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DESCRIPTION

Field of the Invention

[0001] The present invention relates to novel compounds.

[0002] More particularly, the present invention relates to novel fluorescent synthetic retinoid
compounds and their use in methods of monitoring cell differentiation or apoptosis.

Background to the Invention

[0003] Vitamin A (retinol) and its derivatives belong to a class of compounds known as
retinoids. Retinoids are an important class of signalling molecules that are involved in
controlling many important biological pathways from embryogenesis through to adult
homeostasis and many aspects of stem cell development, such as, stem cell proliferation,
differentiation and apoptosis.

[0004] Retinoids are structurally and/or functionally related to vitamin A; and many possess
biological activity including all-frans-retinoic acid (ATRA). ATRA is the most abundant
endogenous retinoid and has been widely studied for many years; ATRA isomerises under
physiological and experimental conditions, with different isomers activating different receptors,
thus accounting for the variety of biological effects observed with these small molecules.

[0005] Due to the ability of retinoids to control differentiation and apoptosis in both normal and
tumour cells, they have the potential to act as chemopreventative and chemotherapeutic
agents, although toxicity has prevented widespread use.

[0006] Beard et al., Bioorg. Med. Chem. Lett., 1997, Vol. 7(18), 2373-2378 discloses the
synthesis of 1,2,3 4-tetrahydroquinoline and 3,4-(1H)-dihydroquinolin-2-one analogs of retinoic
acid and discusses their biological activity.

[0007] US6387951 B1 discloses compounds, some of which are derivatives of phenylacetic or
heteroarylacetic acid, and which inhibit the enzyme cytochrome P450RAI.

[0008] US2007/078160 A1 discloses dihydro-[1H]-quinolin-2-one derivatives as RXR agonists
for the treatment of RXR-mediated disorders.

[0009] Thacher et al., Current Pharma. Design, 2000, 6(1), 25-58, discloses structure-activity
relationships of synthetic retinoids, along with potential therapeutic activities and side-effects.

[0010] However, ATRA exhibits poor stability, in particular upon exposure to light. ATRA
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compounds isomerise and degrade upon exposure to light. To overcome this, efforts are made
to store and work with ATRA in the dark, but such precautions increase the cost associated
with working with ATRA, and do not entirely mitigate the problem. Furthermore, as ATRA is
liable to photoisomerisation and degradation upon storage, it is difficult to predict accurately
the amount of active compound administered in a single dose. Efforts have been made to
overcome the problems associated with ATRA by synthesising stable retinoid compounds. It is
generally believed that ATRA is susceptible to photoisomerisation due to its conjugated linker
group. International Patent application No. PCT/GB2007/003237 (WO 2008/025965) disclosed
new retinoid compounds which exhibited good stability and induced cell differentiation.

[0011] One compound of particular interest was EC23®, which is/was marketed by

Reinnervate:
COzH

[0012] EC23® generally exhibits good stability exposed to light, as well as exhibiting good

stability upon storage. EC23® is also found to not be susceptible to metabolic degradation, and
thus may have a relatively long associated half-life in the human or animal body. However,

EC23® is only weakly fluorescent, and requires UV excitation, which may be damaging to
biological samples.

[0013] Fluorescence imaging has rapidly become a powerful tool for investigating biological
processes, particularly in living cells where cellular events may be observed in their
physiological contexts. The development of single-molecule visualisation techniques has
greatly enhanced the usefulness of fluorescence microscopy for such applications, enabling
the tracking of proteins and small molecules in their endogenous environments.

[0014] Fluorescence is a form of luminescence in which a substance that has absorbed light or
other electromagnetic radiation emits light from electronically excited states. In fluorescence,
the emitted light is usually of a longer wavelength (and lower energy) than the absorbed light.
This phenomenon is known as Stokes shift, and is attributed to the loss of energy, usually via
vibrational relaxation to the lowest energy level of the first excited state (S1), before an
absorbed photon is emitted. The quantum yield gives the efficiency of the fluorescence
process: it is defined as the ratio of the number of photons emitted to the number of photons
absorbed (maximum value = 71, i.e. every absorbed photon results in an emitted photon).
Fluorescence decay is generally exponential and the fluorescence lifetime refers to the
measure of the half-life of a molecule remaining in an excited state before undergoing
relaxation back to the ground state. In phosphorescence, a longer excited state lifetime is
observed, followed by radiative decay (i.e. photon emission) from an excited triplet state.
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[0015] Doxorubicin is a chemotherapeutic drug used in the treatment of a wide range of
cancers, including leukaemia, Hodgkin's lymphoma, bladder, breast, stomach, lung, ovarian,
and thyroid cancers. The amphiphilic and amphoteric nature of the molecule means that the
drug is able to bind to both cell membranes and proteins.
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[0016] Due to the inherent fluorescence of the compound, doxorubicin has also become a
popular research tool in the field of fluorescence imaging, and its distribution has accordingly
been visualised in various cells and tissues. Since the fluorescence intensity of doxorubicin was
found to be dependent on its concentration and microenvironment, the intracellular uptake and
trafficking of the drug in ovarian carcinoma A2780 cells was able to be characterised by taking
into account its interaction with cellular components such as DNA, histones, and phospholipids.

[0017] At present, doxorubicin is the only known small molecule possessing intrinsic
fluorescence emission along with significant biological activity. Thus, if fluorescence could be
incorporated into a small molecule modulator of stem cell development, this would in itself
constitute a powerful probe, and would negate the need for the use of fluorescent dyes,
proteins, and quantum dots. In particular, the use of live-cell tracking techniques would provide
invaluable information concerning cellular uptake and localisation, thereby offering new insights
into retinoid activity and metabolism. Furthermore, since it would no longer be necessary to
attach a large fluorescent entity to the molecule of interest, the latter may be followed in the
physiological context of its natural environment. In addition, it may also be advantageous to
generate an inert fluorescent probe that may have useful fluorescent properties.

[0018] Therefore, for improved fluorescence imaging, there is a need for a novel fluorophore
that exhibits good storage stability, and is not susceptible to metabolic degradation, thus having
a relatively long associated half-life in the body. Thus, an object of the present invention is to
provide a stable fluorescent retinoid.

Summary to the Invention

[0019] The present invention provides fluorescent versions of EC23® type molecules by the
preparation of novel molecular systems with an electron donating nitrogen to provide a highly
conjugated structure.
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[0020] The invention is as defined in the appended claims.

[0021] Thus, according to a first aspect of the invention there is provided a compound of
formula I:

R R7
RF;{’5 R10
i

RS

9

R2 l}l R
R? RS

in which

R'is hydrogen, alkyl C1-10 or acyl;

R2, R3, R% and R®, which may be the same or different, are each hydrogen or alkyl C1-4, or

together one pair of R2 and R4 or R3 and R represent a bond;

R® and R’, which may be the same or different, are each hydrogen, alkyl C1-4, or R® and R’
together form a group:

=CR11R12.

R8 and R? , which may be the same or different, are each hydrogen, alkyl C1-10, aryl, aralkyl,
halogen, trifluoroalkyl, cyano, nitro, -NR®RP, -OR3, -C(O)R8, -C(O)OR2,-OC(0O)R?3, -S(O)RaRP,
and -C(O)NR@RP;

R and R'2, which may be the same or different, are each hydrogen or alkyl C1-10; and

R and RP, which may be the same or different, are each hydrogen or alkyl C1-10;

R1%is a group II, I1l, IV, VII, VIl or IX:
_ COR™
l I
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/
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in which R'3 is hydrogen or alkyl C1-10; wherein one pair of RZ and R* or R3 and R® represent
a bond;

and isomers thereof;

in free or in salt form.

[0022] As used herein, the term "alkyl" refers to a fully saturated, branched, unbranched or
cyclic hydrocarbon moiety, i.e. primary, secondary or tertiary alkyl or, where appropriate,
cycloalkyl or alkyl substituted by cycloalkyl, they may also be saturated or unsaturated alkyl
groups. Where not otherwise identified, preferably the alkyl comprises 1 to 10 carbon atoms,
more preferably 1 to 7 carbon atoms, or 1 to 4 carbon atoms. Representative examples of alkyl
include, but are not limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl,
tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2,2- dimethylpentyl, 2,3-
dimethylpentyl, n-heptyl, n-octyl, n-nonyl, n-decyl and the like.

[0023] As used herein the term "aryl" refers to an aromatic monocyclic or multicyclic
hydrocarbon ring system consisting only of hydrogen and carbon and containing from 6 to 19
carbon atoms, preferably 6 to 10 carbon atoms, where the ring system may be partially
saturated. Aryl groups include, but are not limited to groups such as fluorenyl, phenyl, indenyl
and naphthyl. Unless stated otherwise specifically in the specification, the term "aryl" or the
prefix "ar-" (such as in "aralkyl") is meant to include aryl radicals optionally substituted by one
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or more substituents selected from the group consisting of alkyl, alkenyl, alkynyl, halo,
haloalkyl, cyano, nitro, amino, amidine, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, heteroaryl or heteroarylalkyl. Preferred aryl groups are optionally substituted
phenyl or naphthyl groups.

[0024] An aryl group may be mono-, bi-, tri-, or polycyclic, preferably mono-, bi-, or tricyclic,
more preferably mono- or bicyclic.

[0025] In one embodiment of the invention R'%is a group II, Ill or IV as herein defined.
[0026] In one embodiment of the invention R' is alkyl C1-10, preferably alkyl C1-3.

[0027] In one embodiment of the invention R, R3, R4 and R® are each hydrogen.

[0028] In the compound of formula I, one pair of RZ and R* or R and R represent a bond.

[0029] In one embodiment of the invention R® and R’ are the same or different; R® and R’
may each represent alkyl C1-4, e.g. methyl.

[0030] As used herein, the term "halogen” or "halo” refers to fluoro, chloro, bromo, and iodo.
[0031] In another embodiment of the invention R0 is a group II, as herein defined.

[0032] In another embodiment of the invention R19 is a group IlI, as herein defined.

[0033] In another embodiment of the invention R0 is a group IV, as herein defined.

[0034] In another embodiment of the invention R19 is a group VI, as herein defined.

[0035] In another embodiment of the invention R1% is a group VI, as herein defined.

[0036] In another embodiment of the invention R19 is a group 1X, as herein defined.

[0037] The moiety -CO-R'3 is preferably in the 4-position, i.e. in the para position to the
ethynyl group. Preferably R'2 is hydrogen.

[0038] A specific compound of formula | which may be mentioned is:
4-2-[2,4,4-trimethyl-1-(propan-2-yl)-1,4-dihydroquinolin-6-yllethynylbenzoic acid, (17);

and isomers thereof;
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in free or in salt form.

[0039] Retinoid compounds such as ATRA are unstable upon storage. In particular, such
compounds are susceptible to photoisomerisation and degradation upon exposure to light in
the 300 to 400 nm region. Surprisingly, the compounds of formula | of the present invention are
stable upon exposure to light and undergo far less photoisomerisation and degradation than
ATRA. Generally the compounds of formula | have far better stability than retinoids such as
ATRA, in particular the compounds of formula | are far less susceptible to photoisomerisation.
Generally, following 3 days exposure to light having a wavelength of 300 to 400 nm, the
compounds of the present invention undergo far less isomerisation and degradation than
ATRA. Typically at least 60% by weight of the compounds of the present invention remain
(compared to less than 40% by weight ATRA) following 3 days exposure to light of wavelength
300 to 400 nm.

[0040] Typically, the compounds of the present invention induce the differentiation of stem
cells, such as human neural stem cells into neural sub-types. Generally the compounds of the
present invention induce differentiation of cells to an extent commensurate to or greater than
known retinoids such as ATRA.

[0041] Following exposure of a sample comprising stem cells, for instance a cell derived from
the ventral mesencephalon of human foetal brain tissue, to media supplemented with the
compounds of the present invention the number of differentiated cells expressing neuronal
markers may be substantially increased. Typically the sample may be exposed to such media
for around 7 days.

[0042] Described herein is the use of a compound or composition as defined herein in the
differentiation of a stem cell into at least one differentiated cell type.

[0043] The stem cell may typically be a human or animal totipotent stem cell, in particular a
non-human totipotent stem cell for example a totipotent cell of a mammal, for example a
mouse, a rat or a rabbit.

[0044] Alternatively, the stem cell may be a pluripotent stem cell of a human or animal,
preferably a human pluripotent stem cell.

[0045] Said stem cell may be a multipotent stem cell of a human or animal.

[0046] Said multipotent stem cell may be selected from the group consisting of: haemopoietic
stem cell, neural stem cell, bone stem cell, muscle stem cell, mesenchymal stem cell, epithelial
stem cell (derived from organs such as the skin, gastrointestinal mucosa, kidney, bladder,
mammary glands, uterus, prostate and endocrine glands such as the pituitary), ectodermal
stem cell, mesodermal stem cell or endodermal stem cell (for example derived from organs
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such as the liver, pancreas, lung and blood vessels).

[0047] Also described herein is a method of inducing the differentiation of a stem cell
comprising the steps of:

1. (i) forming a preparation of stem cells in a cell culture medium suitable for maintaining
said stem cells wherein said culture medium comprises a compound according to
formula I; and

2. (i) cultivating said stem cells in conditions that allow their differentiation into at least one
differentiated cell type.

[0048] Said stem cell may be a multipotent or pluripotent stem cell. Optionally, the stem cell
may not be totipotent stem cell. Preferably said stem cell is of human origin.

[0049] Said differentiated cell may be selected from the group consisting of a keratinocyte, a
fibroblast (e.g. dermal, corneal, intestinal mucosa, oral mucosa, bladder, urethral, prostate,
liver), an epithelial cell (e.g. dermal, corneal, intestinal mucosa, oral mucosa, bladder, urethral,
prostate, liver), a neuronal glial cell or neural cell, a hepatocyte, a mesenchyma cell, a muscle
cell (cardiomyocyte or myotube cell), a kidney cell, a blood cell (e.g. CD4+ lymphocyte, CD8+
lymphocyte), a pancreatic cell, or an endothelial cell.

[0050] Generally the medium has a concentration of 0.1 to 20 uM of the compound of the
present invention; typically around 10 uM.

[0051] The method may take place in the presence of visible and/or UV light, temperatures not
exceeding 50°C and/or oxidative reagents for example air or DMSO. The method may take
place ex vivo, in vivo or in vitro.

[0052] The compounds of the invention exhibit good stability and can be used to control cell
differentiation and cell apoptosis.

[0053] The compounds of formula | exhibit good stability, and undergo photoisomerisation far
less easily than ATRA, whilst controlling cell differentiation and apoptosis to an extent
commensurate with or greater than ATRA.

[0054] As herein described, the compounds of the present invention are inherently fluorescent.
[0055] Described herein is a probe comprising a compound of formula | as herein described.
[0056] The invention further provides a method of monitoring cell differentiation or apoptosis

comprising administering an effective amount of a compound of formula | and detecting the
fluorescence emitted by the compound of formula | by fluorescence medical imaging.
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[0057] The invention also provides a method of monitoring cell differentiation or apoptosis by
imaging the distribution of a compound of formula | by detecting the fluorescence emitted by
the compound using techniques that include, but are not limited to, fluorescence lifetime
mapping microscopy (FLIM).

[0058] Also described herein is a method of monitoring cell differentiation or apoptosis by
imaging the distribution of a compound of formula | by detecting the Raman scattering signal
stimulated by techniques that include, but are not limited to coherent anti-Stokes Raman
scattering (CARS) and stimulated Raman scattering (SRS).

[0059] Described herein is a method of monitoring the intracellular or extracellular
concentration and distribution of a compound of formula | by techniques that include, but are
not limited to multivariate curve resolution (MCR) and least-squares analysis of Raman
scattering signals to allow the creation of a concentration map of a compound of formula | ex
Vvivo, in vivo or in vitro.

[0060] Described herein is a method for superimposing fluorescence emitted by a compound
of formula | with a Raman scattering signal stimulated from a compound of formula |. This
method for superimposing emitted fluorescence may be be useful in the method of monitoring
cell differentiation or apoptosis herein described.

[0061] According to the invention there is provided a method of superimposing fluorescence
emitted by a compound of formula | with a concentration map calculated from the Raman
scattering signals stimulated from a compound of formula | to allow the creation of a
concentration map of formula | ex vivo, in vivo or in vitro.

[0062] Compounds of formula | may also be advantageous in that the compounds may be
used selectively for different cell types, i.e. that visible, fluorescence and/or Raman imaging
may be used to identify cell types that are more responsive to the synthetic molecules of the
invention. This may provide a cell identification method. Observing the fluorescent lifetime of
the compound of the invention may provide information on the local environment and
potentially on the ongoing action of the compound. Also, cells treated with the fluorescent
compounds of the invention may then be treated with other molecules, for example, to
"displace” the fluorescent compounds to give a measure of relative affinity, which may be
useful for, inter alia, drug screening. Thus, the fluorescent compounds of the invention may be
used in combination with other suitably known compounds.

[0063] According to a further aspect of the present invention there is provided a composition
comprising one or more of the compounds of the present invention in combination with one or
more pharmaceutically acceptable excipients.

[0064] The composition of the present invention also includes one or more pharmaceutically
acceptable carriers, excipients, adjuvants or diluents. The phrase "pharmaceutically
acceptable” is employed herein to refer to those compounds, materials, compositions, and/or
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dosage forms which are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of human beings or, as the case may be, an animal without excessive
toxicity, irritation, allergic response, or other problem or complication, commensurate with a
reasonable benefit/risk ratio.

[0065] When the composition of the invention is prepared for oral administration, the
compounds described above are generally combined with a pharmaceutically acceptable
carrier, diluent or excipient to form a pharmaceutical formulation, or unit dosage form.

[0066] For oral administration, the composition may be in the form of a powder, a granular
formation, a solution, a suspension, an emulsion or in a natural or synthetic polymer or resin
for ingestion of the active ingredients from a chewing gum. The composition may also be
presented as a bolus, electuary or paste. Orally administered compositions of the invention can
also be formulated for sustained release, e.g. the compounds described above can be coated,
microencapsulated, or otherwise placed within a sustained delivery device. The total active
ingredients in such formulations comprise from 0.1 to 99.9% by weight of the formulation.

[0067] Thus, one or more suitable unit dosage forms comprising the compounds of the
invention can be administered by a variety of routes including oral, parenteral (including
subcutaneous, intravenous, intramuscular and intraperitoneal), rectal, dermal, transdermal,
intrathoracic, intrapulmonary, mucosal, intraocular and intranasal (respiratory) routes. The
composition may also be formulated in a lipid formulation or for sustained release, for example,
using microencapsulation. The formulations may, where appropriate, be conveniently
presented in discrete unit dosage forms and may be prepared by any of the methods well
known to the pharmaceutical arts. Such methods may include the step of mixing the
therapeutic agent with liquid carriers, solid matrices, semi-solid carriers, finely divided solid
carriers or combinations thereof, and then, if necessary, introducing or shaping the product into
the desired delivery system.

[0068] Pharmaceutical formulations comprising the compounds of the invention can be
prepared by procedures known in the art using well-known and readily available ingredients.
For example, the compound can be formulated with common excipients, diluents, or carriers,
and formed into tablets, capsules, solutions, suspensions, powders, aerosols and the like.
Examples of excipients, diluents, and carriers that are suitable for such formulations include
buffers, as well as fillers and extenders such as starch, cellulose, sugars, mannitol, and silicic
derivatives.

[0069] Binding agents can also be included such as carboxymethyl cellulose,
hydroxymethylcellulose, hydroxypropyl methylcellulose and other cellulose derivatives,
alginates, gelatine, and polyvinylpyrrolidone. Moisturising agents can be included such as
glycerol, disintegrating agents such as calcium carbonate and sodium bicarbonate. Agents for
retarding dissolution can also be included such as paraffin. Resorption accelerators such as
quaternary ammonium compounds can also be included. Surface active agents such as cetyl
alcohol and glycerol monostearate can be included. Adsorptive carriers such as kaolin and
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bentonite can be added. Lubricants such as talc, calcium and magnesium stearate, and solid
polyethyl glycols can also be included. Preservatives may also be added. The compositions of
the invention can also contain thickening agents such as cellulose and/or cellulose derivatives.
They may also contain gums such as xanthan, guar or carbo gum or gum arabic, or
alternatively polyethylene glycols, bentones and montmorillonites, and the like.

[0070] For example, tablets or caplets containing the compounds of the invention can include
buffering agents such as calcium carbonate, magnesium oxide and magnesium carbonate.
Suitable buffering agents may also include acetic acid in a salt, citric acid in a salt, boric acid in
a salt and phosphoric acid in a salt. Caplets and tablets can also include inactive ingredients
such as cellulose, pregelatinised starch, silicon dioxide, hydroxyl propyl methyl cellulose,
magnesium stearate, microcrystalline cellulose, starch, talc, titanium dioxide, benzoic acid,
citric acid, corn starch, mineral oil, polypropylene glycol, sodium phosphate, zinc stearate, and
the like. Hard or soft gelatine capsules containing at least one compound of the invention can
contain inactive ingredients such as gelatine, microcrystalline cellulose, sodium lauryl sulphate,
starch, talc, and titanium dioxide, and the like, as well as liquid vehicles such as polyethylene
glycols (PEGs) and vegetable oil. Moreover, enteric-coated caplets or tablets containing one or
more compounds of the invention are designed to resist disintegration in the stomach and
dissolve in the more neutral to alkaline environment of the duodenum.

[0071] Preferably, the composition is in the form of a solvent or diluent comprising one or more
of the compounds as described above. Solvents or diluents may include acid solutions,
dimethylsulphone, N-(2-mercaptopropionyl) glycine, 2-n-nonyl-], 3-dioxolane and ethyl alcohol.
Preferably the solvent/diluent is an acidic solvent, for example, acetic acid, citric acid, boric
acid, lactic acid, propionic acid, phosphoric acid, benzoic acid, butyric acid, malic acid, malonic
acid, oxalic acid, succinic acid or tartaric acid.

[0072] Described herein is a process for the manufacture of a compound of formula | as herein
described which comprises reacting a compound of formula XII:

Ré R7
R5
R4 £
Xl
R3
R2 ETJ RY
R1 R8

in which R!, R2, R3, R4, R, R8, R’, R® and R® are each as herein defined; and Z is a leaving
group, for example, halogen, pseudohalogen, boronic acid or boronate ester;
with a compound of formula XIlI;

R10H X1

in which R10is as herein defined.

[0073] Alternatively, a process for the manufacture of a compound of formula | as herein
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described may comprise reacting a compound of formula XV:

R R7
R5
R4 o XV
R3 P
R2 l}l R®
R1 Rs

in which R', R2, R3, R4, R® R®, R’, R8 and R? are each as herein defined:;
with a compound of formula XIV:

R10z XIv

in which Z is a leaving group, for example, halogen, pseudohalogen, boronic acid or boronate
ester.

[0074] Compounds of formula | in which R% is hydrogen (not according to the invention) may

be prepared by dealkylation of a compound of formula | in which R0 is alkyl as herein
described.

[0075] Compounds of formula | may be prepared using methods known to the person skilled in
the art or by methods described herein. Examples of such preparations are shown
schematically:

o o /E i \< o
i AN -~ .
/E ]/ i /J\\ /J\\ '\/{ ] Aol ;\ f
. o /,\\N . p’ RN A N P

Pyridine DCM ¢}
K?%ao H R, 88% H
T 1 2
KOH
DMF
50 °C, 49%

L JJ el 8ot

To!uene
Reﬂux

Scheme'l
o ey
1 o
| s
N LOH c. Hy80, e o TMs” = ~o”
e 2 O 2 [
R MeCH | A PA(PPhg),Cly P
Reflux Cul, Et N =
90% 5 ™S 8

MeOH:DCM
KO, | BT
83% over twe steps



DK/EP 3204357 T3

-
f,f//

Scheme Il
0
I 0
e Ao
[/&J:/\\[/ //// ~T 7 / % !
g SN PA(PPh),Cl, N
A e [N /i\//'T 8

509, y THF
%
20% NaOH J Reflux, 58% over two steps

Scheme lll
Naphthalene esters (reference compound 11) and acrylic acid ester compounds (reference

compound 13) may be prepared by coupling the appropriate arylboronate with the appropriate
naphthalene moiety, e.g. 6-bromo-naphthalene-2-carboxylic acid methyl ester; and the
appropriate cinnamic acid ester, e.g. 3-bromo-methylcinnamate respectively.
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a) 2 mol% Pd(dppf)Cl,, 2 equiv. KsPQ,4, DMF/H,0 80 °C, 18 h, 93%
b) 2 mol% Pd{dppf)Cly, 2 equiv. KsPO,, PrOHM 0 80 °C, 18 h, 66%

Scheme IV

[0076] The aryl boronates may be prepared by the Pd-catalysed borylation of iodide 14 with
either Bopina or Boneops in the presence of 5 mol % Pd(dppf)Cl, catalyst and 2 equivalents of
KOAc base in DMSO gave the arylboronates 12 and 10 in good yields, giving an effective
method for the selective functionalisation of the para position, relative to the electron-donating
amino group.
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a) 5 mol% Pd{dpphiCl,, 1 equiv. Bopin,, 2 equiv. KOAc, DMSO 80 °C 18 h, 70%
b} 5 mol% Pd(dppf)Cl,, 1 equiv. Byneop,, 2 equiv. KOAc, DMSO 80 °C, 18 h, 88%

Scheme V

[0077] Dihydroquinoline-derived compounds such as 17 can be prepared by an initial Grignard
methylation of amide 3, followed by Sonogashira coupling and saponification.
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Scheme VI

[0078] The present invention will now be described by way of example only with reference to
the accompanying figures in which:

Figure 1 illustrates normalised excitation spectra of EC23® in a range of solvents;

Figure 2 illustrates normalised emission spectra of EC23® in a range of solvents, with
excitation at 300 nm;

Figure 3 illustrates normalised excitation spectra of reference compound 9 of Example 3 in a
range of solvents;

Figure 4 illustrates normalised emission spectra of reference compound 9 of Example 3 in a
range of solvents, with excitation in the range of 275-300 nm;

Figure 5 illustrates the normalised excitation spectrum of compound 17 of Example 6 in
chloroform;
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Figure 6 illustrates the normalised emission spectrum of compound 17 of Example 6 in
chloroform, with excitation at 378 nm;

Figure 7 illustrates a '"H NMR spectrum of reference compound 9 of Example 3 after storage
at ambient temperature in the absence of light;

Figure 8 illustrates a "H NMR spectrum of reference compound 9 of Example 3 after treatment
with typical laboratory light for 72 hours at ambient temperature;

Table 1 illustrates reference compound 9 of Example 3 activity in stem cells compared to
ATRA, EC23® and DMSO - Nestin staining;

Table 2 illustrates reference compound 9 of Example 3 activity in stem cells compared to
ATRA, EC23® and DMSO - CK8 staining;

Table 3 illustrates reference compound 9 of Example 3 activity in stem cells compared to
ATRA, EC23® and DMSO - TUJ-1 staining;

Table 4 illustrates reference compound 9 of Example 3 activity in stem cells compared to

ATRA, EC23® and DMSO - Oct 4 staining;

Table 5 illustrates reference compound 9 of Example 3 activity in stem cells compared to
ATRA, EC23® and DMSO - Sox 2 staining;

Figure 9 illustrates flow cytometry evaluation of reference compound 9 of Example 3

compared to ATRA, EC23® and DMSO, the expression of stem cell marker SSEA-3 is
measured;

Figure 10 illustrates flow cytometry evaluation of reference compound 9 of Example 3

compared to ATRA, EC23® and DMSO, the expression of stem cell marker TRA160 is
measured;

Figure 11 illustrates flow cytometry evaluation of reference compound 9 of Example 3

compared to ATRA, EC23® and DMSO, the expression of stem cell marker A2B5 is measured,;

Table 6 illustrates phase contrast images of cell populations treated with reference compound
9 of Example 3, ATRA, EC23® and DMSO;

Figure 12 illustrates MTT cell viability analysis of reference compound 9 of Example 3 with

comparison to ATRA, EC23® and DMSO at a treatment concentration of 1 pM;

Figure 13 illustrates MTT cell viability analysis of reference compound 9 of Example 3 with

comparison to ATRA, EC23® and DMSO at a treatment concentration of 10 uM:;

Figure 14 illustrates TERA-2 stem cells treated with reference compound 9 over a range of
concentrations, imaged using confocal microscopy after 7 days;
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Figure 15 illustrates SHSY5Y cells (neuroblastoma) treated with reference compound 9 of
Example 3 (10 uM), and imaged using a confocal microscope after 8 hours;

Figure 16 Fibroblast cells treated with reference compound 9 of Example 3 (10 yM), and
imaged using a confocal microscope after 24 hours;

Figure 17 illustrates TERA-2 stem cells treated with reference compound 9 of Example 3 (10
pMM) for 7 days, fixed with 4% paraformaldehyde, and imaged using a confocal microscope,;

Figure 18 illustrates HaCat keratinocyte skin cells treated with reference compound 9 of
Example 3 (10 uM) for 5 days;

Figure 19 illustrates HaCat keratinocyte skin cells treated with reference compound 9 of
Example 3 (10 uM) for 5 days, and stained with Involucrin and K14,

Figure 20 illustrates HaCat keratinocyte skin cells treated with compound 17 of Example 6 (10
puM) for 5 days;

Figure 21 illustrates HaCat keratinocyte skin cells treated with compound 17 of Example 6 (10
pMM) for 5 days, and stained with Involucrin and K14; and

Figure 22 illustrates the Raman spectrum of reference compound 9 of Example 3. A high
intensity acetylene band is observed at 2190 cm™', this lies in the cellular silent region (1800-

2800 cm™"), wherein signals of biological origin, such as amide bonds, are not observed.

[0079] In the figures, any reference to DC271 is a reference to reference compound 9 of
Example 3.

[0080] The following abbreviations are used in the Examples and other parts of the
description:

ATRA: All Trans-Retinoic Acid

Bopino: bis(pinacolato)diboron

DCM: dichloromethane

DMF: N, N-dimethylformamide

DMSO: dimethylsulfoxide

dppf: 1,1'-ferrocenediyl-bis(diphenylphosphine)
EDTA: ethylenediaminetetraacetic acid

EtOAc: ethyl acetate
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GCMS: gas chromatography-mass spectrometry
h: hour(s)

KOAc: potassium acetate

RT: room temperature

THF: tetrahydrofuran

General experimental

[0081] Reagents were purchased from Sigma-Aldrich, Acros Organics, Alfa-Aesar and
Fluorochem and used without further purification unless otherwise stated. Solvents were used
as supplied, and dried before use with appropriate drying agents if stated. Reactions were
monitored in situ by TLC, or NMR spectroscopy. Thin layer chromatography (TLC) was
conducted using Merck Millipore silica gel 60G F254 25 glassplates with visualisation by UV
lamp. Flash column chromatography was performed using SiO» from Sigma-Aldrich (230-400

mesh, 40-63 um, 60 A) and monitored using TLC. NMR spectra were recorded on Varian
VNMRS-700, Varian VNMRS-600, Bruker Avance-400 or Varian Mercury-400 spectrometers
operating at ambient probe temperature unless otherwise stated. NMR spectra were recorded
in CDCl3 or DMSO-dg purchased from Goss Scientific. NMR peaks are reported as singlet (s),

doublet (d), triplet (1), quartet (q), broad (br), heptet (hept), combinations thereof, or as a
multiplet (m). ES-MS was performed by the Durham University departmental service using a
TQD (Waters UK) mass spectrometer and Acquity UPLC (Waters Ltd, UK), and accurate mass
measurements were obtained using a QTOF Premier mass spectrometer and an Acquity
UPLC (Waters Ltd, UK). GCMS was performed by the Durham University departmental service
using a Shimadzu QP2010-Ultra. IR spectra were recorded on a Perkin Elmer FT-IR
spectrometer. Melting points were obtained using a Gallenkamp melting point apparatus.
Elemental analyses were obtained by the Durham University departmental service using an
Exeter Analytical CE-440 analyzer.

Synthetic Procedures

Example 1

6-lodo-4,4-dimethyl-1-(propan-2-yl)-1,2,3,4-tetrahydroquinoline (4)
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[0082]

1(a) N-(4-iodophenyl)-3-methylbut-2-enamide (1)

[0083] To a solution of 4-iodoaniline, (25.0 g, 114.0 mmol) in DCM (400 mL) was added 3,3-
dimethylacroloyl chloride (13.36 mL, 120.0 mmol) and the resultant white suspension was
stirred for 0.5 h, after which pyridine (9.70 mL, 120 mmol) was added and the solution stirred
at RT for 16 h. The solution was quenched with H,O, diluted with DCM, washed with sat.

NH4CI, H,O and brine, dried (MgSOy4) and evaporated to give a crude light brown solid (33 g).

This was recrystallised from EtOH to give 1 as a white crystalline solid (31.8 g, 93%): "TH NMR
(700 MHz, CDCl3) d 1.91 (s, 3H), 2.22 (s, 3H), 5.68 (s, 1H), 7.01 (s, 1H), 7.33 (m, 2H), 7.60 (d,

J = 8.8 Hz, 2H); 13C NMR (101 MHz, CDCl3) & 20.2, 27.7, 87.2, 118.5, 121.8, 138.0, 138.2,
154.5, 165.2; IR (neat) vmax/cm™! 3294m, 3094, 2964w, 2890w, 1666m, 1586m, 1430m, 821s,

650m; MS (ES): m/z = 302.0 [M+H]+; HRMS (ES) calcd. for Cq1H13NOI [M+H]*: 302.0042,
found: 302.0050; Found: C, 43.87; H, 4.02; N 4.64. Calc. for C1{H{oNOI: C, 43.88; H, 4.02; N
4.65%; m.p. = 136-138 °C.

1(b) 6-lodo-4,4-dimethyl-1,2,3,4-tetrahydroquinolin-2-one (2)

[0084] AICI; (7.66 g, §7.5 mmol) was added to anhydrous DCM (150 mL) and the resultant

slurry stirred for 0.5 h. To this was added 1 (11.5 g, 38.3 mmol) and the solution stirred
vigorously for 2.5 h at RT. The reaction was quenched slowly with H>O, diluted with DCM,

washed with 5% NaOH until the solution turned off-white, then further washed with H,O and

brine, dried (MgSO4) and evaporated to give a crude yellow solid. This was recrystallised from
EtOH to give 2 as a white crystalline solid (10.2 g, 88%): "H NMR (700 MHz, CDCl3) 5 1.32 (s,
6H), 2.47 (s, 2H), 6.62 (d, J = 8.3 Hz, 1H), 7.47 (dd, J = 8.3, 1.9 Hz, 1H), 7.56 (d, J = 1.8 Hz,
1H), 9.20 (s, 1H); '3C NMR (176 MHz, CDCl3) & 27.7, 34.2, 45.2, 86.8, 118.1, 133.7, 135.1,
135.9, 136.6, 171.3; IR (neat) vpa,/cm™ ! 3164m, 3102, 3040w, 2953m, 1671s, 1596m, 1484m,

817s; MS (ES): m/z = 302.0 [M+H]+; HRMS (ES) calcd. for C4qH13NOI [M+H]*: 302.0042,
found: 302.0042; Found: C, 43.91; H, 4.02; N 4.63. Calc. for C1{H2INO: C, 43.87; H, 4.02; N
4.65%; m.p. = 199-202 °C.
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1(c) 6-lodo-4,4-dimethyl-1-(propan-2-yl)-1,2,3,4-tetrahydroquinolin-2-one (3)

[0085] To a solution of 2 (7.05 g, 23.4 mmol) in anhydrous DMF (200 mL) was added crushed
KOH (4.08 g, 70.2 mmol) and the resultant slurry stirred for 1 h at 50 °C. To this was added 2-
iodopropane (7.00 mL, 70.2 mmol) and the solution stirred at 50 °C for 40 h. The reaction was
quenched with H>O, diluted with EtOAc, washed with sat. NH4Cl, H>O and brine, dried (MgSQOy)

and evaporated to give a crude clear oil (7.2 g). This was purified by SiO5 chromatography
(hexane:EtOAc, 9:1, with 1% Et3N, as eluent) to give 3 as a colourless oil (3.93 g, 49%): 'H
NMR (700 MHz, CDCl3) 6 1.25 (s, 6H), 1.49 (s, 3H), 1.50 (s, 3H), 2.38 (s, 2H), 4.66 (hept, J =
7.0 Hz, 1H), 6.87 (d, J = 8.6 Hz, 1H), 7.50 (dd, J = 8.6, 2.1 Hz, 1H), 7.52 (d, J = 2.1 Hz, 1H);
13C NMR (176 MHz, CDCl3) & 20.3, 26.8, 33.1, 47.2, 48.8, 86.9, 118.9, 133.4, 135.7, 138.9,
139.1, 169.5; IR (neat) vma/cm™! 2961m, 2934w, 2870w, 1667s, 1582m, 1482m, 809s; MS

(ES): m/z = 344.0 [M+H]+; HRMS (ES) calcd. for C4qH13NOI [M+H]*: 344.0511, found:
344.0512.

1(d) 6-lodo-4,4-dimethyl-1-(propan-2-yl)-1,2,3,4-tetrahydroquinoline (4)

[0086] To a solution of 3 (1.25 g, 3.63 mmol) in anhydrous toluene (15 mL) at 0 °C was added
borane dimethyl sulfide complex (2.0 M in THF, 1.91 mL, 3.81 mmol) dropwise and the
resultant solution stirred at reflux for 16 h. The solution was cooled to RT, and 10% aq.
Na>CO3 (25 ml) was added and the solution stirred for 0.5 h, diluted with EtOAc, washed with

H>0 and brine, dried (MgSO4) and evaporated to give a crude colourless oil (1.12 g). This was
purified by SiO, chromatography (hexane:EtOAc, 9:1, with 1% Et3N, as eluent) to give 4 as a

colourless oil (1.08 g, 90%): 'H NMR (700 MHz, CDClg) 8 1.19 (s, 3H), 1.19 (s, 3H), 1.24 (s,
6H), 1.65-1.67 (m, 2H), 3.14-3.17 (m, 2H), 4.06 (hept, J = 6.6 Hz, 1H), 6.46 (d, J = 8.8 Hz, 1H),
7.28 (dd, J = 8.9, 2.1 Hz, 1H), 7.39 (d, J = 2.2 Hz, 1H); 3C NMR (176 MHz, CDCl3) & 18.9,

30.3, 32.4, 36.6, 36.8, 47.3, 76.1, 113.4, 134.5, 134.8, 135.6, 144.0; IR (neat) vpg,/cm’’
2957m, 2927w, 2863w, 1580m, 1489m, 792s, 684w, MS (ES): m/z = 330.1 [M+H]+; HRMS

(ES) calcd. for C11H13NOI [M+H]*: 330.0719, found: 330.0717.

Example 2

Methyl 4-ethynylbenzoate (7)
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[0087]

2(a) Methyl 4-iodobenzoate (5)

[0088] 4-lodobenzoic acid (25 g, 100.8 mmol) was suspended in MeOH (250 mL), and conc.
H>SO4 (5 mL) was added and the resultant solution was stirred at reflux overnight. The clear

solution was then cooled slowly to RT, and then to 0 °C. The resultant solid was filtered,
washed with cold MeOH and dried to give 5 as a colourless crystalline solid (23.7 g, 90%): 'H
NMR (600 MHz, CDCls) & 3.90 (s, 3H), 7.73 (d, J = 8.6 Hz, 2H), 7.79 (d, J = 8.6 Hz, 2H): 13C
NMR (176 MHz, CDCl3) 8 52.5, 100.9, 129.8, 131.2, 137.9, 166.7; IR (neat) vpa/cm™' 3040w,

2996w, 2946w, 1709s, 1596m, 1436m, 1269s, 1114s, 843s, 683m; MS (GC): m/z = 261.9 [M]";
Found: C, 36.54; H, 2.71. Calc. for C8H7102: C, 36.67; H, 2.69%.

2(b) Methyl 4-((trimethylsilyl)ethynyl)benzoate (6)

[0089] An oven-dried 500 mL Schlenk flask was evacuated under reduced pressure and
refilled with Ar, before Pd(PPh3)>Cl> (1.18 g, 1.68 mmol), Cul (1.68 g, 1.68 mmol) and § (22.0

g, 83.98 mmol) were added and the flask sealed with a septum. Triethylamine (200 mL) and
trimethylsilylacetylene (13.94 mL, 100.8 mmol) were added and the flask evacuated/filled with
Ar again (3x). The mixture was stirred at RT overnight. The solution was diluted with hexane,
passed through Celite/SiO5 under vacuum, and evaporated to give 6 as an off-white solid (19.8

g). This was carried to the next step without purification: MS (GC): m/z = 232.1 [M]+; Found: C,
66.90; H, 6.88. Calc. for C13H1602Si: C, 67.2; H, 6.94%.

2(c) Methyl 4-ethynylbenzoate (7)

[0090] To a MeOH:DCM solution (2:1, 300 mL) was added 6 (18.5 g, 79.5 mmol) and K>CO3

(22.0 g, 159 mmol). The mixture was stirred under Ar for 6 h. The solution was then
evaporated to 1/3 volume, diluted with hexane, passed through Celite and evaporated to give a
light brown solid, which was purified by sublimation under reduced pressure to give 7 as a

white solid (11.1 g, 83% over two steps): 'H NMR (600 MHz, CDCls) & 3.23 (s, 1H), 3.91 (s,
3H), 7.54 (d, J = 8.4 Hz, 2H,), 7.98 (d, J = 8.6 Hz, 2H); 3C NMR (176 MHz, CDCl3) & 52.5,
80.2, 83.0, 126.9, 129.6, 130.3, 132.3, 166.6; IR (neat) vma/cm ' 3035w, 3006w, 2950w,
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2103w, 1699s, 1605m, 1433m, 1277s, 1107s, 859s; MS (GC): m/z = 160.1 [M]+; Found: C,
74.62; H, 5.01. Calc. for C10H802: C, 74.99; H, 5.03%.

Example 3 (Reference Example)

4-2-[4,4-Dimethyl-1-(propan-2-yl)-1,2,3,4-tetrahydroquinolin-6-yl] ethynylbenzoic acid
(9)

[0091]

3(a) 4-2-[4,4-Dimethyl-1-(propan-2-yl)-1,2,3,4-tetrahydroquinolin-6-ylJethynylbenzoate,
(8)

[0092] An oven-dried Schlenk flask was evacuated under reduced pressure and refilled with
Ar, before Pd(PPh3)>Cl» (0.0744 g, 0.106 mmol), Cul (0.0202 g, 0.106 mmol) and 7 (0.219 g,

1.37 mmol) were added and the flask sealed with a septum. A solution of 4 (0.349 g, 1.06
mmol) in triethylamine (6 mL) was added and the flask evacuated/filled with Ar again (3x). The
mixture was stirred at RT for 72 h. The mixture was diluted with Et>O, passed through

Celite/SiO, under vacuum, and evaporated to give a crude orange solid (0.47 g). This was

purified by SiO, chromatography (hexane:EtOAc, 8:2, with 1% Et3N, as eluent) to give 8 as an

orange solid (0.105 g, 27%): 'H NMR (700 MHz, CDCl3) & 1.21/1.23 (s, 6H), 1.28 (s, 6H,),
1.66-1.71 (m, 2H), 3.19-3.24 (m, 2H), 3.92 (s, 3H), 4.15 (hept, J = 6.6 Hz, 1H), 6.64 (d, J = 8.7
Hz, 1H), 7.24-7.25 (m, 1H), 7.36 (d, J = 1.8 Hz, 1H), 7.54 (d, J = 8.3 Hz, 2H), 7.98 (d, J = 8.3
Hz, 2H): 13C NMR (151 MHz, CDCl3) & 19.1, 30.1, 32.2, 36.7, 36.8, 47.4, 52.3, 86.8, 95.2,
108.0, 110.6, 128.5, 129.5, 129.6, 131.1, 131.2, 131.7, 145.0, 167.0; MS (ES):m/z = 362.2 [M

+ H]+; HRMS (ES) calcd. for C24H28NO2 [M + H]*: 362.2120, found: 362.2114.

3(b) 4-2-[4,4-Dimethyl-1-(propan-2-yl)-1,2,3,4-tetrahydroquinolin-6-yl] ethynylbenzoic
acid (9) (Reference Example)
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[0093]
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[0094] An oven-dried Schlenk flask was evacuated under reduced pressure and refilled with
Ar, before Pd(PPh3)-Cl> (0.253 g, 0.36 mmol), Cul (0.0686 g, 0.36 mmol) and 7 (0.634 g, 3.96

mmol) were added and the flask sealed with a septum. A solution of 4 (1.185 g, 1.06 mmol) in
triethylamine (30 mL) was degassed by sonication under vacuum, and backfilling with Ar (3x).
This solution was then added to the Schlenk flask, degassed under vacuum and backfilled with
Ar once more, and the resultant mixture stirred at RT for 72 h. The reaction mixture was then
evaporated to dryness, and eluted through a thin Celite/SiO, plug with hexane, and then

hexane:EtOAc (9:1). The organics were then washed with sat. NH4CI, 3% aq. EDTA, H>O and
brine, dried (MgSO4) and evaporated to give an orange solid (1.38g). This was dissolved in

THF (30 mL) and aqg. 20% NaOH (3 mL) was added. The resultant solution was stirred at reflux
for 40 h, whereupon the mixture was cooled and H>O added. The solution was neutralised with

5% HCI, diluted with EtOAc, washed with sat. NaHCO3;, H>O and brine, dried (MgSO4) and
evaporated to give a crude yellow solid (1.0 g). This was recrystallised twice by solvent layering
(DCM/hexane) to give 17 as bright yellow needles (0.73 g, 58% over two steps): 'H NMR (700
MHz; (CD3)>S0) & 1.16 (s, 3H), 1.17 (s, 3H), 1.22 (s, 6H), 1.60-1.64 (m, 2H), 3.17-3.21 (m,
2H), 4.15 (hept, J=7.0 Hz),6.70 (d, J =9.3 Hz, 1H), 7.19 (dd, /= 8.6, 2.1 Hz, 1H), 7.30 (d, J =
2.1 Hz, 1H), 7.56 (d, J = 8.5 Hz, 2H), 7.92 (d, J = 8.6 Hz, 2H), 13.02 (s, 1H); '3C NMR (700
MHz, (CD3),SO) & 18.6, 29.7, 31.6, 35.8, 36.1, 46.7, 86.5, 94.9, 106.5, 109.5, 110.5, 128.9,

129.4, 130.7, 130.7, 131.2, 144.7, 166.8; MS (ES):m/z = 348.2 [M+H]+; HRMS (ES) calcd. for
Co3HogNO2 [M + H]+: 348.1964, found: 348.1965.

Example 4 (Reference Example)

3-[4-(1,4,4-Trimethyl-1,2,3,4-tetrahydroquinolin-6-yl)-phenyl]-acrylic acid methyl ester
(13)

[0095]

=
Yoo
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4(a) Methyl-(3-methyl-but-2-enyl)-phenyl-amine

[0096]
0

[0097] In a 500 mL round bottomed flask a solution of N-methylanaline (3.24 g, 30.32 mmol),
1-bromo-3-methyl-but-2-ene (5.0 g, 33.56 mmol) and K,CO3 (4.63 g, 33.56 mmol) in 160 ml

MeCN was heated at 85°C for 18 h at which time analysis via in situ ES*-MS showed the
reaction to be complete. The mixture was diluted with Et;0 (100 mL) and washed with H>,O (3 x
100 mL). The organic layer was dried with MgSQy, filtered and evaporated /in vacuo to give a
crude oil which was filtered through a silica pad, eluting with hexane. The solvent was removed
in vacuo to give the title compound as a clear oil (3.82 g, 72 %); m/z (ES*-MS) 176 (MH*); 'H
NMR (499.76 MHz, CDCl3) 6 7.28 (2H, d, J=7.0 Hz), 6.79 (2H, d, J =7.0 Hz), 6.75 (1H, tr, J =
7.0 Hz), 5.25 (1H, tr, J = 6.0 Hz), 3.93 (2H d, J = 6.0 Hz), 2.93 (3H, s) 1.76 (6H, s); "3C{'H}
NMR (100.61 MHz, CDCl3) 56149.86, 134.54, 129.08, 120.91, 116.42, 112.97, 50.53, 37.91,
25.70. 17.92; HRMS calcd for C1oH1gN ([M + H]+)176.14338, found 176.14336.

4(b) 1,4,4-Trimethyl-1,2,3,4-tetrahydroquinoline

[0098] In a 500 mL round bottomed flask a mixture of methyl-(3-methyl-but-2-enyl)-phenyl-
amine (18.0 g, 102.86 mmol) and polyphosphoric acid (75 mL) was heated at 120°C for 18 h,

at which time analysis of purified aliquot of the mixture via '"H NMR spectroscopy showed the
reaction to be complete. The mixture was diluted by the slow addition of H,O (100 mL) over 5

minutes. The solution was cautiously basified via the addition of aqueous KOH and then
extracted with Et;O (1 L). The organic layer was washed with H>,O (3 x 200 mL), dried with

MgSOQOy, filtered and the solvent removed in vacuo to give a crude oil which was filtered through
a silica pad, eluting with hexane. The solvent was removed in vacuo to give the title compound
as a clear oil (14.93 g, 83 %); m/z (EI-MS) 175 (50%, M*), 160 (60%, M* - Me); '"H NMR
(499.76 MHz, CDCl3) 6 7.23 (1H, dd, J = 7.5, 1.5 Hz), 7.11 (1H, triplet of doublets, J=7.5, 1.5
Hz), 6.63 (1H, triplet of doublets, J=7.5, 1.5 Hz), 6.62 (1H, d, J=7.5 Hz), 3.25 (2H, tr, J=6.0

Hz), 2.92 (3H, s), 1.80 (2H, tr, J = 6.0 Hz); '3C{'H} NMR (125.67 MHz, CDCly) 5145.74,
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131.61, 126.94, 126.02, 116.25, 111.09, 47.88, 39.50, 37.50, 32.19, 31.21, HRMS calcd for
C12H1gN ([M + H]+)176.14338, found 176.14332.

4(c) 6-lodo-1,4,4-trimethyl-1,2,3,4-tetrahydroquinoline

[0099] To a solution of 1,4 4-trimethyl-1,2,3,4-tetrahydro-quinoline (2.10 g, 12.0 mmol) and
iodine (3.05 g, 12.0 mmol) in DCM (100 mL) was added red HgO (2.59 g, 12.0 mmol). The

reaction was stirred at room temperature until analysis via 'TH NMR showed the reaction to be
complete (2 h). The mixture was filtered, washed with dilute aqueous Na>S-,03 (100 mL) and
H>O (100 mL). The organic layer was dried with MgSO4 and the solvent removed in vacuo.
The residue was filtered through an alumina plug, eluting with DCM and the solvent removed in
vacuo to give the title compound as a pale yellow oil (2.50 g, 69 %); m/z (EI-MS) 301 (100%,
M*), 286 (80%, M* - Me): "H NMR (499.67 MHz, CDCl) 57.40 (1H, d, J = 2.0 Hz), 7.32 (1H,
dd, J=8.5,2.0 Hz), 6.35 (1H, d, J= 8.5 Hz), 3.24 (2H, tr, J = 6.0 Hz), 2.89 (3H, s), 1.74 (2H, tr,
J =6.0 Hz) 1.27 (6H, s); 3C{'H} NMR (125.67 MHz, CDCl3) 5144.92, 135.49, 134.34, 127.22,
126.52, 113.35, 47.58, 39.30, 36.87, 32.29, 30.79; HRMS calcd for CioH17NI ([M + H]+)
302.04003, found 302.04008.

4(d) 1,4,4-Trimethyl-6-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1,2,3,4-
tetrahydroquinoline (12)

[0100] In a dry, N5 filled glovebox, Pd(dppf)Cl> (0.126 g, 0.15 mmol), 6-iodo-1,4,4-trimethyl-
1,2,3,4-tetrahydro-quinoline (0.93 g, 3.09 mmol), Bopins (0.78 g, 3.09 mmol) and KOAc (0.61

g, 6.18 mmol) were mixed in a thick walled glass tube fitted with a Young's tap. Degassed
DMSO (10 mL) was added and the mixture heated at 80°C for 18 h, at which time GCMS
analysis showed the reaction to be complete. The mixture was diluted with Et>O (100 mL) and

washed with H>O (3 x 100 mL). The organic layer was dried with MgSQOy, filtered and the
solvent removed in vacuo to give a residue which was filtered through a silica pad, eluting with
1:1 DCM/hexane. Removal of the solvent in vacuo gave a crude product that was recrystallised
from MeOH at-20°C to give 12 as white needles (0.66 g 70 %); mp 140-141°C; m/z (EI-MS)
301 (100%, M*), 286 (100%, M* - Me); "H NMR (699.73 MHz, CDCl3) 57.63 (1H,s) 7.55 (1H,
d, J=8.0 Hz), 6.56 (1H, d, J = 8.0 Hz), 3.29 (2H, tr, J = 6.0 Hz), 2.94 (3H, s), 1.75 (2H, tr, J =
6.0 Hz), 1.33 (12H, s), 1.31 (6H, s);

13C{"H} NMR (175.73 MHz, CDCl,):

0 147.8, 134.4, 132.3, 130.3, 110.1, 83.2, 47.7, 39.2, 37.2, 32.1, 30.7, 25.0, the resonance of
the carbon attached to boron was not observed: "B{'H} NMR (128.38 MHz, CDCl3) & 31.01;
elemental analysis calcd. (%) for C4gH2sBNO5: C 71.77, H 9.37, N 4.65; found: C 71.79, H
9.27, N 4.60.
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4(e) 3-[4-(1,4,4-Trimethyl-1,2,3,4-tetrahydroquinolin-6-yl)-phenyl]-acrylic acid methyl
ester (13) (Reference Example)

[0101]

[0102] In a dry, N filled glovebox, Pd(dppf)Cl> (25 mg, 0.03 mmol), 1,4,4-trimethyl-6-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-1,2,3,4-tetrahydroquinoline (0.49 g, 1.55 mmol), 3-(4-
bromo-phenyl)-acrylic acid methyl ester (0.37 g, 0.83 mmol) and K3PO4-2H5O (0.77 g, 3.10
mmol) were mixed in a thick walled glass tube fitted with a Young's tap. Degassed ‘PrOH (10
mL) and H>O (1mL) were added and the mixture heated at 80 °C for 18 h, at which time

GCMS analysis showed the reaction to be complete. The solvent was removed in vacuo and
the residue dissolve in DCM (100 mL) and washed with H>O (3 x 20 mL). The organic layer

was dried with MgSQy, filtered and the solvent removed in vacuo to give a residue which was
filtered through a silica pad, eluting with DCM. Removal of the solvent in vacuo gave a yellow
solid which was recrystallised from MeOH at -20°C to give yellow white needles of 13 (0.32 g,
62 %); mp 121-123 °C; UV-vis (CHCl3) Amax (€) 380 nm (23900 L mol"! cm™"); Aemy (CHCI3) 536

nm; m/z (ES*-MS) 336 ([M-HJ+); 'H NMR (499.77 MHz, CDCl3) 57.73 (1H, d, J = 16.0 Hz),
7.58 (2H, d, J = 8.5 Hz), 7.56 (2H, d, J = 8.5 Hz), 7.48 (1H, s), 7.37 (1H, d, J = 8.0 Hz), 6.66
(1H, d, J = 8.0 Hz), 6.45 (1H, d, J = 16.0 Hz), 3.83 (3H, s), 3.30 (2H, tr, J = 5.5 Hz), 2.97 (3H,
s), 1.81 (2H, tr, J = 5.5 Hz), 1.35 (6H,s); '3C{'H} NMR (125.67 MHz, CDCl) 5167.87. 145.49,

144.98, 143.89, 131.85 (2 peaks overlapped), 12.71, 127.45, 126.49, 125.63, 124.56, 116.56,
111.28, 51.79, 47.75, 39.40, 37.24, 32.34, 30.97; HRMS calcd for CyoHagNO, ([M-H]+)

336.19581, found 336.19577.

Example 5 (Reference Example)

6-(1,4,4-Trimethyl-1,2,3,4-tetrahydroquinolin-6-yl)-naphthalene-2-carboxylic acid methyl
ester (11)

[0103]

/\/\)'Ln/
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5(a) 6-(5,5-Dimethyl-[1,3,2]dioxaborinan-2-yl)-1,4,4-trimethyl-1,2,3,4-tetrahydroquinoline
(10)

[0104] In a dry, N5 filled glovebox, Pd(dppf)Cl> (0.135 g, 0.17 mmol), 6-iodo-1,4,4-trimethyl-
1,2,3,4-tetrahydro-quinoline (1.0 g, 3.32 mmol), Bopin, (0.75 g, 3.32 mmol) and KOAc (0.65 g,

6.64 mmol) were mixed in a thick walled glass tube fitted with a Young's tap. Degassed DMSO
(10 mL) was added and the mixture heated at 80°C for 18 h, at which time GCMS analysis
showed the reaction to be complete. The mixture was diluted with Et;O (100 mL) and washed

with HoO (3 x 100 mL). The organic layer was dried with MgSOy, filtered and the solvent
removed in vacuo to give a residue which was filtered through a silica pad, eluting with 1:1
DCM/hexane. Removal of the solvent in vacuo gave a crude product that was recrystallised
from MeOH at -20°C to give white needles of 10 (0.80 g, 88 %); mp 151-153°C; m/z (EI-MS)
287 (90%, M*), 272 (100%, M* - Me); 'H NMR (499.77 MHz, CDCl3) 87.64 (1H, d, J = 1.5 Hz),
7.54 (1H, dd, J=8.5, 1.5 Hz), 7.27 (1H, s), 6.57 (1H, d, J = 8.5 Hz), 3.75 (4H, s), 3.28 (2H, tr, J
= 6.0 Hz), 2.94 (3H, s), 1.76 (2H, tr, J = 6.0 Hz), 1.32 (BH, s), 1.02 (6H, s); °C{'H} NMR
(125.67 MHz, CDCl3) 5147.49, 133.29, 131.42, 130.19, 110.09, 72.33, 47.75, 39.24, 37.29,
32.05, 32.03, 30.83, 20.12, the resonance of the carbon attached to boron was not observed;
"B{'H} NMR (128.38 MHz, CDCl3) 5 27.02; elemental analysis calcd. (%) for C17HBNO2: C
71.09,H9.12, N 4.88; found: C 71.00, H9.12, N 4.81.

5(b) 6-(1,4,4-Trimethyl-1,2,3,4-tetrahydroquinolin-6-yl)-naphthalene-2-carboxylic acid
methyl ester, (11)

[0105]

[0106] In a dry, N> filled glovebox, Pd(dppf)Cl> (13 mg, 0.02 mmol), 6-(5,5-dimethyl-
[1,3,2]dioxaborinan-2-yl)-1,4,4-trimethyl-1,2,3,4-tetrahydro-quinoline (0.25 g, 0.87 mmol), 6-
bromo-naphthalene-2-carboxylic acid methyl ester (0.22 g, 0.83 mmol) and K3PO4 2H,0 (0.43



DK/EP 3204357 T3

g, 1.74 mmol) were mixed in a thick walled glass tube fitted with a Young's tap. Degassed
DMSO (15 mL) and H>O (3mL) were added and the mixture heated at 80°C for 18 h, at which

time GCMS analysis showed the reaction to be complete. The mixture was diluted with Et,O
(100 mL) and washed with H>O (3 x 100 mL). The organic layer was dried with MgSQOy, filtered

and the solvent removed in vacuo to give a residue which was filtered through a silica pad,
eluting with DCM. Removal of the solvent in vacuo gave a yellow solid which was recrystallised
from MeOH at -20°C to give yellow white needles of 11 (0.28 g, 94 %); mp 166-167 °C; UV-vis

(CHCl3) Amax (€) 243 nm (53200 L mol-! em"): Aem, (CHCl3) 494 nm; m/z (EI-MS) 359 (100%,
M*), 344 (60%, M*-Me); "H NMR (699.73 MHz, CDCl3) 58.60 (1H, s), 8.06 (1H, dd, J = 8.5, 1.5

Hz), 7.99 (1H, s), 1.97 (1H, d, J = 8.5 Hz), 7.90 (1H, d, J = 8.0 Hz), 7.81 (1H, dd, J = 8.5, 1.5
Hz), 7.60 (1H, d, J = 2.0 Hz), 7.49 (1H, dd, J = 8.5, 2.0 Hz), 6.71 (1H, d, J = 8.5 Hz), 3.99 (3H,

s), 3.32 (2H, tr, J = 6.0 Hz), 2.99 (3H, s), 1.84 (2H, tr, J = 6.0 Hz), 1.39 (6H, s); 3C{'H} NMR
(175.73 MHz, CDCl3) 5 167.55, 145.49, 141.72, 136.29, 131,99, 131.08, 129.74, 128.74,
128.18, 126.62, 126.31, 126.05, 125.62, 124.97, 123.74, 111.41, 52.29, 47.79, 39.43, 37.31,

32.40, 31.03; HRMS calcd for CoqHa5NO, (M) 359.18798, found 359.18789.

Example 6

4-2-[2,4,4-Trimethyl-1-(propan-2-yl)-1,4-dihydroquinolin-6-yllethynylbenzoic acid, (17)

[0107]

6(a) 6-lodo-2,4,4-trimethyl-1-(propan-2-yl)-1,4-dihydroquinoline, (15)

[0108]
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[0109] To a solution of 3 (1.17 g, 3.42 mmol) in anhydrous THF (50 mL) was added MeMgBr
(3.0 M in EtO, 2.28 mL, 6.84 mmol) and the resultant solution stirred at reflux for 16 h. The

solution was cooled, quenched with 20% HCI (1.14 mL) and H50O, diluted with EtOAc, washed
with H>O and brine, dried (MgSO4) and evaporated to give a crude colourless oil (0.95 g). This
was immediately purified by SiO5 chromatography (hexane:EtOAc, 97.5:2.5, with 1% EtaN, as
eluent) to give 15 as a pink oil (0.35 g, 30 %) which was immediately used in the next reaction:
"H NMR (400 MHz, CDCls) & 1.20 (s, 6H), 1.45 (s, 3H), 1.46 (s, 3H), 1.98 (d, J = 0.9 Hz, 3H),
4.16 (hept, J=7.1 Hz, 1H), 4.50 (q, J = 1.2 Hz, 1H), 6.73(d, J = 8.7 Hz, 1H,),7.34 (dd, J = 8.7,
2.2 Hz, 1H), 7.42(d, J= 2.1 Hz, 1H).

6(b) 4-2-[2,4,4-Trimethyl-1-(propan-2-yl)-1,4-dihydroquinolin-6-yllethynyl benzoic acid,
(17)

[0110]

[0111] Pd(PPh3),Cl, (0.073 g, 0.104 mmol), Cul (0.0198 g, 0.104 mmol) and 7 (0.176 g, 1.10

mmol) were added to a Schlenk flask under Ar. The flask was evacuated and refilled with Ar.
15 (0.356 g, 1.04 mmol), dissolved in triethylamine (12 mL), was added and the flask
evacuated/filled with Ar again (3x). The mixture was stirred at RT for 72 h. The solution was
diluted with Et;0, passed through Celite/SiO, under vacuum, and evaporated to give a crude

green solid (0.4 g). This was purified by SiO> chromatography (hexane:EtOAc, 8:2, with 1%
Et3N, as eluent) to give 16 (scheme V) as a pale green solid (0.12 g, 30%). 16 (0.073 g, 0.195

mmol) was then dissolved in THF (10 mL), and to this was added aq. 20% NaOH (2 mL). The
resultant solution was stirred at reflux for 40 h, whereupon the mixture was cooled and H,O

and Et,O added. The solution was acidified to pH 7 with 5% HCI, diluted with Et;O, washed

with brine, dried (MgSOy4) and evaporated to give 17 as a yellow solid (0.070 g, 99%): "TH NMR
(400 MHz; CDCl3) 6 1.24 (s, 6H), 1.47 (s, 3H), 1.49 (s, 3H), 2.01 (d, J = 0.9 Hz, 3H), 4.23
(hept, J = 7.2 Hz, 1H), 4.53 (d, J = 1.1 Hz, 1H), 6.93 (d, J = 8.6 Hz, 1H), 7.27-7.29 (m, 1H),
7.37 (d, J=2.0 Hz, 1H), 7.54 (d, J = 8.3 Hz, 2H), 8.03 (d, J = 8.4 Hz, 2H).

Example 7
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Initial fluorescence characterisation of reference compound 9 of Example 3 and
compound 17 of Example 6

[0112] Absorption and emission spectra of 9 were obtained in a variety of solvents (Fig. 3 and

Fig. 4). Comparison of 9 with EC23® (Fig. 1 and Fig. 2) shows significant increases in the
maximal absorption and emission wavelengths. The fluorescence from 9 was easily detected
at concentrations as low as 1 nM, and solvent-dependent effects were observed, with high
intensity fluorescence detected in non polar solvents, while significant fluorescence quenching
was observed in water, in particular. The fluorescence emission wavelength is also highly
dependent on solvent polarity, with a significant red shift occurring in polar solvents when
compared to non polar solvents. This initial characterisation indicated that when applied to
cells, the fluorescence of 9 could be expected to be discernable in discrete cellular locations,
depending on the local polarity.

[0113] Compound 17 exhibits a similar emission profile to compound 9 (Fig. 6), but also
exhibits a longer maximal absorption wavelength (Fig. 5). This absorption band peaks at
around 379 nm, and trails into the indigo/blue (440 nm). This longer wavelength absorption
band indicates that compound 17 will be more effectively excited than compound 9 with the
405 nm excitation source that is typical on fluorescence microscopes.

Light stability of reference compound 9 of Example 3

[0114] A "H NMR spectrum of compound 9 in DMSO-dg was recorded after storage at ambient

temperature in the absence of light (Fig. 7). The same sample of compound 9 was then

exposed to standard laboratory light at a distance of 30 cm for 72 hours, and the 'H NMR
spectrum recorded (Fig. 8). Compound 9 is stable towards typical laboratory lighting over this
time period, although a small proportion converts to a structurally similar enamine form.
Compound 9 remains stable until around 16 day's exposure, where some indication of
degradation becomes apparent. More significant degradation is observed after 22 day's
exposure, although compound 9 still represents the major constituent of the sample (>60%).

Biological evaluation of reference compound 9 and compound 17

[0115] Defining properties of retinoids are their ability to induce differentiation of specific cell
types and to induce the expression of genes which are directly responsive to retinoic acid by
being linked to DNA of defined sequences (retinoic acid response elements, RARESs) which
binds ligand-activated retinoic acid receptors (RARs), thus enabling recruitment of the gene
transcription machinery to the gene regulatory sequences (promoter) necessary for
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messenger RNA transcripts of the gene to be expressed.

[0116] To show that the fluorescent retinoids exhibit retinoid activity TERA-2 cells (an

embryonal carcinoma cell line) were treated with 1 and 10 uM ATRA, EC23® and compound 9,
and the resultant samples stained with a variety of immunocytochemical stains. Table 1 shows

the result of the treatment of TERA-2 cells with 1 and 10 yM ATRA, EC23® and compound 9,
and with the vehicle solvent, DMSO, on the presence of nestin, an intermediate filament that is
typically expressed in neural stem cells. All conditions were positive for nestin with staining

possibly to a lesser extent in 10 uM EC23® and compound 9 samples.

[0117] Table 2 shows the result of the treatment of TERA-2 cells with 1 and 10 yM ATRA,

EC23® and compound 9, and with the vehicle solvent, DMSO, on the presence of cytokeratin 8
(CK8), a marker of non-neural differentiation. The staining appears less intense in 10 uM

samples of both ATRA and EC23®, as is typical with a reduction in non-neural differentiation,
but slightly brighter with compound 9 when compared with 1 yM samples. DMSO treatment
shows very bright staining for CK8.

[0118] Table 3 shows the result of the treatment of TERA-2 cells with 1 and 10 yM ATRA,
EC23® and compound 9, and with the vehicle solvent, DMSO, on the presence of TUJ-1, a pan

neuronal marker. Samples treated with ATRA, EC23® and compound 9 show significant
staining for TUJ-1, with increased staining evident with 10 uyM treatment. DMSO treated cells
show only limited TUJ-1 staining.

[0119] Table 4 shows the result of the treatment of TERA-2 cells with 1 and 10 yM ATRA,

EC23® and compound 9, and with the vehicle solvent, DMSO, on the presence of Oct 4, a
transcription factor that is a marker of pluripotency. DMSO treated cells show obvious positive
staining for Oct 4, and staining is also evident in 1 uM ATRA treatment. All other conditions do

not exhibit staining for Oct 4, indicating that EC23® and compound 9 readily downregulate
markers of pluripotency through the promotion of differentiation.

[0120] Table 5 shows the result of the treatment of TERA-2 cells with 1 and 10 yM ATRA,

EC23® and compound 9, and with the vehicle solvent, DMSO, on the presence of Sox 2, a
transcription factor that is a marker of pluripotency. DMSO treated cells show obvious positive

staining for Sox 2, with significantly reduced staining in cells treated with ATRA, EC23® and

compound 9. This observations suggests that ATRA, EC23® and compound 9 readily
downregulate markers of pluripotency through the promotion of differentiation.

[0121] Figure 9 shows flow cytometric analysis of TERA-2 cells treated with ATRA, EC23® and
compound 9, and DMSO. The expression of stem cell marker SSEA-3 is measured, which is
generally reduced when cells are treated with retinoids. SSEA-3 flow cytometry shows that
expression of SSEA-3 is significantly decreased in retinoid treated cells compared to DMSO
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treated cells. Compound 9 treated cells showed higher levels of SSEA-3 than ATRA and
EC23® at both 1 and 10 yM treatments.

[0122] Figure 10 shows flow cytometric analysis of TERA-2 cells treated with ATRA, EC23®
and compound 9, and DMSO. The expression of stem cell marker TRA160 is measured, which
is generally reduced when cells are treated with retinoids. TRA160 flow cytometry shows that
expression of TRA160 is significantly decreased in retinoid treated cells compared to DMSO
treated cells. Compound 9 treated cells showed slightly higher levels of TRA160 than ATRA

and EC23® at both 1 and 10 uM treatments.

[0123] Figure 11 shows flow cytometric analysis of TERA-2 cells treated with ATRA, EC23®
and compound 9 and DMSO. The expression of early neuronal marker A2B5 is measured,
which is generally increased when cells are treated with retinoids. A2B5 flow cytometry shows
that expression of A2B5 is significantly increased in retinoid treated cells compared to DMSO

treated cells. ATRA treated cells express higher levels of A2B5 followed by EC23® and
compound 9.

[0124] Table 6 shows phase contrast images of cell populations that have been treated with
ATRA, EC23® and compound 9, and DMSO. In cell populations treated with DMSO, the cells

are small, and densely packed together. In contrast, cell populations treated with ATRA, EC23®
and compound 9 are less dense, and cells are much more spread out.

[0125] Figure 12 and Figure 13 shows an MTT cell viability analysis of 1 and 10 yM treatments

of ATRA, EC23® and compound 9, and DMSO. All treatments exhibit comparable viability to
DMSO, suggesting cells treated with retinoids do not experience significant toxic effects.

[0126] Figure 14 shows TERA-2 cells treated with compound 9 at 10, 1, 0.1, 0.01 uM
concentrations, and imaged using a confocal fluorescence microscope after 7 days. Even at
the lowest treatment concentration, the fluorescence of compound 9 is visible, with 0.1-10 uM
treatments easily imaged. Compound 9 is mainly localised around the nuclear envelope, and
appears also to be localised around other cellular structures.

[0127] Figures 15, 16 and 17 respectively show SHSY5Y cells (neuroblastoma) and fibroblast
cells and TERA-2 cells treated with 10 uM compound 9, and imaged using a confocal
fluorescence microscope after 8 hours (SHSY5Y) and 24 hours (fibroblasts) and 7 days
(TERA-2). Compound 9 is again clearly visible with obvious localisation around the nuclear
envelope.

[0128] Figure 18 shows HaCat keratinocyte skin cells that were treated with 10 uM compound
9 for 5 days, fixed and then imaged with a confocal fluorescence microscope.

[0129] Figure 19 shows HaCat keratinocyte skin cells treated with compound 9 (10 uM) for 5
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days. The fixed coverslips were then stained with Involucrin (green) and K14 (red) and imaged
using a confocal microscope. The fluorescence of compound 9 is coloured in blue. Involucrin
selectively stains Cellular Retinoic Acid Binding Protein (CRABP), which transports retinoids in
and around the nucleus. K14 is a prototypic marker of dividing basal keratinocytes and helps in
the maintenance of epidermal cell shape.

[0130] Figure 21 shows HaCat keratinocyte skin cells treated with compound 17 (10 uM) for 5
days. The fixed coverslips were then stained with Involucrin (green) and K14 (red) and imaged
using a confocal microscope. The fluorescence of compound 17 is coloured in blue. Involucrin
selectively stains Cellular Retinoic Acid Binding Protein (CRABP), which transports retinoids in
and around the nucleus. K14 is a prototypic marker of dividing basal keratinocytes and helps in
the maintenance of epidermal cell shape. As in Fig. 20, the fluorescence from compound 17 is
significantly more intense than that exhibited by compound 9 under identical conditions (Fig.
19).

[0131] Figure 22 shows the Raman spectrum of compound 9. A high intensity acetylene band

is observed at 2190 cm™'. This lies in the cellular silent region (1800-2800 cm™'), wherein
signals of biological origin, such as amide bonds, are not observed. This spectral separation
allows Raman bands in the cellular silent region to be more easily detected when imaging or
analysing cellular samples using Raman microscopy/spectroscopy.
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Patentkrav

1.

Forbindelse med formlen I:

Ré RY
RES R10
R3
R2 ITE R®
R RS

hvori
R! er hydrogen, alkyl C1-10 eller acyl;
R?, R3, R* og R, der kan vare ens eller forskellige, hver er hydrogen eller alkyl C1-4,

eller ssmmen ét par af R? og R* eller R? og R’ reprsenterer en binding;

RS og R’, der kan vare ens eller forskellige, hver er hydrogen, alkyl C1-4, eller R® og R”

sammen danner en gruppe:

10

:CRI IRIZ.
R8 og R?, der kan vzre ens eller forskellige, hver er hydrogen, alkyl C1-10, aryl, aralkyl,

halogen, trifluoralkyl, cyano, nitro, -NR?R®, -OR?, -C(O)R?, -C(O)OR?, - OC(O)R?, -S(O)RRP
og -C(O)NRRY;

15

R!! og R!?, der kan vare ens eller forskellige, hver er hydrogen eller alkyl C1-10; og
R* og R®, der kan vare ens eller forskellige, hver er hydrogen eller alkyl C1-10;
R eren gruppe 11, 111, IV, VII, VIII eller IX:

_ CO,R1
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Vil

| Vil

hvori R!® er hydrogen eller alkyl C1-10; hvor ét par af R*> og R* eller R® og R’
reprasenterer en binding;
og isomerer deraf;

1 fri eller 1 saltform.
2. Forbindelse ifglge krav 1, hvori delen -CO2R!? er i 4-positionen.
3. Forbindelse ifglge krav 1, hvori delen -CO2R!? er i 3-positionen.

4. Forbindelse ifglge krav 1, der er valgt fra gruppen bestaende af:
4-2-[2,4,4-trimethyl-1-(propan-2-yl)-1,4-dihydroquinolin-6-yl]ethynylbenzoesyre,
A7),
og isomerer deraf;

i fri eller i saltform.

5. Fremgangsmade til monitorering af celledifferentiering eller apoptose, hvilken
fremgangsmade omfatter indgivelse af en virksom mangde af en forbindelse med formlen I og

pavisning af fluorescens afgivet af forbindelsen ved fluorescensmedicinsk billeddannelse.
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6. Fremgangsmade til monitorering af celledifferentiering eller apoptose ved billeddannelse
af fordelingen af en forbindelse med formlen 1 ved pavisning af fluorescens afgivet af

forbindelsen.

7. Fremgangsmade til overlejring af fluorescens afgivet af en forbindelse med formlen I
ifglge krav 5 eller 6, med et koncentrationskort beregnet fra Raman-spredningssignaler
stimuleret fra en forbindelse med formlen I for at muligggre oprettelse af et koncentrationskort

for formlen I ex vivo, in vivo eller in vitro.

8. Sammensztning, der omfatter en forbindelse med formlen I ifglge krav 1 1 kombination

med én eller flere farmaceutisk acceptable excipienser.
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Figure 1: Normalised excitation spectra of EC23®in a range of solvents.
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Figure 2: Normalised emission spectra of EC23®in a range of solvents, with excitation at 300 nm.
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Figure 3: Normalised excitation spectra of compound 9 in a range of solvents.
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Figure 4: Normalised emission spectra of compound 9 in a range of solvents, with excitation in the range of
275-300 nm.
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Figure 5: Normalised cxcitation speetrum of compound 17 in chloroform.
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Figure 6: Normalised emission spectrum of compound 17 in chloroform, with excitation at 378 nm.
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Figure 7: tH NMR spectrum of compound 9 in DMSO-ds before exposure to light of a wavelength of 300-400
nm.
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Figure 8: "H NMR spectrum of compound 9 in DMSO-ds after 72 hour exposure to light of a wavelength of
300-400 nm.
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treatment

ATRA

EC23®

Compound

9

DMSO
Nestin is an intermediate
filament expressed in neural
stem cells.
All conditions positive for nestin
with staining possibly to a lesser
extentin 10 uM EC23®and
DC271 samples.

Table 1: Coound 9 activity in stem cells comparcd to ATRA, EC23® and DMSO - Nestin staining,
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1 pM treatment

ATRA

EC23%®

Compound
9

DMSO

Table 2: Compound 9 activity in stem cells compared to ATRA, EC23® and DMSQ - CK8 staining.

Staining appears less intense in
10 M samples of both ATRA and
EC23®butbrighter in DC271
when compared with 1 pM

samples.

treatment

Cytokeratin 8 (CK8) is a marker
of non-neural differentiation.
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1 pM treatment 10 pM treatment

ATRA :

EC23®

Compound

9

DMSO
TUJ-1 is a pan neuronal marker.
Staining appears to be increased
in 10pM samples compared with
1uM and the vehicle control
(DMSO0).

Table 3: Compound 9 activity in stem ccllcmparcd to ATRA, EC23® and DMSO - TUJ-1 staining.



1 puM treatment

ATRA

EC23®

Compound
9

DMSO

DK/EP 3204357 T3

10 uM treatment

Oct 4 is a transcription factor that is
a marker of pluripotency.

The vehicle control (DMS0)
demonstrates positive staining for
the nuclear factor, with the only
other condition positive for
expression being 1 pM ATRA. This
suggests that EC23® and compound
9 readily downregulate markers of
pluripotency, through promoting
differentiation.

Table 4: Compound 9 activity in stem cells compared to ATRA, EC23® and DMSO - Oct 4 staining.
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ATRA

EC23%®

Compound
9

DMSO

treatment

Sox 2 is a transcription factor that is

treatment

a marker of pluripotency. The
vchicle control (DMSO)
demonstrates positive staining for
the nuclear factor, with reduced
staining with all conditions. This
suggests that EC23®and compound
9 retinoids readily down regulate
markers of pluripotency, through
promoting differentiation.

Table 5: Compound 9 activity in stem cells compared to ATRA, EC23® and DMSO - Sox 2 staining,
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Figure 9: Flow cytometry evaluation of compound 9 (DC271) compared to ATRA, EC23® and DMSOQ. The
expression of stem cell marker SSEA-3 is measured. SSEA3 expression is significantly decreased in retinoid
treated cells when compared to the vehicle control (DMSQ). Compound 9 {DC271) treated cells show higher
levels of SSEA-3 than ATRA and EC23®at both treatments concentrations. Generally SSEA-3 expression is
recduced with increasing retinoid concentration.
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Figure 10: Flow cytometry cvaluation of compound 9 (DC271) comparcd to ATRA, EC23®and DMSO. The
expression of stem cell marker TRA160 is measured. TRA160 expression is significantly decreased in
retinoid treated cells when compared to the vehicle control (DMSO). Compound 9 (DC271) treated cells
exhibit slightly higher expression of TRA160 than ATRA and EC23®. Generally TRA160 expression is
reduced with increasing retinoid concentration.
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Figure 11: Flow cytometry evaluation of compound 9 (DC271) compared to ATRA, EC23®and DMSO. The
expression of stem cellmarker A2B5 is measured. A2B5 is an early neuronal marker and is expressed at low
levels in undifferentiated cells (DMSO). Expression is significantly enhanced in retinoid treated samples and
increases with increasing retinoid concentration. ATRA treated cells express higher levels of A2B5 followed

by EC23®and compound 9 (DC271).
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treatment 10 uM treatment

ATRA S '

EC23®

Compound

9

DMSO In DMSO control samples, cells are
small and packed densely together,
whereas in samples treated with
compound 9 and ATRA/EC23®, cells
are spread outand cultures are less
dense.

Table 6: Phase contrast images of cell populations treated with compound 9, ATRA, EC23® and DMS0.
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Figure 12: MTT ccll viability analysis of compound 9 (DC271) with comparison to ATRA, EC23®and DMSO
at a treatment concentration of 1 uM. All treatments exhibit comparable viability to DMSO, suggesting cells
treated with retinoids do not experience significant toxic effects.
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Figure 13: MTT ccll viability analysis of compound 9 (DC271), with comparison to ATRA, EC23@® and DMSO
at a treatment concentration of 10 puM. All treatments exhibit comparable viability to DMSO, suggesting cells
treated with retinoids do not experience sighificant toxic effects.



Figure 14: TERA-2 stem cells treated with compound 9 over a range of concentrations, imaged using
confocal microscope after 7 days.

10uM DC271after 8hrs

¢

Figure 15: SHSY5SY cells (neuroblastoma) treated with compound 9 (10 M), and imaged using a confocal
microscope after 8 hours,
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Figure 16: Fibroblast cells treated with compound 6 (10 M), and imaged using a confocal microscope after
24 hours.,

Figure 17: TERA-2 stem cells treated with compound 9 (10 uM) for 7 days, fixed with 4%
paraformaldehyde, and imaged using a confocal microscaope.



Figure 18: ‘HaCat keratinocyte skin cells treated with compound 9 {10 uM) for 5 days, tixed and then
imaged with a confocal microscope.

Figure 19: HaCat keratinocyte skin cells treated with compound 9 (10 puM) for 5 days. The fixed coverslips
were then stained with Involucrin (green) and K14 (red) and imaged using.a confocal microscope. The
fluorcscence of compound.9 is colourcd in bluc. Involucrin sclectively stains Cellular Retinoic Acid Binding
Protein (CRABP), which Lransports relinoids in and around the nucleus. K14 is 4 protolypic marker of
dividing hasal keratinocytes and helps in the maintenance of epidermal cell shape.
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Figure 20: HaCat keratinocyte skin cells treated with compound 17 (10 uM] for 5 days, fixed and then
imaged with a confocal microscope.

Figure 21: HaCat keratinocyte skin cells treated with compound 17 (10 M) for 5 days. The fixed coverslips
were then stained with Involucrin (green) and K14 (red) and imaged using a confocal microscope. The
fluorescence of compound 9 is coloured in blue. Involucrin sclectively stains Cellular Retinoic Acid Binding
Protein (CRABP), which transports retinoids in and around the nucleus. K14 is a prototypic marker of
dividing basal keratinocytes and helps in the maintenance of epidermal cell shape.
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Figure 22: Raman spectrum of compound 9. A high intensity acetylene band at 2190 cm-? is ohserved in the
‘cellular silent region’ (1800-2800 cm-1).
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