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Small molecule inhibitors of RNA guided endonucleases

Technical Field

The present invention relates to the use of compounds of formula (1) as inhibitors of RNA guided
endonucleases, e.g., Cas9 and Cpfl, and methods for the inhibition of the function of such RNA
guided endonucleases. Such a regulation of the activity of RNA guided endonucleases is useful
in a number of basic research, biomedical or biotechnological applications, including genome

editing.

Background

CRISPR (Clustered Regularly-Interspaced Short Palindromic Repeats) are specialized stretches
of DNA which form part of the natural defence mechanisms of bacteria and archaea against
invading phages or mobile genetic elements. The most studied CRISPR system employs protein
Cas9 (CRISPR-associated protein 9), an RNA-guided endonuclease that acts like a pair of
molecular scissors, capable of cleaving double-stranded target DNA in multiple cell types. Cas9
identifies the target sequence by two recognition mechanisms: (i) Watson-Crick base-pairing
between the target DNA sequence and guide RNA and (ii) Protospacer Adjacent Motif (PAM)
sequence on the target DNA. Upon target recognition as, for example, dictated by binding of a
~20 nucleotide recombinant “guide RNA” (gRNA) to the target site, Cas9 generates double-
stranded breaks (DSB) in the target DNA, e.g. a gene. DSB’s produced by Cas9 are most often
repaired through the cell’s error-prone non-homologous end joining (NHEJ) pathway, which can
result in frameshift mutations and gene knockout. Alternatively, homology-directed repair

(HDR) at the double-strand break site can allow insertion of a desired sequence.

Known RNA-guided endonuclease variants of CRISPR proteins, include Streprococcus
pyogenes Cas9 (SpCas9), Staphylococcus aureus Cas9 (SaCas9), Francisella novicida Cas9
(FnCas9) and Cas12a (FnCas12a; formerly also knows as FnCpfl), Campylobacter jejuni Cas9
(CjCas9), Acidaminococcus sp. Cpf1 (AsCpf1) and Lachnospiraceae bacterium Cpfl (LsCpfl).
The relative ease of targeting Cas9/Cpf1 to specific genomic loci has enabled the development
of revolutionary applications of the CRISPR-Cas9/Cpf1 system in many areas of research and

biomedical technologies, including novel therapies to treat genetic disorders.



10

15

20

25

30

WO 2021/198275 PCT/EP2021/058330

For example, reports of using the CRISPR-Cas9/Cpfl system to edit human cells in an
experimental setting were published by researchers from the Broad Institute of the Massachusetts
Institute of Technology and Harvard, which demonstrated in in vitro (laboratory) and animal
models of human disease that the technology can be effective in correcting genetic defects.
Examples of such diseases include cystic fibrosis, cataracts and Fanconi anemia. The CRISPR-
Cas9/Cpfl system has also been applied in the food industry, for example, to engineer probiotic
cultures and to vaccinate industrial cultures such as, for example, yogurt, against viruses. In the
agricultural industry the CRISPR-Cas9/Cpf1 system has also been used, for example, in crops

to improve vield, drought tolerance and nutritional properties.

However, the CRISPR-Cas9/Cpfl system is not without drawbacks. One of the biggest
limitations of the CRISPR-Cas9/Cpfl system is that it is not a hundred percent efficient and
produces so-called "off-target effects”, where DNA is cut at sites other than the intended target
site. These off-target effects are frequently documented and are likely to result from prolonged
expression of Cas9/Cpfl in the nuclei of cells, which can then lead to the introduction of
unintended mutations, including oncogenic and fatal mutations. An inhibitor of an RNA guided
endonuclease (e.g., Cas9 or Cpf1) would therefore provide an effective tool to control the activity
of RNA guided endonucleases thereby reducing or prohibiting undesirable off-target effects.
Indeed, CRISPR-Cas9/Cpfl-based applications (e.g., genome editing) would benefit from
dosable and temporal control (e.g. transcriptional regulation) of the activity of RNA guided
endonucleases (e.g., Cas9, Cpfl). Given that the activity of RNA guided endonucleases (e.g.,
Cas9, Cpfl) is vital to several bacterial processes including immunity, inhibitors of the
activity of RNA guided endonucleases (¢.g., Cas9, Cpfl) have the potential to afford novel
anti-infective agents to counter the ever-growing challenge of antibiotic resistance. An
inhibitor of the activity of RNA guided endonucleases (e.g., Cas9, Cpfl) can also have utility
as a biodefense agent against CRISPR-based bioterrorism threats.

Hitherto known inhibitors show a number of deficiencies, including low
bioavailability/solubility (e.g., lack of cell penetration), lack of selectivity, low potency, limited
chemical stability and toxicity (e.g., inhibitors that work at non-physiological concentrations).
Reports about potent small molecules that inhibit RNA guided endonucleases (¢.g.. Cas9, Cpfl)
are currently scarce (e.g. Maji et al. A High-Throughput Platform to Identify Small-

Molecule Inhibitors of CRISPR-Cas9. 2019, Cell 177, 1067-1079.). In view of the deficits of the

prior art, a need exists for small molecule compounds and methods for inhibiting one or more
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activities of an RNA guided endonuclease (e.g., Cas9, Cpfl). It has therefore been an object to
provide compounds compounds, which act as a controllable “off-switch” for the activity of an
RNA guided endonuclease (e.g., Cas9, Cpfl) and methods useful for inhibiting the activity of
an RNA guided endonuclease (e.g., Cas9, Cpfl).

The present invention provides the use of a compound of formula (I) as inhibitor of the activity
of an RNA guided endonuclease (e.g., Cas9, Cpfl) and a method of inhibiting the activity of an
RNA guided endonuclease (e.g., Cas9, Cpfl), which include the following advantages: (i) rapid,
reversible, dosage, and/or spacio-temporal control of RNA guided endonuclease technologies,
e.g. genome editing using the CRISPR-Cas9/Cpf1 system; (ii) rapid, tight and reversible binding
of the compound to an RNA guided endonuclease (e.g., Cas9, Cpfl); (iii) cell permeability of the
compound, including penetration in human cells as well as easy delivery and travel through
nuclear membrane; (iv) no cytotoxic effects of the compound at working concentrations; (v)
inhibition of activity of naturally occurring RNA guided endonucleases (e.g., SpCas9, SaCas9,
FnCas9, FnCas12a, CjCas9, AsCpfl and LsCpfl); and (vi) compatibility with 'split’ and drug
inducible CRISPR-Cas9/Cpfl systems.

The present invention relates to the use of a compound of formula (I):

R'" H
N
P 4 -NH»
G‘H e
R w};/RS
@ M
wherein
R! is an aryl or heteroaryl group, which groups may optionally be substituted;
R? is an aryl or heteroaryl group, which groups may optionally be substituted; and
R? is a group of formula

) 32
et
H

wherein
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oislor?2;

R3! is a hydrogen atom, deuterium atom, halogen atom, OH, an optionally substituted
C1-Cs alkyl or (C1-Ce) heteroalkyl;

R* is independently selected at each occurrence from hydrogen atom, deuterium atom,
halogen atom, or an alkyl, alkenyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
alkylcycloalkyl, heteroalkylcycloalkyl, aryl, heteroaryl, aralkyl or heteroaralkyl group, all of
which groups may optionally be substituted;

or a salt thereof, as an inhibitor for the activity of an RNA guided endonuclease in a basic

research, biomedical or biotechnological application.

The basic research, biomedical or biotechnological application may be in vifro or in vivo. In a
preferred embodiment, the basic research, biomedical or biotechnological application is in vifro.
In another preferred embodiment the basic rescarch, biomedical or biotechnological application
is in vivo. These basic research, biomedical or biotechnological application, include gene or
genome editing, transcriptional modulation, epigenctic modulation, and genome labelling and/or

screening.

The compound of formula (I) also has use as a research tool in an in vitro or in vivo basic
research, biomedical or biotechnological application, e.g. gene or genome editing,
transcriptional modulation, epigenetic modulation, and genome labelling and/or screening.
When used as a research tool, the compound of formula (I) inhibits the activity of an RNA guided
endonuclease, e.g. an RNA guided endonuclease of a gene editing, genome editing,
transcriptional modulation, epigenetic modulation, genome labelling or genome screening
system. Such a use as a research tool explicitly excludes methods for treatment of the human or

animal body by surgery or therapy and diagnostic methods practised on the human or animal

body.

In general, the compound of formula (1) is useful as an inhibitor of the activity of an RNA guided

endonuclease. R? is preferably different from the groups (1) and (2):
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Preferably, R! may be an optionally substituted aryl group.

Also preferred, R? may be an optionally substituted phenyl group, or an optionally substituted

heteroaryl group containing 5, 6, 9 or 10 ring atoms.

Further preferred R! may be a group of formula

11
(R " )n
%
. o
wherein
nis0, 1,2, or3, and

R" is independently selected at each occurrence from halogen atom, deuterium atom,

OH, a Ci alkyl group or a Cy.¢ heteroalkyl group.

R? may preferably be a group of formula

Rm  (R¥,
€ ot
p or %
wherein
mis0, 1,2, 0r3;
pis0,1,2,0r3;

R?' is independently selected at each occurrence from halogen atom, deuterium atom,

OH, a Ci.s alkyl group or a Cys heteroalkyl group; and

R?? is independently selected at each occurrence from halogen atom, deuterium atom,

OH, a Ci. alkyl group or a Ci6 heteroalkyl group.

In preferred embodiments, R!! is a halogen atom, deuterium atom, OH, a (C1-C3)alkyl group,
(C1-C3)haloalkyl group or a (C1-C3)alkoxy group, more preferably a halogen atom or a (C1-
C3)alkoxy group.
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In preferred embodiments, R*' is a halogen atom, deuterium atom, OH, a (C1-C3)alkyl group,
(C1-C3)haloalkyl group, (C1-C3) hydroxyalkyl group, (C1-C3j)alkoxy group or (C2-C5)
alkoxyalkyl group, more preferably a halogen atom, (C1-C3)haloalkyl group or a (C1-C3)alkoxy
group.

In preferred embodiments, R? is a halogen atom, deuterium atom, OH, a (C1-C3)alkyl group,
(C1-C3)haloalkyl group, (C1-C3) hydroxyalkyl group, (CI1-C3)alkoxy group or (C2-C5)
alkoxyalkyl group, more preferably a halogen atom, (C1-C3)haloalkyl group or a (C1-C3)alkoxy

group.

In preferred embodiments, R*' is a hydrogen atom, deuterium atom, halogen atom, OH, a (C1-
C3)alkyl group, (C1-C3)haloalkyl group, or (C1-C3)alkoxy group, more preferably a hydrogen
atom, deuterium atom or halogen atom, and most preferably a hydrogen atom. Also preferred, o

is 1.

In preferred embodiments, R* is a hydrogen atom, deuterium atom, halogen atom or a (Cl-

C3)haloalkyl group, more preferably a hydrogen atom, deuterium atom or halogen atom.

In preferred embodiments, R' is a group:
11
e R

ARz . . )
- , wherein R!! is defined as herein above.

In particularly preferred embodiments, R? is a group:

¥

4 R32
a0l
N~
H wherein R*? is defined as herein above, including preferred embodiments

3

thereof.

The compound of formula (I) can be used in viro and/or in vivo, i.e. the basic research,
biomedical or biotechnological application may be performed in a cell, the application being

performed in vitro or in vivo. The cell can be an in vitro cell, e.g., a cell in culture, e.g., an
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established cultured cell line: or an ex vivo cell, i.e. a cultured cell from an individual. The cell

can also be an in vivo cell, e.g., a cell in an individual. When used in vivo, methods for the

surgical or therapeutic treatment of the human or animal body and diagnostic procedures

performed on the human or animal body shall be excluded if prohibited by law, but the

5  compound according to formula (I) or a salt thereof may nevertheless be suitable for use in any

of these surgical, therapeutic or diagnostic methods.

Preferably, n, m and p each, independently of one another, represents 0, 1 or 2. Moreover

preferred, n may be 0 or 1. Also preferred, p may be 0 or 1. Also preferred, m may be 0, 1 or 2.

10

Examples of a preferred embodiment of R! include:

OMe
o oot o
P Pl /,J/\_// ’JJ

15  Examples of a preferred embodiment of R? include:

~

|
-~ TNFCr,

Examples of a preferred embodiment of R® include:

20

Examples of a preferred compound of formula (I) include compounds D3 and H6 depicted

below:
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8
IS
O Ve
N\_NH
Zam 7 /N
W ‘ @ TN
(D3) O (H6).

The present invention also relates to the use of a compound of formula (I):

or a salt thereof, in a method of gene editing, genome editing, transcriptional modulation,
epigenetic modulation, genome labelling or genome screening, wherein said method comprises
inhibiting an activity of a RNA guided endonuclease by contacting the RNA guided
endonuclease with the compound of formula (I) or a salt thereof. In a preferred embodiment, the

use is in a method of gene editing or genome editing.

The present invention also relates to a compound of formula (I):

© ),
or a salt thereof, for use in a method of gene editing, genome editing, trahscriptional modulation,
epigenetic modulation, genome labelling or genome screening, wherein said method comprises
contacting a RNA guided endonuclease with the compound of formula (I} or a salt thereof. In a

preferred embodiment, the compound is for use in a method of gene editing or genome editing.

The present invention also relates to a compound of formula (I):
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9
RT H
PN ~NH,
o N
2 3
R® )R
o @,

or a salt thereof, for use in a method of preventing or treating a genetic disorder by gene editing,
genome editing, transcriptional modulation, epigenetic modulation, genome labelling or genome
screening, wherein said method comprises contacting an RNA guided endonuclease with the

compound of formula (I) or a salt thereof.

When used in a method comprising gene editing, genome editing, transcriptional modulation,
epigenetic modulation, genome labelling or genome screening, the compound of formula (I), or
a salt thereof, inhibits the activity of the RNA guided endonuclease. Said another way, the
compound of formula (T) decreases or completely inactivates the activity of the RNA guided
endonuclease thereby reducing or prohibiting off-target, genotoxicity, immune response and

other side effects associated with uncontrolled RNA guided endonuclease (e.g. Cas9) activity.

The present invention also relates to a method of inhibiting the activity of an RNA guided

endonuclease, the method comprising contacting a compound of formula (I):

R' H

o M
according to any of the embodiments indicated above with an RNA guided endonuclease.

The contacting in the above-mentioned methods can occur in vitro. Alternatively, the contacting
in the above-mentioned methods occurs in vivo. These methods are preferably methods other
than methods for treatment of the human or animal body by surgery, therapy or diagnosis

practised on the human or animal body.

Preferably, the compound of formula (I) and the RNA guided endonuclease are contacted in a

cell.
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Non-limiting examples of cells (target cells) include: a prokaryotic cell, eukaryotic cell, a
bacterial cell, an archaeal cell, a cell of a single-cell eukaryotic organism, a protozoa cell, a cell
from a plant (e.g., cells from plant crops, fruits, vegetables, grains, soy bean, corn, maize, wheat,
seeds, tomatos, rice, cassava, sugarcane, pumpkin, hay, potatos, cotton, cannabis, tobacco,
flowering plants, conifers, gymnosperms, angiosperms, ferns, clubmosses, hornworts,
liverworts, mosses, dicotyledons, monocotyledons, etc.), an algal cell, (e.g., Botryococcus
braunii, Chlamydomonas reinhardtii, Nannochloropsis gaditana, Chlorella pyrenoidosa,
Sargassum patens, C. agardh, and the like), seaweeds (e.g. kelp) a fungal cell (e.g., a yeast cell,
a cell from a mushroom), an animal cell, a cell from an invertebrate animal (e.g., fruit fly,
cnidarian, echinoderm, nematode, etc.), a cell from a vertebrate animal (e.g., fish, amphibian,
reptile, bird, mammal), a cell from a mammal (e.g., an ungulate (e.g., a pig, a cow, a goat, a
sheep, a horse, a camel); a rodent (e.g., a rat, a mouse); a non-human primate; a human; a feline
(c.g., a cat); a canine (e.g., a dog); etc.) and the like. In some cases, the cell is a cell that does not
originate from a natural organism (e.g., the cell can be a synthetically made cell; also referred to

as an artificial cell).

A cell can be an in vitro cell, e.g., a cell in culture, e.g., an established cultured cell line. A cell
can be an ex vivo cell, i.e. a cultured cell from an individual. A cell can be an in vivo cell, e.g.,
a cell in an individual. A cell can be an isolated cell. A cell can be a cell inside of an organism.
A cell can be an organism. A cell can be a cell in a cell culture, e.g., in vitro cell culture. A cell
can be one of a collection of cells. A cell can be a prokaryotic cell or derived from a prokaryotic
cell. A cell can be a bacterial cell or can be derived from a bacterial cell. A cell can be an archaeal
cell or derived from an archaeal cell. A cell can be a eukaryotic cell or derived from a eukaryotic
cell. A cell can be a plant cell or derived from a plant cell. A cell can be an animal cell or derived
from an animal cell. A cell can be an invertebrate cell or derived from an invertebrate cell. A
cell can be a vertebrate cell or derived from a vertebrate cell. A cell can be a mammalian cell or
derived from a mammalian cell. A cell can be a rodent cell or derived from a rodent cell. A cell
can be a human cell or derived from a human cell. A cell can be a microbe cell or derived from
a microbe cell. A cell can be a fungi cell or derived from a fungi cell. A cell can be an insect

cell. A cell can be an arthropod cell. A cell can be a protozoan cell. A cell can be a helminth cell.

Suitable cells further include a stem cell, e.g. an embryonic stem (ES) cell; an induced
pluripotent stem (iPS) cell; a germ cell, e.g., an oocyte, a sperm, an oogonia, a spermatogonia,

etc.; a somatic cell, e.g. a fibroblast, an oligodendrocyte, a glial cell, a hematopoietic cell, a
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neuron, a muscle cell, a bone cell, a hepatocyte, a pancreatic cell, etc. Suitable cells also include
human embryonic stem cells, fetal cardiomyocytes, myofibroblasts, mesenchymal stem cells,
cardiomyocytes, adipocytes, totipotent cells, pluripotent cells, blood stem cells, myoblasts, adult
stem cells, bone marrow cells, mesenchymal cells, embrycnic stem cells, parenchymal cells,
epithelial cells, endothelial cells, mesothelial cells, fibroblasts, osteoblasts, chondrocytes,
exogenous cells, endogenous cells, stem cells, hematopoietic stem cells, bone-marrow derived
progenitor cells, myocardial cells, skeletal cells, fetal cells, undifferentiated cells, multi-potent
progenitor cells, unipotent progenitor cells, monocytes, cardiac myoblasts, skeletal myoblasts,
macrophages, capillary endothelial cells, xenogenic cells, allogenic cells, and post-natal stem
cells. Stem cells also include adult stem cells. Adult stem cells are also referred to as somatic
stem cells. Adult stem cells are resident in differentiated tissue, but retain the properties of self
renewal and ability to give rise to multiple cell types, usually cell types typical of the tissue in
which the stem cells are found. Numerous examples of somatic stem cells are known to those of
skill in the art, including muscle stem cells; hematopoietic stem cells; epithelial stem cells; neural
stem cells; mesenchymal stem cells; mammary stem cells; intestinal stem cells; mesodermal
stem cells; endothelial stem cells; olfactory stem cells; neural crest stem cells; and the like. Stem
cells of interest include mammalian stem cells, where the term“mammalian” refers to any animal
classified as a mammal, including humans; non-human primates; domestic and farm animals;
and zoo, laboratory, sports, or pet animals, such as dogs, horses, cats, cows, mice, rats, rabbits,
etc. In some cases, the stem cell is a human stem cell. In some cases, the stem cell is a rodent
(e.g., a mouse; a rat) stem cell. In some cases, the stem cell is a non-human primate stem cell.
Stem cells can express one or more stem cell markers, e.g., SOX9, KRT19, KRT7, LGRS, CA9,
FXYD2, CDH6, CLDNI18, TSPANS, BPIFB1, OLFM4, CDH17, and PPARGCIA. In some
cases, the stem cell is a hematopoietic stem cell (HSC). HSCs are mesoderm- derived cells that
can be isolated from bone marrow, blood, cord blood, fetal liver and yolk sac. HSCs are
characterized as CD34+ and CD3-. HSCs can repopulate the erythroid, neutrophil- macrophage,
megakaryocyte and lymphoid hematopoietic cell lineages in vivo. HSCs can be induced in vitro
to undergo at least some self-renewing cell divisions and can be induced to differentiate to the
same lineages as is seen in vivo. As such, HSCs can be induced to differentiate into one or more
of erythroid cells, megakaryocytes, neutrophils, macrophages, and lymphoid cells. In other
instances, the stem cell is a neural stem cell (NSC). Neural stem cells (NSCs) are capable of
differentiating into neurons, and glia (including oligodendrocytes, and astrocytes). A neural stem
cell is a multipotent stem cell which is capable of multiple divisions, and under specific

conditions can produce daughter cells which are neural stem cells, or neural progenitor cells that
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can be neuroblasts or glioblasts, e.g., cells committed to become one or more types of neurons
and glial cells respectively. Methods of obtaining NSCs are known in the art. In other cases, the
stem cell is a mesenchymal stem cell (MSC). MSCs originally derived from the embryonal
mesoderm and isolated from adult bone marrow, can differentiate to form muscle, bone,
cartilage, fat, marrow stroma, and tendon. Methods of isolating MSC are known in the art; and
any known method can be used to obtain MSC. Sce, e.g., U.S. Pat. No. 5,736,396, which

describes isolation of human MSC.

The cell may also be an immune cell, a neuron, an epithelial cell, and endothelial cell, or a stem
cell. The immune cell can, for example, be a T cell, a B cell, a monocyte, a natural killer cell, a
dendritic cell, or a macrophage. Further examples of an immune cell, include a cytotoxic T cell,

a helper T cell, and a regulatory T cell (Treg).

The cell can also be a plant cell. A plant cell can be a cell of a monocotyledon or dicotyledon.
Examples of a plant cell include a cell of a major agricultural plant, e.g., Barley, Beans (Dry
Edible), Canola, Corn, Cotton (Pima), Cotton (Upland), Flaxseed, Hay (Alfalfa), Hay (Non-
Alfalfa), Oats, Peanuts, Rice, Sorghum, Soybeans, Sugarbeets, Sugarcane, Sunflowers (Oil),
Sunflowers (Non-Oil), Sweet Potatoes , Tobacco (Burley), Tobacco (Flue-cured), Tomatoes,
Wheat (Durum), Wheat (Spring), Wheat (Winter), and the like. As another example, the cell is
a cell of a vegetable crops which include but are not limited to, e.g., alfalfa sprouts, aloe leaves,
arrow root, arrowhead, artichokes, asparagus, bamboo shoots, banana flowers, bean sprouts,
beans, beet tops, beets, bittermelon, bok choy, broceoli, broccoli rabe (rappini), brussels sprouts,
cabbage, cabbage sprouts, cactus leaf (nopales), calabaza, cardoon, carrots, cauliflower, celery,
chayote, Chinese artichoke (crosnes), Chinese cabbage, Chinese celery, Chinese chives, choy
sum, chrysanthemum leaves (tung ho), collard greens, corn stalks, corn-sweet, cucumbers,
daikon, dandelion greens, dasheen, dau mue (pea tips), donqua (winter melon), eggplant, endive,
escarole, fiddle head ferns, field cress, frisee, gai choy (Chinese mustard), gallon, galanga (siam,
thai ginger). garlic, ginger root, gobo, greens, hanover salad greens, huauzontle, jerusalem
artichokes, jicama, kale greens, kohlrabi, lamb's quarters (quilete), fettuce (bibb), lettuce
(boston), lettuce (boston red), lettuce (green leaf), lettuce (iceberg), lettuce (lolla rossa), lettuce
(oak leaf - green), lettuce (oak leaf - red), lettuce (processed), lettuce (red leaf), lettuce (romaine),
lettuce (ruby romaine), lettuce (russian red mustard), linkok, lo bok, long beans, lotus root,
mache, maguey (agave) leaves, malanga, mesculin mix, mizuna, moap (smooth luffa), moo,

moqua (fuzzy squash), mushrooms, mustard, nagaimo, okra, ong choy, onions green, opo (long
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squash), ornamental corn, ornamental gourds, parsley, parsnips, peas, peppers (bell type),
peppers, pumpkins, radicchio, radish sprouts, radishes, rape greens, rape greens, rhubarb,
romaine (baby red), rutabagas, salicornia (sea bean), sinqua (angled/ridged luffa), spinach,
squash, straw bales, sugarcane, sweet potatoes, swiss chard, tamarindo, taro, taro leaf, taro
shoots, tatsoi, tepeguaje (guaje), tindora, tomatillos, tomatoes, tomatoes (cherry), tomatoes
(grape type), tomatoes (plum type), tumeric, turnip tops greens, turnips, water chestnuts, yampi,

yams (names), yu choy, yuca (cassava), and the like.

Another examplc of a cell is an arthropod cell. For example, the cell can be a cell of a sub order,
a family, a sub-family, a group, a sub-group, or a species of, e.g., Chelicerata, Myriapodia,
Hexipodia, Arachnida, Insecta, Archaeognatha, Thysanura, Palacoptera, Ephemeroptera,
Odonata, Anisoptera, Zygoptera, Neoptera, Exopterygota, Plecoptera , Embioptera , Orthoptera,
Zoraptera , Dermaptera, Dictyoptera, Notoptera, Grylloblattidae, Mantophasmatidae,
Phasmatodea , Blattaria, Isoptera, Mantodea, Parapneuroptera, Psocoptera, Thysanoptera,
Phthiraptera, Hemiptera, Endopterygota or Holometabola , Hymenoptera , Coleoptera,
Strepsiptera, Raphidioptera, Megaloptera, Neuroptera , Mecoptera , Siphonaptera, Diptera,

Trichoptera, or Lepidoptera.

An insect cell is a further example of a cell, and can, for example, be a cell of a mosquito, a

grasshopper, a true bug, a fly, a flea, a bee, a wasp, an ant, a louse, a moth, or a beetle.

In the present invention, the cell may be a prokaryotic or eukaryotic cell. The prokaryotic cell

can be a bacterium cell. The eukaryotic cell can be a human, mammalian, insect, plant, or yeast

cell. Preferably, the cell is in an organism.

The RNA guided endonuclease may be a naturally occurring or engineered CRISPR protein,
e.g. Cas9 and Cfl1, including SpCas9, SaCas9, FnCas9, FnCas12a, CjCas9, AsCpfl, LsCpfl,
SpCas9n, Cas9-HF, Cas9-H840A, FoklI-dCas9, D1 0A nickase, or any combinations and variants
thereof. According to a preferred embodiment, the RNA guided endonuclease is a naturally
SpCas9, SaCas9, FnCas9, FnCasl12a, CjCas9, AsCpfl, or LsCpfl; preferably SpCas9, SaCas9,
FnCas9, FnCasl2a, or CjCas9; more preferably SpCas9 or SaCas9; and most preferably SpCas9.

In preferred embodiments of the methods, the activity of the RNA guided endonuclease in the

one or more cells is reduced as compared to that in otherwise identical cell or cells but without
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the compound. For example, the activity of the RNA guided endonuclease can be reduced by at
least 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 15-fold, 20-fold, 25-fold, 30-fold, 40-fold, 50-fold,
or 100-fold as compared to that in otherwise identical cell or cells but without the compound.
This reduction in activity of the RNA guided endonuclease may, for example, be measured by
frequency of targeted polynucleotide integration or by frequency of targeted mutagenesis. The
targeted mutagenesis includes point mutations, deletions, and/or insertions. The activity of
the RNA guided endonuclease can be reduced by at least 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% or 100% as compared to the activity in the one or more cells prior to the

administration of the compound of formula (1) or a salt thereof.

In preferred embodiments of the methods, the RNA guided endonuclease (e.g. a RNA guided
endonuclease of a gene editing, genome editing, transcriptional modulation, epigenetic
modulation, genome labelling or genome screening system) and the compound are administered
into the one or more cells sequentially. Preferably, the RNA guided endonuclease is administered
into the one or more cells prior to the compound, e.g. .1,2,3,4,5,6,7, 8,10, 12, 15,20 or 24
hour(s) after administration of the at least one RNA guided endonuclease or the system (i.e. gene
editing, genome editing, transcriptional modulation, epigenetic modulation, genome labelling or

genome screening system) comprising at least one RNA guided endonuclease.

In preferred embodiments of the methods, the gene editing, genome editing, transcriptional
modulation, epigenetic modulation, genome labelling or genome screening system is a CRISPR-
based system. Preferably, the CRISPR-based system is a gene editing or genome editing system.
Of said CRISPR-based systems, a preferred embodiment is a CRISPR-Cas system or a CRISPR-
Cpf system. Such a CRISPR-Cas system can inciude:

(a) at least one guide RNA element comprising:

(i) a target RNA comprising a nucleotide sequence substantially complementary to a
nucleotide sequence at one or more target genomic regions or a nucleic acid comprising a
nucleotide sequence(s) encoding the target RNA; and

(ii) an activator RNA comprising a nucleotide sequence that is capable of hybridizing
with the targeter RNA or a nucleic acid comprising a nucleotide sequence(s) encoding the
activator RNA; and
(b) a Cas (e.g., Cas9) protein element comprising a Cas protein or a nucleic acid comprising a
nucleotide sequence(s) encoding the Cas protein. Preferably, the targeter RNA and activator

RNA are fused as a single molecule.
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When the CRISPR-based system is a CRISPR-Cpf system it comprises the same elements as the
CRISPR-Cas system, except that (b) is a Cpf (e.g., Cpfl) protein element comprising a Cpf

protein or a nucleic acid comprising a nucleotide sequence encoding the Cpf protein

The system (e.g., gene editing, genome editing, transcriptional modulation, epigenetic
modulation, genome labelling or genome screening system) can be delivered by one or more
vectors into the one or more cells. Those vectors include viral vectors, plasmids, or ssDNAs.
Examples of viral vectors are retroviral, lentiviral, adenoviral, adeno-associated and herpes
simplex viral vectors. Alternatively, the system (e.g., genome editing system) can be

delivered by synthetic RNA or a nanoformulation.

The one or more cells to which the compound of formula (1), or a salt thereof), and the RNA
guided endonuclease (e.g. a RNA guided endonuclease of a gene editing, genome editing,
transcriptional modulation, epigenetic modulation, genome labelling or genome screening
system) are administered can be one or more cells in vitro (e.g., cultured cells), ex vivo cells
from an organism or iz vivo cells within an organism. The organism can, for example, be a
bacterium, a mammal, an insect, a plant or a yeast. Prefcrably, the organism is a mammal,

more preferably a human.

The present invention also encompasses a kit containing:

(i) a gene editing, genome editing, transcriptional modulation, epigenctic modulation,
genome labelling or genome screening system; and

(ii) a compound of formula (1) or a pharmaceutically acceptable salt, solvate or hydrate
thereof.
This kit may be for use as a medicament. The kit may also be for use in prophylactic treatment
of a bacterial infection, or a genetic disease or disorder; or for use in a method of treating a
bacterial infection, or a genetic disease or disorder. The system in the kit is preferably a
CRISPR-based system, more preferably a CRISPR-Cas system or a CRISPR-Cpf system as

described above.

The expression alkyl refers to a saturated, straight-chain or branched hydrocarbon group that
contains from 1 to 20 carbon atoms, preferably from 1 to 12 carbon atoms, especially from 1 to
6 (e.g. 1, 2, 3 or 4) carbon atoms, for example a methyl, ethyl, propyl, iso-propyl, n-butyl,
iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, n-hexyl, 2,2-dimethylbutyl or n-octyl group.
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Furthermore, the term alkyl refers to groups in which one or more hydrogen atoms have been
replaced by a halogen atom (preferably F or CI) such as, for example, a 2,2,2-trichloroethyl or a

trifluoromethyl group.

The expressions alkenyl and alkynyl refer to at least partially unsaturated, straight-chain or
branched hydrocarbon groups that contain from 2 to 20 carbon atoms, preferably from 2 to 12
carbon atoms, especially from 2 to 6 (e.g. 2, 3 or 4) carbon atoms, for example an ethenyl (vinyl),
propenyl (allyl), iso-propenyl, butenyl, ethinyl, propinyl, butinyl, acetylenyl, propargyl,
isoprenyl or hex-2-enyl group. Preferably, alkenyl groups have one or two (especially preferably
one) double bond(s), and alkynyl groups have one or two (especially preferably one) triple
bond(s). Furthermore, the terms alkenyl and alkynyl refer to groups in which one or more

hydrogen atoms have been replaced by a halogen atom (preferably F or CI).

The expression alkoxy or alkoxy group refers to an alkyl group singular bonded to oxygen, i.e.,
—O-alkyl. The term "(C1-C6) alkoxy" includes, for example, methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, sec-butoxy, isobutoxy, tert-butoxy, n-pentyloxy , tert-amyloxy- or n-

hexyloxy, and accordingly (C1-C3)alkoxy includes methoxy, ethoxXy, n-propoxy, or iSopropoxy.

The expression alkoxyalkyl or alkoxyalkyl group refers to an alkyl group singular bonded to one
or more alkoxy group(s), e.g., —alkyl-O-alkyl or —alkyl-O-alkyl-O-alkyl. The term "(C2-C5)
alkoxyalkyl" includes, for example, methoxymethyl, methoxyethoxymethyl, and 1-ethoxyethyl.

The expression haloalkyl or haloalkyl group refers to an alkyl group in which one, two, three or
more hydrogen atoms have been replaced independently of each other by a halogen atom. The
term "(C1-C3) haloalkyl" includes, for example, fluoromethyl, difluoromethyl, trifluoromethyl,
chloromethyl, dichloromethyl, bromomethyl, dibromomethyl, iodomethyl, (1- or 2-Yhaloethyl
(e.g., (1- or 2-)fluoroethyl or (1- or 2-)chloroethyl), (2- or 3-) halopropyl (e.g., (2- or 3-)
fluoropropyl or (2- or 3-) chloropropyl).

The expression hydroxyalkyl or hydroxyalky! group refers to an alkyl group in which one, two,
three or more hydrogen atoms have been replaced independently of each other by a hydroxy
(OH) group. The term "(C1-C4) hydroxyalkyl" includes, for example, hydroxymethyl,
hydroxyethyl, hydroxypropyl and hydroxybutyl.
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The expression heteroalkyl refers to an alkyl, alkenyl or alkynyl group in which one or more
(preferably 1, 2 or 3) carbon atoms have been replaced by an oxygen, nitrogen, phosphorus,
boron, selenium, silicon or sulfur atom (preferably by an oxygen, sulfur or nitrogen atom) or 4
group of formula SO or SO». The expression heteroalkyl furthermore refers to a carboxylic acid
or to a group derived from a carboxylic acid, such as, for example, acyl, acylalkyl, alkoxy-

carbonyl, acyloxy, acyloxyalkyl, carboxyalkylamide or alkoxycarbonyloxy.

Preferably, a heteroalkyl group contains from 1 to 12 carbon atoms and from 1 to 4 hetero atoms
selected from oxygen, nitrogen and sulphur (especially oxygen and nitrogen). Especially
preferably, a heteroalkyl group contains from 1 to 6 (e.g. 1, 2, 3 or 4) carbon atoms and 1, 2 or
3 (especially 1 or 2) hetero atoms selected from oxygen, nitrogen and sulphur (especially oxygen
and nitrogen). The term Ci-¢ heteroalkyl refers to a heteroalkyl group containing from 1 to 6
carbon atoms and 1, 2 or 3 heteroatoms sclected from O, S and/or N (especially O and/or N).
The term Ci-4 heteroalkyl refers to a heteroalky! group containing from 1 to 4 carbon atoms and
1, 2 or 3 heteroatoms selected from O, S and/or N (especially O and/or N). Furthermore, the term
heteroalkyl refers to groups in which one or more hydrogen atoms have been replaced by a

halogen atom (preferably F or Cl).

Examples of heteroalkyl groups are groups of formulae: R*-O-Y*-, R*-S-Y*-, R*-SO-Y*,
R*-S0,-Y?-, R*N(R"-Y%, R*CO-Y*, R*0-CO-Y*, R*CO-O-Y’-, R®-CO-N(R)-Y*,
REN(RD)-CO-Y?, R*-O-CO-N(R®)-Y*, RN(R®)-CO-O-Y*, R*N(R)-CO-N(R®)-Y*,
R#-0-CO-0-Y?, R=N(R")-C(=NRY-N(R®-Y*-, R*CS-Y?-, R*-O-CS-Y*, R*CS-O-Y"-,
R&-CS-N(R®)-Y?-, RAN(R")-CS-Y*-, R2-0-CS-N(R?)-Y*-, R3N(R")-CS-0-Y?-,
RE-NRY)-CS-N(R)-Y?, R*-0-CS-O-Y?-, R*-S-CO-Y*-, R*-CO-S-Y*, R*-S-CO-N(R"-Y*,
RE-N(RY)-CO-S-Y?-, R*%8-CO-O-Y*%, R*0-CO-8-Y*-, R%-S8-CO-8-Y*-, R*S-CS-Y*,
R%-CS-S8-Y%-, R®S-CS-N(R®-Y?, R*N(R"-CS-8-Y*-, R*S-CS-O-Y*-, R%*O-CS-S-Y*-,
wherein R? being a hydrogen atom, a C1-Cs alkyl, a C2-Cs alkenyl or a C2-Cs alkynyl group; R®
being a hydrogen atom, a C;-Cs alkyl, a C2-Cs alkenyl or a C2-Cs alkynyl group; R® being a
hydrogen atom, a Ci-Cs alkyl, a C2-Cs alkenyl or a C2-Cs alkynyl group; R¢ being a hydrogen
atom, a C1-Cs alkyl, a C».Cs alkenyl or a C2-Cs alkynyl group and Y*® being a direct bond, a C1.Cs
alkylene, a C2-Cs alkenylene or a C2-Cs alkynylene group, wherein each heteroalkyl group
contains at least one carbon atom and one or more hydrogen atoms may be replaced by fluorine

or chlorine atoms.
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Specific examples of heteroalkyl groups are methoxy, trifluoromethoxy, ethoxy, n-propyloxy,
isopropyloxy, butoxy, fert-butyloxy, methoxymethyl, ethoxymethyl, -CH.CH:OH, -CH20H,
methoxyethyl, 1-methoxyethyl, 1-ethoxyethyl, 2-methoxyethyl or 2-ethoxyethyl, methylamino,
ethylamino, propylamino, isopropylamino, dimethylamino, dicthylamino, isopropylethylamino,
methylamino methyl, ethylamino methyl, diisopropylamino ethyl, methylthio, ethylthio,
isopropylthio, enol ether, dimethylamino methyl, dimethylamino ecthyl, acetyl, propionyl,
butyryloxy, acetyloxy, methoxycarbonyl, ethoxycarbonyl, propionyloxy, acetylamino or
propionylamino, carboxymethyl, carboxyethyl or carboxypropyl, N-ethyl-N-methylcarbamoyl
or N-methylcarbamoyl. Further examples of heteroalkyl groups are nitrile, isonitrile, cyanate,

thiocyanate, isocyanate, isothiocyanate and alkylnitrile groups.

The expression cycloalkyl refers to a saturated or partially unsaturated (for example, a
cycloalkenyl group) cyclic group that contains one or more rings (preferably 1 or 2), and contains
from 3 to 14 ring carbon atoms, preferably from 3 to 10 (especially 3, 4, 5, 6 or 7) ring carbon
atoms. The expression cycloalkyl refers furthermore to groups in which one or more hydrogen
atoms have been replaced by fluorine, chlorine, bromine or iodine atoms or by OH, =0, SH, =S,
NH,, =NH, N3 or NO; groups, thus, for ecxample, cyclic ketones such as, for example,
cyclohexanone, 2-cyclohexenone or cyclopentanone. Further specific examples of cycloalkyl
groups are a cyclopropyl, cyclobutyl, cyclopentyl, spiro[4,5]decanyl, norbornyl, cyclohexyl,
cyclopentenyl, cyclohexadienyl, decalinyl, bicyclo[4.3.0]nonyl, tetraline,
cyclopentylcyclohexyl, fluorocyclohexyl or cyclohex-2-enyl group.

The expression heterocycloalkyl refers to a cycloalkyl group as defined above in which one or
more (preferably 1, 2, 3 or 4) ring carbon atoms have been replaced by an oxygen, nitrogen,
silicon, selenium, phosphorus or sulfur atom (preferably by an oxygen, sulfur or nitrogen atom).
A heterocycloalkyl group has preferably 1 or 2 ring(s) containing from 3 to 10 (especially 3, 4,
5, 6 or 7) ring atoms (preferably secected from C, O, N and S). The expression heterocycloalkyl
refers furthermore to groups that may be substituted by one or more fluorine, chlorine, bromine
or iodine atoms or by one or more OH, =0, SH, =S, NHa, =NH, Nz or NO: groups. Examples
are a piperidyl, prolinyl, imidazolidinyl, piperazinyl, morpholinyl, urotropinyl, pyrrolidinyl,
tetrahydrothiophenyl, tetrahydropyranyl, tetrahydrofuryl or 2-pyrazolinyl group and also

lactames, lactones, cyclic imides and cyclic anhydrides.
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The expression alkylcycloalkyl refers to groups that contain both cycloalky! and also alkyl,
alkenyl or alkynyl groups in accordance with the above definitions, for example alkyleycloalkyl,
cycloalkylalkyl, alkylcycloalkenyl, alkenylcycloalkyl and alkynylcycloalkyl groups. An
alkylcycloalkyl group preferably contains a cycloalkyl group that contains one or two rings
having from 3 to 10 (especially 3, 4, 5, 6 or 7) ring carbon atoms, and one or two alkyl, alkenyl
or alkynyl groups (especially alkyl groups) having 1 or 2 to 6 carbon atoms.

The expression heteroalkylcycloalkyl refers to alkylcycloalkyl groups as defined above in which
one or more (preferably 1, 2, 3, 4 or 5) carbon atoms have been replaced by an oxygen, nitrogen,
silicon, selenium, phosphorus or sulfur atom (preferably by an oxygen, sulfur or nitrogen atom).
A heteroalkylcycloalkyl group preferably contains 1 or 2 rings having from 3 to 10 (especially
3, 4, 5, 6 or 7) ring atoms, and one or two alkyl, alkenyl, alkynyl or heteroalkyl groups (especially
alkyl or heteroalkyl groups) having from 1 or 2 to 6 carbon atoms. Examples of such groups are
alkylheterocycloalkyl, alkylheterocycloalkenyl, alkenylheterocycloalkyl,
alkynylheterocycloalkyl, hcteroalkylcycloalkyl, heteroalkylheterocycloalkyl and hetero-

alkylheterocycloalkenyl, the cyclic groups being saturated or mono-, di- or tri-unsaturated.

The expression aryl refers to an aromatic group that contains one or more rings containing from
5 or 6 to 14 ring carbon atoms, preferably from 5 or 6 to 10 (especially 6) ring carbon atoms.
The expression aryl refers furthermore to groups in which one or more hydrogen atoms have
been replaced by fluorine, chlorine, bromine or iodine atoms or by OH, SH, NHa, N3 or NOz
groups. Examples are the phenyl, naphthyl, biphenyl, 2-fluorophenyl, anilinyl, 3-nitropheny! or
4-hydroxyphenyl group.

The expression heteroaryl refers to an aromatic group that contains one or more rings containing
from 5 to 14 ring atoms, preferably from 5 to 10 (especially 5 or 6 or 9 or 10) ring atoms, and
contains one or more (preferably 1, 2, 3, 4 or 5) oxygen, nitrogen, phosphorus or sulfur ring
atoms (preferably O, S or N). The expression heteroaryl refers furthermore to groups in which
one or more hydrogen atoms have been replaced by fluorine, chlorine, bromine or iodine atoms
or by OH, SH, N3, NH: or NO> groups. Examples are pyridyl (e.g. 4-pyridyl), imidazolyl (e.g.
2-imidazolyl), phenylpyrrolyl (e.g. 3-phenylpyrrolyl), thiazolyl, isothiazolyl, 1,2,3-triazolyl,
1,2,4-triazolyl, oxadiazolyl,thiadiazolyl, indolyl, indazolyl, tetrazolyl, pyrazinyl, pyrimidinyl,
pyridazinyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, isoxazolyl, indazolyl, indolyl,

benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzthiazolyl, pyridazinyl, quinolinyl,
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isoquinolinyl, pyrrolyl, purinyl, carbazolyl, acridinyl, pyrimidyl, 2,3 -bifuryl, pyrazolyl (e.g. 3-
pyrazolyl) and isoquinolinyl groups.

The expression aralkyl refers to groups containing both aryl and also alkyl, alkenyl, alkynyl
and/or cycloalkyl groups in accordance with the above definitions, such as, for example, aryl-
alkyl, arylalkenyl, arylalkynyl, arylcycloalkyl, arylcycloalkenyl, alkylarylcycloalkyl and
alkylaryleycloalkenyl groups. Specific examples of aralkyls are toluene, xylene, mesitylene,
styrene, benzyl chloride, o-fluorotoluene, 1H-indene, tetraline, dihydronaphthalene, indanone,
phenylcyclopentyl, cumene, cyclohexylphenyl, fluorene and indane. An aralkyl group preferably
contains one or two aromatic ring systems (1 or 2 rings) containing from 6 to 10 carbon atoms
and one or two alkyl, alkenyl and/or alkynyl groups containing from 1 or 2 to 6 carbon atoms

and/or one or two cycloalkyl groups containing S or 6 ring carbon atoms.

The expression heteroaralkyl refers to an aralkyl group as defined above in which one or more
(preferably 1, 2, 3 or 4) carbon atoms have been replaced by an oxygen, nitrogen, silicon,
selenium, phosphorus, boron or sulfur atom (preferably oxygen, sulfur or nitrogen), that is to say
to groups containing both aryl or heteroaryl, respectively, and also alkyl, alkenyl, alkynyl and/or
heteroalkyl and/or cycloalkyl and/or heterocycloalkyl groups in accordance with the above
definitions. A heteroaralkyl group preferably contains one or two aromatic ring systems (1 or 2
rings) containing from 5 or 6 to 10 ring carbon atoms and one or two alkyl, alkenyl and/or alkynyl
groups containing 1 or 2 to 6 carbon atoms and/or one or two cycloalkyl groups containing 5 or
6 ring carbon atoms, wherein 1, 2, 3, 4, 5 or 6 of these carbon atoms have been replaced by

oxygen, sulfur or nitrogen atoms.

Examples are arylheteroalkyl, arylheterocycloalkyl, arylheterocycloalkenyl, arylalkyl-
heterocycloalkyl, arylalkenylheterocycloalkyl, arylalkynylheterocycloalkyl, arylalkylhetero-
cycloalkenyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, heteroarylheteroalkyl,
heteroarylcycloalkyl, heteroarylcycloalkenyl, heteroarylheterocycloalkyl, hetero-
arylheterocycloalkenyl, heteroarylalkylcycloalkyl, heteroarylalkylheterocycloalkenyl, hetero-
arylheteroalkylcycloalkyl, heteroarylheteroalkylcycloalkenyl and heteroarylheteroalkylhetero-
cycloalkyl groups, the cyclic groups being saturated or mono-, di- or tri-unsaturated. Specific
examples are a tetrahydroisoquinolinyl, benzoyl, 2- or 3-ethylindolyl, 4-methylpyridino, 2-, 3-
or 4-methoxyphenyl, 4-ethoxyphenyl, 2-, 3- or 4-carboxyphenylalkyl group.
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The term halogen or halogen atom refers to F, Cl, Bror L.

The expression “optionally substituted” preferably refers to groups in which one, two, three or
more hydrogen atoms may have been replaced by fluorine, chlorine, brominc or iodine atoms or
by OH, =0, SH, =S, NHaz, =NH, N3 or NO; groups. This expression refers furthermore to groups
that may be substituted by one, two, three or more preferably unsubstituted C;-Cio alkyl, C2-Cio
alkenyl, C2>-Cio alkynyl, Ci-Cio heteroalkyl, Cs-Cis cycloalkyl, C2-Ci7 heterocycloalkyl, Cs-Cao
alkyleycloalkyl, C2-C1o heteroalkyleycloalkyl, Ce-Cis aryl, Ci-Ci7 heteroaryl, C7-Cao aralkyl or
C,-Cio heteroaralkyl groups. This expression refers furthermore especially to groups that may
be substituted by one, two, three or more preferably unsubstituted C;-Cs alkyl, C2-Cs alkenyl,
C3-Cs alkynyl, C,-Cs heteroalkyl, C3-Cio cycloalkyl, C2-Co heterocycloalkyl, C7-Ciz alkylcycelo-
alkyl, C2-Ci1 heteroalkylcycloalkyl, Cs-Cio aryl, Ci-Co heteroaryl, C7-Ciz aralkyl or C-Ci

heteroaralkyl groups.

If a substituent contains a ring, this ring may be bonded to the respective substituted group via a
single or double bond (especially a single bond) or, if the substituted group also contains a ring,

the ring of the substituent may also be annulated to the ring of the substituted group.

Preferred substituents are F, Cl, Br, I, O, =0, NHa, NO2, Ci4 alkyl (e.g. -CH3, CF3), Ci4
heteroalkyl (e.g. -CN, -OMe), cyclopropyl and SO2NHa.

Especially preferred substituents are F, Cl, Br, OH, =0, NHa, CHoNH,, NO», Me, Ethyl, NMes,
CONH_, OMe, CN and CF3. The most preferred substituents are F and CL

According to a preferred embodiment, all alkyl, alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, heterocycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, aralkyl and heteroaralkyl

groups described herein may optionally be substituted.

When an aryl, heteroaryl, cycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl,
aralkyl or heteroaralkyl group contains more than one ring, these rings may be bonded to each

other via a single or double bond or these rings may be annulated.

A compound provided herein can be synthesized using a variety of methods known in the art,

for example as disclosed in Guo et al., Eur. J. Med. Chem. 139 (2017), 633-643 and Frolova et
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al., Org. Lett. 13 (2011), 1118-1121. The scheme and description below depicts a general route

for the preparation of compounds of formula (1).

Scheme [
O
. Ry Sg,
NE w'/éx . + 0.8 equiv KQCDg, o U
4 e s
b MM

EtOH, reflux

General synthetic route to compounds of formula (1). Reagents and conditions: aldehydes,

cyanoacetic acid derivatives, methylsulfonamidoacetophenone, K:COs, EtOH, reflux, 12 h.

The present invention further provides a pharmaceutical composition comprising one or more
compounds of formula (I) as defined herein or a pharmaceutically acceptable ester, prodrug,
hydrate, solvate or salt thereof, optionally in combination with a pharmaceutically acceptable

carrier.

Small molecule inhibitors of RNA guided endonucleases (e.g.. Cas9, Cpfl) of formula (I) as
defined herein have potential therapeutic uses for regulating genome editing technologies
involving RNA guided endonucleases. Dosable control of the therapeutic activity of RNA
guided endonucleases introduced into a subject or cell of a subject is important for effective
genome editing therapeutic strategies. Small molecule inhibitors of RNA guided endonucleases
can be administered to a subject undergoing RNA guided endonuclease-based gene therapy or
any other RNA guided endonuclease-based therapy. In certain embodiments, the subject is a
human or mammal. Small molecule inhibitors of RNA guided endonucleases eliminate or reduce
undesirable off-target editing and chromosomal translocations when present at high
concentrations Furthermore, small molecule inhibitors of RNA guided endonucleases can be

used to rapidly terminate constitutively active CRISPR protein, following on-target gene-editing.

Small molecule inhibitors of RNA guided endonucleases (e.g., Cas9, Cpfl) of formula (I) as
defined herein can also be used to regulate genome editing technologies in other organisms,
including invertebrates, plants, and unicellular organisms (e.g., bacteria). Potential uses include
regulating gene drives for entomological and agricultural uses. In addition, it is anticipated that

CRISPR protein inhibitors will be valuable tools for antibiotic therapies as they will disrupt
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bacterial immunity against bacteriophages (or toxic DNA) by interfering with the CRISPR-Cas-

based immune surveillance system in bacteria or inhibit bacterial growth.

It is a further object of the present invention to provide a compound of formula (I) as defined
herein, a pharmaceutically acceptable ester, prodrug, hydrate, solvate or salt thereof, or a
pharmaceutical composition comprising one or more compounds of formula (I) as defined herein
or a pharmaceutically acceptable ester, prodrug, hydrate, solvate or salt thereof, optionally in
combination with a pharmaceutically acceptable carrier, for the preparation of a medicament for
inhibiting RNA guided endonucleases (c.g., Cas9, Cpfl) in the treatment and/or prevention of a
bacterial infection; or a genetic disorder, including hereditary diseases such as, for example,
sickle cell anaemia, cystic fibrosis, cataracts, Fanconi anemia and haemophilia; asthma (e.g.
acute and chronic asthma), COPD, allergic rhinitis, erectile dysfunction, pulmonary
hypertension, hypertension, T cell dysfunction, atherosclerosis, renal disease, ischemia
reperfusion injury, neurodegenerative diseases, wound healing, inflammatory diseases, fibrotic

diseases and cancer (e.g., by gene therapy).

A genetic disease or disorder is any disease caused by a problem with a person’s genes. There
arc about 6000 known genetic disorders; many are fatal or cause severe problems while others
may not but may add to problems that are triggered by non-genetic (for example, environmental
conditions). Genetic disorders can range from a defect in a single base mutation in the DNA of
one gene to chromosomal abnormalities that involve deletion or addition of entire chromosomes
or sets of chromosomes. Genetic disorders can be inherited, or passed from parents to offspring,
or acquired due to changes in an individual’s DNA that occur during their lifetime. Examples of

single gene inheritance disorders include: Cystic fibrosis, Sickle-cell anemia, Marfan syndrome,

Duchenne muscular dystrophy, Huntington disease, Polycystic kidney disease types 1 and 2,

Tay-Sachs disease, Phenylketonuria, Maple syrup urine disease, Neurofibromatosis tvpe 1.

Alpha-1 antitrypsin deficiency, Galactosemia, Familial hypercholesterolemia, Rett syndrome,

Hemophilia, Fanconi anemia, Kartagener syndrome, Xeroderma pigmentosum, Hereditary
spherocytosis, Tuberous sclerosis and Von Hippel-Lindau syndrome. Examples of chromosome

abnormality disorders include: Down svndrome, Cri-du-chat syndrome, Klinefelter syndrome,

Patau syndrome (trisomy 13), Edwards syndrome (trisomy 18), Turner syndrome, 22q11.2

deletion syndrome, Ring chromosome 14 syndrome and Prader-Willi syndrome. Examples of
mitochondrial genetic inheritance disorders include: Hereditary optic atrophy, Barth syndrome,

Co-enzyme Q10 deficiency, Myoclonic epilepsy with ragged red fibers (MERRF), MELAS
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ataxia, retinitis pigmentosa (NARP) and Leigh’s disease.

A therapeutically effective amount of a compound in accordance with this invention means an
amount of compound that is effective to prevent, alleviate or ameliorate symptoms of disease or
prolong the survival of the subject being treated. Determination of a therapeutically effective

amount is within the skill in the art.

The therapeutically effective amount or dosage of a compound according to this invention can
vary within wide limits and may be determined in a manner known in the art. Such dosage may
be adjusted to the individual requirements in each particular case including the specific
compound being administered, the route of administration, the condition being treated, as well

as the patient being treated.

Examples of pharmacologically acceptable salts of sufficiently basic compounds of formula (I)
are salts of physiologically acceptable mineral acids like hydrochloric, hydrobromic, sulfuric
and phosphoric acid; or salts of organic acids like methane sulfonic, p-toluene sulfonic, lactic,
acetic, trifluoroacetic, citric, succinic, fumaric, maleic and salicylic acid. Further, a sufficiently
acidic compound of formula (I) may form alkali or earth alkali metal salts, for example sodium,
potassium, lithium, calcium or magnesium salts; ammonium salts; or organic base salts, for
example methylamine, dimethylamine, trimethylamine, triethylamine, cthylenediamine,
ethanolamine, choline  hydroxide, meglumine, piperidine, morpholine,  tris-(2~
hydroxyethyl)amine, lysine or arginine salts; all of which are also further examples of salts of
formula (1). Compounds of formula (I} may be solvated, especially hydrated. The
hydratization/hydration may occur during the process of production or as a consequence of the
hygroscopic nature of the initially water free compounds of formula (1). The solvates and/or

hydrates may e.g. be present in solid or liquid form.

It should be appreciated that certain compounds of formula (I)may have tautomeric forms from
which only one might be specifically mentioned or depicted in the following description,
different geometrical isomers (which are usually denoted as cis/trans isomers or more generally
as (E) and (Z) isomers) or different optical isomers as a result of one or more chiral carbon atoms
(which are usually nomenclatured under the Cahn-Ingold-Prelog or R/S system). All these

tautomeric forms, geometrical or optical isomers (as well as racemates and diastereomers) and
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polymorphous forms are included in the invention. Since the compounds of formula (Dmay
contain asymmetric C-atoms, they may be present either as achiral compounds, mixtures of
diastereomers, mixtures of enantiomers or as optically pure compounds. The present invention
comprises both all pure enantiomers and all pure diastereomers, and also the mixtures thereof in

any mixing ratio.

The therapeutic use of compounds according to formula (1), their pharmacologically acceptable
salts, solvates and hydrates, respectively, as well as formulations and pharmacecutical
compositions also lie within the scope of the present invention. Such formulations and
pharmaceutical compositions may also contain a pro-drug, which is composed of a compound
of formula (I)and at least one pharmacologically acceptable protective group which will be
cleaved off under physiological conditions, such as an alkoxy-, arylalkyloxy-, acyl-,
acyloxymethyl group (e.g. pivaloyloxymethyl), an 2-alkyl-, 2-aryl- or 2-arylalkyl-oxycarbonyl-
2-alkylidene ethyl group or an acyloxy group as defined herein, e.g. ethoxy, benzyloxy, acetyl
or acetyloxy or, especially for a compound of formula (I)carrying a hydroxy group (-OH): a

sulfate, a phosphate (-OPO;3 or -OCH>OPO3) or an ester of an amino acid.

As used herein, the term pharmaceutically acceptable ester especially refers to esters which
hydrolyse in vivo and include those that break down readily in the human body to leave the
parent compound or a salt thereof. Suitable ester groups include, for example, those derived from
pharmaceutically acceptable aliphatic carboxylic acids, particularly alkanoic, alkenoic,
cycloalkanoic and alkanedioic acids, in which each alkyl or alkenyl moiety advantageously has
not more than 6 carbon atoms. Examples of particular esters include, but are not limited to,

formates, acetates, propionates, butyrates, acrylates and ethylsuccinates.

As mentioned above, therapeutically useful agents that contain one or more compounds of
formula (1), solvates, salts or formulations thereof, are also comprised in the scope of the present
invention. In general, a compound of formula (I) can be administered by using the known and

acceptable modes known in the art, either alone or in combination with any other therapeutic

agent.

For oral administration such therapeutically useful agents can be administered by one of the
following routes: oral, e.g. as tablets, dragees, coated tablets, pills, semisolids, soft or hard

capsules, for example soft and hard gelatine capsules, aqueous or oily solutions, emulsions,
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suspensions or syrups, parenteral including intravenous, intramuscular and subcutaneous
injection, e.g. as an injectable solution or suspension, rectal as suppositories, by inhalation or
insufflation, e.g. as a powder formulation, as microcrystals or as a spray (e.g. liquid aerosol),
transdermal, for example via an transdermal delivery system (TDS) such as a plaster containing
the active ingredient or intranasal. For the production of such tablets, pills, semisolids, coated
tablets, dragees and hard, e.g. gelatine, capsules the therapeutically useful product may be mixed
with pharmaceutically inert, inorganic or organic excipients as are e.g. lactose, sucrose, glucose,
gelatine, malt, silica gel, starch or derivatives thereof, talc, stearinic acid or their salts, dried skim
milk, and the like. For the production of soft capsules one may use excipients as are e.g.
vegetable, petroleum, animal or synthetic oils, wax, fat, polyols. For the production of liquid
solutions, emulsions or suspensions or syrups one may use as excipients e.g. water, alcohols,
aqueous saline, aqueous dextrose, polyols, glycerin, lipids, phospholipids, cyclodextrins,
vegetable, petroleum, animal or synthetic oils. Especially preferred are lipids and more preferred
are phospholipids (preferred of natural origin; especially preferred with a particle size between
300 to 350 nm) preferred in phosphate buffered saline (pH = 7 to 8, preferred 7.4). For
suppositories one may use excipients as are e.g. vegetable, petroleum, animal or synthetic oils,
wax, fat and polyols. For aerosol formulations one may use compressed gases suitable for this
purpose, as are e.g. oxygen, nitrogen and carbon dioxide. The pharmaceutically useful agents
may also contain additives for conservation, stabilization, e.g. UV stabilizers, emulsifiers,
sweetener, aromatizers, salts to change the osmotic pressure, buffers, coating additives and

antioxidants.

In general, in the case of oral or parenteral administration to adult humans weighing
approximately 80 kg, a daily dosage of about 10 mg to about 10,000 mg, preferably from about
20 mg to about 1,000 mg, should be appropriate, although thc upper limit may be exceeded when
indicated. The daily dosage can be administered as a single dose or in divided doses, or for

parenteral administration, it may be given as continuous infusion or subcutancous injection.

As used herein, "comprising", "including”, "containing”, "characterized by", and grammatical
equivalents thereof are inclusive or open-ended terms that do not exclude additional, unrecited
elements or method steps. Yet, "Comprising", etc. is also to be interpreted as including the more

restrictive terms "consisting essentially of" and "consisting of", respectively.
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The compound of formula (I)is described herein using a general formula and it should be
understood that combinations of substituents that do not result in stable compounds, ie.,
compounds that can be isolated, characterized and tested for biological activity, are excluded.
Further, the general formula (I)of the compound described herein includes variables such as, e. g.
RI-R3. Unless otherwisc specified, each variable within such a formula is defined independently
of any other variable, and any variable that occurs more than one time in a formula is defined
independently at each occurrence. Thus, for example, if a group is shown to be substituted with
0-2 R*, the group may be unsubstituted, or substituted with 1 or 2 group(s) R", wherein R at
each occurrence is selected independently from the corresponding definition of R’. Also,
combinations of substituents and/or variables are permissible only if such combinations result in
stable compounds, i.e., compounds that can be isolated, characterized and tested for biological

activity.

As used herein, "consisting of" excludes any element, step, or ingredient not specified in the
g Y p g P

claim.

When trade names are used herein, it is intended to independently include the trade name product
formulation, the generic drug, and the active pharmaceutical ingredient(s) of the trade name

product.

In general, unless defined otherwise, technical and scientific terms used hercin have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs, and are consistent with general textbooks and dictionaries.

Brief Description of the Figures

Figure 1. Dose dependent inhibition of genome editing in H27 cells by compounds according

to general formula (I).

The present invention is now further illustrated by the following examples from which features,

embodiments and advantages of the present invention may be taken.
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EXAMPLES

A. Materials and Methods

L Assays for high throughput screening
(a) Cell viability assay

The effects of compounds on cell variability were detected using an MTS assay. Briefly, 3x1 0’
cells /well were seeded in 96-well plates and cultured overnight, following by incubation of
the corresponding compounds for 48 hr. The next day, cells were incubated with MTS for 90
min at 37°C according to the instruction of CellTiter 96 AQueous One Solution Reagent
(Promega, Madison, USA). The absorbance values were measured using a Synergy HI plate
reader (BioTek, Winooski, USA) at the wavelength of 490nm by. Three independent

experiments were performed in triplicate.

(b) eGFP expression detection assay

AdV-Cas9 and AdV-gRNA were used to infect H27 cells to screen potential compounds that
affect the EGFP gene knockout efficiency using CRISPR/Cas9. 1000 H27 cells per well were
seeded in a black Advanced TC™ 96-wells plate (Greiner Bio-One) to avoid the interference of
light. After 24 hr incubation, the medium was changed by medium containing compounds with
final concentration of 10 uM. The AdV-Cas9 and AdV-gRNA were mixed in a ratio of 1:1 were
used to infect the H27 cells in a quantity of 30 TU/well. Cells were sub-cultured for 12 days for
EGFP protein degradation. Subsequently, cells were washed and fluorescence was determined
by a Synergy HI plate reader (BioTek, Winooski, USA) using the excitation wavelength of

485nm and emission wavelength of 525nm.

Additionally, mock transduced H27 cells acted as a control to detect the influence of the different
compounds on the expression of endogenous EGFP. Similar with knock-out experiments, H27
cells were seeded in a density of 1000 cells/well in a black 96-well plate. Following by the
treatment of compounds with final concentration of 10 pM. After three days, a Synergy H1 plate
reader was performed to determine the fluorescent values of EGFP using the same excitation

and emission wavelength as knock-out experiments.
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Example 1 — Investigation of cell viability

A cell viability assay was performed with compounds of formula (1) in H27 cells using the above
described MTS assay. All compounds were diluted to a final concentration of 10 uM in DMSO
from a 10 mM stock solution. The observed cell viability of cells treated with compounds of’

formula (1) was generally found to be good, i.c. >90% as compared to the non-treatment group.

Example 2 — Investigation of eGFP expression

Since the compounds may influence endogenous eGFP expression, the interference of the
compounds on endogenous eGFP expression was determined with the above described eGEFP
expression detection assay. It was found that most of the investigated compounds did not

significantly interfere with endogenous eGFP expression.

In the same way, gene knockout efficiency of the compounds was measured. It was found that

the CRISPR/Cas9 gene editing efficiency was altercd in cells treated with compounds.

Example 3 — Evaluation of example compounds

The following two example compounds (D3 and H6) of a compound according to general

formula(l):
F
7N /f': 7N
N o = (//y 0»}“(
N W\\wNH N, DI NH
3

3
2 DsOURENSY o th

o H (D3) o " (H6)

which showed good cell viability (¢f. Example 1), assay, no significant interference with
endogenous eGFP expression (cf. Example 2), and promising gene knockout efficiency (cf.
Example 2), were selected for further testing in methods according to the present invention for
their utility as inhibitors of RNA guided endonucleases using the currently most widely used

SpCas9.
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3.1 Inhibition of genome editing by D3 and H6 with different doses

The gene knockout efficiency inhibited by D3 and H6 was tested with different doses using flow
cytometric analysis. For EGFP knock-out assays, cells were collected using trypsinization and
washed twice with FACS buffer (PBS plus 1% FBS). The population of EGFP" cells was
quantified using FACS Calibur flow cytometer (BD, Franklin Lakes, USA). All the experiments
were performed at the Central Flow cytometry Unit (University Medical Center Groningen).
Data were analysed by FlowJo 7.2.2 software (Tree Star). It was found that D3 and H6 inhibited

genome editing in a dose dependent manner. The results are shown in FIG. 1.

3.2 Effects of D3 and H6 on cell viability and endogenous eGFP expression with different

doses

The effects of different concentrations of D3 and H6 on cell viability and endogenous eGFP
expression with different doses were determined by MTS and flow cytometric analysis in
accordance with the methods described above. The experiments were performed in H27 and
HEK.EGFPTOXRAB (gee  References 1, 2). While a good cell viability of both H27 and
HEK.EGFPTeOKRAB was observed for D3 in the concentration range of 0.01 to 100 uM, cell

viability was reduced for H6 in the concentration range of 50 to 100 pM. No significant

PTetO KRAB

interference with endogenous ¢GFP expression in H27 and HEK.EGF was observed

for D3 and H6 at concentrations of 0.01 uM and 0.1 pM, respectively.

3.3 Effects of D3 and H6 on gRNA expression level

PTC(OOKRAB were

The effects of D3 and Hé6 on guide RNA expression level in H27 and HEK.EGF
determined by standard qPCR using the following materials and methods. Cells were harvested
using trypsin after 48hr treatment with the selected compounds. The total RNA was extracted
using the Maxwell LEV simply RNA Cells Kit (Promega, Madison, USA). The concentrations
of RNA were detected using NanoDrop 1000 Spectrophotometer (Thermo Fisher Scientific,
Waltham, USA). cDNA was obtained using 500 ng total RNA by the Reverse Transcription kit
(Promega, Madison, USA) following the instructions in the manual and using primers described
in Reference (3). The gPCR amplifications were performed in an ABI Prism 7900HT Sequence
Detection System. The protocol was as follows: incubation at 95°C for 10 min, followed by 40

rounds with at 95°C for 15 seconds, at 60°C for 1 min. Subsequently, the samples were incubated

at 95°C for 15 seconds, at 60°C for 1 min, at 95°C for 15 seconds. Data were analysed using
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QuantStudioTM Real-Time PCR software (ThermoFisher Scientific, USA). It was found that
D3 and H6 (0.1 uM) did not significantly influence the expression level of gRNA in both H27
and HEK.EGFPTeO-KRAB,

3.4 Effects of D3 and H6 on AdV-Cas9 expression and adenovirus cellular receptor on CD46

protein expression

Effects of D3 and H6 on AdV-Cas9 expression and adenovirus cellular receptor on CD46 protein
expression were determined by western blotting and flow cytometric analysis as described in
Nucleic Acids Res., 48(2): 517-532 (doi: 10.1093/nar/gkz1136). It was found that D3 and H6
(10 pM) did not significantly influence CAS9 expression level in H27, and CD46 expression
level in both H27 and HEK.EGFPT®OKRAB,

3.5 Effects of D3 and H6 on plasmid Cas9 expression

Effects of D3 and H6 on plasmid Cas9 expression in H27 and HEK EGFPTAOKRAE were
determined as follows. Cells were collected using trypsin and lysed using RIPA buffer contains
PIC (Protease Inhibitor Cocktail; Thermo Fisher Scientific, USA). The concentrations of protein
were determined using a Pierce BCA Protein Assay Kit (Thermo Fisher Scientific, USA).
Samples were separated by running pre-cast SDS-PAGE Gels (Bio-Rad, Hercules, USA) and
then transferred by a PYDF membrane (Polyvinylidene Difluoride) on ice. The PVDF membrane
was blocked with PBST contains 5% skimmed milk (0.1% Tween-20) at room temperature for
1 h. The blocked membrane were incubated with primary antibodies at 4°C overnight. After
washing three times with the PBST, the membrane was incubated with secondary antibodies
conjugated with HRP to detect protein by chemiluminescence using ECL (Perkin Elmer,
Western Lightning Plus ECL). Images were observed using GeneSnap image analysis software
(SynGene, Frederick, USA). The antibodies we used were purchased from Cell Signalling are
as follows: Cas9 (#14697) and B-actin (#4970). The dilution ratio of primary antibodies was
1:1000 (v/v) and 1:10000 (v/v), respectively. The secondary antibodies including rabbit anti-
mouse (#P0260) and goat anti-rabbit (#P0448) HRP were purchased from Dako Denmark and
the secondary antibodies was diluted in a ratio of 1:2000 (v/v). The dilution of fluorescent
secondary antibody (#92632211 and #92668070) was 1:10000 (v/v). All the antibodies were
diluted in the PBST contains 5% BSA (Catalog#9048-46-8, Life Science). It was found that D3
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and H6 (10 uM;) did not significantly influence plasmid CAS9 expression in H27 and
HEK.EGFPTeOKRAB,

3.6 Effects of H6 on cell cycle

Effects of H6 on cell cycle of H27 and HEK.EGFP™ KR8 were determined by propidium
iodide staining using the following materials and methods. PI (Propidium lodide, Sigma P4864-
10ML). Briefly, cells were seeded at 20,000 cells/well of 6-well plates. After 24 hr incubation,
the cells were treated with D3 and H6 at concentrations of from 0.01 to 10 pM. Untreated H27
and HEK EGFPT®ORRAB (j o without D3 or H6) were used as control. Subsequently, cells were
harvested using trypsin and washed with 1x PBS (Phosphate Buffered Saline) twice. After
centrifuging, cells were resuspended with working buffer contains PI (Img/ml), RNase
(10mg/ml) and 0.1% Triton X-100. The different phases of cell cycle were determined by flow
cytometry. It was found that D3 and H6 did not significantly influence the cell cycle (G2/M, S
and GO/G1 phase) of H27 and HEK.EGFPTOKRAB,

3.7 Effects of D3 and HG6 on Cas9 and targeted DNA binding by Chromatin
immunoprecipitation (ChiP)-qPCR

Effects of D3 and H6 on Cas9 and targeted DNA binding were determined by Chromatin
immunoprecipitation (ChIP)-gPCR using the following materials and methods. Chromatin
immunoprecipitation (ChIP) and qPCR were performed to detect the binding of Cas9 to targeted
DNA in the presence or absence of compounds. The cells were cultured in the presence or
absence of compounds at 0.1 uM for 48 hr, after which cells were transfected with gRNA:Cas9
complex to target desired sequence. At three days post-transfection, cells were fixed according
to the protocol as described previously(4). In brief, 1/10 of the cell culture medium volume of
fresh 11% formaldehyde solution was added to the cell culture medium. The culture flasks were
swirled for 15 min at room temperature. Subsequently, 1/20 of medium volume of 2.5 M glycine
was used to quench the fixation process. After a 5 min swirling at room temperature, cells were
harvested using a silicone scraper and transferred to a 50ml tube. The harvested cells were
washed with PBS using centrifuging at 1350 xg for 5 min at 4 °C for two cycles. Next, the nuclei
were isolated using pre-chilled solution (0.1% NP-40 in PBS) and collected by centrifuging at
10,000 rpm at 4°C for 10 seconds. Furthermore, to obtain DNA fragments with suitable size
from 100 to 1000 bp, MNase (Micrococcal Nuclease) was used to digest genomic DNA in terms
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of the manufacturer’s instruction. 10% of cross-linked chromosome were incubated with
Protein-A Dynabcads which were pre-coated with Cas9 antibody (mAb) (8C1-F10) at 4°C
overnight. Next, the immune complexes were washed with RIPA buffer (50 mM Hepes-KOH
with pH7.5, 500 mM LiCl, 1 mM EDTA with pH 8.0, 1% IGEPAL CA-630 and 0.7% Sodium
Deoxycholate) and TE buffer (10 mM Tris-HCl with pH8.0 and 1 mM EDTA with pHS8.0),
respectively, and then eluted with Elution buffer (1% SDS and 100 mM NaHCO3) overnight at
65°C. gPCR amplifications with EGFP ORF primers targeting different regions (i.e. 5" and 3’
EGFP gene segments) were performed using purified eluted DNA fragments. All of thc primer
sequences have been described in detail in Reference (4). . It was found that D3 and H6

significantly reduced the binding of Cas9 to targeted DNA.

3.8 Effects of D3 and H6 on status of chromatin by MNase-qgPCR

MNAse-qPCR protocol was described elsewhere (Methods Mol. Biol. 2012; 833:63-87; and
Nucleic Acids Res., 48(2): 517-532). Briefly, nuclei were isolated using ice-cold PBS containing
0.1% NP-40 supplemented with 1x PIC (cOmplete™, Mini, EDTA-free, Roche). The cell
suspension was vortexed for 5s at maximum speed followed by centrifugation for 5-10 s at
9000 x g. The supernatant was discarded and the pellet was resuspended in 1 ml lysis buffer
described above again to wash the nuclei. The nuclei were centrifuged for another 5-10 s at 10
000 rpm and the supernatant was again discarded. Next, the nuclei were resuspended in 100 pl
MNAse buffer (50 mM Tris—HCI, 5 mM CaCl,, 100 pg/ml BSA, pH 7.9) and warmed to 37°C,
followed by addition of 5 U (unit) MNAse (NEB, diluted to 1 U/ul in MNAse buffer). 5 min
digestion using MNase was stopped by adding EDTA to a final concentration of 5 mM and
cooling on ice. The suspension was centrifuged for 5-10 s at 10 000 rpm and the supernatant
was transferred to a new tube. Proteinase K was added to a final concentration of 1 mg/ml and
incubated for 1 h at 50°C. DNA was size selected and purified with Ampure beads in terms of
the manufacture's protocol (AMPure XP, A63881, Beckman Coulter, USA). The DNA was

eluted in 80 ul water.

The qPCR amplifications were performed in an ABI Prism 7900HT Sequence Detection System.
The protocol was described as previously. Data were analyzed using QuantStudio™ Real-Time

PCR software (ThermoFisher Scientific, USA).

The data showed that D3 and H6 compounds induced an open state of chromatin in the target

loci.
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3.9 Effects of D3 and H6 on purified CRISPR/Cas9 and gRNA mediated in vitro DNA
cleavage

The effect of different concentrations of D3 and H6, namely concentrations of from [ nM to 100

pM, on purified CRISPR/Cas9 and gRNA mediated in virro DNA cleavage was determined as

follows.

(a) Stepl. sgRNA preparation
To generate the DNA templates for sgRNA transcription, two complementary oligonucleotides,

containing T7 promoter, 20 base target sequence, and 80 base scaffold sequence, were annealed.

The sequences of the respective oligonucleotides for sgRNA transcription were:

Name Strand  Sequence

5-
TAATACGACTCACTATAGGGAGCGCACCATCTTCTTCAGTTTT

B AGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATC
AACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTT-3¢
T7-sgRNA 5-
° AAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACG

GACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACTGA
AGAAGATGGTGCGCTCCCTATAGTGAGTCGTATTA-3¢

sgRNAs were transcribed by a MEGAscript™ T7 Transcription Kit (Thermo Fisher Scientific ,
Waltham, USA), followed by purification with a MEGAclear™ Transcription Clean-Up Kit
(Thermo Fisher Scientific , Waltham, USA) according to manufacturer’s protocol. The

concentration of sgRNA was determined using NanoDrop 1000 Spectrophotometer (Thermo

Fisher Scientific, Waltham, USA).

(b) Step2. Cas9 and dCas9 protein expression and purification
To express hCas9 protein, the pET-28b-Cas9-His plasmid (Addgene plasmid #47327)was

transformed into competent BL21(DE3) strain growing in an auto-induction medium
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supplemented with 100ug/ml ampicillin and at 37°C for 1 hour with shaking at 250 rpm,
followed by overnight incubation at 20°C as described in Reference (5). Later, cells were
harvested by centrifugation and lysed with a lysis buffer (20 mM Tris-ClI, pH 8.0, 300 mM NaCl,
20 mM imidazole) by sonication at 40% duty, 20-scc pulse, 60-sec pause, for a total of 10 mins
pulse, on ice water. After centrifuging at 3.8 x 10* g for 60 mins at 4°C, the soluble protein was
purified from the supernatant by a column containing Ni-NTA agarose resin (Qiagen, Hilden,
Germany). After a 30-column-volume harsh wash with lysis buffer, the column-bound protein
was eluted with an elution buffer (20 mM Tris-Cl, pH 8.0, 300mM NaCl, 500 mM imidazole).
Sequentially, the Ni-NTA column purified hCas9 protein were future purified by an AKTA go
protein purification system using a the Superdex 200 16/60 (GE Healthcare, Pittsburgh, USA)
column with an hCas9 protein elution buffer (20mM Tris-Cl, pH 8.0, 200 mM KCl, 10mM
MgCls, 20% (v/v) glycerol) The purity of the proteins were analyzed by NuPage, and the
concentration was determined by the BCA (bicinchoninic acid) Protein Assay Kit (Pierce,
Rockford IL, USA), according to the manufacturer’s instructions. The single-use aliquots were

kept at -80 °C.

(¢) Step3. In vitre DNA cleavage assay

The in vitro DNA cleavage assay was performed to detect the inhibition effect of compounds on
DNA cleavage using CRISPR/Cas9. Purified Cas9 protein was incubated with selected
compounds for 20 min at room temperature. Subsequently, sgRNA and EGFP template were
added and incubated for 1 h at 37°C. After incubation, Cas9 protein was degraded using
Proteinase K (REF#03115828001, Sigma) for additional 30 min at 56°C. The mixtures were
then measured by running a DNA agarose gel. Images were captured using GeneSnap image
analysis software (SynGene, Frederick, USA) and quantified and analyzed by Image] Software
(National Institute of Health, USA).

It was found that H6 inhibited the Cas9 DNA cleavage activity in a dose dependent manner at

non-toxic working concentrations.

Example 4 - General synthesis of 1.1'-(5-amino-3-(hetero)aroyl-1H-pyrrole-2.4-

divDhbis((hetero)arovl-1-one)

The synthesis follows the method previously described by us, Hao Guo et al., European Journal
of Medicinal Chemistry, Volume 139, 2017, 633-643. Photoactivation provides a mechanistic

explanation for pan-assay interference behaviour of 2-aminopyrroles in lipoxygenase inhibition.
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The synthesis of 2-aminopyrrole analogues was based on a multicomponent reaction by
refluxing a solution of threc reactants including a methylsulfonamidoacetophenone, aldehydes

and a cyanoacetic acid with 0.6 equiv of K2COs in ethanol.

Example 5 - Svnthesis of (5-amino-4-(1H-indole-3-carbonyv-3-( 3-(triflucromethvDphenvl)-

1H-pvrrol-2-vD)(phenvl)methanone _and _ (5-Amino-4-(5-fluoro-1H-indole-3-

carbonv-3-(pvridin-2-vD- 1 H-pvrrol-2-v){phenvDmethanone

5.1 Synthesis of 4-methyl-N-(2-oxo-2-phenylethyl)benzenesulfonamide

To a solution of aminoacetophenone hydrochloride (5.16g, 30 mmol) and DMAP (0.36 g, 3
mmol) in DCM (90 mL)were added triethylamine (7.59 g, 75 mmol) and TsCl (5.73g, 30
mmol) at 0 °C under argon. The reaction mixture was allowed to warm to room temperature
naturally without removing the ice-bath over a period of 6h. Then, saturated NH4CI solution
was added and the mixture was extracted with dichloromethane. The organic phase was
separated, washed with brine and dried over Na2SOa. The solvent was evaporated under the
reduced pressure and the residue was purified by column chromatography on silica gel
(eluent: petroleum ether: ethyl acetate: dichloromethane = 3:1:1) and then recrystallized
from EtOH (20 mL) to give 2.74g of a yellow solid.

Yield: 30.6%. '"H NMR (500 MHz, CDCl3) 6 7.89 — 7.85 (mn, 2H), 7.84 — 7.78 (m, 2H), 7.65
—7.59 (m, 1H), 7.49 (t, J= 7.9 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 5.72 (t, J = 4.6 Hz, 1H),
4.48 (d, J=4.6 Hz, 2H), 2.41 (s, 3H). *C NMR (126 MHz, CDCl3) § 192.56, 143.79, 136.09,
134.45, 133.78, 129.85, 128.99, 127.89, 127.20, 48.69, 21.53.

5.2 Synthesis of 3-cyanoacetylindole

Indole (1.17 g, 10 mmol) was added to a solution prepared by dissolution of cyanoacetic
acid (1.02 g, 12 mmol) in Ac2O (10 mL) at 50 °C. The solution was heated at 85 °C for 5
minutes. During that period 3-cyanoacetylindole started to crystallize. After 5 more minutes,
the mixture was allowed to cool and the solid was collected, washed with MeOH and dried
to give 1.4g of a yellow solid.

Yield : 76.1%.'H NMR (500 MHz, DMSO-ds) § 12.19 (s, 1H), 8.38 (d, J = 3.1 Hz, 1H),
8.14 (dd, J = 6.8, 2.0 Hz, 1H), 7.54 — 7.48 (m, 1H), 7.29 — 7.20 (m, ZH), 4.50 (s, 2H). 13C
NMR (126 MHz, DMSO-ds) § 183.36, 137.11, 135.95, 125.64, 123.79, 122.80, 121.49,
116.90, 114.92, 112.90, 29.89.
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5.3 Synthesis  of  (5-amino-4-(1 H-indole-3-carbonyl)-3-(3-(trifluoromethyl)phenyl)-1H-
pyrrol-2-yl)(phenyl)methanone

3-(Trifluoro)benzaldehyde, (348 mg, 2 mmol), 4-methyl-N-(2-oxo-2-phenylethyl)-
benzenesulfonamide (596.7 mg, 2mmol), 3-cyanoacetylindole (368.4 mg, 2 mmol),
triethylamine (202 mg, 2 mmol) were placed in 10mL 2,2,2-trifluoroethanol in a 20-mL vial with
a stir bar. The reaction was allowed to heat to 70 °C in an oil bath for 12h. Then, the reaction
was cooled down to 0°C to yield a precipitate that is filtered. The solid is washed with cold
ethanol and dried in an oven to yield the desired products as light-yellow solid. The solid
recrystallized from ethanol to give 484 mg yellow crystals.

Yield: 51.1%.'"H NMR (500 MHz, DMSO) 8 11.26 (s, 1H), 11.08 (s, 1H), 7.98 — 7.91 (m, 1H),
7.24 —7.18 (m, 1H), 7.18 — 7.11 (m, 3H), 7.11 — 7.01 (m, 6H), 6.94 (dt, J = 14.9, 7.7 Hz, 3H),
6.19 (s, 2H). *C NMR (126 MHz, DMSO) 186.13, 184.55, 149.17, 139.46, 136.27, 136.01,
134.73,133.77, 132.03, 130.35, 128.70, 128.01, 127.88, 127.61, 126.25, 125.30, 123.12, 122.53,
121.42, 121.38, 121.30, 121.19, 116.66, 112.04, 108.82.

5.4 Synthesis of 3-(5-Fluoro-1H-indol-3-yl)-3-oxopropanenifrile

The title compound was prepared from 5-fluoro-indole (.35g, 10 mmol) in accordance with the
procedure described for 3-cyanoacetylindole in section 5.2 above. 445 mg of the compound were
obtained as grey solid.

Yield:22.1%."H NMR (500 MHz, DMSO-ds) 8 12.30 (d, J = 0.9 Hz, 1H), 8.43 (d, J= 3.2 Hz,
1H), 7.80 (q, J = 2.7 Hz, 1H), 7.53 (dd, J = 8.8, 4.5 Hz, 1H), 7.15 - 7.03 (m, 1H), 4.51 (s, 2H).
3C NMR (126 MHz, DMSO-ds) 6 183.45, 159.31 (d, J=235.4 Hz), 137.35, 133.68, 126.24 (d,
J=11.2 Hz), 116.77, 114.96 (d, J= 4.5 Hz), 114.30 (d, /= 9.9 Hz), 111.99 (d, J = 25.8 Hz),
106.36 (d, J=22.3 Hz), 29.90.

5.5 Synthesis of (5-Amino-d-(5-fluoro-1H-indole-3-carbonyl)-3-(pyridin-2-yl)-1 H-pyrroi-2-
vl (phenyvl)methanone
2-Pyridinecarboxaldehyde (294 mg, 2 mmol), 4-methyl-N-(2-oxo-2-phenylethy!)benzenesulfonamide

(596.7 mg, 2mmol), 3-(5-fluoro-1H-indol-3-yl)-3-oxopropanenitrile (404.4 mg, 2 mmol). tricthylamine

(202 mg, 2 mmol) and 0.2 M 2,2,2-trifluoroethanol (10 mL) were stirred in a 20-mL vial. The reaction
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was allowed to heat to 70 °C in an oil bath for 12h. After the reaction, the mixture was purified by silica
chromatography (MeQH/DCM=3:100) to give the target compound. 55 mg. Yellow solid.

Yield:6.5%. 'H NMR (500 MHz, Methanol-d4) § 7.86 —7.77 (m, 1H), 7.65 (dd, .J= 9.8, 2.5 Hz, 1H), 7.22
(d, J=7.6 Hz, 2H), 7.18 — 7.09 (m, 3H), 7.04 — 6.91 (m, 4H), 6.87 (td, /= 9.1, 2.5 Hz, 1H), 6.78 (dd, /=
7.4, 5.1 Hz, 1H).
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Claims

1. Use of a compound of formula (I):

O

wherein
R! is an aryl or heteroaryl group, which groups may optionally be substituted;
R2 is an aryl or heteroary! group, which groups may optionally be substituted; and

R? is a group of formula

R3! W(Rh) 0
N~ o
H
wherein
ois 1 or2;
R3' is a hydrogen atom, deuterium atom, halogen atom, OH, an optionally substituted
C1-Cs alkyl or (Ci-Ce)heteroalkyl;
R* is independently selected at each occurrence from hydrogen atom, deuterium atomn,
halogen atom, or an alkyl, alkenyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
alkylcycloalkyl, heteroalkylcycloalkyl, aryl, heteroaryl, aralkyl or heteroaralkyl group, all of

which groups may optionally be substituted;
or a salt thereof, as an inhibitor of the activity of a RNA guided endonuclease.

2. The use according to claim 1, wherein R! is an optionally substituted aryl group.
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3. The use according to claim 1 or 2, wherein R? is an optionally substituted phenyl group,

or an optionally substituted heteroaryl group containing 5, 6, 9 or 10 ring atoms.

4. The use according to any one of claims 1 to 3, wherein R! is a group of formula
11
(R )n
A
N
wherein

nis 1,2, or3, and
R'! is independently selected at each occurrence from halogen atom, deuterium atom, OH, a Ci.

6 alkyl group or a Ci.¢ heteroalkyl group.

5. The use according to any onc of claims 1 to 4, wherein R? is a group of formula
21 22
(R )m (R ) Y
] !
LN or N
wherein

mis 1,2, or3;
pis1,2,or3;

R2 is independently selected at each occurrence from halogen atom, deuterium atom,
OH, a C.6 alkyl group or a Ci.¢ heteroalkyl group; and

R? is independently selected at each occurrence from halogen atom, deuterium atom,

OH, a Ci6 alkyl group or a Ci.6 heteroalkyl group.

6. A method of inhibiting the activity of an RNA guided endonuclease, the method

comprising contacting a compound of formula (I):
R" H
~ M
. —~NHz
S
RZ R
o )

as defined in any of claims 1 to 5 with an RNA guided endonuclease.
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7. The method of claim 6, wherein the RNA guided endonuclease is a component of a gene
editing, genome editing, transcriptional modulation, epigenetic modulation, genome labelling or

genome screening system.

8. The method of claim 6 or 7, wherein the compound and the RNA guided endonuclease

are contacted in a cell.

9. A compound of formula (I) as defined in any of claims 1 to 5:

R1

)?\ H

M

g NH
e 2
o \

£

@,
or a salt thereof, for use in a method of gene editing, genome editing, transcriptional modulation,
epigenetic modulation, genome labelling or genome screening, wherein said method comprises

contacting a RNA guided endonuclease with the compound of formula (I) or a salt thereof,

10. A kit containing:
(i) a gene editing, genome editing, transcriptional modulation, epigenetic modulation,
genome labelling or genome screening system; and

(ii) a compound of formula (I) or a pharmaceutically acceptable salt, solvate or hydrate

thereof.
11. The kit of claim 10 for use as a medicament.
12. The kit of claim 10 for use in prophylactic treatment of a bacterial infection, or a genetic

disease or disorder; or for use in a method of treating a bacterial infection, or a genetic disease

or disorder.

13. The use according to any one of claims 1 to 5, the method according to any one of claims

6 to 8, or the kit according to any one of claims 9 to 12, wherein the RNA guided endonuclease

is Cas9 or Cpfl.

14. A compound of formula (I) as defined in any of claims 1 to 5:
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@,

or a pharmaceutically acceptable salt, solvate or hydrate thereof, for use in a method of
preventing or treating a genetic disorder by gene editing, genome editing, transcriptional
modulation, epigenetic modulation, genome labelling or genome screening, wherein said method

comprises contacting an RNA guided endonuclease with the compound of formula (I) or a salt

thereof.

15, A compound of formula (I) as defined in any one of claims 1 to 5, or a pharmaceutical
composition comprising a compound as defined in any one of the preceding claims or a
pharmaceutically acceptable salt, solvate or hydrate thereof, optionally in combination with a

pharmaceutically acceptable carrier and/or adjuvant, for use in the treatment or prevention of a

bacterial infection.



PCT/EP2021/058330

WO 2021/198275

1/1

Wrifasop

1o 0 o g

-0 m

=

*

@

8

0§ 7

(=]

@

=

o

-001- =

2

2]

=

=]

Logl &

>

LTH -
Wrijasop
100 0

-0G1

{o,) Inoyoouy suab 400 sale|ay

LZH

L0 100 0
B TR (TS | RN R N A A T A ob 0k O
iy | 79 i Jrassl i NTIT R, i i Kok ddd | TETY Y i D i i  CYPTRY 1 Siased
Q
001 oot
= 00k
i ooz
y 5 =051
S— — o
ges p'oLF00 |g'gy g'telooe | €08 Legp b
+d49 -d49 +d4D -d49 +dd49 -d49
(nr) esoQ
oL 0L oL oL o 0L 0k 0
5 Hisaad forsst i i D 5 1 1 i
06
LO0L
=00
P0G
{ 00E 4 .,._umw
{  E——— < S ——
8'ct Z'ozkocz | £'09 1ger 002
+dd49 -d4ot +d49 -d49

unoon

9H

unoo

€d

LZH

[ 314

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2021/058330
A. CLASSIFICATION OF SUBJECT MATTER
INV. C12Ql/44 C07D401/14  CO7D403/06  A61K31/381  A61P31/04
A61P35/00
ADD. C12N9/22

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Cl2N Co7D Cl12Q A61K A61P

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (hame of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, CHEM ABS Data, WPI Data

C.DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X HAO GUO ET AL: "Photoactivation provides 9-12,14
a mechanistic explanation for pan-assay
interference behaviour of 2-aminopyrroles
in Tipoxygenase inhibition",
EUROPEAN JOURNAL OF MEDICINAL CHEMISTRY,
vol. 139, 1 October 2017 (2017-10-01),
pages 633-643, XP055722419,
NL
ISSN: 0223-5234, DOI:
10.1016/j.ejmech.2017.07.047
cited in the application
A abstract; figures 1, 2; tables 1-3 1-8,13,
pages 633, 634 15
page 639 - page 642
_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"QO" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

21 May 2021

Date of mailing of the international search report

01/06/2021

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Schmidt-Yodlee, H

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2021/058330

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

W0 2019/089761 Al (BROAD INST INC [US];
BRIGHAM & WOMENS HOSPITAL INC [US])

9 May 2019 (2019-05-09)

paragraphs [0015], [0033]; claims 1-35;
figure 8

WO 20207041384 Al (BROAD INST INC [US];
BRIGHAM & WOMENS HOSPITAL INC [US] ET AL.)
27 February 2020 (2020-02-27)

paragraphs [0012], [0013]; claims 1-35
MAJI BASUDEB ET AL: "A High-Throughput
Platform to Identify Small-Molecule
Inhibitors of CRISPR-Cas9",

CELL,

vol. 177, no. 4, 2 May 2019 (2019-05-02),
page 1067, XP085676561,

ISSN: 0092-8674, DOI:
10.1016/J.CELL.2019.04.009

cited in the application

the whole document

1-15

1-15

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2021/058330
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2019089761 Al 09-05-2019 US 2020354701 Al 12-11-2020
WO 2019089761 Al 09-05-2019

Form PCT/ISA/210 (patent family annex) (April 2005)




	Bibliography
	Drawings
	Description
	Claims
	Search Report



