H NMR (400 MHz, CDCls): 6=7.54 (dd, J=7.9, 1.7 Hz, 1H), 7.38 — 7.22
(m, 1H), 7.02-6.89 (m, 2H), 4.34 (p, J=7.1, 6.5 Hz, 2H), 1.46-1.22 (m, 3H).
3C NMR (101 MHz, CDCl3): 6 = 165.27, 154.13, 132.64, 126.25, 120.25, 117.09,
112.84, 63.59, 13.68.
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411: Synthesis of Ethyl 2-(4-(benzyloxy)phenyl)-2,2-difluoracetate (KPP411)

@\/ The acetate derivative KPP411 was synthesized via GP G
Om using phenyl acetate KPP395 (4.00 g, 18.50 mmol),

N o™ potassium carbonate (5.11 g, 37.00 mmol) and benzylic

M1 5 bromide (2.42 mL, 20.35 mmol) in DMF (55 mL). The crude

product was purified by column chromatography (cyclohexane/ethyl acetate 19:1) to
obtain KPP411 (1.70 g, 5.54 mmol, 30 %) as a colorless oil. TLC (cyclohexane:ethyl
acetate, 19:1 v/v): R = 0.43. 'TH NMR (400 MHz, CDCls): 6 = 7.54 (d, J = 8.7 Hz, 2H),
7.47 —7.31 (m, 5H), 7.04 (d, J= 8.6 Hz, 2H), 5.10 (s, 2H), 4.29 (q, J = 7.2 Hz, 2H),
1.31 (dt, J=27.1, 7.2 Hz, 3H). ®C NMR (101 MHz, CDCls): & = 164.53, 160.89,
136.48, 128.79, 128.31, 127.58, 127.23, 125.29, 114.99, 70.23, 63.13, 14.01.

415: Synthesis of 2-(4-(benzyloxy)phenyl)-2,2-difluoroethanol (KPP415)

@\/0 The alcohol KPP415 was synthesized via GP P using the

\©>(1\5 acetate KPP411 (1.70 g, 5.54 mmol), and NaBH4 (0.21 g,

s e 5.54 mmol) in MeOH (49 mL). The crude product was purified

by column chromatography (cyclohexane/ethyl acetate 4:1) to

obtain KPP415 (0.81 g, 3.07 mmol, 55 %) as a white solid. TLC (cyclohexane:ethyl

acetate, 4:1 v/v): R = 0.34. LC-MS (ESI): tr = 9.41 min; m/z = 266.04 [M + H]*, 244.99

[M-H201,*, calcd. for C1sH14F202: 264.10. '"H NMR (400 MHz, MeOD): 6 = 7.48 — 7.40

(m, 4H), 7.38 — 7.30 (m, 3H), 7.05 (d, J = 8.6 Hz, 2H), 5.10 (s, 2H), 3.89 (t, J = 13.6 Hz,

2H). 3C NMR (101 MHz, MeOD): & = 161.38, 138.33, 129.52, 128.94, 128.54, 128.15,
122.29, 115.69, 70.98, 65.94.

417: Synthesis of 2-(2-(benzyloxy)phenyl)-2,2-difluoroethanol (KPP417)

Q}@ The alcohol KPP417 was synthesized via GP G and GPP. GP G
O F F on employed acetate KPP406 (1.62 g, 7.50 mmol), potassium
é carbonate (2.08 g, 15.00 mmol) and benzylic bromide (0.89 mL,
7.50 mmol) in DMF (23 mL). The crude intermediate was reduced via

417 30 GP P using NaBH4 (0.56 g, 15.00 mmol) in MeOH (25 mL). The crude
product was purified by column chromatography (cyclohexane/ethyl acetate 4:1) to

obtain KPP417 (1.02 g, 3.87 mmol, 52 % over two steps) as a colorless oil.



15

20

25

WO 2025/005795 PCT/NL2024/050337

75

TLC (cyclohexane:ethyl acetate, 4:1 v/v): R¢=0.40. LC-MS (ESI): tr= 9.33 min;
m/z = 26534 [M + H]*, caled. for CisHisF2020 264.10. 'H NMR (400 MHz,
MeOD): 6=7.56 (dd, J=7.7, 1.8 Hz, 1H), 7.53 —=7.21 (m, 6H), 7.14 (d, J = 8.3 Hz,
1H), 7.03 (t, J=76Hz, 1H), 514 (s, 2H), 411 ( J=143Hz, 2H).
3C NMR (101 MHz, MeOD): & = 157.54, 138.16, 132.78, 129.55, 129.31, 128.93,
128.68, 128.41, 127.95, 121.53, 114.26, 71.41, 64.62.

418: Synthesis of 2-(2-((pyridin-2-yl)methoxy)phenyl)-2, 2-difluoroethanol (KPP418)

% The alcohol KPP418 was synthesized via GP G and GPP. GP G
O F Toa employed acetate KPP406 (1.62 g, 7.50 mmol), potassium
6 carbonate (4.15 g, 30.00 mmol) and 2-(Bromomethyl)pyridine
X | hydrobromide (1.90 g, 7.50 mmol) in DMF (45 mL). The crude

intermediate was reduced via GP P using NaBH4 (0.56 g, 15.00 mmol)

418

in MeOH (25 mL). The crude product was purified by column chromatography
(cyclohexane/ethyl acetate 1:2) to obtain KPP417 (0.99 g, 3.73 mmol, 50 % over two
steps) as a colorless oil. TLC (cyclohexane:ethyl acetate, 1:2 v/v): Rf=0.40. LC-
MS (ESI): tr=7.13 min; m/z =265.92 [M + H]*, calcd. for Ci4H13sF2NO2: 265.09.
"H NMR (400 MHz, MeQOD): 6 = 8.54 (d, J = 4.3 Hz, 1H), 7.88 (td, J = 7.7, 1.8 Hz, 1H),
7.64 (d, J=7.9 Hz, 1H), 7.57 (dd, J=7.8, 1.8 Hz, 1H), 7.51 - 7.33 (m, 2H), 7.13 (d,
J=8.4Hz, 1H), 7.06 (t, J=7.6 Hz, 1H), 525 (s, 2H), 4.14 (t, J=14.3 Hz, 2H).
3C NMR (101 MHz, MeOD): & = 157.78, 157.04, 149.81, 139.07, 132.90, 128.91,
124.46, 123.19, 122.01, 114.19, 71.54, 64.75.

423: Synthesis of N-(2-(2-(benzyloxy)phenyl)-2, 2-difluoroethyl)-2-
bromoacetamide (KPP423)

o The bromoacetamide KPP423 was synthesized via GP Q and
@FBCHJ\ GP D. GP Q employed the alcohol KPP417 (983 mg, 3.72 mmol),
© o pyridine (0.48 mL, 5.95 mmol) and Tf>O (0.69 mL, 4.09 mmol) in
é dry acetonirile (7.0 mL) as well as NH4OH (28%, 7.0 mL). The
423 30 crude intermediate was coupled to the amide using

triethylamine (0.57 mL, 4.09 mmol) and bromoacetyl bromide (0.36 mL, 4.09 mmol) in
dry DCM (19 mL). The crude product was purified by column chromatography
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(cyclohexane/ethyl acetate 2:1) to obtain KPP423 (512 mg, 1.33 mmol, 36 % over two
steps) as a white solid. TLC (cyclohexane:ethyl acetate, 2:1 v/v): Ry=0.43. LC-
MS (ESI): tr=9.79 min; m/z = 383.69 [M + H]*, calcd. for Ci7H1sBrF2NO>: 383.03.
"H NMR (400 MHz, CDCl;): §=7.53 (dd, J=7.9, 1.8 Hz, 1H), 7.51 —7.30 (m, 6H),
7.08 -6.96 (m, 2H), 6.71 (t, J=6.3 Hz, 1H), 5.17 (s, 2H), 4.17 (td, J=14.4, 6.1 Hz,
2H), 3.79 (s, 2H). '*C NMR (101 MHz, CDCls): 6 = 165.69, 156.19, 136.43, 132.24,
128.82, 128.22, 127.38, 120.86, 113.28, 70.77, 44.80, 28.91.

424: Synthesis of N-(2-(2-((pyridin-2-yl)methoxy)phenyl)- 2, 2-difluoroethyl)-2-
bromoacetamide (KPP424)

o The bromoacetamide KPP424 was synthesized via GP Q and
@FBCHJ\ GP D. GP Q employed the alcohol KPP418 (954 mg, 3.60 mmol),
© o pyridine (0.47 mL, 5.76 mmol) and Tf,O (0.67 mL, 3.96 mmol) in
N:é dry acetonirile (7.0 mL) as well as NH4sOH (28%, 7.0 mL). The
424 15 crude intermediate was coupled to the amide using
triethylamine (0.55 mL, 3.96 mmol) and bromoacetyl bromide (0.34 mL, 3.96 mmol) in
dry DCM (18 mL). The crude product was purified by column chromatography
(cyclohexane/ethyl acetate 1:4) to obtain KPP424 (570 mg, 1.48 mmol, 41 % over two
steps) as a white solid. TLC (cyclohexane:ethyl acetate, 1:4 v/v): Ry=0.30. LC-
MS (ESI): tr= 7.66 min; m/z = 385.08 [M + H]*, calcd. for CisH1sBrF2N20O,: 384.03 .
"H NMR (400 MHz, CDCl;): 6 =8.51(d, J= 5.0 Hz, 1H), 7.71 (td, J = 7.7, 1.8 Hz, 1H),
7.57 (d, J=7.9Hz, 1H), 7.48 (dd, J=7.7, 1.8 Hz, 1H), 7.32 (id, J= 7.9, 1.7 Hz, 1H),
7.24 —7.14 (m, 1H), 7.04 — 6.90 (m, 3H), 5.24 (s, 2H), 4.14 (td, J = 14.6, 6.3 Hz, 2H),
3.76 (s, 2H). '3C NMR (101 MHz, CDCl;): & = 165.95, 156.26, 155.63, 148.88, 137.71,
132.33, 127.57, 123.11, 121.76, 121.14, 113.12, 70.78, 45.00, 28.85.

440: Synthesis of 2-(4-(benzyloxy)phenyl)-2,2-difluoroethanol (KPP440)

@\/O The bromoacetamide KPP440 was synthesized via GP Q and
\©§(\Nf% GPD. GPQ employed the alcohol KPP415 (751 mg,

F*F H30g: 2.84 mmol), pyridine (0.37 mL, 4.54 mmol) and Tf,0 (0.53 mL,

" 3.12 mmol) in dry acetonirile (5.0 mL) as well as NH4OH (28%,

5.0 mL). The crude intermediate was coupled to the amide using triethylamine (0.43 mL,
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3.12 mmol) and bromoacetyl bromide (0.27 mL, 3.12 mmol) in dry DCM (14 mL). The crude
product was purified by column chromatography (cyclohexane/ethyl acetate 2:1) to obtain
KPP440 (450 mg, 1.17mmol,41% over 1two steps) as a white solid.
TLC (cyclohexane:ethyl acetate, 2:1 v/v): R¢=0.37. LC-MS (ESI): tr=9.76 min;
m/z=383.92[M + H]*, calcd. for Ci7HBrF2NO2:  383.03. 'H NMR (400 MHz,
CDCls): 6=7.46 -7.33 (m, 7H), 7.03 (d, J= 8.6 Hz, 2H), 6.80 (t, J=6.2 Hz, 1H), 5.09 (s,
2H), 3.93 (td, J=14.4, 6.2 Hz, 2H), 3.87 (s, 2H). '*C NMR (101 MHz, CDCls): & = 165.90,
160.28, 136.57, 128.77, 128.27, 127.58, 126.87, 120.28, 114.99, 70.19, 46.15, 28.86.

470: Synthesis of 2-((2,2-difluoro-2-phenylethylcarbamoyl)methoxy)phenyl dihydrogen
phosphate (KPP470) 72

o The dihydrogen phosphate derivative KPP470 was synthesized
©§ON)H via GP G and GP H. GP G employed
o OI5> phosphate KPP273 (314 mg, 1.44 mmol), potassium
HO_E_OH carbonate (398 mg, 2.88 mmol) and KPP342 (398 mg,

470 5 1.44 mmol) in DMF (10 mL). The crude intermediate was

deprotected via GP H using TMSBr (1.90 mL, 14.40 mmol) in dry DCM (8 mL) and
MeOH/H20 (3:1, 6 mL). The crude product was purified by HPLC to obtain
KPP470 (22 mg, 0.06 mmol, 4 % over two steps) as a white solid. LC-MS (ESI):
tr=5.86 min; m/z=387.90[M + H]*, calcd. for CieHisF2NOsP:  387.07.
"H NMR (400 MHz, MeOD): 6 =7.38 —7.25 (m, 5H), 7.09 (s, 1H), 6.95 (t, J = 7.2 Hz,
1H), 6.85 - 6.75 (m, 2H), 4.41 (s, 2H), 3.77 (t, J = 13.9 Hz, 2H). '"*C NMR (101 MHz,
MeOD): 6 = 163.33, 150.38, 136.26, 131.29, 129.54, 126.36, 123.20, 115.10, 101.34,
68.43. HRMS (ESI): m/z = 388.0756 calcd. for [C1sH1sF2NOsP + H]*; found: 388.0753.
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477: Synthesis of 2-((2-(4-(benzyloxy)phenyl)-2,2-
difluoroethylcarbamoyl)methoxy) phenylphosphonic acid (KPP477) 70

@V The phenylphosphonic acid derivative KPP477 was
(0]

\©§@ Q synthesized via GP G and GPH. GP G employed
N)H 5 phosphonate KPP003 (202 mg, 1.00 mmol), potassium

S
o D carbonate (276 mg, 2.00 mmol) and KPP440 (384 mg,
a7 (F';OH 1.00 mmol) in DMF (6 mL). The crude intermediate was

deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20 (3:1, 6 mL). The crude product was purified by HPLC to obtain
KPP477 (110 mg, 0.23 mmol, 23 % over two steps) as a white solid. LC-MS (ESI):
tr=7.73 min; m/z=477.89 [M + H]*, calcd. for CaH2F2NOsP:  477.12.
'H NMR (400 MHz, DMSOQ): 6=9.38 (t, J=6.3Hz, 1H), 7.72-7.60 (m, 1H),
7.58 —7.29 (m, 8H), 7.16 — 7.00 (m, 4H), 5.13 (s, 2H), 4.65 (s, 2H), 3.86 (td, J = 14.7,
6.2 Hz, 1H). *C NMR (101 MHz, DMSO): & = 168.57, 159.59, 158.75, 136.74, 133.04,
128.50, 127.76, 126.73, 121.12, 114.63, 69.35 67.49, 44.08. HRMS (ESI):
m/z = 478.1226 calcd. for [C23H2F2NOgP + H]*; found: 478.1223.

478: Synthesis of 2-((2,2-difluoro-2-
phenylethylcarbamoyl)fluoromethoxy) phenylphosphonic acid (KPP478) 71

o 20 The phenylphosphonic acid derivative KPP478 was synthesized
©§ON)H'F via GPF and GP H. GPF employed
I
D phosphonate KPP319 (278 mg, 1.00 mmol), N-
Oy
Z:'OH Methylmorpholine (111 L, 1.00 mmol) and isobutyl
478

chloroformate (130 pL, 1.00 mmol) in dry THF (10 mL) as well as
N-Methylmorpholine (111 uL, 1.00 mmol) and 2,2-difluoro-2-
phenylethanamine (157 mg, 1.00 mmol). The crude intermediate was deprotected via
GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and MeOH/HO (3:1,
6 mL). The crude product was purified by HPLC to obtain KPP478 (70 mg,
18 mmol, 18 % over two steps) as a white solid. LC-MS (ESI): tr =6.25 min;
m/z = 389.99 [M + H]*, calcd. for CieHisFsNOsP: 389.06. 'H NMR (400 MHz,
DMSO): 6= 10.01 (t, J=6.3Hz, 1H), 7.71 (ddd, J=14.0, 7.5, 1.7 Hz, 1H),
7.66-7.38 (m, 6H), 7.26 (tt, J=8.2, 4.3 Hz, 2H), 6.18 (d, J=58.9 Hz, 1H),
4.07 —3.71 (m, 2H). '*C NMR (101 MHz, DMSOQO): & = 164.27, 156.79, 134.63, 132.82,
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130.43, 128.64, 125.21, 123.98, 120.48, 116.66, 104.70, 102.45, 99.58, 91.34, 71.13,
44.59. HRMS (ESI): m/z = 390.0713 calcd. for [C16H1sF3sNOsP + H]*; found: 390.0710.

479: Synthesis of 2-((2-(2-(benzyloxy)phenyl)-2,2-
difluoroethylcarbamoyl)methoxy) phenylphosphonic acid (KPP479) 69

The  phenylphosphonic  acid  derivative KPP479  was
@5{:&% synthesized via GPG and GPH. GPG employed
D phosphonate KPP003 (187 mg, 0.93 mmol), potassium
é 5o carbonate (256 mg, 1.86 mmol) and KPP423 (356 mg,
479 10 0.93mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.22 mL, 9.30 mmol) in dry DCM (8 mL) and
MeOH/H20 (3:1, 6 mL). The crude product was purified by HPLC to obtain
KPP479 (109 mg, 0.23 mmol, 25 % over two steps) as a white solid. LC-MS (ESI):
tr=7.61min; m/z=477.96[M + H]*, calcd. for Ca3HxF2NOsP:  477.12.
H NMR (400 MHz, DMSOQ): 6=9.20 (t, J=6.3Hz, 1H), 7.70-7.60 (m, 1H),
7.60—-7.53 (m, 2H), 7.52 — 7.37 (m, 4H), 7.34 — 7.30 (m, 2H), 7.19 (d, J = 8.3 Hz, 1H),
7.05 (ddt, J = 14.0, 8.3, 4.4 Hz, 2H), 6.94 (t, J = 7.5 Hz, 1H), 5.21 (s, 2H), 4.59 (s, 2H),
410 (td, J=14.7, 6.2 Hz, 2H). *C NMR (101 MHz, DMSO): § = 168.53, 158.78,
155.90, 136.83, 133.10, 132.66, 131.97, 128.56, 127.40, 123.24, 122.39, 121.25,
120.30, 113.48, 113.17, 69.83, 67.47, 42.64. HRMS (ESI): m/z = 478.1226 calcd. for
[C23H22F2NOgP + H]*; found: 478.1223.

480: Synthesis of 2-((2-(2-((pyridin-2-yl)methoxy)phenyl)-2, 2-
difluoroethylcarbamoyl)methoxy) phenylphosphonic acid (KPP480) 97

he phenylphosphonic acid derivative KPP480 was

©§(F\H)H synthesized via GPG and GPH. GPG employed

phosphonate KPP003 (252 mg, 1.25 mmol), potassium

“é \ZHOH carbonate (344 mg, 2.50 mmol) and KPP424 (480 mg,

479 1.25 mmol) in DMF (7.5 mL). The crude intermediate was

deprotected via GP H using TMSBr (1.64 mL, 12.45 mmol) in dry DCM (8.0 mL) and
MeOH/H20 (3:1, 6.0 mL). The crude product was purified by HPLC to obtain
KPP480 (284 mg, 0,59 mmol, 48 % over two steps) as a white solid. LC-MS (ESI):
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tr=5.75min; m/z=479.07 [M + H*, calecd. for CaH2F2N2OsP:  478.11.
H NMR (400 MHz, DMSO): & = 9.31 (t, J = 6.3 Hz, 1H), 8.62 — 8.55 (m, 1H), 7.91 (td,
J=177,18Hz, 1H), 7.78 (d, J= 7.8 Hz, 1H), 7.65 (ddd, J= 14.3, 7.6, 1.8 Hz, 1H),
7.51—7.43 (m, 2H), 7.39 — 7.33 (m, 2H), 7.21 (d, J = 8.3 Hz, 1H), 7.07 (dd, J = 8.7,
6.0 Hz, 2H), 6.99 (t, J= 7.5 Hz, 1H), 5.29 (s, 2H), 4.63 (s, 2H), 4.12 (td, J = 15.2,
6.4 Hz, 2H). 13C NMR (101 MHz, DMSO): & = 168.59, 158.78, 156.42, 155.53, 148.84,
137.47, 133.09, 132.67, 132.09, 126.81, 122.91, 121.35, 120.60, 113.47, 70.61, 67.51,
42.70. HRMS (ESI): m/z = 479.1178 caled. for [Cz2H21F2N20sP + H]*;  found:
479.1169.

485: Synthesis of ethyl 2-(3,4-difluorophenyl)-2,2-difluoroacetate (KPP485)

F o The phenylacetate derivative KPP485 was synthesized via GP O
mo/\ using 1,2-difluoroiodobenzene (6.03 mL, 50.0 mmol), ethyl
F485F bromodifluoroacetate (9.62 mL, 75.0 mmol) and activated
copper (12.75 g, 195.0 mmol) in dry DMSO (130 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 19:1) to obtain
KPP485 (9.42 g, 39.9 mmol, 80 %) as a colorless oil. TLC (cyclohexane:ethyl acetate,
19:1 v/v): R¢= 0.44. '"H NMR (400 MHz, CDCl3): 6 =7.42 —7.26 (m, 1H), 7.31 - 7.26
(m, 1H), 7.20 = 7.11 (m, 1H), 4.22 (q, J= 7.2 Hz, 2H), 1.23 (dd, J=7.9, 6.6 Hz, 3H).
3C NMR (101 MHz, CDCl3): & = 163.46, 150.72, 148.93, 129.76, 122.25, 117.91,
115.35, 112.21, 63.43, 13.73.

486: Synthesis of 2-(3,4-difluorophenyl)-2, 2-difluoroethanol (KPP486)

F The alcohol KPP486 was synthesized via GP P using the
FDY\OH acetate KPP485 (9.26 g, 39.24 mmol), and NaBH4 (1.48 g,

"e25  39.24 mmol) in MeOH (135 mL). The crude product was purified by
column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP486 (6.01 g,
30.95 mmol, 79 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 2:1 v/v):
Rf=0.35. 'HNMR (400 MHz, MeOD): 6=7.49 (ddd, J=11.6, 7.8, 2.1 Hz, 1H),
745-730 (m, 2H), 395 (t J=13.2Hz, 2H). "CNMR (101 MHz,
MeOD): 6 = 152.55, 151.33, 133.78, 123.72, 121.15, 118.58, 116.59, 65.68.
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487: Synthesis of ethyl 2,2- difluoro-2-(2-chlorophenyl)acetate (KPP487)

o The phenylacetate derivative KPP487 was synthesized via GP O using
%OA 1-chloro-2-iodobenzene (6.10 mL, 50.0 mmol), ethyl
487 bromodifluoroacetate (9.62 mL, 75.0 mmol) and activated
copper (12.75 g, 195.0 mmol) in dry DMSO (130 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 19:1) to obtain
KPP487 (9.00 g, 38.4 mmol, 77 %) as a colorless oil. TLC (cyclohexane:ethyl acetate,
19:1 v/v): Rf=0.58. LC-MS (ESI): tr= 10.12 min; m/z = 235.07 [M + H]*, calcd. for
C10HeCIF202: 234.03. 'H NMR (400 MHz, CDCl3): 6=7.73 (d, J=7.8 Hz, 1H),
745-735 (m, 3H), 434 (q, J=7.3Hz, 2H), 129 (t, J=7.2Hz, 3H).
3C NMR (101 MHz, CDCls): 6 = 163.12, 132.17, 131.89, 131.21, 130.61, 127.31,
126.98, 112.29, 63.35, 13.72.

Cl

488: Synthesis of ethyl 2,2- difluoro-2-(3-chlorophenyl)acetate (KPP488)

mw The phenylacetate derivative KPP488 was synthesized via GP O
cl o

using 1-chloro-3-iodobenzene (6.22 mL, 50.0 mmol), ethyl

F

488 bromodifluoroacetate (9.62 mL, 75.0 mmol) and activated

copper (12.75 g, 195.0 mmol) in dry DMSO (130 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 19:1) to obtain
KPP488 (6.46 g, 27.5 mmol, 55 %) as a colorless oil. TLC (cyclohexane:ethyl acetate,
19:1 v/v): Rf=0.58. LC-MS (ESI): tr= 10.59 min; m/z =234.71 [M + H]*, calcd. for
C1oHeCIF202: 234.03. 'H NMR (400 MHz, CDCl5): 6=7.51 (t, J=2.0Hz, 1H),
7.44 —7.33 (m, 2H), 7.32 -7.25 (m, 1H), 4.20 (q, J=7.1 Hz, 1H), 1.21 (tt, J=7.1,
1.8 Hz, 3H). 13C NMR (101 MHz, CDCls): 6 = 162.75, 132.14, 131.81, 131.18, 130.57,
127.28, 126.95, 112.25, 63.32, 13.69.

489: Synthesis of ethyl 2-(2-bromophenyl)-2,2-difluoracetate (KPP489)

The phenylacetate derivative KPP489 was synthesized via GP O using 1-bromo-2-
iodobenzene (6.26 mL, 50.0 mmol), ethyl bromodifluoroacetate (9.62 mL, 75.0 mmol)
and activated copper (12.75 g, 195.0 mmol) in dry DMSO (130 mL). The crude product
was purified by column chromatography (cyclohexane/ethyl acetate 19:1) to obtain
KPP489 (3.76 g, 13.5 mmol, 27 %) as a colorless oil. TLC (cyclohexane:ethyl acetate,
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o 19:1 v/v): R¢ = 0.51. LC-MS (ESI): tr=10.21 min;
Q}(u\o/\ m/z = 278.73 [M + H]*, calcd. for C1oHeBrF20:: 277.98.
L FF
° " 4so "H NMR (400 MHz, MeOD): § =7.78 (ddd, J=22.0, 7.9, 1.6 Hz, 1H),

7.72.(d, J= 7.9 Hz, 1H), 7.56 — 7.51 (m, 1H), 7.48 — 7.42 (m, 1H), 4.37 (q, J = 7.1 Hz,
2H), 1.41 —1.22 (m, 3H). "3C NMR (101 MHz, MeOD): & = 164.15, 135.19, 134.04,
133.59, 128.74, 128.61, 121.16, 114.09, 64.48, 14.05.

490: Synthesis of ethyl 2-(3-bromophenyl)-2,2-difluoracetate (KPP490)

o The phenylacetate derivative KPP490 was synthesized via GP O
Br@om using 1-bromo-3-iodobenzene (6.35 mL, 50.0 mmol), ethyl
F490F bromodifluoroacetate (9.62 mL, 75.0 mmol) and activated
copper (12.75 g, 195.0 mmol) in dry DMSO (130 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 19:1) to obtain
KPP490 (5.75 g, 20.6 mmol, 41 %) as a colorless oil. TLC (cyclohexane:ethyl acetate,
19:1 v/v): Rf=0.58. LC-MS (ESI): tr= 10.75 min; m/z = 279.23 [M + H]*, calcd. for
C10HeBrF,0,: 277.98. '"H NMR (400 MHz, MeOD): 6=7.78 (s, 1H), 7.74 - 7.71 (m,
1H), 7.65-7.57 (m, 1H), 7.45 (t, J=7.9 Hz, 1H), 4.36 (q, J=7.1 Hz, 2H), 1.31 (4,
J=7.1Hz, 3H). 3C NMR (101 MHz, MeOD): & = 164.67, 136.23, 135.37, 131.73,

129.38, 125.26, 123.57, 113.77, 64.52, 14.10.

492: Synthesis of 2-bromo-N-(2-(3,4-difluorophenyl)-2,2-difluoroethyl)acetamide (KPP492)

F o  Thebromoacetamide KPP492 was synthesized via GP Q and GP D.
FDP(F\H% GP Q employed the alcohol KPP486 (5.79g, 29.86 mmol),
as2 o pyridine (3.86 mL, 47.78 mmol) and Tf,O (56.52 mL, 32.85 mmol) in

25  dry acetonirile (54 mL) as well as NH4OH (28%, 54 mL). The crude
intermediate was coupled to the amide using triethylamine (4.56 mL, 32.85 mmol) and
bromoacetyl bromide (2.84 mL, 32.85 mmol) in dry DCM (108 mL). The crude product
was purified by column chromatography (cyclohexane/ethyl acetate 2:1) to obtain
KPP492 (3.76 g, 11.97 mmol, 40 % over two steps) as a yellow solid.
TLC (cyclohexane:ethyl acetate, 2:1 v/v): R¢{=0.25. LC-MS (ESI): tr= 8.47 min;
m/z =313.73 [M + H]*, calcd. for CioHsBrFsNO: 312.97. 'H NMR (400 MHz,
CDCly): 6=7.27 -7.17 (m, 1H), 7.21 - 7.12 (m, 3H), 3.83 (td, J= 14.2, 6.3 Hz, 2H),
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3.77 (s, 2H). '3C NMR (101 MHz, CDCl;): 6 = 166.51, 151.46, 148.84, 131.30, 122.01,
119.20, 117.90, 115.28, 45.29, 28.24.

493: Synthesis of 2-(2-chlorophenyl)-2,2-difluoroethanol (KPP493)

@(\5 The alcohol KPP493 was synthesized via GPP using the
7S, O acetate KPP487 (8.74 g, 37.24 mmol), and NaBH4 (1.41 g, 37.24 mmol)
493 in MeOH (130 mL). The crude product was purified by column

Cl

chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP493 (5.36 g,
27.84 mmol, 75 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 2:1 v/v):
R¢=0.50. '"H NMR (400 MHz, MeOD): 6 = 7.66 (dd, J=7.6, 2.0 Hz, 1H), 7.53 - 7.35
(m, 3H), 4.18 — 4.05 (m, 2H). '*C NMR (101 MHz, MeOD): & = 133.59, 132.76, 132.36,
129.93, 128.05, 121.76, 64.34, 61.61.

496: Synthesis of 2-(3-chlorophenyl)-2,2-difluoroethanol (KPP496)

The alcohol KPP496 was synthesized via GP P using the

CIDY\OH acetate KPP488 (6.23 g, 26.56 mmol), and NaBH4 (1.00 g,
F496F 26.56 mmol) in MeOH (90 mL). The crude product was purified by
column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP496 (3.48 g,
18.05 mmol, 70 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 2:1 v/v):
Rf = 0.50. "H NMR (400 MHz, MeOD): 6 =7.56 (t, J=2.0 Hz, 1H), 7.50 — 7.36 (m,
3H), 3.91 (t, J=13.4Hz, 2H). *C NMR (101 MHz, MeOD): & = 138.63, 135.53,

131.30, 127.15, 125.33, 121.55, 65.92, 61.67.

499: Synthesis of 2-bromo-N-(2,2-difluoro-2-(2-chlorophenyl)ethyl)acetamide (KPP499)

0 The bromoacetamide KPP499 was synthesized via GP Q and GP D.
E;?(F\uﬁr GP Q employed the alcohol KPP493 (5.25g, 27.22 mmol),
499 pyridine (3.52 mL, 38.33 mmol) and Tf.O (5.04 mL, 29.94 mmol) in

dry acetonirile (48 mL) as well as NHsOH (28%, 48 mL). The crude intermediate was
coupled to the amide using triethylamine (4.16 mL, 29.94 mmol) and bromoacetyl

bromide (2.60 mL, 29.94 mmol) in dry DCM (84 mL). The crude product was purified
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by column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP499 (1.13 g,
3.60 mmol, 13 % over two steps) as a colorless solid. TLC (cyclohexane:ethyl acetate,
2:1 v/v): Rs=0.25. LC-MS (ESI): tr=8.55min; m/z=311.71 [M + H]*, calcd. for
C1oHgBrCIF>NO: 310.95. 'TH NMR (400 MHz, CDCl;): 6=7.59(d, J = 7.7 Hz, 1H), 7.45
(d, J=7.9 Hz, 1H), 7.40 (t, J= 7.4 Hz, 1H), 7.34 (t, J= 7.5 Hz, 1H), 6.78 (s, 1H), 4.15
(td, J=14.6, 6.3 Hz, 2H), 3.85 (s, 2H). "*C NMR (101 MHz, CDCls): & = 165.51,
131.67, 131.27, 127.75, 126.72, 119.18, 44.16, 28.50.

500: Synthesis of 2-bromo-N-(2,2-difluoro-2-(3-chlorophenyl)ethyl)acetamide (KPP499)

10 The bromoacetamide KPP500 was synthesized via GP Q and
C|/©§(\”)S GP D. GP Q employed the alcohol KPP496 (3.29 g, 17.06 mmol),
FFF

500 o pyridine (2.20 mL, 27.30 mmol) and Tf,0 (3.16 mL, 18.77 mmol) in
dry acetonirile (30 mL) as well as NH4OH (28%, 30 mL). The crude intermediate was
coupled to the amide using triethylamine (2.60 mL, 18.77 mmol) and bromoacetyl
bromide (1.62 mL, 18.77 mmol) in dry DCM (52 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP500 (1.03 g,
3.28 mmol, 19 % over two steps) as a yellow solid. TLC (cyclohexane:ethyl acetate,
2:1 v/v): Rs=0.25. LC-MS (ESI): tr=8.80 min; m/z =311.67 [M + H]*, calcd. for
C1oHgBrCIF:NO: 310.95. '"H NMR (400 MHz, CDCls): 6 = 7.50 (s, 1H), 7.47 — 7.42 (m,
1H), 7.40 - 7.37 (m, 2H), 6.83 (s, 1H), 3.91 (td, J= 14.3, 6.2 Hz, 2H), 3.86 (s, 2H).
3C NMR (101 MHz, CDCls): 6 = 165.58, 135.91, 134.61, 130.59, 129.89, 125.44,
123.26, 119.20, 45.60, 28.40.

501: Synthesis of 2-(2-bromophenyl)-2,2-difluoroethanol (KPP501)

25 The alcohol KPP501 was synthesized via GPP using the
@%w acetate KPP489 (3.61 g, 12.92 mmol), and NaBH4 (0.49 g, 12.92 mmol)
501 in MeOH (45 mL). The crude product was purified by column
chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP501 (2.49 g,
10.52 mmol, 81 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 2:1 v/v):
R¢=0.50. '"H NMR (400 MHz, MeOD): 6 =7.70 (ddd, J = 14.2, 8.0, 1.6 Hz, 2H), 7.46
(t, J=76Hz, 1H), 7.36 ( J = 7.4Hz, 1H), 4.15 (t, J=14.0Hz, 2H).
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3C NMR (101 MHz, MeOD): 6 = 135.81, 135.09, 132.74, 130.08, 128.45, 121.74,
120.60, 64.14.

502: Synthesis of 2-(3-bromophenyl)-2,2-difluoroethanol (KPP502)

m The alcohol KPP502 was synthesized via GPP using the
Br .o acetate KPP490 (5.60 g, 20.06 mmol), and NaBH4 (0.76 g,

502 20.06 mmol) in MeOH (70 mL). The crude product was purified by
column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP502 (3.79 g,
15.97 mmol, 80 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 2:1 v/v):
Rf=0.50. "H NMR (400 MHz, MeOD): 6 =7.74 (s, 1H), 7.64 (dd, J = 8.3, 2.0 Hz, 1H),
7.53 (d, J=8.0Hz, 1H), 7.40 (t, J = 7.9 Hz, 1H), 3.94 (t, J = 13.3 Hz, 2H), 2.04 (s, 1H),
1.26 (t, J = 7.1 Hz, 1H). *C NMR (101 MHz, MeOD): 6 = 138.67, 134.13, 131.27,
129.89, 125.54, 123.22, 121.27, 65.74.

505: Synthesis of 2-bromo-N-(2-(2-bromophenyl)-2,2-difluoroethyl)acetamide (KPP505)

GPQ employed the alcohol KPP501 (2.34g, 9.86 mmol),
pyridine (1.27 mL, 15.77 mmol) and Tf.O (1.82 mL, 10.85 mmol) in
dry acetonirile (17.5 mL) as well as NH4OH (28%, 17.5 mL). The crude intermediate
was coupled to the amide using triethylamine (1.37 mL, 10.85 mmol) and bromoacetyl
bromide (0.94 mL, 10.85 mmol) in dry DCM (30 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP505 (2.27 g,

o  The bromoacetamide KPP505 was synthesized via GP Q and GP D.
; < "N)H
Brt F H
505

6.36 mmol, 65 % over two steps) as a white solid. TLC (cyclohexane:ethyl acetate, 2:1
v/v): Rs=0.25. LC-MS (ESI): tr=8.68 min; m/z=355.76[M + H]*, calcd. for
C1oHgBr2F2NO: 354.90. 'TH NMR (400 MHz, CDCl3): 6 =7.66 (d, J= 7.9 Hz, 1H), 7.59
(d, J=7.7 Hz, 1H), 7.39 (t, /= 7.6 Hz, 1H), 7.31 (td, J= 7.8, 1.7 Hz, 1H), 6.83 (s, 1H),
418 (td, J=14.6, 6.3 Hz, 4H), 3.89 (d, J=6.1Hz, 1H). "*C NMR (101 MHz,
CDCls): 6 =171.18, 166.56, 135.43, 133.58, 132.45, 128.65, 127.94, 119.95, 44.85,
29.10.
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506: Synthesis of 2-bromo-N-(2-(3-bromophenyl)-2,2-difluoroethyl)acetamide (KPP506)

o  The bromoacetamide KPP506 was synthesized via GP Q and
Brgxu% GP D. GP Q employed the alcohol KPP502 (3.63 g, 15.33 mmol),
506 o pyridine (1.98 mL, 24.53 mmol) and Tf,0 (2.84 mL, 16.87 mmol) in
dry acetonirile (27 mL) as well as NH4OH (28%, 27 mL). The crude intermediate was
coupled to the amide using triethylamine (2.34 mL, 16.87 mmol) and bromoacetyl
bromide (1.46 mL, 16.87 mmol) in dry DCM (46 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP506 (1.55 g,
4.35 mmol, 26 % over two steps) as a yellow solid. TLC (cyclohexane:ethyl acetate,
2:1 v/v): Rs=0.25. LC-MS (ESI): tr=8.95 min; m/z = 355.63 [M + H]*, calcd. for
C1oHeBroFoNO: 354.90. 'H NMR (400 MHz, CDCl;): 6=7.66 (s, 1H), 7.59 (d,
J=8.0Hz, 1H), 7.43 (d, J=7.8 Hz, 1H), 7.32 (t, J=7.9 Hz, 1H), 6.82 (s, 1H), 3.91
(dt, J=14.3, 7.2 Hz, 2H), 3.87 (s, 2H). *C NMR (101 MHz, CDCIls): 6 = 165.88,
136.41, 133.85, 130.43, 128.63, 124.04, 122.86, 119.41, 45.93, 28.74.

511: Synthesis of (2-(2-((2-(3,4-difluorophenyl)-2, 2-difluoroethyl)amino)-2-

oxoethoxy)phenyl)phosphonic acid (KPP511) 76

F o The  phenylphosphonic  acid derivative KPP511  was

FD%NJH synthesized via GPG and GPH. GPG employed
FFrofH

O:@ phosphonate KPP003 (202 mg, 1.00 mmol), potassium
o\\F,’\OH carbonate (276 mg, 2.00 mmol) and KPP492 (314 mg,

> 1.00 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20O (3:1, 8 mL). The crude product was purified by HPLC to obtain
KPP511 (261 mg, 0.64 mmol, 64 % over two steps) as a white solid. LC-MS (ESI):
tr=6.43 min; m/z=407.81[M + H]*, calcd. for CieH14F4sNOsP:  407.05.
"H NMR (400 MHz, DMSO): 6 =9.40 (t, J=6.4 Hz, 1H), 7.61 (ddd, J=14.2, 7.5,
1.7 Hz, 1H), 7.60 -7.36 (m, 3H), 7.28 (ddd, J=8.8, 4.0, 1.9 Hz, 1H), 7.07 (td,
J=10.9, 96, 6.7Hz, 2H), 463 (s, 2H), 3.9= (td, J=14.1, 6.4 Hz, 2H).
3C NMR (101 MHz, DMSO): & = 168.67, 158.75, 150.46, 148.01, 133.10, 132.54,
123.17, 122.77, 122.16, 121.19, 119.73, 117.76, 117.29, 113.15, 67.45, 43.76.
HRMS (ESI): m/z = 408.0618 calcd. for [C1sH14F4NOsP + H]*; found: 408.0617.

511
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512: Synthesis of (2-(2-((2-(2-chlorophenyl)-2, 2-difluoroethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP512) 93

o The phenylphosphonic acid derivative KPP512 was synthesized

o< HJ\O via GP G and GP H. GP G employed
IB; phosphonate KPP003 (202 mg, 1.00 mmol), potassium

o2 O\\Z;OH carbonate (276 mg, 2.00 mmol) and KPP499 (313 mg,

1.00 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20O (3:1, 8 mL). The crude product was purified by HPLC to obtain
KPP512 (168 mg, 0.41 mmol, 41 % over two steps) as a white solid. LC-MS (ESI):
tr=6.42 min; m/z=40585[M + H]*, calcd. for CisH1sCIF2NOsP: 405.03.
'H NMR (400 MHz, DMSOQ): 6=9.40 (t, J=6.3Hz, 1H), 7.69-7.58 (m, 1H),
7.54 —7.41 (m, 4H), 7.34 (t, J=7.5Hz, 1H), 7.07 (dq, J= 8.2, 4.7 Hz, 2H), 4.59 (s,
2H), 4.04 (td, J = 14.6, 6.3 Hz, 2H). '*C NMR (101 MHz, DMSO): 6 = 168.57, 158.74,
133.10, 132.56, 132.09, 131.56, 131.13, 130.71, 128.13, 127.21, 123.16, 121.15,
119.80, 113.14, 67.46, 42.47. HRMS (ESI): m/z=406.0417 calcd. for
[C16H15CIF2NOsP + H]*; found: 406.0415.

513: Synthesis of (2-(2-((2-(3-chlorophenyl)-2, 2-difluoroethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP513) 94
o The phenylphosphonic acid derivative KPP512 was
cl H)H synthesized via GPG and GPH. GPG employed
FF

OD phosphonate KPP003 (152 mg, 0.75 mmol), potassium
13 Z\HOH carbonate (207 mg, 1.50mmol) and KPP500 (235 mg,

25 0.75mmol) in DMF (5 mL). The crude intermediate was
deprotected via GP H using TMSBr (0.99 mL, 7.50 mmol) in dry DCM (6 mL) and
MeOH/H20 (3:1, 6 mL). The crude product was purified by HPLC to obtain
KPP512 (37 mg, 0.09 mmol, 12 % over two steps) as a white solid. LC-MS (ESI):
tr=7.45min; m/z=40589[M + H]*, «calcd. for CisH1sCIF2NOsP: 405.03.
"H NMR (400 MHz, DMSO): 6=9.45 (t, J=6.3 Hz, 1H), 7.62 (ddd, J=14.2, 7.4,
1.7 Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.52 — 7.35 (m, 4H), 7.14 - 7.03 (m, 2H), 4.63
(s, 2H), 3.89 (td, J=14.6, 6.3 Hz, 2H). *C NMR (101 MHz, DMSOQ): & = 168.85,
158.97, 139.30, 136.90, 133.46, 132.73, 130.76, 125.38, 124.31, 121.50, 113.44,
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105.43, 99.83, 67.70, 44.03. HRMS (ESI): m/z=406.0417 calcd. for
[C16H15CIF2NOsP + H]*; found: 406.0415.

514: Synthesis of (2-(2-((2-(2-bromophenyl)-2, 2-difluoroethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP514) 95

The phenylphosphonic acid derivative KPP514 was synthesized

N)H via GP G and GP H. GP G employed
FF
° OD phosphonate KPP003 (202 mg, 1.00 mmol), potassium
Oy
Z:'OH carbonate (276 mg, 2.00 mmol) and KPP505 (357 mg,
514

10 1.00mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20O (3:1, 8 mL). The crude product was purified by HPLC to obtain
KPP514 (202.7 mg, 0.45 mmol, 45 % over two steps) as a white solid. LC-MS (ESI):
tr=6.49 min; m/z=449.84 [M + H]*, calcd. for CieHisBrF2NOsP: 448.99.
H NMR (400 MHz, DMSO): 6 =9.38 (t, J=6.1Hz, 1H), 7.98 (t, J=6.5Hz, 1H),
7.75-7.56 (m, 3H), 7.56 — 7.32 (m, 3H), 7.07 (dt, J= 8.4, 6.4 Hz, 1H), 4.59 (s, 1H),
4.05 (tt, J=14.8, 7.1 Hz, 2H), 3.80 (s, 1H). '*C NMR (101 MHz, DMSO): & = 172.14,
168.42, 158.63, 134.46, 132.92, 132.17, 127.65, 127.52, 122.51, 121.13, 120.07,
119.10, 112.97, 67.32, 61.11, 42.15. HRMS (ESI): m/z = 449.9912 calcd. for
[C16H15BrF2NOsP + H]*; found: 449.9915.

515:; Synthesis of (2-(2-((2-(3-bromophenyl)-2, 2-difluoroethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP515) 96

o The phenylphosphonic acid derivative KPP515 was
Br/©>(F\”)H 25 synthesized via GP G and GPH. GPG employed
© phosphonate KPP003 (202 mg, 1.00 mmol), potassium

° ZEOH carbonate (276 mg, 2.00 mmol) and KPP506 (357 mg,
1.00 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20O (3:1, 8 mL). The crude product was purified by HPLC to obtain
KPP515 (248.0 mg, 0.55 mmol, 55 % over two steps) as a white solid. LC-MS (ESI):
tr=6.72 min; m/z=449.81[M + H]*, calcd. for CieHisBrF2NOsP: 448.99.

<

515
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'H NMR (400 MHz, DMSO): 5=9.51 (t, J=6.3 Hz, 1H), 7.74-7.62 (m, 3H),
7.57 —7.33 (m, 3H), 7.06 (ddd, J=12.7, 9.3, 6.6 Hz, 2H), 4.62 (s, 2H), 3.88 (td,
J=14.7, 8.2 Hz, 6H). '3C NMR (101 MHz, DMSO): & = 168.66, 158.76, 136.90,
133.27, 132.93, 130.77, 127.94, 124.50, 121.65, 121.24, 119.77, 117.34, 113.10,
99.54, 67.52, 43.83. HRMS (ESI): m/z = 449.9912 calcd. for [CisH1sBrF2NOsP + HI*;
found: 449.9916.

516: Synthesis of ethyl 2,2-difluoro-2-(3-(trifluoromethyl)phenyl)acetate (KPP516)

o The phenylacetate derivative KPP516 was synthesized via GP O
F
FY@O‘I’O\ using  3-iodobenzotrifluorid (7.21 mL, 50.0 mmol), ethyl
FFF
F 516 bromodifluoroacetate (9.62 mL, 75.0 mmol) and  activated

copper (12.75 g, 195.0 mmol) in dry DMSO (130 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 19:1) to obtain
KPP516 (8.52 g, 31.8 mmol, 64 %) as a colorless oil. TLC (cyclohexane:ethyl acetate,
19:1 v/v): Ry = 0.50. "H NMR (400 MHz, CDClz): 6 = 7.88 (s, 1H), 7.68 (dd, J = 23.3,
8.0 Hz, 2H), 7.59 (t, J=7.9 Hz, 1H), 4.30 (q, J=7.2 Hz, 2H), 1.29 (t, J = 7.2 Hz, 1H).
3C NMR (101 MHz, CDCl3): & = 163.64, 134.11, 131.64, 129.54, 129.14, 127.96,
125.05, 122.77, 112.82, 63.59, 13.79.

517: Synthesis of 2,2-difluoro-2-(3-(trifluoromethyl) phenyl)ethanol (KPP517)

\":@ The alcohol KPP517 was synthesized via GP P using the
" I o< o acetate KPP516 (8.28 g, 30.88 mmol), and NaBH4 (1.17 g,

517 30.88 mmol) in MeOH (100 mL). The crude product was purified by
column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP517 (5.09 g,
22.50 mmol, 73 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 2:1 v/v):
Rf=0.38. 'HNMR (400 MHz, MeOD): 6=7.89-7.76 (m, 3H), 7.68 (q, J=7.9,
7.3 Hz, 1H), 3.97 (t, J=13.1Hz, 4H). *C NMR (101 MHz, MeOD): & = 138.05,
132.03, 130.60, 127.84, 126.63, 123.70, 121.59, 119.17, 65.42.
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519: Synthesis of 2-bromo-N-(2, 2-difluoro-2-(3-
(trifluoromethyl) phenyl)ethyl)acetamide (KPP519)
; o The bromoacetamide KPP519 was synthesized via GP Q and
Fﬂ/@ffﬁ GP D. GP Q employed the alcohol KPP517 (4.94 g, 21.87 mmol),
F Br

519 5 pyridine (2.82 mL, 34.99 mmol) and Tf,0O (4.04 mL, 24.06 mmol)
in dry acetonirile (40 mL) as well as NH4OH (28%, 40 mL). The crude intermediate was
coupled to the amide using triethylamine (3.34 mL, 24.06 mmol) and bromoacetyl
bromide (2.09 mL, 24.06 mmol) in dry DCM (90 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP519 (2.89 g,
8.36 mmol, 38 % over two steps) as a white solid. TLC (cyclohexane:ethyl acetate, 2:1
v/v): Rf=0.20. LC-MS (ESI): tr=9.14 min; m/z=345.61[M + H]*, calcd. for
C11HgBrFsNO: 344.98. 'H NMR (400 MHz, CDClz): 6 =7.80-7.68 (m, 3H), 7.60 (t,
J=7.8Hz, 1H), 6.86 (s, 1H), 3.95 (td, J=14.2, 6.3 Hz, 2H), 3.86 (s, 1H).
3C NMR (101 MHz, CDCl;): 6 = 166.04, 135.42, 131.25, 129.56, 128.86, 127.56,
125.05, 122.49, 119.62, 45.92, 28.63.

522: Synthesis of ethyl 2-(2,5-difluorophenyl)-2, 2-difluoroacetate (KPP522)

o The phenylacetate derivative KPP522 was synthesized via GP O using
o™~ 1 4-difluoro-3-iodobenzene (6.01 mL, 50.0 mmol), ethyl

522 20  bromodifluoroacetate (9.62 mL, 75.0 mmol) and activated
copper (12.75 g, 195.0 mmol) in dry DMSO (130 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 19:1) to obtain
KPP522 (7.73 g, 37.7 mmol, 65 %) as a colorless oil. TLC (cyclohexane:ethyl acetate,
19:1 v/v): Rf=0.38. LC-MS (ESI): tr= 10.01 min; m/z = 236.66 [M + H]*, calcd. for
C1oHsF402: 236.05. 'H NMR (400 MHz, CDCls): 6 = 7.33 (ddd, J=8.4, 5.6, 3.1 Hz,
1H), 7.22-7.04 (m, 2H), 434 (q, J=7.2Hz, 2H), 1.30 (t, J=7.2Hz, 3H).
3C NMR (101 MHz, CDCls): 6 = 162.77, 159.68, 157.23, 119.85, 118.01, 114.40,
110.99, 108.49, 63.66, 13.82.
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523: Synthesis of ethyl 2-(3,5-difluorophenyl)-2, 2-difluoroacetate (KPP523)

F The phenylacetate derivative KPP523 was synthesized via GP O
m using 1,3-difluoro-5-iodobenzene (5.99 mL, 50.0 mmol), ethyl
" 7R o bromodifluoroacetate (9.62 mL, 75.0 mmol) and activated
** 5 copper(12.75g, 195.0 mmol) in dry DMSO (130 mL). The crude
product was purified by column chromatography (cyclohexane/ethyl acetate 19:1) to
obtain KPP523 (10.29 g, 43.6 mmol, 87 %) as a colorless oil. TLC (cyclohexane:ethyl
acetate, 19:1 v/v): R¢=0.50. 'TH NMR (400 MHz, CDCI): 6=7.13 (qd, J=6.4, 5.2,
3.8 Hz, 2H), 6.93 (it, J= 8.7, 2.4 Hz, 1H), 4.30 (q, J= 7.2 Hz, 2H), 1.31 (t, J= 7.2 Hz,
3H). *C NMR (101 MHz, CDCls): 6 = 164.28, 163.30, 161.79, 136.27, 114.69, 112.17,
109.19, 106.74, 63.71, 13.89.

524: Synthesis of ethyl 2, 2-difluoro-2-(3-(trifluoromethoxy)phenyl)acetate (KPP524)

)F<F o The phenylacetate derivative KPP524 was synthesized via GP O
F7” o e o5 using 3-(trifluoromethoxy) iodobenzene (7.73 mL, 50.0 mmol),

524 ethyl bromodifluoroacetate (9.62 mL, 75.0 mmol) and activated
copper (12.75 g, 195.0 mmol) in dry DMSO (130 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 19:1) to obtain
KPP524 (10.61 g, 37.4 mmol, 75 %) as a colorless oil. TLC (cyclohexane:ethyl
acetate, 19:1 v/v): Re=0.43. 'H NMR (400 MHz, CDCl3): 6 =7.54 - 7.45 (m, 3H),
7.39-7.31 (m, 1H), 430 (q, J=7.2Hz, 2H), 130 (t, J=7.2Hz, 1H).
3C NMR (101 MHz, CDCl3): & = 163.68, 149.45, 135.15, 130.50, 124.09, 121.81,
119.24, 118.64, 112.64, 63.55, 13.85.

525: Synthesis of ethyl 2-(2,6-difluorophenyl)-2, 2-difluoroacetate (KPP525)

Fo The phenylacetate derivative KPP525 was synthesized via GP O using

@o/\ 1,3-difluoro-2-iodobenzene (6.00 mL, 50.0 mmol), ethyl
FFF

" b2 bromodifluoroacetate (9.62 mL, 75.0 mmol) and activated

copper (12.75 g, 195.0 mmol) in dry DMSO (130 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 19:1) to obtain
KPP525 (8.87 g, 37.55 mmol, 75 %) as a colorless oil. TLC (cyclohexane:ethyl
acetate, 19:1 v/v): Ry = 0.25. '"H NMR (400 MHz, CDCl;): 6 = 7.48 — 7.41 (m, 1H), 6.97
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(t, J=89Hz, 2H), 437 (q J=7.1Hz, 2H), 133 (t J=7.2Hz, 3H).
13C NMR (101 MHz, CDCls): & = 162.85, 161.79, 159.33, 133.36, 112.77, 112.51,
111.27, 100.13, 63.70, 13.84.

526: Synthesis of 2-(2,5-difluorophenyl)-2, 2-difluoroethanol (KPP526)

F The alcohol KPP526 was synthesized via GPP using the

©>(\ acetate KPP522 (7.53 g, 31.90 mmol), and NaBH4 (1.21 g, 31.90 mmol)
£ FOOF ' in MeOH (110 mL). The crude product was purified by column

o chromatography  (cyclohexane/ethyl acetate 2:1) to  obtain
KPP526 (4.84 g, 24.94 mmol, 78 %) as a white solid. TLC (cyclohexane:ethyl acetate,
2:1 v/v): R¢=0.38. 'H NMR (400 MHz, DMSO): 6§ =5 7.48 —7.31 (m, 3H), 5.74 (t,
J=6.5Hz, 1H), 3.91 (tdd, J=14.2, 6.5, 1.2Hz, 2H). "*C NMR (101 MHz,

DMSO): & = 158.96, 156.56, 123.43, 119.71, 119.16, 118.37, 115.02, 62.98.

527: Synthesis of 2-(3,5-difluorophenyl)-2, 2-difluoroethanol (KPP527)

F The alcohol KPP527 was synthesized via GP P using the
/@Y acetate KPP523 (10.11 g, 42 .80 mmol), and NaBH4 (1.61 g,
F S ©" 42.80 mmol) in MeOH (150 mL). The crude product was purified by

52 column chromatography (cyclohexane/ethyl acetate 2:1) to obtain

KPP527 (7.57 g, 38.99 mmol, 91 %) as a colorless oil. TLC (cyclohexane:ethyl
acetate, 2:1 v/v): Ry = 0.43. 'TH NMR (400 MHz, CDCls): 6 =7.03 (dq, J=6.1, 2.3 Hz,
2H), 6.89 (tt, J=8.7, 2.3 Hz, 1H), 3.91 (ddd, J = 14.6, 11.8, 1.4 Hz, 2H), 3.10 — 3.04
(m, 1H). C NMR (101 MHz, CDCls): 6 164.24, 161.75, 138.19, 119.49, 109.42,
109.15, 105.88, 65.47.

528: Synthesis of 2,2-difluoro-2-(3-(trifluoromethoxy)phenyl)ethanol (KPP528)

The alcohol KPP528 was synthesized via GP P using the acetate KPP524 (10.49 g,
36.90 mmol), and NaBH4 (1.40 g, 36.90 mmol) in MeOH (125 mL). The crude product
was purified by column chromatography (cyclohexane/ethyl acetate 2:1) to obtain
KPP528 (6.45 g, 26.62 mmol, 72 %) as a colorless oil. TLC (cyclohexane:ethyl
acetate, 2:1 v/v): Rf = 0.50. "H NMR (400 MHz, DMSQ): 6 = 7.69 — 7.45 (m, 4H), 5.69
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F t, J=63Hz, 1H), 389 (td, J=13.8, 6.3 Hz, 2H).
F
F)<O©Y\OH 3C NMR (101 MHz, DMSO): & = 148.21, 137.27, 130.81, 124.87,
FFF
528 122.76, 121.29, 120.62, 118.45, 63.59.

529: Synthesis of 2-(2,6-difluorophenyl)-2, 2-difluoroethanol (KPP529)

F The alcohol KPP529 was synthesized via GPP using the
@g(\m acetate KPP525 (8.79 g, 37.21 mmol), and NaBH4 (1.41 g, 37.21 mmol)

F F529F in MeOH (130 mL). The crude product was purified by column
chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP529 (4.32 g,
22.29 mmol, 60 %) as a colorless oil. TLC (cyclohexane:ethyl acetate, 2:1 v/v):
Rf=0.30. '"H NMR (400 MHz, MeOD): 6 =7.54 (tt, J=8.4, 6.2 Hz, 1H), 7.13 -7.00
(m, 2H), 4.05 (t, J=13.8 Hz, 1H). *C NMR (101 MHz, MeQD): & = 163.10, 160.57,
133.90, 121.10, 113.68, 113.41, 112.42, 65.39.

534: Synthesis of Synthesis of 2-bromo-N-(2-(2,5-difluorophenyl)-2,2-
difluoroethyl)acetamide (KPP534)

F The bromoacetamide KPP534 was synthesized via GP Q and GP D.
Q GP Q employed the alcohol KPP526 (4.65g, 23.96 mmol),
L ﬁ)HBr pyridine (3.10 mL, 38.34 mmol) and Tf.O (4.44 mL, 26.36 mmol) in
534 20 dry acetonirile (43 mL) as well as NH,OH (28%, 43 mL). The crude
intermediate was coupled to the amide using triethylamine (3.66 mL, 26.36 mmol) and
bromoacetyl bromide (2.28 mL, 26.36 mmol) in dry DCM (112 mL). The crude product
was purified by column chromatography (cyclohexane/ethyl acetate 1:1) to obtain
KPP534 (3.89g, 1244 mmol, 52 % over two steps) as a white solid.
TLC (cyclohexane:ethyl acetate, 1:1 v/v): R¢=0.50. LC-MS (ESI): tr= 8.58 min;
m/z =313.79 [M + H]*, calcd. for CioHsBrFsNO: 312.97. 'H NMR (400 MHz,
DMSQO): 6=8.78 (t, J=6.3 Hz, 1H), 7.49-7.34 (m, 2H), 7.32 (ddd, J=8.7, 5.8,
2.9 Hz, 1H), 3.94 (td, J=14.6, 6.3 Hz, 2H), 3.82 (s, 2H). "*C NMR (101 MHz,
DMSO): 6 = 166.77, 158.87, 156.47, 123.10, 119.44, 118.67, 118.42, 114.29, 43.41,
28.63.
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535 Synthesis of Synthesis of 2-bromo-N-(2-(3,5-difluorophenyl)-2,2-
difluoroethyl)acetamide (KPP535)

F The bromoacetamide KPP535 was synthesized via GP Q and GP D.
/©§@ 0 GP Q employed the alcohol KPP527 (7.46g, 38.44 mmol),
F e ﬂ)éBr pyridine (4.96 mL, 61.52 mmol) and Tf,O (7.12 mL, 42.30 mmol) in
535 dry acetonirile (68 mL) as well as NH4OH (28%, 68 mL). The crude
intermediate was coupled to the amide using triethylamine (5.96 mL, 42.30 mmol) and
bromoacetyl bromide (3.68 mL, 42.30 mmol) in dry DCM (120 mL). The crude product
was purified by column chromatography (cyclohexane/ethyl acetate 2:1) to obtain
KPP535 (4.40g, 14.05mmol, 37 % over two steps) as a white solid.
TLC (cyclohexane:ethyl acetate, 2:1 v/v): R¢{=0.25. LC-MS (ESI): tr=8.71 min;
m/z =313.77 [M + H]*, calcd. for CioHsBrFsNO: 312.97. 'H NMR (400 MHz,
DMSOQO): 6 =8.74 (t, J=6.3 Hz, 1H), 7.38 (tt, J= 9.3, 2.4 Hz, 1H), 7.31 = 7.19 (m, 2H),
3.90 (td, J=14.4, 6.2 Hz, 2H), 3.84 (s, 2H). *C NMR (101 MHz, DMSQ): & = 166.78,
163.49, 161.15, 138.08, 119.61, 109.48, 109.20, 106.08, 44.06, 28.69.

536: Synthesis of Synthesis of 2-bromo-N-(2, 2-difluoro-2-(3-
(trifluoromethoxy) phenyl)ethyl)acetamide (KPP536)

. o  The bromoacetamide KPP536 was synthesized via GP Q and
Fkg@fmé{?ﬁ GPD. GPQ employed the alcohol KPP528 (6.37 g,
536 26.30 mmol), pyridine (3.40 mL, 42.08 mmol) and
Tf,0 (4.88 mL, 28.92 mmol) in dry acetonirile (48 mL) as well as NH4sOH (28%,
48 mL). The crude intermediate was coupled to the amide using
triethylamine (4.00 mL, 28.92 mmol) and bromoacetyl bromide (2.52 mL, 28.92 mmol)
in dry DCM (90 mL). The crude product was purified by column chromatography
(cyclohexane/ethyl acetate 2:1) to obtain KPP536 (3.08 g, 8.55 mmol, 33% over two
steps) as a white solid. TLC (cyclohexane:ethyl acetate, 2:1 v/v): Ry=0.25. LC-
MS (ESI): tr= 9.40 min; m/z = 361.56 [M + H]*, calcd. for C1iHeBrFsNO.: 360.97.
'H NMR (400 MHz, DMSOQ): 6=8.76 (t, J=6.3Hz, 1H), 7.69-7.45 (m, 3H),
3.99 — 3.80 (m, 4H). '3C NMR (101 MHz, DMSO): & = 166.68, 148.28, 136.76, 130.99,
124.57, 123.05, 121.29, 119.98, 118.12, 44.21, 28.67.
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837: Synthesis of Synthesis of 2-bromo-N-(2-(2, 6-difluorophenyl)-2,2-
difluoroethyl)acetamide (KPP537)

F o The bromoacetamide KPP537 was synthesized via GP Q and GP D.

%N% GP Q employed the alcohol KPP529 (4.19g, 21.70 mmol),
H

5; 5% pyridine (2.80 mL, 34.72 mmol) and Tf.O (4.02 mL, 23.88 mmol) in

dry acetonirile (39 mL) as well as NH4OH (28%, 39 mL). The crude intermediate was

£ F

coupled to the amide using triethylamine (3.32 mL, 23.88 mmol) and bromoacetyl
bromide (2.08 mL, 23.88 mmol) in dry DCM (80 mL). The crude product was purified
by column chromatography (cyclohexane/ethyl acetate 2:1) to obtain KPP537 (1.65 g,
5.28 mmol, 24 % over two steps) as a white solid. TLC (cyclohexane:ethyl acetate, 2:1
v/v): Rf=0.25. LC-MS (ESI): tr=8.36 min; m/z=313.73 [M + H]*, calcd. for
C10HsBrF4sNO: 312.97. '"H NMR (400 MHz, DMSO): 6 = 8.86 (t, J=6.4 Hz, 1H), 7.60
(ddd, J=14.7,8.4,6.2 Hz, 1H), 7.18 (t, J = 9.4 Hz, 2H), 3.94 (tt, J= 17.7, 8.9 Hz, 2H),
3.82 (s, 2H). '*C NMR (101 MHz, DMSO): & = 166.80, 160.87, 158.35, 133.56, 119.18,
113.03, 112.77, 110.19, 44.10, 28.56.

547: Synthesis of  (2-(2-((2,2-difluoro-2-(3-(trifluoromethyl) phenyl)ethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP547) 68

o The phenylphosphonic acid derivative KPP547 was
F{/QPfH)H synthesized via GP G and GPH. GP G employed
] O phosphonate KPP003 (202 mg, 1.00 mmol), potassium
war O\\Z:'OH carbonate (276 mg, 2.00 mmol) and KPP519 (346 mg,
1.00 mmol) in DMF (6 mL). The crude intermediate was

deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20O (3:1, 8 mL). The crude product was purified by HPLC to obtain
KPP547 (194 mg, 0.44 mmol, 44 % over two steps) as a white solid. LC-MS (ESI):
tr=7.49min; m/z=439.92[M + H]*, calcd. for Ci7HisFsNOsP:  439.06.
"H NMR (400 MHz, DMSO): 6 =9.50 (t, J=6.3 Hz, 1H), 7.85 (d, J=7.8 Hz, 1H),
7.81-7.71 (m, 2H), 7.71-7.58 (m, 2H), 7.48 (td, J=7.9, 1.7 Hz, 1H), 7.06 (dt,
J=10.4, 6.9 Hz, 2H), 4.60 (s, 2H), 3.96 (td, J = 14.5, 6.3 Hz, 2H). '*C NMR (101 MHz,
DMSO): 6 = 168.67, 158.81, 135.74, 133.10, 132.55, 129.91, 129.62, 129.16, 127.18,
125.15, 123.18, 121.95, 121.32, 121.18, 113.24, 67.53, 43.83. HRMS (ESI):

m/z = 440.0681 calcd. for [C17H15FsNOsP + H]*; found: 440.0687.
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548: Synthesis of (2-(2-((2-(2,5-difluorophenyl)-2, 2-difluoroethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP548) 74

F The phenylphosphonic acid derivative KPP548 was synthesized
0 via GP G and GP H. GP G employed

L N)HO 5 phosphonate KPP003 (202 mg, 1.00 mmol), potassium
Os D carbonate (276 mg, 2.00 mmol) and KPP534 (314 mg,

548 ZIP“ 1.00 mmol) in DMF (6 mL). The crude intermediate was

deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20O (3:1, 8 mL). The crude product was purified by HPLC to obtain
KPP548 (146 mg, 0.36 mmol, 36 % over two steps) as a white solid. LC-MS (ESI):
tr=6.89min; m/z=407.95[M + H]*, calcd. for CieH14F4sNOsP:  407.05.
"H NMR (400 MHz, DMSO): 6 =9.47 (t, J=6.4 Hz, 1H), 7.60 (ddd, J=14.3, 7.5,
1.7 Hz, 1H), 7.47 (td, J= 7.9, 1.7 Hz, 1H), 7.41 - 7.35 (m, 2H), 7.16 (ddd, J = 8.6, 5.7,
3.0 Hz, 1H), 7.12-7.02 (m, 2H), 4.62 (s, 2H), 3.96 (td, J=14.4, 6.3 Hz, 2H).
3C NMR (101 MHz, DMSO): 6 = 168.74, 158.74, 156.38, 133.09, 132.49, 123.10,
121.32, 121.19, 119.61, 119.28, 118.58, 118.25, 114.41, 113.22, 67.49, 42.88.
HRMS (ESI): m/z = 408.0618 calcd. for [C1sH14F4NOsP + H]*; found: 408.0586.

549: Synthesis of (2-(2-((2-(3,5-difluorophenyl)-2, 2-difluoroethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP549) 75

F The  phenylphosphonic  acid derivative KPP549  was
/©Y 0 synthesized via GPG and GPH. GPG employed
F s N)H phosphonate KPP003 (202 mg, 1.00 mmol),  potassium

O\OD carbonate (276 mg, 2.00 mmol) and KPP535 (314 mg,

549 cF'; 1.00 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20O (3:1, 8 mL). The crude product was purified by HPLC to obtain
KPP549 (133 mg, 0.33 mmol, 33 % over two steps) as a white solid. LC-MS (ESI):
tr=7.33min; m/z=407.93 [M + H]*, calcd. for CieH14FsNOsP:  407.05.
"H NMR (400 MHz, DMSO): 6=9.43 (t, J=6.3 Hz, 1H), 7.61 (ddd, J=14.2, 7.4,
1.7 Hz, 1H), 7.48 (td, J=7.9, 1.7 Hz, 1H), 7.38 (it, J= 9.3, 2.4 Hz, 1H), 7.27 — 7.12
(m, 2H), 7.13-7.02 (m, 2H), 4.63 (s, 2H), 3.92 (td, J=14.2, 6.3 Hz, 2H).
3C NMR (101 MHz, DMSO): 6 = 168.71, 163.49, 160.91, 158.74, 133.05, 132.58,
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123.24, 121.31, 119.50, 113.19, 109.44, 109.16, 106.04, 67.48, 43.59. HRMS (ESI):
m/z = 408.0618 calcd. for [C1sH14F4NOsP + H]*; found: 408.0593.

550: Synthesis of (2-(2-((2,2-difluoro-2-(3-(trifluoromethoxy)phenyl)ethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP550) not mentioned

o The phenylphosphonic acid derivative KPP550 was
/©Y\N)H synthesized via GPG and GPH. GP G employed

OD phosphonate KPP003 (202 mg, 1.00 mmol), potassium
50 Z:'OH carbonate (276 mg, 2.00 mmol) and KPP536 (363 mg,

10  1.00 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20O (3:1, 8 mL). The crude product was purified by HPLC to obtain
KPP550 (310 mg, 0.68 mmol, 68 % over two steps) as a white solid. LC-MS (ESI):
tr=7.41 min; m/z=45589[M + HJ*, calcd. for  Ciy7HisFsNOsP:  455.06
H NMR (400 MHz, DMSOQ): 6=9.48 (t, J=6.4Hz, 1H), 7.69-7.53 (m, 2H),
7.50 - 7.38 (m, 3H), 7.41 (s, 1H), 7.07 (td, J= 10.6, 9.3, 6.8 Hz, 2H), 4.61 (s, 2H),
3.91 (td, J=14.5, 6.2 Hz, 2H). 3C NMR (101 MHz, DMSQ): & = 168.66, 158.81,
148.21, 136.95, 133.06, 132.63, 130.90, 124.61, 123.26, 122.99, 121.29, 119.86,
118.74, 118.17, 113.22, 67.52, 43.82. HRMS (ESI): m/z = 456.0630 calcd. for

[C17H15FsNOsP + H]*; found: 456.0628.

551: Synthesis of (2-(2-((2-(2,6-difluorophenyl)-2, 2-difluoroethyl)amino)-2-
oxoethoxy)phenyl)phosphonic acid (KPP551) 73

F o The phenylphosphonic acid derivative KPP551 was synthesized
@F@fu& 25  via GP G and GP H. GP G employed
° phosphonate KPP003 (202 mg, 1.00 mmol), potassium
O\\Z:'OH carbonate (276 mg, 2.00 mmol) and KPP537 (314 mg,

551

1.00 mmol) in DMF (6 mL). The crude intermediate was
deprotected via GP H using TMSBr (1.32 mL, 10.00 mmol) in dry DCM (8 mL) and
MeOH/H20O (3:1, 8 mL). The crude product was purified by HPLC to obtain
KPP551 (60 mg, 0.15 mmol, 15 % over two steps) as a white solid. LC-MS (ESI):
tr=6.68 min;, m/z=407.87 [M + H]*, calcd. for CieH14F4sNOsP:  407.05.
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'H NMR (400 MHz, DMSO): 6 =9.57 (t, J=6.4 Hz, 1H), 7.59 (dtd, J=15.4, 7.9,
2.0 Hz, 2H), 7.48 (td, J = 7.9, 1.7 Hz, 1H), 7.18 — 7.01 (m, 4H), 4.63 (s, 2H), 3.94 (td,
J=14.8, 8.3 Hz, 2H). '*C NMR (101 MHz, DMSO): & = 168.92, 158.84, 158.28,
133.49, 133.06, 132.64, 123.24, 121.44, 121.29, 121.16, 113.21, 113.13, 113.00,
112.76, 67.58, 43.63. HRMS (ESI): m/z = 408.0618 calcd. for [CisH14FsNOsP + HI*;
found: 408.0625.
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CLAIMS

1. The compound as defined by formula Va:

X

5 (formula Va).

wherein at least one of Z is F, and the other Z is H, preferably wherein both of

Z are F;

wherein X is selected from H, F, Br, Cl, CF3;, OCH2Ph, and p-OCHxPyr (N-2, N-
10 3 or N-4);

U and W are selected from F and H;

R is selected from H, CHs or F; and

V is selected from PO(OH). and OPO(OH)..

15 2. The compound as defined by formula VI:

111;/

s
Jrreerss
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(formula VI)

wherein X is selected from H, F, Br, Cl, CF3, OCH:Ph, and p-OCH:Pyr and

5 U is selected from F and H.
3. The compound in accordance with claim 1 or claim 2, wherein at least one of X
and U is F.
10 4. The compound in accordance with claim 1 or claim 2, wherein both of X and U
are F.
5. The compound in accordance with any of the previous claims, wherein the

compound is in the form of a pharmaceutically acceptable salt.
15
6. The compound in accordance with any of the previous claims, wherein the

compound is:

1%,
%’s,

AR

or
20 or
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5 7. The compound in accordance with any of claims 1-6, wherein the compound is

in the form of a pharmaceutically acceptable prodrug.

8. The compound in accordance with claim 7, wherein the compound is in the form

of formula VII:

g rersi

10 (formula Vli).

9. The compound in accordance with claim 7 or 8, wherein the compound is:
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10.

11.

12.

13.

14.

15.

102

Use of the compound according to any of the previous claims, wherein the
compound is capable of interacting with a first protein and a client protein and
wherein the first protein and the client protein and the compound form a

complex, for stabilizing the complex.

The use according to claim 10, wherein the first protein is the 14-3-3 protein
and the client protein is a phosphorylation-independent 14-3-3 client protein,
preferably ChREBP-a.

The use accordance with claim 11, wherein the compound is selective for
stabilizing the complex of 14-3-3 and ChREBP-a.

The use in accordance with claim 12, wherein the compound is for use in
reducing translocation in a cell of the complex from the cytoplasm to the

nucleus.

The use in accordance with any of claims 11-13, wherein the compound is for

use in repression of ChREBP-a mediated gene expression.

The use in accordance with any of claims 10-14, wherein the compound is for

use in repression of ChREBP-B transcription.

PCT/NL2024/050337
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

103

The compound according to any of the claims 1-9, wherein the compound is for

use in a medical treatment.

The compound according to claim 16, wherein the compound is for use in the

treatment of Type 2 Diabetes.

The compound for use in accordance with claim 16 or 17, wherein the medical

treatment involves reducing or preventing glucose toxicity.

The compound for use in accordance with claim 16-18, wherein the medical

treatment involves reducing or preventing glucolipotoxicity.

The compound for use in accordance with claim 16-19, for the treatment of a
condition characterized by a hyperglycemic condition, such as a prolonged

hyperglycemic condition.

The compound for use in accordance with any of claims 16, and claims 18 —

20, wherein the compound is for use in the treatment of type 1 diabetes.

The compound for use in accordance with claim 21, wherein the treatment is

for preventing and/or delaying onset of type 1 diabetes.

The compound for use in accordance with any of claim 21 and claim 22, wherein
the treatment is for use in the treatment of the honeymoon period of type 1

diabetes.

The compound for use in accordance with claim 23, wherein the honeymoon

period is prolonged in patients in the honeymoon period of type 1 diabetes.

The compound for use in accordance with any of claims 21-24, wherein the B
cell function is improved, B cell killing is reduced, and/or autoimmune function

affected.

PCT/NL2024/050337
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26.

27.

28.

104

The compound for use in accordance with claim 16, wherein the medical

treatment comprises the treatment of cancer.

The compound for use in accordance with claim 26, wherein the cancer is

dependent on ChREBP for proliferation.

The compound for use in accordance with any of claim 26 or claim 27,

wherein the cancer is colon cancer, hepatic cell carcinoma or insulinoma.

PCT/NL2024/050337
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