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SYNTHESIS OF PHOTOACTIVABLE CAGED CYCLOFEN-OH AND
DERIVATIVES THEREOF

FIELD OF INVENTION

The present invention relates to a new process of manufacturing of photoactivable caged
precursors, which are useful for understanding the spatiotemporal dynamics of biological
cells. Especially, the invention relates to a process of manufacturing of caged cyclofen-

OH and derivatives thereof, more specifically of compounds of formula (I):

S
O O koN R

R @)

or salts thereof, wherein n, R, R', R?, and R? are as defined below.

BACKGROUND OF INVENTION

Cells respond to external signals by modifying their internal state and their environment.
In multicellular organisms in particular, cellular differentiation and intra-cellular
signaling are essential for the coordinated development of the organism. Revealing and
understanding the spatiotemporal dynamics of these complex interaction networks is a

major goal in biology.

While some of the most important players of these networks have been identified, much
less is known of the quantitative rules that govern their interactions with one another and
with other cellular components. Investigating these interactions requires the development

of means to control or interfere spatially and temporally with these processes.

To address these issues, various approaches have been introduced to control proteins

activity. One of these strategies directly acts at the protein level: the protein of interest is
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first inactivated and the activity of the protein is then restored with an appropriate

stimulus in a controlled manner.

Photoactivation methods have proved particularly attractive for such control of protein’s

activity restoration due to their fast spatio-temporal dynamics.

For that purpose, genetically encoded photoactivable proteins were designed to
intrinsically bear a non-photoactive site which can be activated by an inducer released
upon photo-activation of a small lipophilic caged precursor. This method has been
successfully implemented to photo-control gene expression in eukaryotic systems with

one- and two-photon excitation.

Especially, the Applicant has developed such a system to photocontrol protein activity
(Sinha et al., ChemBioChem, 2010, 11, 653-663). In this system, a steroid-related inducer
was used since various proteins, such as for example Engrailed, Otx2, Gal4, p53, kinases
such as Raf-1, Cre or Flp recombinases, fused to a steroid receptor were shown to be

activated by binding of an appropriate inducer such as cyclofen-OH (Figure 1).

As represented on Figure 1, in absence of this appropriate inducer (Ind), the steroid
receptor (ER'™) forms a cytoplasmic assembly with a chaperone complex (cc),
inactivating the fusion protein (Prot). The function of the protein is restored in the
presence of the inducer which binds to the receptor and disrupts the complex. The
photocontrol of the activity of the targeted protein is performed by fusing it to the
extensively used modified estrogen receptor ligand-binding domain (ER™) specific for

the non-endogenous 4-hydroxy-cyclofen inducer, also called cyclofen-OH.

The Applicant evidenced that photo-releasing cyclofen-OH from a caged precursor (cInd)
is an efficient strategy to restore the function of a protein fused to the ER™ receptor. The
dynamical effects of this system were investigated in cultured cells and in live zebrafish
embryos. This method is compatible with a wide variety of proteins and may open up
opportunities for the local spatio-temporal investigation of developmental pathways, the

identification of stem cells and the study of cancer in a live organism.
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In above-referred study (Sinha et al., ChemBioChem, 2010, 11, 653-663), the Applicant
used 3 caged precursors (cInd, ¢’Ind and ¢’’Ind) obtained through the following route of

synthesis (Scheme 1):

cyclofen-OH
R-O ‘ ‘ o/\/N

O MeoN

cind c'Ind c'ind

Scheme 1. Synthesis of caged precursors cInd, ¢’Ind and ¢”Ind: a) cyclohexanone,
TiCls, Zn, THF, reflux, 2 h; b) CI{CH2)2N(CHs)2- HCI1, K2(CO3, acetone/Hz0, reflux,
18 h; ¢) caging alcohol, P(Ph)s3, diisopropylazo dicarboxylate, THF, sonication, 20 min.

In this route of synthesis, a first step of McMurry coupling enables to introduce the
cyclohexyl ring on 4,4’-dihydroxybenzophenone. Cyclofen-OH is then obtained by
phenol monosubstitution. Caging of cyclofen-OH is then performed by a Mitsunobu

reaction enabling to introduce the caging moiety.
Above route of synthesis presents the drawback to be not very reproducible.

Besides, the overall yields are respectively of 22%, 9.6% and 11% for cInd, ¢’Ind and

¢”Ind. These low yields are not compatible with synthesis at large scales.

Moreover, the caged precursor is obtained from the inducer (cyclofen-OH). A careful
purification of the caged precursor is thus required so that the amount of remaining
inducer in the final product be lower than 2%. Otherwise, the inducer present as an

impurity will directly activate the protein, without control by photo-activation. In order
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to ensure such a low content of cyclofen-OH in the final product, a HPLC purification

was needed. This is also not compatible with a scale-up process.

Above route of synthesis is thus not suitable for providing large amounts of caged
precursors, which are required when dealing with demanded applications in animal

5 models such as mice.

There is thus a need to provide a new process of synthesis of caged precursors of cyclofen-

OH and derivatives thereof.

Patent application WO0O2008/030771 discloses modulators of estrogen receptor for
therapeutic uses. Compounds of W0O2008/030771 are cyclic alkylidene derivatives whose
10 general formula encompasses cyclofen-OH. WO2008/030771 discloses three routes of
synthesis, especially the route of synthesis of Scheme 2 below, leading to compound (8)

via intermediate (7) (example 3 of WO2008/030771):
O

8 (6)

@ ®

Scheme 2. Synthesis of estrogen modulator (8): a) benzylbromide, K2COs, DMF, 60°C,
15 48 h; b) cyclooctanone, TiCls, Zn, THF, 65°C, overnight; ¢) CI{CH2)2N(CHzs)2- HCI,
Cs2C0s3, DMFE, 70°C, overnight; d) Hz, Pd/C, EtOAc, 2 h,
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In this route of synthesis, a first step of phenol monoprotection is followed by a McMurry
coupling to introduce the cycloalkyl ring. The second phenol is then substituted by

alkylation and the final compound is released after deprotection.

With this route of synthesis, the overall yield for protected intermediate (7) is of 22%. As
mentioned above with the other route of synthesis, such low yield is not suitable for

scaling-up the process.

There is thus a need to provide an improved process of manufacturing of caged precursors
of cyclofen-OH and derivatives thereof, being reproducible, providing an overall higher
yield, not requiring sensible purification steps and being suitable for scale-up. The process

of the present invention has such properties, as evidenced in the example part.

DEFINITIONS
In the present invention, the following terms have the following meanings:

“alkoxy” refers to any group —O-alkyl, wherein alkyl is as herein defined. Suitable
alkoxy groups include for example methoxy, ethoxy, n-propoxy, isopropoxy, n-

butoxy, t-butoxy, sec-butoxy, and n-pentoxy.

- “alkyl” refers to a hydrocarbyl radical of formula CaH2nr1 wherein n is a number
greater than or equal to 1. Generally, alkyl groups of this invention comprise {rom
1 to 12 carbon atoms, preferably from 1 to 6 carbon atoms. Alkyl groups may be linear
or branched and may be substituted as indicated herein. Suitable alkyl groups include
methyl, ethyl, propyl (n-propyl, i-propyl, n-butyl), butyl (i-butyl, s-butyl and t-butyl),
pentyl and its isomers (e.g. n-pentyl, iso-pentyl), and hexyl and its isomers (e.g.

n-hexyl, iso-hexyl).

- “alkylamino” refers to a group of formula ~NH(alkyl), wherein alkyl is as herein

defined.

- “alkyloxyaryl” refers to any group —aryl-O-alkyl, wherein aryl and alkyl are as herein

defined.
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“alkyloxycarbonylalkyloxy” refers to any group —O-alkyl-(CO)-O-alkyl, wherein

alkyl is as herein defined.
“amino” refers to the —NIH2 group.

“aryl” refers to a polyunsaturated, aromatic hydrocarbyl group having a single ring
(i.e. phenyl) or multiple aromatic rings fused together (e.g. naphtyl) or linked
covalently, typically containing 5 to 12 atoms; preferably 6 to 10, wherein at least one
ring is aromatic. The aromatic ring may optionally include one to two additional rings
(either cycloalkyl, heterocyclyl or heteroaryl) fused thereto. Aryl is also intended to
include the partially hydrogenated derivatives of the carbocyclic systems enumerated
herein. Non-limiting examples of aryl comprise phenyl, biphenylyl, biphenylenyl,
5- or 6- tetralinyl, naphthalen-1- or -2-yl, 4-, 5-, 6 or 7-indenyl, 1- 2-, 3-, 4- or
5- acenaphtylenyl, 3-, 4- or 5-acenaphtenyl, 1- or 2-pentalenyl, 4- or 5-indanyl, 5-,
6- , 7- or 8-tetrahydronaphthyl, 1,2,3,4-tetrahydronaphthyl, 1,4-dihydronaphthyl, 1-,
2-, 3-, 4- or S5-pyrenyl.

“arylethynyl” refers to a group of formula —C=C-aryl, wherein aryl is as herein

defined.

“arylvinylyl” refers to a group of formula -CH=CH-aryl, wherein aryl is as herein

defined.
“carbamimidoyl” refers to the moiety —C(=NH)-NHoa.

“dialkylamino” refers to a group of formula —N(alkyl)(alkyl), wherein alkyl is as

herein defined.
“haleo” refers to fluoro, chloro, bromo, or iodo.

“haloalkoxy” refers to any group alkoxy group substituted by one or more halo group.

An example haloalkoxy group is —OCFs,

“haloalkyl” refers to any group alkyl group substituted by one or more halo group.

Examples of preferred haloalkyl groups are CCl3 and CBrs.

“salt” refers to the acid addition and base salts thereof. Suitable acid addition salts are

formed from acids which form preferably non-toxic salts. Non-limiting examples
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include the acetate, trifluoroacetate, adipate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate, tetrafluoroborate, camsylate,
citrate, cyclamate, edisylate, esylate, formate, fumarate, gluceptate, gluconate,
glucuronate, hexafluorophosphate, hibenzate, hydrochloride/chloride,
hydrobromide/bromide, hydroiodide/iodide, isethionate, lactate, malate, maleate,
malonate, mesylate, methylsulphate, naphthylate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen
phosphate, pyroglutamate, saccharate, stearate, succinate, tannate, tartrate, tosylate,
trifluoroacetate and xinofoate salts. Suitable base salts are formed from bases which
form preferably non-toxic salts. Non-limiting examples include the aluminium,
arginine, benzathine, calcium, choline, diethylamine, diolamine, glycine, lysine,
magnesium, meglumine, olamine, potassium, sodium, tromethamine, 2-
(diethylamino)ethanol, ethanolamine, morpholine, 4- (2- hydroxyethyl)morpholine
and zinc salts. Hemisalts of acids and bases may also be formed, for example,
hemisulphate and hemicalcium salts. Preferred, pharmaceutically acceptable salts
include hydrochloride/chloride, hydrobromide/bromide, bisulphate/sulphate, nitrate,

citrate, and acetate.

- “sulfonate” refers to group of formula —0OSO2-R, wherein R represents alkyl,
haloalkyl, optionally substituted aryl. Examples of preferred sulfonate groups are

mesylate, triflate and tosylate.

- “vinylcarboxy” refers to a group of formula ~CO-CH=CHoa.

DETAILED DESCRIPTION
Compounds

This invention relates to a process of manufacturing of caged cyclofen-OH and

derivatives thereof, more specifically of compounds of formula (I):
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or salts thereof, wherein

R! represents Ar!, -CO-Ph, -CHz-(0-COR)Ph, -CH2-(0-NO2)Ph or -CO-CO-NR3,

wherein

Ar! represents a phenyl or coumarin group, optionally substituted by one or
more group selected from nitro, alkoxy, halo, hydroxyl, amino, alkylamino,
dialkylamino, alkyloxycarbonylalkyloxy, alkyloxyaryl, aryl, arylvinylyl,
arylethynyl and cyano;

Ph represents a phenyl group, optionally substituted by one or more group
selected from alkoxy, halo, hydroxyl, alkyl, haloalkyl, haloalkoxy, amino,
alkylamino, dialkylamino, alkyloxycarbonylalkyloxy, alkyloxyaryl, aryl,
arylvinylyl, arylethynyl and cyano; and

R represents aryl, alkyl or vinylcarboxy; wherein the aryl group is optionally
substituted by one or more group selected from alkoxy, halo, hydroxyl, alkyl,
haloalkyl, haloalkoxy, amino, alkylamino, dialkylamino,
alkyloxycarbonylalkyloxy, alkyloxyaryl, aryl, arylvinylyl, arylethynyl and

Ccyano;
R! represents H, alkyl, haloalkyl, cyano or aryl;

R? and R’ represent each independently hydrogen, alkyl, carbomimidoyl; or R? and
R* form together with the nitrogen atom to which they are attached an heterocyclic
ring preferably selected from pyrolidinyl, piperidinyl, N-methyl-piperazinyl,

morpholinyl and pyrrolyl; and

n is an integer ranging {rom 1 to 6, preferably nis 1, 2, 3 or 4.

According to one embodiment, R! represents a moiety selected from:
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4 : 8 1" R10 : 9
R R R X R
RS R’ R12 0”0
R6 R13
: R14 . R14 ; R14 )
I R15 . R15 . R15 . 0
o oé\f
R18 R16 R R'IG OzN R16 R’N‘R
R17 9] R17 R']7
wherein

the dotted line represents the point of attachment to the rest of the molecule,
R is as defined in formula (I); and

5 R* R, RS R7, R® R R R! R!?and R' represent each independently H, nitro,
alkoxy, halo, hydroxyl, amino, alkylamino, dialkylamino,
alkyloxycarbonylalkyloxy, alkyloxyaryl, aryl, arylvinylyl, arylethynyl or cyano;

and

R R R R and R'® represent each independently H, alkoxy, halo, hydroxyl,
10 alkyl, haloalkyl, haloalkoxy, amino, alkylamino, dialkylamino,
alkyloxycarbonylalkyloxy, alkyloxyaryl, aryl, arylvinylyl, arylethynyl and cyano.

According to one embodiment, R represents H or methyl, preferably R! represents H.
According to one embodiment, R represents haloalkyl, preferably -CCls or -CBrs.

According to one embodiment, R represents aryl, preferably phenyl.
15 According to one embodiment, n is equal to 1 or 2.

According to one embodiment, R? and R® represent both methyl or R? and R? represent
both ethyl. According to one embodiment, R? represents H and R* represents a

carbomimidoyl group.

According to one embodiment, R? and R form together with the nitrogen atom to which
20 they are attached a heterocyclic ring selected from pyrolidinyl, piperidinyl, N-methyl-
piperazinyl, morpholinyl and pyrrolyl.
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According to one embodiment, compounds of formula (I) are of formula (Ia)

$
O O koN R’

R4 R8

RS R7
R® (Ta)

or salts thereof, wherein
n, R', R? and R? are as defined in formula (I); and

5 R* R’ R R” and R® represent each independently H, nitro, alkoxy, halo, hydroxyl,
amino, alkylamino, dialkylamino, alkyloxycarbonylalkyloxy, alkyloxyaryl, aryl,
arylvinylyl, arylethynyl or cyano.

According to a specific embodiment, R is nitro. According to a specific embodiment, R*

is nitro and R® is H. According to another specific embodiment, R* and R® are both nitro.
10 According to a specific embodiment, R is H.

According to a specific embodiment, R® is an alkoxy, preferably methoxy. According to

another specific embodiment, R® is H.

According to a specific embodiment, R’ is alkoxy, alkyloxycarbonylalkyloxy or
alkyloxyaryl, preferably R’ is methoxy, ethoxy, ethyloxycarbonylmethoxy or
15 methoxyphenyl.

According to one embodiment, compounds of formula (I) are of formula (Ib)
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or salts thereof, wherein
n, R, R? and R? are as defined in formula (I); and

R’ R!% R!', R!? and R" represent each independently H, nitro, alkoxy, halo,
5 hydroxyl, amino, alkylamino, dialkylamino, alkyloxycarbonylalkyloxy,
alkyloxyaryl, aryl, arylvinylyl, arylethynyl or cyano.

According to a specific embodiment, R” is H. According to a specific embodiment, R'? is
H. According to a specific embodiment, R" is H. According to a specific embodiment,

R%, R and R" are H.

10 According to a specific embodiment, R'! is H, alkoxy or halo, preferably R!! is H,

methoxy or bromo.

According to a specific embodiment, R'? is alkoxy, hydroxyl or dialkylamino, preferably

R'? is methoxy, hydroxyl or dimethylamino.

In the present application, when it is referred to compounds of formula (I), it includes

15 references to all subformulae thereof and to specific embodiments relative to substituents.
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Process

The process of the invention comprises a first step of McMurry coupling on 4,4°-
dihydroxybenzophenone, enabling to introduce the cyclohexyl ring. The second step
introduces the caging arylalkyl moiety by phenol monosubstitution. The second phenol

5 group is then alkylated. This route of synthesis is summarized in Scheme 3 below:

.
HOOH HO O O OH - ‘Yo O O OH
R (©)

S
O QS

M

Scheme 3. Route of synthesis of the present invention.

According to one embodiment, the process of the invention is a process of manufacturing

a compound of formula (I) as defined above, comprising the following steps:

10 a) performing a McMurry coupling between 4,4’-dihydroxybenzophenone and

cyclohexanone to form intermediate (A):

HO O O OH (A)

b) performing a phenol monosubstitution on intermediate (A) with caging

halide (B):
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wherein R! and R are as defined in formula (I) and X' represents halo, preferably

X! represents Br or C1, more preferably X' represents Br,

to form intermediate (C):

R*‘\(o O O OH
R

5 wherein R! and R!" are as defined in formula (),

(©)

wherein step b) is performed in the dark, in a solvent in which intermediate (A) and caging

halide (B) are soluble and in which intermediate (C) is not soluble; and

c) alkylating, in the dark, the remaining phenol of intermediate (C) with derivative (D):

R2
N
X2 RS
(D)
10 wherein n, R? and R* are as defined in formula (I) and X? represents halo or

sulfonate, preferably X? represents Cl, Br, I, mesylate, triflate or tosylate, more

preferably X2 represents Cl;

to afford compound of formula (I).
Step a)

15  According to one embodiment, cyclohexanone is used at a proportion ranging from 1 to
10 equivalents compared to 4,4’-dihydroxybenzophenone, preferably at a proportion of

3 to 6 equivalents, more preferably at a proportion of about 4.2 equivalents.

According to one embodiment, step a) is performed in presence of TiCls and zinc.
Advantageously, zinc is used under the form of powder. Advantageously, zinc is activated

20  zinc.
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According to one embodiment, TiCls is used at a proportion ranging from 2 to
15 equivalents compared to 4,4’-dihydroxybenzophenone, preferably at a proportion of

4 to 10 equivalents, more preferably at a proportion of about 6.2 equivalents.

According to one embodiment, zinc is used at a proportion ranging from 2 to
30 equivalents compared to 4,4’-dihydroxybenzophenone, preferably at a proportion of

6 to 20 equivalents, more preferably at a proportion of about 14 equivalents.

According to one embodiment, the solvent used in step a) is selected from tetrahydrofuran
(THF), 1,2-dimethoxyethane (DME), dioxane and tetrahydropyran; preferably the solvent
is THF, more preferably dry THF.

According to one embodiment, the McMurry coupling of step a) is performed at a

temperature ranging from 20 to 100°C, preferably at reflux of the solvent.

According to one embodiment, the McMurry coupling of step a) is performed for a
duration ranging from 0.5 to 24 hours, preferably from 1 to 12 hours, more preferably for

2 hours.

Intermediate (A) obtained in step a) may be purified by flash chromatography or by
precipitation. According to one embodiment, intermediate (A) is purified by flash
chromatography on silica gel, using preferably a mixture cyclohexane/ethyl acetate as
solvent. According to another embodiment, (A) is purified by precipitation and the
solvent of precipitation is selected from dichloromethane, cyclohexane and a mixture

ethyl acetate/cyclohexane.
Step b)

According to one embodiment, caging halide (B) is used at a proportion ranging from
0.5 to 2 equivalents compared to intermediate (A), preferably at a proportion of 0.8 to

1.1 equivalents, more preferably at a proportion of about 0.95 equivalents.

According to one embodiment, the caging halide (B) is a bromide, i.e. X' represents Br.

According to another embodiment, caging halide (B) is a chloride, i.e. X! represents Cl.
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According to one embodiment, step b) is performed in presence of a base, preferably a

base selected from KoCOs3 and Cs2CO3, more preferably the base is K2COs.

According to one embodiment, K2COs3 is used at a proportion ranging from 0.5 to
2 equivalents compared to intermediate (A), preferably at a proportion of 0.8 to

1.1 equivalents, more preferably at a proportion of about 0.95 equivalents.

According to one embodiment, Nal or KI may be added to perform step b) if the

conversion rate is too low.

According to one embodiment, the solvent used in step b) is a solvent in which starting
products are soluble and resulting compound is not soluble. In other words, the solvent
used in step b) is a solvent in which intermediate (A) and caging halide (B) are soluble
and in which intermediate (C) is not soluble. Such solvent enables to easily recover
intermediate (C) as a precipitate by filtration. According to a preferred embodiment, the
solvent used in step b) is a mixture of water and of a miscible organic solvent. Examples
of organic solvents miscible in water are acetonitrile, acetone, dioxane, THF, alcohol
(such as for example methanol, ethanol or butanol). According to one embodiment, the
solvent used in step b) is selected from water, acetonitrile, acetone, dioxane, THF, alcohol
(such as for example methanol, ethanol or butanol) or a mixture thereof; preferably the

solvent is a mixture of acetonitrile and water, more preferably acetonitrile/water 2/1 (v/v).

According to one embodiment, step b) is performed at a temperature ranging from

0 to 100°C, preferably at room temperature.

According to one embodiment, step b) is performed for a duration ranging from

1 to 72 hours, preferably from 4 to 48 hours, more preferably for 16 to 24 hours.

Step b) is performed in the dark in order to avoid degradation of resulting intermediate

(C) which is photosensitive.

Intermediate (C) obtained in step b) forms a precipitate in the conditions of the reaction.

Advantageously, intermediate (C) does not need to be purified to be used in step c).
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Step ¢)

According to one embodiment, derivative (D) is used at a proportion ranging from 1
to 10 equivalents compared to intermediate (C), preferably at a proportion of 1 to

3 equivalents, more preferably at a proportion of about 2 equivalents.

According to one embodiment, step c¢) is performed in presence of a base, preferably a

base selected from Cs2COs3 and K2CO3, more preferably the base is Cs2COs.

According to one embodiment, Cs2C0Os3 is used at a proportion ranging from 2 to
11 equivalents compared to intermediate (C), preferably at a proportion of 2 to

4 equivalents, more preferably at a proportion of about 3 equivalents.

According to one embodiment, the solvent used in step c¢) is selected from acetone,

acetonitrile and dimethylformamide; preferably the solvent is acetone.

According to one embodiment, step c¢) is performed at a temperature ranging from

20 to 155°C, preferably at reflux of the solvent.

According to one embodiment, step c¢) is performed for a duration ranging from 1 to

48 hours, preferably from 6 to 24 hours, more preferably for 18 hours.

Step ¢) 1s performed in the dark in order to avoid degradation of final compound of

formula (I) which is photosensitive.

Final compound (I) obtained in step c) is purified by flash chromatography. According to
one embodiment, compound () is purified by flash chromatography on silica gel, using

preferably a mixture dichloromethane and methanol as solvent.

The process of the invention presents the advantage to have an overall yield of more than
30%, preferably of more than 40%, even more preferably of more than 45%. This overall

yield is twofold compared to process disclosed in the prior art.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a scheme representing the strategy to photo-activate properly engineered
proteins: a protein (Prot) fused to the ER™ receptor (ER™) is inactivated by the assembly
formed with a chaperone complex (cc). Upon photoactivation of a caged precursor (cInd),
a non-endogenous inducer (Ind) is released, which binds to the ER™ receptor and sets the
protein fusion free from its assembly with the chaperone complex. The inducer (Ind) may

be 4-hydroxy-cyclofen (also called cyclofen-OH).

EXAMPLES
The present invention is further illustrated by the following examples.
Abbreviations

ACN: acetonitrile;

DMEF: dimethylformamide;

DMSO: dimethylsulfoxide;

EtOAc: ethyl acetate;

HPLC: high performance liquid chromatography;
HRMS: high resolution mass spectroscopy;

MS: mass spectroscopy;

NMR: nuclear magnetic resonance;

TFH: tetrahydrofurane.

Material

Commercially available reagents were used as obtained. Microanalyses were performed
by the Service de Microanalyses de Gif sur Yvette. The 'H and *C NMR spectra were
recorded at room temperature on Bruker AM 250, 300 or 400 spectrometers; chemical
shifts are reported in ppm with protonated solvent as internal reference (‘H, CHCI3 in
CDCls 7.26 ppm, CHD2SOCDs in CD3SOCDs 2.49 ppm, CHD2COCDs3 in CD3COCDs3
2.05 ppm; “C, BCDClz in CDClz 77.0, CDs;SOCDs in CDsSOCDs 39.7 ppm,
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B3BCD3;COCD: in CD3COCD: 29.9 ppm); coupling constants (J) are given in Hz. Mass
spectra (chemical ionization and high resolution with NHz or CH4) were performed by
the Service de Spectrométrie de Masse de Chimie ParisTech or by the Service de
Spectrométrie de Masse de 'ICOA (Orléans). Column chromatography was performed
on silica gel 60 (0.040-0.063 nm; Merck). Analytical thin-layer chromatography (TLC)

was conducted on Merck silica gel 60 F254 precoated plates.

Example 1: Synthesis of intermediate (A)

Step a): synthesis of 4-(Cyclohexylidene(4-hydroxyphenyl)methyl)phenol (A)

|
AT L,
(A)

Titanium chloride (6.2 ml, 56 mmol) was added dropwise under argon to a stirred
suspension of activated zinc powder (8.20 g, 126 mmol) in dry tetrahydrofuran (80 mL.)
at-10°C. When the addition was complete, the mixture was warmed to room temperature
and then refluxed for 2 h. A solution of 4,4’-dihydroxybenzophenone (2.0 g, 9 mmol) and
cyclohexanone (4 ml., 38 mmol) in dry tetrahydrofuran (120 ml.) was added to the cooled
suspension of the titanium reagent at 0-5°C and the mixture was refluxed for 2 h. After
being cooled to room temperature, the reaction mixture was quenched with 10% (w/v)
aqueous potassium carbonate (30 mL), filtered and extracted with ethyl acetate. The
organic layer was washed with brine, dried over MgS0O4, and concentrated in vacuo. Flash
column chromatography (cyclohexane/ethyl acetate, 3:1, v/v) or precipitation in
dichloromethane afforded (A) as a white powder respectively with (2.15 g, 85%) and
(2.1 g, 81%); precipitation can also be carried out in cyclohexane or in a
EtOAc/cyclohexane mixture, 'H NMR (250 MHz, DMSO-ds, 8): 9.28 (s, 2H),
6.82 (d, 4 H, J=8 Hz), 6.65 (d, 4H, J=8 Hz), 2.14 (m, 4 H), 1.52 (m, 6H); C NMR
(100 MHz, DMSO-ds, 8): 155.5 (2C), 136.2, 133.8, 133.6 (2C), 130.3 (4C), 114.6 (4C),
31.9 (20), 28.1(2C), 26.3.
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Example 2: Svnthesis of compound (I-1)

Step b): synthesis of intermediate 4-((4-(4,5-dimethoxy-2-nitrobenzyloxy)phenyl)

OMe {C-1)
OMe

(cyclohexylidene)methyl)phenol (C-1)

To a mixture of (A) (1 g, 3.5 mmol) and K2COs (470 mg, 3.4 mmol, 0.95 eq) in
acetonitrile (ACN)/H20 (60 ml., 2/1, v/v) was added portionwise 4,5-dimethoxy-2-
nitrobenzyl bromide (B-1) (940 mg, 3.4 mmol, 0.95 eq) over a period of 1 h. The resulting
mixture was stirred in the dark for 16 h. The precipitate was filtered, washed with
ACN/H20 and then dried in vacuo over P20s. A white powder was obtained (1.4 g,
(A)/(C-1)/disubstituted by-product: €/96/4) and used without purification in the next
step. 'H NMR (ppm, 300 MHz, CDCls, 8): 7.77 (s, 1H), 7.35 (s, 1H), 7.04 (AA’ XX, 2H,
J=9Hz),6.97 (AA’XX’, 2H,J=9 Hz), 6.91 (AA’XX’, 2H, J=9 Hz), 6.73 (AA’XX’, 2H,
J=9 Hz), 5.48 (s, 2H), 4.68 (s, 1H), 3.97 (s, 3H), 3.95 (s, 3H), 2.23 (m, 4H), 1.57 (m,
6H). C NMR (75 MHz, DMSO-ds, 8): 156.4, 155.9, 153.3, 148.0, 139.9, 137.1, 136.2,
133.7, 133.5, 130.7 (2C), 130.5 (2C), 122.5, 114.9 (2C), 114.5 (2C), 111.5, 108.4, 66.7,
56.3, 56.2, 32.1 (2C), 28.3 (2C), 26.4; MS (CI, NH3): m/z 493.30 (calculated average
mass for [C2sH20NOe + NHa]": 493.23; HRMS (TOF MS ES+): m/z 476.2077 (calculated
mass for [C2sH20NOs + H]*: 476.2073.
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Step c¢): synthesis of  2-(4-((4-(4,5-Dimethoxy-2-nitrobenzyloxy)phenyl)
cyclohexylidene)methyl)phenoxy)-N,N-dimethylethanamine (I-1)

ORGSR

OMe (-1
OMe

A solution of (C-1) (800 mg, 1.68 mmol) in acetone (50 ml.) was treated with Cs2COs3
(1.64 g, 5 mmol, 3 eq.). 2-(Dimethylamino)ethylchlorid hydrochloride (D-1) (484 mg,
3.36 mmol, 2 eq.) was added portionwise over a period of 30 min and the resulting
suspension was stirred at reflux temperature in the dark for 18 h. After being cooled to
room temperature, the reaction mixture was filtered. The precipitate was washed with
dichloromethane and the solvent was evaporated. Flash chromatography (CH2Cl2/MeOH:
9/1) afforded (I-1) (640 mg, 70% yield). '"H NMR (400 MHz, CDCls, 8): 7.76 (s, 1H),
7.35 (s, 1 H), 7.04 (AA’XX’, 2H, J=9 Hz), 7.00 (AA’XX’, 2H, J=9 Hz), 6.90 (AA’XX,
2H, J=9 Hz), 6.82 (AA’XX’, 2H, J=9 Hz), 5.47 (s, 2H), 4.03 (t, 2H, J= 6 Hz), 3.96 (s,
3 H), 3.94 (s, 3 H), 2.70 (t, 2H, J= 6 Hz), 2.32 (s, 6 H), 2.23 (m, 4H), 1.58 (m, 6H); C
NMR (100 MHz, CDCl3, 6): 157.0, 156.2, 153.8, 147.7,138.9, 138.5, 136.8, 137.7, 133.2,
131.0 (2C), 130.7 (2C), 129.6, 114.3 (2C), 113.8 (2C), 109.4, 107.9, 67.0, 65.8, 58.3,
56.3,56.3,45.8 (20), 32.4 (2C), 28.6 (2C), 26.8.

The overall yield for the synthesis of compound (I-1) from 4,4’-dihydroxybenzophenone
is of 47%.
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Example 3: Svnthesis of compound (1-2)

Step b): synthesis of intermediate 4-((4-(6,7-dimethoxycoumarin)phenyl)

=

(cyclohexylidene)methyl)phenol (C-2)

MeO

MeO o" "0 (C-2)

To a mixture of (A) (100 mg, 0.35 mmol) and K>COs (47 mg, 0.34 mmol, 0.95 eq) in
ACN/MH20 (7 mL, 2/1, v/v) was added 4-bromomethyl-6,7-dimethoxycoumarin (B-2)
(97 mg, 0.34 mmol, 0.95 eq). The resulting mixture was stirred in the dark for 24 h. The
precipitate was filtered, washed with ACN/H20 and then dried in vacuo over P20s. A
white powder was obtained (120 mg, (A)/(C-2)/disubstituted by-product: £/90/10) and
used without purification in the next step. '"H NMR (ppm, 300 MHz, acetone-d6, 8):
7.30 (s, 1H), 7.08 (m, 4H), 6.99 (s, 1H), 6.93 (AA’XX’, 2H, J= 9 Hz), 6.73 (AA’XX",
2H, J= 9 Hz), 6.45 (s, 1H), 5.41 (s, 2H), 3.97 (s, 3H), 3.987 (s, 3H), 2.24 (m, 4H),
1.59 (m, 6H). ’C NMR (75 MHz, CDCI3, 8): 160.3, 156.1, 155.9, 152.7, 151.6, 149.0,
145.8, 136.9, 136.4, 133.5, 132.9, 130.5 (2C), 130.3 (20C), 114.8 (2C), 114.5 (2C), 109.1,
108.7, 105.7, 1003, 654, 56.1, 31.9 (2C), 28.1 (2C), 26.2; MS (ESD: m/z
499.5 (calculated mass for [C31H3006 + H]*": 499.2, m/z 521.5 (calculated mass for
[C31H3006 + Na]*: 521.1).
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Step c¢): synthesis of  2-(4-((4-(4,5-Dimethoxy-2-nitrobenzyloxy)phenyl)
cyclohexylidene)methyl)phenoxy)-N,N-dimethylethanamine (I-2)

NS

MeO X

MeO o” "0 (i-2)

To a mixture of (C-2) (80 mg, 0.16 mmol) and Cs2CO3 (157 mg, 0.48 mmol, 3 eq.) in
acetone (5 mL) was added 2-(dimethylamino)ethylchlorid hydrochloride (D-1) (46 mg,
0.32 mmol, 2 eq.). The resulting suspension was stirred at reflux temperature in the dark
for 18 h. After being cooled to room temperature, the reaction mixture was filtered. The
precipitate was washed with dichloromethane and the solvent was evaporated. Flash
chromatography (CH2Clo/MeOH: 9/1 v/v) afforded (I-2) (60 mg, 66% yield). 'H NMR
(300 MHz, CDCl3, 8): 7.26 (s, 1H), 7.07 (m, 4 H), 7.01 (AA’XX’, 2H, J=9 Hz), 6.95 (s,
1H), 6.85 (AA’XX’, 2H, J=9 Hz), 6.44 (s, 1H), 5.38 (s, 2H), 4.09 (1, 2 H, J= 6 Hz), 3.93
(s, 3H),3.86 (s,3H),2.73 (1, 2 H, J= 6 Hz), 2.30 (s, 6 H), 2.23 (m, 4H), 1.59 (m, 6H);
BC NMR (75 MHz, CDCls, 8): 161.1, 158.3, 157.5, 154.3, 152.0, 150.7, 147.4, 138.9,
137.7,136.6, 134.7, 131.7 (2C), 131.6 (2C), 115.4 (2C), 114.8 (2C), 110.4, 110.4, 106.5,
101.1, 66.9, 66.7, 58.9, 56.8, 56.6, 46.1 (2C), 33.1 (2C), 29.4 (2C), 27.6. MS (ESI): m/z
570.5 (calculated mass for [C3sH3906 + H]*: 570.2.

The overall yield for the synthesis of compound (I-1) from 4,4’ -dihydroxybenzophenone
is of 42%.
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CLAIMS
1. A process of manufacturing of compounds of formula (I)
NG O )
0"t TR
R (D
5 or salts thereof, wherein
R! represents Ar!, -CO-Ph, -CHz-(0-COR)Ph, -CH:-(0-NO2)Ph or

-CO-CO-NR2, wherein

10

15

20

Ar! represents phenyl or coumarin groups, optionally substituted by a
group selected from nitro, alkoxy, halo, hydroxyl, amino, alkylamino,
dialkylamino, alkyloxycarbonylalkyloxy, alkyloxyaryl, aryl, arylvinylyl,
arylethynyl, cyano;

Ph represents a phenyl group, optionally substituted by one or more group
selected from alkoxy, halo, hydroxyl, alkyl, haloalkyl, haloalkoxy, amino,
alkylamino, dialkylamino, alkyloxycarbonylalkyloxy, alkyloxyaryl, aryl,
arylvinylyl, arylethynyl and cyano; and

R represents aryl, alkyl or vinylcarboxy; wherein the aryl group is
optionally substituted by one or more group selected from alkoxy, halo,
hydroxyl, alkyl, haloalkyl, haloalkoxy, amino, alkylamino, dialkylamino,
alkyloxycarbonylalkyloxy, alkyloxyaryl, aryl, arylvinylyl, arylethynyl and

cyano;

R! represents H, alkyl, haloalkyl, cyano, aryl;

R? and R? represent each independently hydrogen, alkyl, carbomimidoyl; or R?

and R? form together with the nitrogen atom to which they are attached an
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heterocyclic ring preferably selected from pyrolidinyl, piperidinyl, N-methyl-
piperazinyl, morpholinyl, pyrrolyl;

n is an integer ranging from 1 to 6, preferably nis 1, 2, 3 or 4, more preferably

nis1or2;
comprising the following steps:

a) performing a McMurry coupling between 4,4’-dihydroxybenzophenone and

cyclohexanone to form intermediate (A):

HO O O OH (A)

b) performing a phenol monosubstitution on intermediate (A) with caging halide
(B):
X1

N

R"R"

wherein R! and R" are as defined in formula (I) and X' represents halo,

preferably X' represents Br or Cl, more preferably X' represents Br,

Wepe
R\RCO OH

to form intermediate (C):

©)
wherein R! and R! are as defined in formula (I),

wherein step b) is performed in the dark, in a solvent in which intermediate (A) and

caging halide (B) are soluble and in which intermediate (C) is not soluble; and

¢) alkylating, in the dark the remaining phenol of intermediate (C) with derivative

D):
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RZ

|
2 Nios
x’\H; R D)

wherein n, R? and R? are as defined in formula (I) and X* represents halo or
sulfonate, preferably X? represents Cl, Br, I, mesylate, triflate or tosylate, more

preferably X? represents CI,

to afford compound of formula (I).

The process according to claim 1, wherein step a) is performed in presence of TiCls

and zinc.

The process according to claim 1 or claim 2, wherein cyclohexanone is used at a
proportion ranging from 1 to 10 equivalents compared to 4,4’-
dihydroxybenzophenone, preferably at a proportion of 3 to 6 equivalents, more

preferably at a proportion of about 4.2 equivalents.

The process according to anyone of claims 1 to 3, wherein the solvent used in step
a) is selected from tetrahydrofuran, 1,2-dimethoxyethane, dioxane and
tetrahydropyran; preferably the solvent is tetrahydrofuran, more preferably dry

tetrahydrofuran.

The process according to anyone of claims 1 to 4, wherein intermediate (A) is
purified by precipitation and the solvent of precipitation is selected from

dichloromethane, cyclohexane and a mixture ethyl acetate/cyclohexane.

The process according to anyone of claims 1 to 5, wherein step b) is performed in
presence of a base, preferably a base selected from K:COs3 and Cs2COs, more

preferably the base is KoCOs.

The process according to anyone of claims 1 to 6, wherein caging halide (B) is used
at a proportion ranging from 0.5 to 2 equivalents compared to intermediate (A),
preferably at a proportion of 0.8 to 1.1 equivalents, more preferably at a proportion

of about 0.95 equivalents.
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The process according to anyone of claims 1 to 7, wherein the solvent used in
step b) is selected from acetonitrile, water, acetone, dioxane, tetrahydrofuran,
alcohol or a mixture thereof; preferably the solvent is a mixture of acetonitrile and

water, more preferably acetonitrile/water 2/1 (v/v).

The process according to anyone of claims 1 to 8, wherein step c¢) is performed in
presence of a base, preferably a base selected from Cs2COs and K2COs, more

preferably the base is Cs2COs.

The process according to anyone of claims 1 to 9, wherein derivative (D) is used at
a proportion ranging from 1 to 10 equivalents compared to intermediate (C),
preferably at a proportion of 1 to 3 equivalents, more preferably at a proportion of

about 2 equivalents.

The process according to anyone of claims 1 to 10, wherein the solvent used in
step c¢) is selected from acetone, acetonitrile and dimethylformamide; preferably the

solvent is acetone,

The process according to anyone of claims 1 to 11, wherein compound (1) is purified

by flash chromatography.
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