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Macrocyclic purines for the treatment of viral infections

This invention relates macrocyclic purine derivatives, processes for their preparation,

pharmaceutical compositions, and their use in treating viral infections.

The present invention relates to the use of macrocyclic purine derivatives in the
treatment of viral infections, immune or inflammatory disorders, whereby the
modulation, or agonism, of toll-like-receptors (TLRs) is involved. Toll-Like Receptors
are primary transmembrane proteins characterized by an extracellular leucine rich
domain and a cytoplasmic extension that contains a conserved region. The innate
immune system can recognize pathogen-associated molecular patterns via these TLRs
expressed on the cell surface of certain types of immune cells. Recognition of foreign
pathogens activates the production of cytokines and upregulation of co-stimulatory

molecules on phagocytes. This leads to the modulation of T cell behaviour.

It has been estimated that most mammalian species have between ten and fifteen types
of Toll-like receptors. Thirteen TLRs (named TLR1 to TLR13) have been identified in
humans and mice together, and equivalent forms of many of these have been found in
other mammalian species. However, equivalents of certain TLR found in humans are
not present in all mammals. For example, a gene coding for a protein analogous to
TLR10 in humans is present in mice, but appears to have been damaged at some point
in the past by a retrovirus. On the other hand, mice express TLRs 11, 12, and 13, none
of which are represented in humans. Other mammals may express TLRs which are not
found in humans. Other non-mammalian species may have TLRs distinct from
mammals, as demonstrated by TLR 14, which is found in the Takifugu pufferfish. This
may complicate the process of using experimental animals as models of human innate

immunity.

For detailed reviews on toll-like receptors see the following journal articles. Hoffmann,
J.A., Nature, 426, p33-38, 2003; Akira, S., Takeda, K., and Kaisho, T., Annual Rev.
Immunology, 21, p335-376, 2003; Ulevitch, R. J., Nature Reviews: Immunology, 4,
p512-520, 2004.

Compounds indicating activity on Toll-Like receptors have been previously described
such as purine derivatives in WO 2006/117670, adenine derivatives in WO 98/01448
and WO 99/28321, and pyrimidines in WO 2009/067081.
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However, there exists a strong need for novel Toll-Like receptor modulators having
preferred selectivity, higher potency, higher metabolic stability, and an improved safety

profile compared to the compounds of the prior art.

5 In the treatment of certain viral infections, regular injections of interferon (IFN-alfa)
can be administered, as is the case for hepatitis C virus (HCV). For more information
reference Fried et. al. Peginterferon-alfa plus ribavirin for chronic hepatitis C virus
infection, N Engl J Med 2002; 347: 975-82. Orally available small molecule IFN
inducers offer the potential advantages of reduced immunogenicity and convenience of

10  administration. Thus, novel IFN inducers are potentially effective new class of drugs
for treating virus infections. For an example in the literature of a small molecule IFN
inducer having antiviral effect see De Clercq, E.; Descamps, J.; De Somer, P. Science
1978, 200, 563-565.

15 IFN-alfa is also given in combination with other drugs in the treatment of certain types
of cancer (refer to Eur. J. Cancer 46, 2849-57, and Cancer Res. 1992, 52, 1056 for
examples). TLR 7/8 agonists are also of interest as vaccine adjuvants because of their
ability to induce pronounced Th1 response (refer to Hum. Vaccines 2010, 6, 1-14, and
Hum. Vaccines 2009, 5, 381—-394 for examples).

20
In accordance with the present invention a compound of formula (I) is provided
NH,
N
N \
’)|\ OH
/
N \ M
\ )N n=1to3
Z\
Y
and pharmaceutically accepted salts thereof, wherein
25

X 1s oxygen, nitrogen, sulfur or
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Y represents an aromatic ring or heterocyclic ring comprising at least a nitrogen,
optionally substituted by one or more substituents independently selected from

Cisalkyl, C;4alkoxy, trifluoromethyl or halogen,

Z represents Cj.jo saturated or unsaturated alkyl optionally substituted by an alkyl or
alkylhydroxyl;

or Z represents Cjsalkyl -NH-C(O)- C;alkyl- or C;salkyl -NH-C(O)- C;alkyl -O-;

or Z represents Cjjpalkyl -O- wherein said alkyl is unsaturated or saturated and can
optionally be substituted by an alkyl or alkylhydroxyl ,

or Z represents C;salkyl-O-C;salkyl- wherein said alkyl is unsaturated or saturated and
can optionally be substituted by an alkyl or alkylhydroxyl

or Z represents C;galkyl-O-Csalkyl-O- wherein said alkyl is unsaturated or saturated
and can optionally be substituted by an alkyl or alkylhydroxyl.

Part of the invention is also those compounds of formula (I) wherein
Xis O, N-C1_4a1kyl, NH, S or

HN/\

Y represents an aromatic ring or heterocyclic ring comprising at least a nitrogen,
optionally substituted by one or more substituents independently selected from C;.
salkyl, C;_4alkoxy, trifluoromethyl, halogen, C(O)NH- C;alkyl, NH(CO)-C,;¢alkyl,
CN, NH-Cyalkyl, N-(Csalkyl),, C(O)-Cyealkyl or OH,

Z represents Cy.jo saturated or unsaturated alkyl optionally substituted by an alkyl or
alkylhydroxyl or OH;

or Z represents Cjsalkyl -NH-C(O)- C;alkyl- or C;salkyl -NH-C(O)- C;alkyl -O-;
or Z represents Cjsalkyl -NCH;3-C(O)- Cjsalkyl- or Cisalkyl -NCH;3-C(O)- Csalkyl -
O-;

or Z represents Cysalkyl —-C(O)-NH- C;salkyl- or Csalkyl —C(O)-NH- C;salkyl -O-;
or Z represents Cjsalkyl —C(O)-NCHs- Csalkyl- or Cysalkyl —C(O)-NCH3s- Csalkyl -
O-;

or Z represents Cj_jpalkyl -O- wherein said alkyl is unsaturated or saturated and can
optionally be substituted by an alkyl or alkylhydroxyl or OH;

or Z represents Cj_jpalkyl -NH- wherein said alkyl is unsaturated or saturated and can

optionally be substituted by an alkyl or alkylhydroxyl or OH;
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or Z represents Cysalkyl-O-Cjsalkyl- wherein said alkyl is unsaturated or saturated and
can optionally be substituted by an alkyl or alkylhydroxyl or OH;
or Z represents Cpsalkyl-O-C;salkyl-O- wherein said alkyl is unsaturated or saturated

and can optionally be substituted by an alkyl or alkylhydroxyl or OH.

5
Preferred compounds having one of the following formula’s according to the invention
were selected from the group of:
H,N
N
OH
N

N7\

>Q N NH,
o N N

jpact
o7 “NF N
N C ©)
H 0
o
10 2 2 2
NH,
NH, N
N
N
N XN | >—OH
)l\ P> \>_°H 0)\ N7 N
o” ~N7 TN
S \

(o] o
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NH, NH, NH,
N XN NTXN e
N—oH | N—oH |)j:\>—OH
0)|\N/ N>— o)\N/ N’>_ o)\N/ N
———
o o] o]
NH, NH,
N| A H—on )Lj Do
o)\N o~ "N N
!/o; L\/ol
or .

Other preferred compounds according to the invention are compounds having the
following numbers (as mentioned in the Tables 1 and 2 respectively): 32, 45, 60, 64,
65, 68, 75,87, 90,91 and 92.

Part of the invention is also a pharmaceutical composition comprising a compound of
formula (I) or a pharmaceutically acceptable salt, solvate or polymorph thereof together

with one or more pharmaceutically acceptable excipients, diluents or carriers.

Furthermore to the invention belongs a compound of formula (I) or a pharmaceutically
acceptable salt, solvate or polymorph thereof or a pharmaceutical composition above

mentioned for use as a medicament.

The invention also relates to a compound of formula (I) or a pharmaceutically
acceptable salt, solvate or polymorph thereof or a pharmaceutical composition above
mentioned for use in the treatment of a disorder in which the modulation of TLR7 is

mvolved.
The term “alkyl” refers to a straight-chain or branched-chain mostly saturated (but in
specific compounds according to the invention being unsaturated) aliphatic

hydrocarbon containing the specified number of carbon atoms.

The term “halogen” refers to fluorine, chlorine, bromine or iodine.
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The term “alkoxy” refers to an alkyl (carbon and hydrogen chain) group singular

bonded to oxygen like for instance a methoxy group or ethoxy group.

Pharmaceutically acceptable salts of the compounds of formula (I) include the acid
addition and base salts thereof. Suitable acid addition salts are formed from acids which
form non-toxic salts. Suitable base salts are formed from bases which form non-toxic

salts.

The compounds of the invention may also exist in unsolvated and solvated forms. The
term “solvate” is used herein to describe a molecular complex comprising the
compound of the invention and one or more pharmaceutically acceptable solvent

molecules, for example, ethanol.

The term “polymorph” refers to the ability of the compound of the invention to exist in

more than one form or crystal structure.

The compounds of the invention can be present in a so-called “tautomer(s)” formation
refering to isomers of organic compounds that readily interconvert by a chemical
reaction called tautomerization. This reaction results in the formal migration of a
hydrogen atom or proton, accompanied by a switch of a single bond and adjacent
double bond.

The compounds of the present invention may be administered as crystalline or
amorphous products. They may be obtained for example as solid plugs, powders, or
films by methods such as precipitation, crystallization, freeze drying, spray drying, or
evaporative drying. They may be administered alone or in combination with one or
more other compounds of the invention or in combination with one or more other
drugs. Generally, they will be administered as a formulation in association with one or
more pharmaceutically acceptable excipients. The term “excipient” is used herein to
describe any ingredient other than the compound(s) of the invention. The choice of
excipient depends largely on factors such as the particular mode of administration, the

effect of the excipient on solubility and stability, and the nature of the dosage form.

The compounds of the present invention or any subgroup thereof may be formulated
into various pharmaceutical forms for administration purposes. As appropriate
compositions there may be cited all compositions usually employed for systemically
administering drugs. To prepare the pharmaceutical compositions of this invention, an

effective amount of the particular compound, optionally in addition salt form, as the
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active ingredient is combined in intimate admixture with a pharmaceutically acceptable
carrier, which carrier may take a wide variety of forms depending on the form of
preparation desired for administration. These pharmaceutical compositions are
desirably in unitary dosage form suitable, for example, for oral, rectal, or percutancous
administration. For example, in preparing the compositions in oral dosage form, any of
the usual pharmaceutical media may be employed such as, for example, water, glycols,
oils, alcohols and the like in the case of oral liquid preparations such as suspensions,
syrups, elixirs, emulsions, and solutions; or solid carriers such as starches, sugars,
kaolin, diluents, lubricants, binders, disintegrating agents and the like in the case of
powders, pills, capsules, and tablets. Because of their ease in administration, tablets and
capsules represent the most advantageous oral dosage unit forms, in which case solid
pharmaceutical carriers are obviously employed. Also included are solid form
preparations that can be converted, shortly before use, to liquid forms. In the
compositions suitable for percutancous administration, the carrier optionally comprises
a penetration enhancing agent and/or a suitable wetting agent, optionally combined
with suitable additives of any nature in minor proportions, which additives do not
introduce a significant deleterious effect on the skin. Said additives may facilitate the
administration to the skin and/or may be helpful for preparing the desired compositions.
These compositions may be administered in various ways, €.g., as a transdermal patch,
as a spot-on, as an ointment. The compounds of the present invention may also be
administered via inhalation or insufflation by means of methods and formulations
employed in the art for administration via this way. Thus, in general the compounds of
the present invention may be administered to the lungs in the form of a solution, a

suspension or a dry powder.

It is especially advantageous to formulate the aforementioned pharmaceutical
compositions in unit dosage form for ease of administration and uniformity of dosage.
Unit dosage form as used herein refers to physically discrete units suitable as unitary
dosages, cach unit containing a predetermined quantity of active ingredient calculated
to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. Examples of such unit dosage forms are tablets (including
scored or coated tablets), capsules, pills, powder packets, wafers, suppositories,

injectable solutions or suspensions and the like, and segregated multiples thereof.

Those of skill in the treatment of infectious diseases will be able to determine the
effective amount from the test results presented hereinafter. In general it is
contemplated that an effective daily amount would be from 0.01 mg/kg to 50 mg/kg
body weight, more preferably from 0.1 mg/kg to 10 mg/kg body weight. It may be
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appropriate to administer the required dose as two, three, four or more sub-doses at
appropriate intervals throughout the day. Said sub-doses may be formulated as unit
dosage forms, for example, containing 1 to 1000 mg, and in particular 5 to 200 mg of

active ingredient per unit dosage form.

The exact dosage and frequency of administration depends on the particular compound
of formula (I) used, the particular condition being treated, the severity of the condition
being treated, the age, weight and general physical condition of the particular patient as
well as other medication the individual may be taking, as is well known to those skilled
10  in the art. Furthermore, it is evident that the effective amount may be lowered or
increased depending on the response of the treated subject and/or depending on the
evaluation of the physician prescribing the compounds of the instant invention. The
effective amount ranges mentioned above are therefore only guidelines and are not

intended to limit the scope or use of the invention to any extent.

15
Overall Scheme in the preparation of final products: method 1
Ny O V2 HCl Na= N B Br
B s o e e
—> N
N/ HoN HZN
E1
j])\ H,N . H,N H,N /
N N
X¥— Br Br Br Br ¥_—0 Br
—_— >< N —_— >= N —_— >Q N
N K:COs, DMF N N
HO (o] (o]
F1 f G1
V4
H,N | / |
/\/ N\ o
BusSn v 4 N __ Grubsu 7/ _ HoieN
Pd(PPhs)s ): N N CHzClz extra dry dloxane
dioxane o

H, NH,,HCI

g o =R
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Synthesis of intermediate D1

At 10°C, 3-bromobenzylamine (11.9 g, 63.96 mmol) was added drop wise to a mixture
of Al (10 g, 60.91 mmol) and C1 (125 mg, 0.97 mmol) in EtOH (100 mL). The
mixture was stirred at RT overnight. 120 mL of NaOH 1N was added drop wise and the
mixture was stirred at RT for 1h. The precipitate was filtered off, washed with a
minimum of cold EtOH and dried to give 12.74 g (75% yield) of intermediate D1.

Nz N

N N Br = Br  Br
\ \7 NBS, THF \ \7/
N - . N
H,N HN
D1

E1

Synthesis of intermediate E1

N-Bromosuccinimide (7.56 g, 42.47 mmol) was added portion wise to a suspension of
D1 (10.7 g, 38.61 mmol) in THF (100 mL) keeping the temperature at 15°C, then the
reaction mixture was stirred at 15°C for 10 minutes. The mixture was poured into an
aqueous solution of NaHCO; and EtOAc. The layers were decanted and separated. The
organic layer was dried over MgSQ,, filtered and solvent was evaporated. The crude
compound was taken up in CH3;CN, the precipitate was filtered off and dried to give
7.5 g (55% yield) of a part of intermediate E1. The filtrate was evaporated and was
purified by chromatography over silica gel (Irregular SiOH 20-45um; mobile phase
(99% CH,Cl,, 1% CH3O0H). The pure fractions were collected and concentrated under
reduced pressure to give 2.8 g (20% yield) of a second batch of intermediate E1.

N Br Br

[0}
N~ N
== AN Br Br AN
_—
H,N )=N
HO
E1

F1

Synthesis of intermediate F1

A mixture of E1 (8.3 g, 23.31 mmol) in urea (14 g, 233.1 mmol) was heated at 160°C
for 4h. Urea (14 g, 233.1 mmol) was added again and the mixture was stirred at 160°C
for 2h. The mixture was cooled to RT and water was added. The precipitate was
triturated and filtered off, washed with water and dried under vacuum at 60°C to give
9.25 g (99% yield) of intermediate F1.
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H,N H,N
N N
Br Br Br Br
AN A\
N \z/ A NG \3/
—_—
>=N K:CO;, DMF )QN
HO (o}
F1 G1

Synthesis of intermediate G1

A mixture of F1 (3 g, 7.52 mmol), 4-Bromo-1-butene (2.29 mL, 22.55 mmol), K,CO3
(3.11 g, 22.55 mmol) in dry DMF (40 mL) was stirred at 50°C for 12h. The solvent was

5  evaporated. The residue was taken up in EtOAc. The organic layer was washed with

water, dried over MgSQ,, filtered and the solvent was evaporated. The crude was
purified by flash chromatography over silica gel (15-40um, 50g, CH,ClL,/CH;OH:
98-2). The pure fractions were collected and evaporated to dryness to give 1.95 g (57%

yield) of intermediate G1.

10
H,N H,N /
N\ Br Br N\ (o] Br
N)\&T NaOMe, MeOH N 7 \ T
—_—
)::N >::N
(o) (0]
G1 H1
V ¥

Synthesis of intermediate H1

At RT, sodium methoxide (30wt% solution in CH3OH) (8.4 mL, 45.24 mmol) was
added drop wise to a mixture of G1 (4.1 g, 9.05 mmol) in CH;OH (100 mL). The

15  mixture was stirred at 60°C for 6h. The mixture was poured into water. The aqueous

layer was extracted with EtOAc. The organic layer was washed with brine, dried over

MgSQ,, filtered and the solvent was evaporated to give 3.8 g (100% yield) of

intermediate H1. The crude compound was directly used in the next step.

H,N /

N o Br H,N / /
7 N
N)i\\&?/ Bu_v,Sn/\/ v\ Yo
N PAPPhY: =y

H1 dioxane o}

e}

/
20
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Synthesis of intermediate 11

The reaction was performed twice in parallel.

A mixture of H1 (2*1.75 g, 8.66 mmol), allyltri-N-butyltin (2*1.32 mL, 8.66 mmol)
and tetrakis(triphenylphosphine)palladium(0) (2*500 mg, 0.87 mmol) in dioxane
(2*17.5 mL) was stirred at 140°C for 1h. The mixture was cooled to RT and was
poured into a KF water solution (1g/100mL). The mixture was stirred for 10 min at RT.
EtOAc was added and the mixture was filtered through a pad of celite®. The celite®
was washed with EtOAc. The layers were decanted. The organic layer was dried over
MgSQ., filtered and the solvent was evaporated. The crude was purified by flash
chromatography over silica gel (15-40um, 120g, CH,ClL/CH3;OH/NH4OH:
98.5/1.5/0.1) The pure fractions were collected and concentrated under reduced

pressure to give 1.76 g (56% yield) of intermediate I1.

)\;ﬁ/ _ Grubbsi
CHzCIz extra dry

1

Synthesis of intermediate J1

IT (950 mg, 2.6 mmol) was added to CH,Cl, extra dry (760 mL) and the resulting
mixture was degassed by bubbling N, through the solution for 30min. Grubbs catalyst
2™ generation (222 mg, 0.26 mmol) was added in one portion and the mixture was
stirred under a N, flow for 24h. The solvent was evaporated and the crude compound
was immediately purified by flash chromatography over silica gel (15-40um, 10g,
CH,Cl,/CH;OH/NH4OH: 98.5/1.5/0.1) The pure fractions were collected and
concentrated under reduced pressure to give 280 mg of intermediate 11 and 200 mg

(23% yield) of intermediate J1 (as a mixture of two isomers E and Z).

H,N N ,
N)\&Y HCI 6N )\S;YOH
>QN N dloxane

(o]

J1
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Synthesis of final compound 1

A mixture of J1 (200 mg, 0.59 mmol) in HCI 6N (2 mL) and dioxane (5 mL) was
stirred at RT for 16h. The mixture was washed with EtOAc (15mL) then the mixture
was basified at 0°C with K,COs (a precipitate appears) and was extracted many times
with EtOAc and CH;OH. The organic layer was dried over MgSQsy, filtered and the
solvent was evaporated. The residue was recrystallized from CH;CN, the precipitate
was filtered off and dried to give 108 mg (56% yield) of compound 1 (mixture of
isomers E/Z 55/45).

Overall Scheme in the preparation of final products: method 2

H,N /
>\§7N\7/ He, PAIC (10%) >\S77/ HCI 6N >\§7Y°H
N7\ J (10%)

)QN MeOH dloxane

(o]

K1 2

Synthesis of intermediate K1

A mixture of J1 (130 mg, 0.39 mmol), Pd/C (10%) (20 mg, 0.02 mmol) in CH;0H
(30 mL) was hydrogenated under an atmospheric pressure of H, for 4h. The catalyst
was removed by filtration through celite®. The celite” was washed with CH;OH. The
filtrate was evaporated to give 126 mg (96% yield) of intermediate K1, used as such in

the next step.

Synthesis of final compound 2

At RT, a mixture of K1 (110 mg, 0.32 mmol) in HCI 6N (1 mL) and dioxane (2 mL)
was stirred for 6h. The mixture was poured into ice and was neutralized with NaOH
3N. The precipitate was filtered off, washed with water, EtOH, then with diethylether
and dried to give 79 mg (75% yield) of compound 2.



WO 2014/009509 PCT/EP2013/064763
13-

Overall Scheme in the preparation of final products: method 3

=T
Nﬁ i) %;

\“/N \/\/\Br
N\/>

K,CO;, DMF Na EtOH
&/N\/\/\
L1 M1
N1
N
ANF OH
B“SS“ _ Gubbsi HCI 6N \
Pd(PPh3)4 CHZCIZ extra dry dloxane
dioxane
o1 P1
N

= N NSNS ' N\\
Ry = Y

K,CO,, DMF

5 L1 M1

Synthesis of intermediate M1

L1 (3.0 g, 32.23 mmol), 5-Bromo-1-pentene (4.8 g, 32.23 mmol) and K,COs (5.34 g,

38.67 mmol) in DMF (75 mL) was stirred at 60°C for 12h. The mixture was

concentrated under reduced pressure. The residue was taken up in EtOAc. The organic
10 layer was washed with water, dried over MgSO,, filtered and the solvent was

evaporated to give 4.6 g (89% yield) of intermediate M1 used as such in the next step.

/
N\\\r N:\;N\v/Br Br Ml N\w/é/ Br
N . \ Na N/ \
Nl\/) H,N N\’® EtOH NfN N\,@
&NM
M1 E1
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Synthesis of intermediate N1
Under a N, flow, sodium (1.42 g, 62.03 mmol) was dissolved into EtOH (80 mL) at
RT. M1 (2.0 g, 12.41 mmol), E1 (4.42 g, 12.41 mmol) in EtOH (20 mL) were added
drop wise and the resulting mixture was stirred at 90°C for 5h under a N, flow. The
5  solvent was evaporated. EtOAc and water were added. The mixture was extracted with
EtOAc. The organic layer was washed with brine, dried over MgSOQ,, filtered and the
solvent was evaporated. The crude was purified by chromatography over silica gel
(Irregular SiOH 20-45um; mobile phase (0.5% NH4OH, 94% CH,CL,, 6% CH;OH).
The pure fractions were collected and concentrated under reduced pressure to give
10 3.15 g (53% yield) of intermediate N1.

H,N '

N
(o] Br Bu.S
N U3 n
N Pd(PPh3)4
dioxane

N N \ NM

N1 o1

Synthesis of intermediate O1

15 A mixture of N1 (0.50 g, 1.04 mmol), allyltri-N-butyltin (0.32 mL, 1.04 mmol) and
tetrakis(triphenylphosphine)palladium(0) (120 mg, 0.10 mmol) in dioxane (4 mL) was
stirred at 140°C for 1h. The mixture was cooled to RT and was poured into a KF water
solution (5 g/100 mL). The mixture was stirred for 10min at RT. EtOAc¢ was added and
the layers were decanted. The organic layer was washed with brine, dried over MgSOy,

20  filtered and the solvent was evaporated. The crude was purified by chromatography
over silica gel (Irregular SIOH 15-40um; mobile phase (0.5% NH4OH, 95% CH,Cl,,
5% CH3;OH). The pure fractions were collected and concentrated under reduced

pressure to give 300 mg (65% yield) of intermediate O1.

M2 N // / HaN N //

N>\§77/0 Grubbs Il . N>\§77/0

N:etN CH.Cl, extra dryN=8QN
& &

25 (o] P

=

Synthesis of intermediate P1
O1 (1.80 g, 4.06 mmol) was added to CH,Cl, extra dry (1080 mL) and the resulting
mixture was degassed by bubbling N, through the solution for 30min. Grubbs catalyst
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2™ generation (346 mg, 0.41 mmol) was added in one portion and the mixture was
stirred at RT under a N, flow for 24h. The mixture was concentrated under reduced
pressure. The crude was purified by flash chromatography over silica gel (15-40um,
120g, CH,Cl,/CH3;OH/NH4OH: 96/4/0.5). The pure fractions were collected and
concentrated under reduced pressure to give 1.47 g of crude product. The residue was
purified by Reverse phase chromatography on (X-Bridge-C18 Sum 30*150mm),
mobile phase (Gradient from 80% NH4HCOs 0.5% pH10 buffer, 20% CH3;CN to 0%
NH4HCO; 0.5% pH10 buffer, 100% CH;CN). The pure fractions were collected and
concentrated under reduced pressure to give 83 mg (5% yield) of intermediate P1 (as a

mixture of two isomers E and Z) and 800 mg of intermediate O1.

HN

OH
HCI 6N \

Synthesis of final compound 3

P1 (40 mg, 0.10 mmol) in HCI 6N (2 mL) and dioxane (2 mL) was stirred at RT for
18h. At 0°C, the mixture was basified with K,CO3 and was extracted with EtOAc and
CH;OH. The organic layer was dried over MgSOQy, filtered and the solvent was
evaporated. The crude was purified by flash chromatography over silica gel (15-40 um,
12 g, CH,Cl,/CH;0OH/NH40OH: 90/10/0.5). The pure fractions were collected and
concentrated under reduced pressure to give 23 mg. The compound was taken up in
diethylether, the precipitate was filtered off and dried to give 15 mg (40% yield) of

compound 3 (as a mixture of two isomers E/Z 70/30).
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Overall Scheme in the preparation of final products: method 4

H,N \ O// H,N . O// H,N .
OH
v\ ?/ H, PAIC10% 7 N HCI 6N 't N
=\ MeOH =y N dioxane “RQN N
N Nz N
&/N X &N Q/N
EZ

o
o
IS

Synthesis of intermediate Q1
A mixture of P1 (70 mg, 0.17 mmol), Pd/C 10% (18 mg, 0.02 mmol) in CH3OH (5 mL)
was hydrogenated under an atmospheric pressure of H, for 4h. The catalyst was
removed by filtration through a pad of celite”. The celite® was washed with CH;OH
and the filtrate was evaporated. The crude was purified by flash chromatography over
silica gel (15-40 um, 10 g, CH,CL,/CH;OH/NH4OH: 96/4/0.5). The pure fractions were

collected and concentrated under reduced pressure to give 50 mg (71% yield) of

intermediate Q1.

Synthesis of final compound 4
Q1 (50 mg, 0.12 mmol) in HCI 6N (1 mL) and dioxane (1 mL) was stirred at RT for
18h. The precipitate was filtered off, washed with dioxane and dried to give 38 mg
(71% yield) of compound 4 (1HCI, 1H,0).
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Overall Scheme in the preparation of final products: method S
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Synthesis of intermediate S1
At 10°C, R1 (7.70 g, 34.79 mmol) in EtOH (30 mL) was added drop wise to a mixture
of Al (5.44 g, 33.14 mmol), C1 (68 mg, 0.53 mmol) in EtOH (25 mL). The mixture
was stirred at RT overnight. 60 mL of NaOH 1N was added drop wise and the mixture
10 was stirred at RT for 1h. The mixture was extracted with CH,Cl, (3 times). The
combined organic layers were washed with brine, dried over MgSQy, filtered and the
solvent was evaporated. The crude was purified by chromatography over silica gel
(Irregular SiIOH 20-45 um; mobile phase (0.1% NH;OH, 98% CH,Cl,, 2% CH;OH).
The pure fractions were collected and concentrated under reduced pressure to give
15 5.1 g (49% yield) of intermediate S1.
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Synthesis of intermediate T1

At 10°C, under a N, flow, N-bromosuccinimide (2.90 g, 16.33 mmol) was added
portion wise to a mixture of S1 (5.1 g, 16.33 mmol) in THF (100 mL). The mixture was
stirred for 10 min at 10°C. The mixture was poured into a solution of NaHCOsz 10% in
water and EtOAc. The layers were decanted. The organic layer was dried over MgSQy,
filtered and solvent was evaporated. The crude was purified by flash chromatography
over silica gel (15-40 um, 80 g, CH,CL/CH3OH 99-1). The pure fractions were

collected and concentrated under reduced pressure to give 3.75 g (59% vyield) of

intermediate T1.

H,N CH,CN

[o}
N N o
[o} N HN o
N> N A 0] N
= X Br X0 X Br
\&7/ N)jy
N —_— ~—N
O>\N
T u1

Synthesis of intermediate Ul

Benzoyl isocyanate (7.05 g, 47.92 mmol) was added to a mixture of T1 (3.75 g,
9.58 mmol) in CH3CN (80 mL) under stirring at RT. The mixture was stirred at RT
overnight. The solvent was evaporated, the residue was dissolved in 2-propanol/25%
aqueous NHs 1:1 (200 mL) and the resulting solution was stirred at RT for 72h. The
solvent was evaporated and the resulting mixture was poured into water, neutralized
with diluted HCI and extracted with EtOAc. The layers were filtered through a pad of

celite®, the celite® was washed with EtOAc. The filtrate was decanted. The organic

layer was dried over MgSO,, filtered and the solvent was evaporated. The crude
compound was purified by flash chromatography over silica gel (15-40 um, 80 g ,
CH,Cl,/CH;OH/NH4OH: 98/2/0.1). The pure fractions were collected and concentrated

under reduced pressure to give 1.70 g (33% yield) of intermediate U1.
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Synthesis of intermediate V1

A mixture of Ul (1.6 g, 2.97 mmol) in NH4OH 25% (160 mL) and iPrOH (160 mL)
was stirred at RT for 72h. iPrOH was evaporated and water was added. The mixture
was extracted with EtOAc. A precipitate appeared between the 2 phases. The
precipitate was filtered off and dried to give 880 mg (68% yield) of intermediate V1.
The organic layer was dried over MgSQOy, filtered and the solvent was evaporated to

give 680 mg of intermediate U1.

)( 0 )( 0
H,N o { HoN 0
N Br N\ Br
SV 7
N 7/ BocHN™ " gt N \
\ ,—N > >= N
>‘N K.COs, DMF N
HO 0
Vi { w1
BocHN

Synthesis of intermediate W1

A mixture of VI (520 mg, 1.20 mmol), tert-butyl N-(3-bromopropyl)carbamate
(570 mg, 2.40 mmol) and K,CO3 (496 mg, 3.59 mmol) in DMF (20 mL) was stirred at
80°C for 5h. After cooling down to RT, the mixture was poured into water and was
extracted with EtOAc. The organic layer was washed with water, brine, dried over
MgSQ,, filtered and the solvent was evaporated to give 800 mg (>100% yield) of

intermediate W1. The crude compound was used directly in the next step.

"N N )B(o /o NaOH 30% " N j /0

r al o
N),\&?/ naor Van ?/ />’<o‘%
o>=N ( o>=N

BocHN BocHN
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Synthesis of intermediate X1

A mixture of W1 (0.60 g, 1.01 mmol), benzyltriethylammonium chloride (11.5 mg,
0.05 mmol) in NaOH 30% (15 mL) and EtOH (15 mL) was stirred at 60°C for 4h. The
mixture was half-concentrated. The pH was adjusted to 5 with HCl 3N. The mixture
was extracted with EtOAc (twice). The combined organic layers were dried over
MgSQ,, filtered and the solvent was evaporated to give 500 mg (98% yield) of

intermediate X1.

w N g N a1
N\ o N\ °
N 74 \ Y 04% HCI 4N in dioxane N 7 \ T OH
N
)QN dioxane )QN
o [o]

BocHN H,N

Synthesis of intermediate Y1

At 0°C, HCI 4N in dioxane (1.25 mL, 4.99 mmol) was added drop wise to a mixture of
X1 (0.50 g, 1 mmol) in dioxane (2.5 mL). The mixture was stirred at RT for 12h. The
mixture was evaporated until dryness to give 450 mg (>100% yield) of intermediate

Y 1. The crude compound was used without any further purification in the next step.

H,N N w 2 H,N
o N_-OH
2 \7/ OH EDCI 2 N
N)i\g’”\ C§ HOBT ! T
; N

DIPEA o
DMF E\
N
H,N Y1 H 5 5

Synthesis of final compound 5

1-(3-Dimethylaminopropyl)-3-cthylcarbodiimide hydrochloride (520 mg, 2.72 mmol)
and 1-hydroxybenzotriazole (367 mg, 2.72 mmol) were slowly added to a mixture of
Y1 (370 mg, 0.91 mmol), diisopropylethylamine (0.78 mL, 4.53 mmol) in DMF
(270 mL).The mixture was stirred at RT for 24h. The solvent was evaporated until
dryness. The residue was taken up in CH,Cl,-CH3OH (90-10) and was washed with
water. A precipitate appeared in the decantation funnel. The precipitate was filtered off
to give 103 mg. This precipitate was taken up in hot EtOH, stirred at reflux for 1h,
cooled to RT and filtered off. The crude was purified by reverse phase on (X-Bridge-
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C18 5 um 30*150 mm), mobile phase (gradient from 75% NH4HCO; 0.5% pHI10
buffer, 25% CH3;OH to 0% NH4sHCO; 0.5% pH10 buffer, 100% CH;OH). The pure
fractions were collected and concentrated under reduced pressure to give 8 mg (pure)
and 50 mg (crude). The crude was purified by reverse phase on (X-Bridge-C18 5 um
5 30*150 mm), mobile phase (gradient from 90% trifluoroacetic acid 0.05%, 10%
CH;O0H to 0% trifluoroacetic acid 0.05%, 100% CH;OH). The pure fractions were
collected and concentrated under reduced pressure to give 20 mg. The 2 fractions (8 mg
and 20 mg) were combined, taken up in dioxane and CH3CN and 0.50 mL of HCI 4N in
dioxane was added. The mixture was stirred at RT for 2h. The precipitate was filtered
10  off and dried to give 28 mg (7% yield) of compound 5 (HCI salt).

Overall Scheme in the preparation of final products: method 6
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Z1 A2 B2

Synthesis of intermediate B2

A solution of ethyl glycolate (10.0 g, 96.06 mmol) in dimethylamine (40% solution in
water) (100 mL) was stirred at RT for 16h and concentrated under vacuum. The residue
was taken up in EtOH and concentrated again. The cycle was performed 3 times to give
9.75 g (98% yield) of intermediate B2.

cl
NaH
rL N DMF e \
Ho/\n/\ + |/ —  » N= \N/ o -
o o
If
N
B2 c2 D2

Synthesis of intermediate D2

At 0°C under a N, flow, NaH (2.16 g, 54.13 mmol) was added to a solution of B2
(4.09 g, 39.69 mmol) in DMF (36 mL) at RT. The mixture was stirred at RT for 30 min
and 6-chloroniconitrile C2 (5.0 g, 36.09 mmol) was added (exothermic) and the
mixture was stirred at RT for 16h. A 10% aqueous solution of NaHCO; (150 mL) was
added, then brine solution was added. The aqueous layer was extracted with EtOAc
(twice). The organic layer was dried over MgSQ,, filtered and the solvent was
evaporated to give 7.0 g (95% yield) of intermediate D2.

H2
Pd/C 10%

N= \_/ o \N— MeOH HzN@o A
= { ) _
> N\ 7
N \—< \ <
o N 5
D2 Eo

Synthesis of intermediate E2

Pd/C 10% (2.0 g) was added to a solution of D2 (7.0 g, 34.11 mmol) in MeOH
(140 mL). The reaction mixture was stirred for 16h at RT under H; atmosphere (1 atm).
Pd/C 10% (1.5 g, 0.04 mmol) was added and the reaction mixture was stirred with the
same conditions for 4h. The catalyst was filtered over a pad of celite”. The celite® was
washed with CH3OH and the filtrate was concentrated under vacuum. This fraction was

combined with another batch before purification.
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The residue was purified by flash chromatography over silica gel (15-40um, 120 g,
CH,Cl,/CH;OH/NH4OH: 92/8/0.5) The pure fractions were collected and concentrated
under reduced pressure to give 2.2 g (27% yield) of intermediate E2.

NHz HCI
)[N\ NG ©/ \L
" NH, \_G
<\

N

HoN — \
VR - +
\_Q%
(o]
E2

F2

Synthesis of intermediate G2

E2 (2.2 g, 10.51 mmol) in EtOH (10 mL) was added drop wise to a solution of F2
(1.64 g, 10.01 mmol) and aniline hydrochloride (20 mg, 0.16 mmol) in EtOH (10 mL)
at 10°C. The reaction mixture was stirred at RT for 20h. An aqueous solution of NaOH
IM (25 mL) was added drop wise to the solution at 10°C and the resulting mixture was
stirred at RT for 1h. The precipitate was filtered off, washed with a minimum of cold
EtOH and dried under vacuum to give 2.25 g (75% yield) of intermediate G2. G2 was

directly used in the next step without further purification.

H2

Synthesis of intermediate H2

A solution of N-bromosuccinimide (1.47 g, 8.24 mmol) in THF (50 mL) was added
drop wise over 25 min to a solution of G2 (2.25 g, 7.49 mmol) in THF (80 mL) at 0°C.
The mixture was stirred at 0°C for 30 min and then at RT for 45 min. The mixture was
taken up in CH,Cl,, washed with a saturated aqueous solution of NaHCO3, then with
brine, dried over MgSQO,, filtered and concentrated. The crude compound was
crystallized from CH3CN, the precipitate was filtered off and dried to give 0.79 g (27%
yield) of intermediate H2. The filtrate was evaporated and the residue was purified by
flash chromatography over silica gel (15-40 um, 50 g, CH,ClL/CH3;OH/NH4OH:
97/3/0.1). The pure fractions were collected and concentrated to give 0.71 g (25%
yield) of intermediate H2.
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Synthesis of intermediate 12

A mixture of H2 (1.4 g, 3.69 mmol) in urea (13.3 g, 221.51 mmol) was heated at 160°C
for 6h. The mixture was cooled to RT and water was added. The precipitate was
triturated and filtered off, washed with water and dried under vacuum at 60°C to give
1.05 g (67% yield) of intermediate 12.

Synthesis of intermediate K2

A mixture of 12 (1.23 g, 2.91 mmol), tert-butyl-N-(3-bromopropyl)carbamate J2
(1.04 g, 4.37 mmol), K,CO;3 (604 mg, 4.37 mmol) in DMF (20 mL) was stirred at 50°C
for 12h. The solvent was evaporated. The residue was taken up in EtOAc. The organic
layer was washed with water, dried over MgSQ,, filtered and the solvent was
evaporated. The residue was purified by flash chromatography over silica gel (15-
40 um, 80 g, CH,Cl,/CH3;OH/NH4OH: 95/5/0.5). The pure fractions were collected and
concentrated to give 0.97 g (57% yield) of intermediate K2

H,N H,N

N)KN\)/ Br uanH N)KN»/O/
)Q N - \ - )Q N —
/\/\o ' \_Q_o ‘—<N_ BocHN/\/\o ’ \_<\jl\l>_o ‘—<OH

Synthesis of intermediate L2

At RT, sodium (446 mg, 19.42 mmol) was added to MeOH (30 mL). The mixture was
stirred until sodium was in solution (exothermic). K2 (750 mg, 1.29 mmol) was added
and the mixture was stirred at 50°C for 16h under a N, flow. Water was added and the
pH was adjusted to 5-6. The aqueous layer was extracted with EtOAc. The organic
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layer was dried over MgSQ,, filtered and the solvent was evaporated to give 0.54 g
(83% yield) of intermediate L2.

H,N
N /
N7 \ \7’0

N
N OH
)§ N — HCI 4M/dioxane N)\S\Y
/\/\o N \_O_o OH dioxane )§N N —
—_— .
BocHN N \_< > N/\/\o \_J o OH
2 {(

(o]
L2 M2

H,N

[o}

Synthesis of intermediate M2

At 0°C, HCI 4M in dioxane (2.68 mL, 10.73 mmol) was added drop wise to a mixture
of L2 (0.54 g, 1.07 mmol) in dioxane (20 mL). The mixture was stirred at RT for 12h.
The mixture was evaporated until dryness to give 0.74 g (>100% yield). The crude

10 compound was used without any further purification in the next step.

H,N H,N

2
N EDCI N
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\ / 6
HN o
o
Synthesis of final compound 6
1-(3-Dimethylaminopropyl)-3-cthylcarbodiimide hydrochloride (675 mg, 3.52 mmol)
15 and hydroxybenzotriazole (476 mg, 3.52 mmol) were slowly added to a mixture of M2
(500 mg, 1.17 mmol), diisopropylethylamine (1.01 mL, 5.87 mmol) in DMF (360 mL).
The mixture was stirred at RT for 24h. The solvent was evaporated until dryness. The
residue was taken up in water. The precipitate was filtered off, washed with water and
dried. The residue was purified by reverse phase chromatography on (X-Bridge-C18 5
20 um 30*150 mm), mobile phase (gradient from 90% trifluoroacetic acid 0.05%, 10%
MeOH to 0% trifluoroacetic acid 0.05%, 100% MeOH). The pure fractions were
collected and concentrated to give 75 mg of compound 6 and 100 mg (crude
precipitate). The pure fraction (75 mg) was taken up in dioxane and CH3;CN and 1mL
of HCI 4N in dioxane was added. The mixture was stirred at RT for 2h. The precipitate
25 was filtered off and dried to give 57 mg (12% yield) of compound 6 (HCI salt).
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Overall Scheme in the preparation of final products: method 7
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Synthesis of intermediate O2
4-Bromo-1-butene (8.6 mL, 84.17 mmol)
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water

was added to a mixture of N2 (15 g,

56.11 mmol), K,COs (23.3 g, 168.33 mmol), tetrabutylammonium bromide (1.81 g,

10

5.61 mmol) in CH3CN (75 mL). The resulting mixture was stirred at reflux for 18h.

The mixture was cooled to RT. The solvent was evaporated. Water and EtOAc were
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added. The layers were decanted. The organic layer was dried over MgSQy, filtered and
the solvent was evaporated. The residue was purified by flash chromatography over
silica gel (15-40 um, 120 g, Heptane/EtOAc: 93-7). The pure fractions were collected
and concentrated to give 14.8 g (82% yield) of intermediate O2.

(o] (o]
N . HCI 1N HA .
K Et,0 K
O P2
AN N

Synthesis of intermediate P2

At 0°C, HC1 1IN (120 mL, 119.47 mmol) was added drop wise to a mixture of O2 (19.2
g, 59.74 mmol) in Et,0 (250 mL). The mixture was stirred at 0°C for 30min then
stirred vigorously at RT for 12h. The resulting layers were decanted. The aqueous layer
was basified until pH 8 with K,COs (powder) then extracted with Et;O (3 times). The

aqueous layer was saturated with K,COs then extracted again with CH,Cl, (2 times).

The organic layers were combined, dried over MgSQs, filtered and the solvent was

evaporated to give 7.9 g (84% yield) of intermediate P2.

(o]
LiAIH,
H,N o H,N oH
k THF
P2 Q2
A A

Synthesis of intermediate Q2
Under a N, flow, LiAlH4 (4.4 g, 114.50 mmol) was suspended into THF (150 mL) at
10°C. P2 (9 g, 57.25 mmol) in THF (150 mL) was added drop wise. The reaction was
allowed to warm to RT and was stirred at RT for 30 min. The reaction was cooled to -
10°C and was quenched by the addition of water (5 mL), NaOH 3N (5 mL) and again
water (14 mL). The suspension was filtered through a pad of celite™. The celite® was
washed with THF and the filtrate was concentrated under vacuum. The residue was
taken up in EtOAc, dried over MgSQOy, filtered and the solvent was evaporated to give
5.3 g (80 % yield) of intermediate Q2.
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\{ AN \{

DMAP

CH.Cl,
Synthesis of intermediate R2
At 0°C, tert-butyldimethylsilyl chloride (1.31 g, 8.68 mmol) was added to a mixture of
Q2 (1.0 g, 8.68 mmol), Et;N (1.33 mL, 9.55 mmol), 4-dimethylaminopyridine (106 mg,
0.87 mmol) in CH,Cl, (30 mL). The mixture was stirred at RT for 24h. Water was

added and the layers were decanted. The organic layer was dried over MgSOQ., filtered
and the solvent was evaporated to give 1.70 g (85% yield) of intermediate R2.

OH OH
N HNnguming‘ X NO;
\S)l\ =2 OH TrA \S)l\N/ OH
S2

Synthesis of intermediate S2

A solution of 4,6-dihydroxy-2-methylthiopyrimidine (50 g, 316.09 mmol) in trifluoro-
acetic acid (210 mL) was stirred at RT for 30 min. The mixture was cooled to 5°C then
HNO; fuming (19.5 mL, 426.73 mmol) was added drop wise at 5°C. The temperature
was maintained at 10-15°C during the addition. The ice bath was removed and when
the temperature reached 20°C, a violent exothermic event occurred (from 20°C to 45°C
in 5 seconds). The mixture was stirred at RT for 16h. The mixture was poured into a
mixture of water and ice. The precipitate was filtered off and washed with water. The
precipitate was dried under vacuum at 50°C to give 42 g (65% yield) of intermediate
S2. This intermediate was directly used in the next step without any further

purification.

NO N N
N 2 7N N 0,
)l\ )l\
s ~
s SN NoH POCI; g cl
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Synthesis of intermediate T2

N,N-dimethylaniline (76.7 mL, 0.61 mol) was added drop wise to POCl; (93.7 mL,
1.01 mol) at 0°C. S2 (41 g, 201.79 mmol) was added portion wise at 0°C then the
mixture was warmed to 100°C for 2h. The solution was concentrated under vacuum
and the residual POCl; was removed by azeotropic evaporation with toluene (3 times).
The resulting oil was taken up in a solution of CH,Cl,-Heptane (70-30) and was filtered
through a glass filter of SiO,. The filtrate was concentrated and the residue was purified
by preparative LC on (Irregular SIOH 20-45 um 1000 g DAVISIL), mobile phase (80%
Heptane, 20% CH,Cl,). The pure fractions were collected and concentrated to give
37.8 g (78% yield) of intermediate T2.

Cl Cl

N i N
N 0O NH; 2M/iPrOH Nl SN 0,
A an
Z 3 ~
~ S N Cl THF ~ S N NH,
T2 U2

Synthesis of intermediate U2

A solution of NH; 2M in iPrOH (115 mL, 229.31 mmol) was added drop wise to a
solution of T2 (36.7 g, 152.87 mmol) and Et;N (23.4 mL, 168.16 mmol) in THF
(360 mL) (the temperature was maintained at RT with an ice-water bath during the
addition). The reaction mixture was stirred at RT for Sh. The mixture was evaporated to
dryness. Water and EtOAc were added to the residue. The layers were separated and
the aqueous layer was extracted with EtOAc (twice). The combined organic layers were
dried over MgSOQ,, filtered, and the solvent was removed under reduced pressure to
give 34.5 g (100% yield) of intermediate U2.

Cl

ci
~_0_¢
NO. hg N
NI A 2 o Nl)i Oz
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z )\ Z
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7 NZ N,
THF )\
u2 v2 o o\

Synthesis of intermediate V2

Ethyl chloroformate (13.5 mL, 138.90 mmol) was added to a solution of U2 (39.8 g,
126.27 mmol) and EtsN (26.5 mL, 189.40 mmol) in THF (1300 mL). The mixture was
stirred at RT for 6h and the solvent was partially evaporated under reduced pressure.
The residue was taken up in CH,Cl, and water. The layers were separated; the aqueous

layer was extracted with CH,Cl, (twice). The combined organic layers were dried over
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MgSOQy, filtered and the solvent was removed under reduced pressure. The residue was
purified by preparative LC on (Irregular SiIOH 20-45 um 1000 g DAVISIL), mobile
phase (gradient from 85% heptane, 15% AcOEt to 80% heptane, 20% AcOEt). The

pure fractions were collected and concentrated to give 35 g (95% yield) of intermediate

V2.
Cl cl
NG, N
N X KoCO; XN
P et P
\S N NH acetone - \S N/ N
™ )\
v2 o)\o \/\©/\CI 0 o
k X2 )

w2 |

Synthesis of intermediate X2

A mixture of V2 (5.0 g, 17.08 mmol), W2 (2.85 g, 17.08 mmol), K,CO; (3.54 g,
25.6 mmol) and Nal (2.56 g, 17.08 mmol) in acetone (200 mL) were stirred at RT for
48h. The mixture was filtered off and the filtrate was evaporated to dryness. The
residue was purified by flash chromatography over silica gel (15-40 um, 220 g,
CH,Cly/heptane 50-50). The pure fractions were collected and concentrated to give
7.4 g (100% yield) of intermediate X2.

cl NH,
Nl/%[Noz -, Nl NG
NE W NP P
0)\0 0)\0

Synthesis of intermediate Y2

A solution of X2 (7.20 g, 17.03 mmol) and NH; 30% in water (100 mL) in THF
(100 mL) was stirred at RT for 2h. Solvent was removed under reduced pressure. The
residue was suspended in water and extracted with CH,Cl,. The organic layer was
washed with water and dried over MgSO,, filtered and the solvent was evaporated
under vacuum to give 7.1 g (100% yield) of intermediate Y2 (a yellow oil). This

intermediate was directly used in the next step.
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Synthesis of intermediate Z2
3-chloroperoxybenzoic acid (2.44 g, 9.91 mmol) in CH,Cl, (20 mL) was added drop
wise to a solution of Y2 (2.0 g, 4.96 mmol) in CH,Cl, (100 mL) at RT. The mixture
5 was stirred at RT for 20h. An aqueous solution of Na;S;03 (5eq) was added to the
mixture. The layers were separated and the aqueous layer was extracted with CH,Cl,
(twice). The combined organic layers were washed with a saturated aqueous solution of
NaHCOs;, dried over MgSQ,, filtered and the solvent was removed under reduced
pressure to give 2.70 g (>100% yield) of intermediate Z2. This intermediate was

10 directly used in the next step without further purification.

NH

N
g J:i CHsCN

R

Synthesis of intermediate A3

A mixture of Z2 (2.16 g, 4.96 mmol), R2 (1.70 g, 7.44 mmol) and Et;N (1.04 mL,
15 7.44 mmol) in CH3;CN (70 mL) was stirred at RT for 2h. Water was added and the

mixture was extracted with EtOAc (twice). The organic layer was washed with brine,

dried over MgSQy, filtered and the solvent was evaporated. The residue was purified by

flash chromatography over silica gel (15-40 um, 90 g, CH,CL,/CH30H/99.5-0.5). The

pure fractions were collected and concentrated to give 1.10 g (38% yield) of
20  intermediate A3.

NH,
NO, H,

X
Nl Sl/o N

)\N/ N __ Grubbsu /
)\ CH2CI2 extra dry
o )o
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Synthesis of intermediate B3

A3 (1.05 g, 1.80 mmol) was added to CH,Cl, extra dry (230 mL) and the resulting
mixture was degassed by bubbling N, through the solution for 30 min. Grubbs catalyst
2™ generation (153 mg, 0.18 mmol) was added in one portion and the mixture was
stirred at RT under N, flow for 24h. The mixture was concentrated. The residue was
purified by preparative LC on (irregular SiOH 15-40 um 300 g MERCK), mobile phase
(80% heptane, 20% AcOEt). The pure fractions were collected and concentrated to give
0.70 g (70% yield) of intermediate B3.

NH,

NH

\Si/o X NO, 2
>( N | 0 AcOH HO NTX—N

)\ Z /( Fe | \>—0H

N N N 0 - _

H water N N N
S H
B3

Synthesis of final compound 7

Fe (385 mg, 6.90 mmol) was added to a mixture of B3 (640 mg, 1.15 mmol) in AcOH
(6.8 mL) and water (1.36 mL). The mixture was heated at 100°C using one single mode
microwave (Biotage Initiator) with a power output ranging from 0 to 400 W for 40 min.
The mixture was filtered on a pad of celite® and rinsed with AcOH. The filtrate was
concentrated under vacuum and co-evaporated with toluene (twice) to dryness. The
residue was taken up in CH,Cl,/MeOH/NH4OH 90-10-0.5. A precipitate was filtered
(the precipitate (1.0g) contained expected compound) and the filtrate was evaporated to
be purified by chromatography;

The residue (of filtrate) was purified by flash chromatography over silica gel
(15-40 um, 80 g, CH,Cl/CH3:OH/NH4OH: 90-10-0.5). The pure fractions were
collected and evaporated to give 52 mg of fraction 1.

The precipitate previously obtained was purified by chromatography (the compound
and SiO, were mixed before elution). The residue was purified by flash
chromatography over silica gel (15-40 um, 25 g, CH,Cl,/CH;OH/NH4OH: 90-10-0.5).
The pure fractions were collected and concentrated to give 80 mg of fraction 2.
Fraction 1 and fraction2 were combined, and then solidified from CH;CN to afford 95
mg (23% yield) of compound 7 (E isomer with 3.5% of Z isomer).
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Overall Scheme in the preparation of final products: method 8
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Synthesis of intermediate C3

V2 (1.7 g, 5.8 mmol), 3-methoxybenzyl chloride (0.93 mL, 6.4 mmol), K,COs (2 g,
14.5 mmol) and sodium iodide (0.87 g, 5.8 mmol) in acetone (60 mL) were stirred at

RT for 16h. The solution was filtered off and the filtrate was evaporated under reduced

10  pressure. The crude product was purified by preparative LC (irregular SiOH 15-40 pum,
80 g Merck, mobile phase heptane/CH,Cl, 70/30). The pure fractions were collected

and concentrated to give 1.4 g (58% yield) of intermediate C3.
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Synthesis of intermediate D3

C3 (1.4 g, 3.4 mmol) was stirred in NHz 30% in water (30 mL) and THF (30 mL) at RT

for 16h. The mixture was concentrated and the residue was dried by azeotropic
5  evaporation with EtOH (twice) to give 1.3 g (97% yield). The crude product was used

without further purification in the next step.

NH,

NO,
NS | m CPBA
~N )l\ ~ o J\
s N /'L T cheL
D3 © (o] E3 O O

Synthesis of intermediate E3
10 3-chloroperoxybenzoic acid (2.04 g, 8.3 mmol) was added to a solution of D3 (1.3 g,
3.3 mmol) in CH,Cl, (80 mL) at RT. The mixture was stirred at RT for 20h. An
aqueous solution of Na,S,0; (2.61 g, 16.52 mmol) was added to the mixture. The
layers were separated and the aqueous layer was extracted with CH,Cl, (twice). The
combined organic layers were washed with a saturated aqueous solution of NaHCOs,
15 dried over MgSQy, filtered and the solvent was evaporated to give 1.4 g (100% yield)

of intermediate E3.

NH, NH,

OH
X NO, H,NT NN
~ Jl\ Z 0 K.CO;
S0, °N N/\©/ CH;CN /g\©/
Es)o (o] H)

Synthesis of intermediate F3
20 A mixture of E3 (1.4 g, 3.3 mmol), 4-amino-1-butanol (0.45 mL, 3 mmol) and K,CO3
(414 mg, 4.9 mmol) in CH3CN (65 mL) was stirred at 80°C for 1h30. The salts were
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filtered and water was added to the filtrate. The mixture was extracted with CH,Cl,
(twice). The organic layer was dried over MgSQ,, filtered and the solvent was
evaporated. The crude was purified by preparative LC (irregular SiOH 15-40 um, 80 g
Merck, mobile phase CH,Cl,/MeOH/NH4sOH 98/2/0.1). The pure fractions were
collected and concentrated to give 1.2 g (84% yield) of intermediate F3.

o S

Synthesis of intermediate G3
Fe (1.54 g, 27.6 mmol) was added to a mixture of F3 (1.2 g, 2.76 mmol) in AcOH
(24 mL) and water (8.6 mL). The mixture was stirred vigorously at RT for 24h. The

reaction mixture was concentrated under vacuum and the residue was diluted with

NH2

EtOAc and water. The mixture was filtered on a pad of celite® and rinsed with EtOAc.
The layers were separated and the organic layer was washed with a saturated aqueous
solution of NaHCOs; (twice), then brine, dried over MgSO,, filtered and concentrated
under vacuum. The residue was purified by chromatography over silica gel column
(15-40 um, 40 g) in CH,Cl,/MeOH/NH4OH (90/10/0.5). The pure fractions were
collected and concentrated. This fraction was solidified from CH3;CN/diisopropylether
to give 0.70 g (71% yield) of intermediate G3.

(H )\)éj_w %;H )\)éj_w

Synthesis of intermediate H3

At -60°C, under a N; flow, BBr; (5.6 mL, 5.6 mmol) was added drop wise to a mixture
of G3 (400 mg, 1.1 mmol) in CH,Cl, (40 mL). The mixture was stirred at -60°C for 1h,
and then at RT for 12h, under a N, flow. ImL of CH3OH was added drop wise at 0°C.
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The mixture was then poured into a saturated solution of K,COs in water. The mixture
was extracted with a solution of CH,Cl,/MeOH. The organic layer was dried over
MgSQ,, filtered and the solvent was evaporated. The crude compound was purified by
chromatography over silica gel column (15-40 um, 40 g) in CH,Cl,/MeOH/NH4,OH
(90/10/0.5). The pure fractions were collected and concentrated. The residue was
solidified from CH;CN/diisopropylether to give 265 mg (69% yield) of intermediate

H3.
NH NH
2 PPh; z
N DIAD N
NT X N7 X
\>_0H _— N—oH
)l\ = THF )l\ Z~N
HN N N HN

N

Iy I

Synthesis of final compound 8

At RT under a N, flow, a solution of diisopropylazodicarboxylate (0.27 mL, 1.36
mmol) in THF (5 mL) was slowly added drop wise to a mixture of H3 (235 mg, 0.68
mmol), PPh; (358 mg, 1.36 mmol) in THF (50 mL). The mixture was stirred at RT for
6h. The reaction mixture was poured into ice-water and EtOAc was added. The mixture
was basified with an aqueous solution of NaHCO; 10% in water then the organic layer
was separated, dried over MgSOQ,, filtered and solvents were evaporated until dryness.
The crude compound was purified by chromatography over silica gel column (15-40
um, 40 g) in CH,Cl,/MeOH/NH4OH (95/5/0.1). The pure fractions were collected and
evaporated. The residue was solidified from CH3;CN/ diisopropylether to give 75 mg
(34% yield) of compound 8.
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Overall Scheme in the preparation of final products: method 9
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Synthesis of intermediate J3

At 0°C under a N; flow, NaH (3.28 g, 82 mmol) was added to a solution of B2 (7.32 g,
71 mmol) in DMF (80 mL). The mixture was stirred at RT for 30 min and 13 (10 g,
54.6 mmol) was added (exothermic) and the mixture was stirred at RT for 4h. A 10%
aqueous solution of NaHCOs; (150 mL) and then brine (150 mL) were added. The
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resulting mixture was extracted with EtOAc (twice). The organic layer was dried over
MgSOQy, filtered and the solvent was evaporated. The residue was taken up in the
minimum of AcOEt, the precipitate was filtered off and dried to give intermediate J3
(9.04 g, 81% yield).

T Mo \N - \

\ —  BHJTHF )—o N—
Q — A
// K3 °
N NH,

J3

Synthesis of intermediate K3

At 0°C, under a N, flow, BHs/THF (110 mL, 39 mmol) was added drop wise to a
solution of J3 (9.0 g, 43.9 mmol) in THF (60 mL). The mixture was stirred at RT for 2h
then quenched with HCI 2M and stirred at RT for 12h. The reaction mixture was
evaporated until dryness. The residue was taken up in CH,Cl,-CH;0H-NHsOH
90-10-1. The precipitate was filtered off (minerals) and the filtrate was concentrated.
Purification was carried out by flash chromatography over silica gel (15-40 um, 330 g,
CH,Cl,/CH;OH/NH4OH: 96/4/0.5 to 90/10/0.5). The pure fractions were collected and
evaporated to dryness to give intermediate K3 (6.2 g, 73% yield).

NH, HCI
O e TRy
N >[[ \L
NH, @ ° Z \_Q

F2 L3 /

\

Synthesis of intermediate L3

K3 (6.2 g, 29.5 mmol) in EtOH (30 mL) was added drop wise to a solution of F2 (4.6 g,
28 mmol) and aniline hydrochloride (56 mg, 0.43 mmol) in EtOH (25 mL) at 10°C.
The reaction mixture was stirred at RT for 20h. An aqueous solution of NaOH 1M
(25 mL) was added drop wise to the solution at 10°C and the resulting mixture was
stirred at RT for 1h. The precipitate was filtered off, washed with a minimum of cold
EtOH and dried under vacuum. Mother layers were concentrated, a second precipitate
was obtained in CH,Cl,, filtered and dried under vacuum. The two batches were

combined to give intermediate L3 (2.44 g, 29% yield).



WO 2014/009509 PCT/EP2013/064763

-39-
N N =
\ﬁ\7 S
HoN N = NBES N —
R E———
\N / THF HaN N\ /
L3 o N
/ M3 o
_>_N ,
\ =
(o] o) \

Synthesis of intermediate M3
A solution of NBS (0.326 g, 1.83 mmol) in THF (15 mL) was added drop wise over
25 min to a solution of L3 (0.5 g, 1.67 mmol) in THF (15 mL) at 0°C. The mixture was
5  stirred at 0°C for 30 min and then at RT for 45 min. The mixture was taken up in
CH,Cl,, washed with a saturated aqueous solution of NaHCOs, dried over MgSQOs,
filtered and evaporated under vacuum. This crude compound was solidified from
CH;CN. The precipitate was filtered off and dried to give intermediate M3 (216 mg,
34% yield).

10
H,N

N N ; o
\XP/B _ HZNJ\NHZ N)\K\N»/Br
N \ 4

0_>/-— N< N3 o—>_ J

Synthesis of intermediate N3

A mixture of M3 (1.04 g, 2.74 mmol) in urea (4.9 g, 82.28 mmol) was heated at 160°C

for 4h. Urea (3 g, 2.64 mmol) was added again and the mixture was stirred at 160°C for
15 12h. The mixture was cooled to RT and water was added. The precipitate was triturated

and filtered off, washed with water and dried under vacuum at 60°C to give

intermediate N3. The crude compound was used directly in the next step.

H,N
N
'S a “

)Q N — K.COs n? \ \>/Br
Hoo N P DMF N —
NS/ + BocHN Br — )QN

§ ~° \ /)
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N3 _>_ 03
N o /
\ _>_

20
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Synthesis of intermediate O3

A mixture of N3 (crude), J2 (1.557 g, 6.54 mmol), K,COs (904 mg, 6.54 mmol) in
DMF (30 mL) was stirred at 50°C for 12h. The solvent was evaporated. The residue
was taken up in EtOAc. The organic layer was washed with water, dried over MgSQOy,
filtered and the solvent was evaporated. The crude compound was purified by
preparative LC on (irregular SiOH 15-40 um 300 g Merck), mobile phase: 0.3%
NH4O0H, 97% CH,Cl,, 3% MeOH to give intermediate O3 (280 mg, 11% yield).

H,N
H,N /
\)—Br N
)17/ MeOH S%\\S\?/o _
BocHN \_Q ~0 N \N y/

BocHN

P3 °
o \ OH

Synthesis of intermediate P3

At RT, Na (167 mg, 7.25 mmol) was added to MeOH (11 mL). The mixture was stirred
until Na was in solution (exothermic). O3 (280 mg, 0.48 mmol) was added and the
mixture was stirred at 50°C for 16h under a N, flow. Water was added and the pH was
adjusted (with HCI 1N) to 5-6. The aqueous layer was extracted with EtOAc. The
aqueous phase was saturated with K,COs; powder and extracted with AcOFEt. The
combined organic phases were dried over MgSQy, filtered and solvent was evaporated

to give intermediate P3 (140 mg, 58% yield).

H,N

N / H,N
7 J—0 . N
N \ '\?/ :CI 4M/dioxane N)\g\\v/OH
)Q — ioxane
P AN i e e
BocHN N ~° \ 7
o H,N
P3 _>—OH °
as N
o OH

Synthesis of intermediate Q3

At 0°C, HCI (4M in dioxane) (0.7 mL, 2.78 mmol) was added drop wise to a mixture of
P3 (140 mg, 2.78 mmol) in dioxane (5 mL). The mixture was stirred at RT for 12h. The
solvent was evaporated until dryness to give intermediate Q3. The crude compound

was used in the next step without any further purification.
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Synthesis of final compound 9

1-(3-Dimethylaminopropyl)-3-cthylcarbodiimide hydrochloride (318 mg, 1.66 mmol)
and hydroxybenzotriazole (224 mg, 1.66 mmol) were slowly added to a mixture of Q3
(crude), diisopropylethylamine (0.476 mL, 2.76 mmol) in DMF (170 mL). The mixture
was stirred at RT for 24h. The solvent was evaporated until dryness. The residue was
taken up in water. The precipitate was filtered off, washed with water and dried. The
crude compound was purified by reverse phase on (X-Bridge-C18 Sum 30*150mm),
mobile phase (Gradient from 90% NH4HCO; 0.5%, 10% CH;CN to 0% NH4HCO;
0.5%, 100% CH;3CN) to give final compound 9 (37 mg, 18% yield).

Overall Scheme in the preparation of final products: method 10

NH, NH,
HO N HO N
~ ~
N N\ _on He PdIC (10%) N| S—on
)l\ = )\ ~
N N N N N N
N CH,OHTHF N

10

Synthesis of final compound 10:

A mixture of compound 7 (100 mg, 0.27 mmol), Pd/C (10%) (14.5 mg, 0.014 mmol) in
CH;OH/THF 50/50 (10 mL) was hydrogenated under an atmospheric pressure of H, for
4h. The catalyst was removed by filtration through a filter (chromafil Xtra 0.45um).
The filtrate was concentrated. This fraction was solidified from CH3;CN, the precipitate
was filtered off and dried to give final compound 10 (81 mg, 81% yield).



WO 2014/009509 PCT/EP2013/064763
-42-

Overall Scheme in the preparation of final products: method 11
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Synthesis of intermediate R3
At 0°C under a N, flow, NaH (705 mg, 17.6 mmol) was added to a solution of
1,4-butanediol (3.2 g, 35.26 mmol) in DMF (30 mL). The mixture was stirred for
30 min at RT, then E3 (2.5 g, 5.87 mmol) was added. The mixture was stirred at RT for
10 1h. Ice was added and the mixture was extracted with EtOAc. The organic layer was
dried over MgSQy, filtered and the solvent was evaporated. Purification was carried out
by flash chromatography over silica gel (15-40um, 80g, CH,Cl,/CH;OH/NH4OH:
97/3/0.1). The pure fractions were collected and evaporated to dryness to give
intermediate R3 (1.78 g, 70% yield).
15
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Synthesis of intermediate S3

Iron powder (2.27 g, 40.65 mmol) was added to a mixture of R3 (1.77 g, 4.07 mmol) in
AcOH (35 mL) and water (11 mL). The mixture was stirred at 50°C for 8h. The
reaction mixture was diluted with water and was basified with K,CO3; 10% in water.
EtOAc and CH3OH were added and the resulting mixture was filtered through a pad of
celite®. The celite® was washed with CH,CL/CH;OH (80/20). The filtrate was

decanted. The organic layer was dried over MgSQ,, filtered and the solvent was

OH

evaporated. The fraction was taken up in CH3CN, the precipitate was filtered off and
dried to give intermediate S3 (1.2 g, 82% yield).

(H )\)éj—w - )\)éj_w

Synthesis of intermediate T3

At -60°C under a N, flow, BBr; (13.6 mL, 13.6 mmol) was added drop wise to a
mixture of S3 (980 mg, 2.727mmol) in CH,Cl, (40 mL). The mixture was stirred at
-60°C for 1h under a N, flow. The mixture was stirred 5h at 0°C. 5 mL of CH3;0H was
added drop wise at -60°C. The mixture was then poured into a saturated solution of
K,COs;. The mixture was extracted with CH,Cl,/CH3OH. The organic layer was dried
over MgSQy, filtered and the solvent was evaporated to give intermediate T3 (0.55 g,

49% yield), which was directly used in the next step without further purification.
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Synthesis of final compound 11
A mixture of T3 (537 mg, 1.32 mmol), K,COs (182 mg, 1.32 mmol) in DMF (71 mL)
was stirred at 80°C for 12h. The crude mixture was filtered off and the filtrate was
5  concentrated under reduced pressure. The residue was taken up in the minimum of
DMF and 5 g of SiO; 35-70um was added. The resulting suspension was evaporated
until dryness and put on the top of a 50 g chromatography column and eluted with a
gradient of CH,Cl,-CH;OH-NH4OH 95-5-0.5 to 90-10-0.5. The fractions containing
the expected compounds were combined and concentrated under reduced pressure. The
10 solid was crystallized from CH;CN, the precipitate was filtered off and dried to give
final compound 11 (33 mg, 8% yield).

Overall Scheme in the preparation of final products: method 12
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15
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Synthesis of intermediate V3

V2 (1.4 g, 4.8 mmol), U3 (1.44 g, 4.8 mmol), K,CO3 (1.65 g, 12 mmol) and Nal
5 (0.72 g, 4.8 mmol) in acetone (60 mL) were stirred at RT for 16h. The solution was

filtered off and the filtrate was evaporated under reduced pressure. The crude product

was purified by preparative LC (irregular SiOH 15-40 um, 80 g Merck, mobile phase

heptane/CH,Cl, 85/15) to give intermediate V3 (2.3 g, 94% yield).

cl NH,

Nl )\/ENOZ NH; 30%in water N)\INOZ
_ |
)\ _ OTBDMS )\ Z OTBDMS
\S N N/\©/ THF \S N N/\©/
v3 o/go Wj/go

10 Synthesis of intermediate W3
V3 (2.3 g, 4.5 mmol) was stirred in NH3 (30% in water) (40 mL) and THF (40 mL) at
RT for 16h. The mixture was concentrated under vacuum and the residue was dried by
azeotropic evaporation of EtOH (twice). The crude product was purified by preparative
LC (irregular SiOH 15-40 um, 40 g Merck, mobile phase heptane/AcOEt 85/15 ) to

15  give intermediate W3 (1.25 g, 56% yield).

NH, NH,
N e mCPBA NO,
~ )l\ P OTBDMS  chol . J\
s N N/\©/ 212 \ /\@/OTBDMS
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J

Synthesis of intermediate X3
3-chloroperoxybenzoic acid (2.04 g, 8.2 mmol) was added to a solution of W3 (1.3 g,
20 3.3 mmol) in CH,Cl, (70 mL) at RT. The mixture was stirred at RT for 20h. An

aqueous solution of Na;S;0s3 (5 eq) was added to the mixture. The two layers were
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separated and the aqueous layer was extracted with CH,Cl, (twice). The combined
organic layers were washed with a saturated aqueous solution of NaHCOs, dried over
MgSQOs, filtered and the solvent was removed under reduced pressure. The crude

product was used directly in the next step without any further purification.
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Synthesis of intermediate Z3

At 0°C under a N, flow, NaH (457 mg, 11.4 mmol) was added to a solution of Y3
(2.1 ml, 22.8 mmol) in THF (100 mL). The mixture was stirred for 30 min at RT, then
X3 (2 g, 3.8 mmol) in solution into 20 ml of THF was added at 0°C. The mixture was
stirred at 5°C for 15 min. Ice was added and the mixture was extracted with EtOAc.
The crude compound was purified by chromatography over silicagel (15-40um, 80g) in
CH,Cl,/MeOH/NH4OH (98/2/0.1) to give intermediate Z3 (1 g, 48% yield).

NH,

NO,
OTBDMS TBAF )\)I

g . OA
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HO

A4O O

HO

Synthesis of intermediate A4

Tetrabutylammonium fluoride (0.653 mL, 0.65 mmol) was added drop wise to a
solution of Z3 (0.3 g, 0.544 mmol) in THF (10 mL) at RT. The reaction was stirred at
RT for 3h. The mixture was diluted with EtOAc¢ and poured into water. The organic
layer was separated, washed with brine, dried over MgSOy, filtered and the solvent was

evaporated to give intermediate A4 (220 mg, 92% yield).
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A4 PPh; / THF \\ L ;

Synthesis of intermediate B4

HO

At RT under a N; flow, a solution of di-tert-butyl azodicarboxylate (0.72 ml, 3.2 mmol)
in THF (10 mL) was slowly added drop wise to a mixture of A4 (0.7 g, 1.6 mmol) and
PPh; (0.84 g, 3.2 mmol) in THF (120 mL). The mixture was stirred at RT for 12h. The
reaction mixture was poured into ice-water and EtOAc was added. The mixture was
basified with an aqueous 10% solution of NaHCOs;, then the organic layer was

separated, dried over MgSQy, filtered and solvents were evaporated until dryness to

give intermediate B4 (60 mg, 9% yield).

NH, NH,
\ NO2 Fe, AcOH N
[ N AN
O water )|\ \>—OH
~
\\ o/\ —_— T\N N
12 o

Synthesis of final compound 12

Iron powder (80 mg, 1.43 mmol) was added to a mixture of B4 (60 mg, 0.143 mmol) in
AcOH (1.3 mL) and water (0.5 mL). The mixture was stirred vigorously at RT for 6h.
The reaction mixture was concentrated under vacuum and the residue was diluted with
CH,Cl,/MeOH 90/10 and water. The aqueous layer was saturated with K,CO; and
extracted with CH,Cl,/MeOH 90/10. The organic layers were dried over MgSQOu,
filtered and concentrated under vacuum. The crude compound was purified by
chromatography over silicagel (15-40um, 40 g) in CH,Cl,/MeOH/NH4OH (90/10/0.5).
Crystallization from CH3;CN/Diisopropylether gave final compound 12 (14 mg, 29%

yield).
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Overall Scheme in the preparation of final products: method 13
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Synthesis of intermediate C4

A solution of Z2 (2.12 g, 4.87 mmol) and NEt; (677 uL, 4.87 mmol) in 4-penten-1-ol

(75 mL) was stirred at RT for 48 h. The solvent was removed under vacuum. The crude
10  compound was purified by preparative LC (irregular SiOH 15-40 um, 90 g Merck,

mobile phase gradient: heptane/CH,Cl, 50/50 to 0/100) to give intermediate C4 (1.6 g,

66% yield) as a yellow oil.

NH, NH,
NO
NT 2 =z Grubbs catalyst N7 N020
)|\ 2nd generation )|\
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Synthesis of intermediate D4

Grubbs catalyst 2™ generation (41 mg, 48.47 mmol) was added to a degassed solution
of C4 (208 mg, 0.47 mmol) in CH,Cl, (150 mL) at RT. The solution was stirred at RT
for 2 h. SiliaBond® DMT (Ru scavenger from Silicycle®) (298 mg, 0.388 mmol) was
added and the mixture was stirred at RT for 6 h and the solution was filtered off over
celite®. The filtrate was concentrated under vacuum. The crude compound was purified
by preparative LC (irregular SIOH 15-40 um, 90 g Merck, mobile phase gradient: from
heptane/AcOEt 100/0 to 70/30). The fractions containing the expected product were
collected and partially evaporated and the precipitate was filtered off to give 736 mg of
intermediate D4 (73% yield, containing 6% of Z isomer). 297 mg of this batch was
purified by preparative LC (Stability Silica Sum 150x30.0mm, mobile phase gradient:
from Heptane/AcOEt 85/15 to 0/100) to give 195 mg of intermediate D4 as a white
solid (pure isomer E). Purity of isomer E was checked by analytical reversed phase
chromatography (Column Nucleodur Sphinx 150X4.6mm, mobile phase: Gradient
from 70% MeOH, 30% HCOOH 0.1% to 100% MecOH). This batch of pure E isomer

was used in the next step.

NH,
NO,
N7 X o Fe, AcOH
)|\ water
~Z

D4 16

Synthesis of final compound 16

Iron powder (158 mg, 2.83 mmol) was added to a solution of D4 (195 mg, 0.47 mmol)
in AcOH (8 mL) and water (741 uL). The mixture was heated at 100°C using one
single mode microwave (Biotage Initiator EXP 60) with a power output ranging from 0
to 400 W for 1h. The mixture was filtered on a pad of celite® and rinsed with DMF
(250 mL). The filtrate was concentrated under vacuum and the residue was triturated in
CH,Cl/MeOH (80:20). The precipitate was filtered off, rinsed with CH,Cl,/MeOH
(80:20). The resulting yellow solid was solubilized in DMF and filtered on a pad of
celite®™. The filtrate was concentrated under vacuum and the residue was triturated in
CH,Cl/MeOH (90:10). The precipitate was filtered off to give final compound 16 as a
white solid (17 mg, 10% yield).
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Overall Scheme in the preparation of final products: method 14
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Synthesis of intermediate E4

A solution of Z2 (3.8 g, 5.06 mmol) and NEt; (844 uL, 6.07 mmol) in 3-buten-1-ol (68
mL) was stirred at RT for 20h, then stirred at 30°C for 1h. The solvent was removed
under vacuum to give 5 g of yellow oil. The crude was purified by preparative LC
(Irregular SiOH 15-40 um, 120 g Grace, mobile phase gradient: Heptane/CH,Cl, from
50/50 to 10/90). The fractions containing the expected product were combined and the

solvent was removed under vacuum to give 2.2 g of intermediate E4 as a yellow oil.

NH NH,
NO. NO
X NO, = Grubbs catalyst 2 NT ™~ 20

)|\ 2nd generatlon )\ )|\ A

e . o NI N 0T
/g dry CH,Cl, NS
E4 O o]
F4 Ga

Synthesis of intermediates F4 and G4:

E4 (1.34 g, 3.14 mmol) was added to dry CH,Cl, (1 L) and the resulting mixture was
degassed by N, bubbling through the solution for 30 min. Grubbs catalyst 2™
generation (134 mg, 0.157 mmol) was added in one portion and the mixture was stirred
at RT under N atmosphere for 16 h. SiliaBond® DMT (0.965 g, 1.25 mmol) was added
and the mixture was stirred at RT for 16 h and the solution was filtered over celite®.
The filtrate was evaporated under vacuum to give 1.89 g of brown solid. The crude was
purified by preparative LC (Irregular SiOH 15-40 um, 50 g Merck, mobile phase
gradient: Heptane/AcOEt from 100/0 to 80/20). The fractions containing the expected
product were partialy evaporated (AcOEt), the product was precipitated and filtered off
to give 162 mg of intermediate F4 (13% yield, E isomer) as a yellow solid. The other
fractions containing the expected products were combined and the solvent was removed
under vacuum to give 244 mg of white solid (mixture of F4 (E isomer) and G4 (Z

isomer)).

The same reaction was carried out in parallel starting from 895 mg of E4. From this
reaction, a batch of 110 mg of F4 was isolated (13% yield, isomer E). A second batch
of 184 mg was obtained (mixture of F4 (E isomer) and G4 (Z isomer)).

The two batches containing a mixture of E and Z isomers were combined (428 mg) and
were purified by preparative LC (Stability Silica Sum 150x30.0mm, mobile phase
gradient: from CH,Cl,/MeOH 100/0 to 98/2) to give 175 mg of F4 (14% yield, isomer
E) as a yellow solid and 130 mg of G4 (10% yield, isomer Z) as a white solid.
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In total, 447 mg of intermediate F4 (E isomer) and 130 mg of intermediate G4 (Z

isomer) were obtained.

NH, NH,
N
N NO, Fe, AcOH N7 \> OH
)|\ i water )l\ A~y
=
07 SN NN NN o N

—_—

F4
15

Synthesis of final compound 15:

Iron (93 mg, 1.67 mmol) was added to a solution of F4 (111 mg, 0.278 mmol) in acetic
acid (5 mL) and distilled water (330 uL). The mixture was heated at 100°C using one
single mode microwave (Biotage Initiator EXP 60) with a power output ranging from
0to 400 W for 1 h. The mixture was concentrated under vacuum and triturated in
AcOH/H,0O (50:50). The precipitate was filtered off to give a grey solid, which was
solubilized in DMF and filtered on a pad of celite®. The filtrate was concentrated under
reduced pressure to give a white-brown solid. This solid was triturated in AcOH/H,O
(50:50); the precipitate was filtered off to give 40 mg of final compound 15 (45% yield)

as a white solid.

NH, NH,
NO N
N 2 Fe, AcOH NI N \> oH
)|\ _ )]\ water )\ A~y
o~ N7 N o N

o/\ _—

G4
17

Synthesis of final compound 17:

Iron (109 mg, 1.95 mmol) was added to a solution of G4 (130 mg, 0.325 mmol) in
acetic acid (6 mL) and distilled water (390 uL). The mixture was heated at 100°C using
one single mode microwave (Biotage Initiator EXP 60) with a power output ranging
from 0 to 400 W for 1 h 30. The mixture was concentrated under vacuum and triturated
in a solution of AcOH/H,0 (50:50). The precipitate was filtered off to give a grey solid,
which was triturated in AcOH/H,O (50:50); the precipitate was filtered off and
solubilized in DMF. The mixture was filtered on a pad of celite” and the filtrate was

concentrated under vacuum to give a white solid. This solid was triturated in a cold
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solution of AcOH/H,O (50:50); the precipitate was filtered off to give 18 mg of final
compound 17 (17% yield) as a white solid.

Overall Scheme in the preparation of final products: method 15
HO N H,
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Synthesis of intermediate 14:

10 A mixture of X3 (4 g, 7.61 mmol), H4 (1.1 g, 9.13 mmol) and K,COs (1.3 g, 9.13
mmol) in CH3CN (120 mL) was stirred at 80°C for 1.5 h. Water was added and the
mixture was extracted with EtOAc (twice). The organic layer was dried over MgSOy,
filtered and the solvent was evaporated under reduced pressure. The crude was purified
by chromatography over silica gel (15-40 um; 120 g) in CH,Cl,/MeOH/NH,OH

15 98/2/0.1 to give 2.7 g (63% yield) of intermediate 14.
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Synthesis of intermediate J4:

Tetrabutylammonium fluoride (5.6 mL, 5.56 mmol) was added drop wise to a solution
of 14 (2.6 g, 4.64 mmol) in THF (125 mL) at room temperature. The reaction was
stirred at room temperature for 3 hours. The mixture was diluted with EtOAc and
poured into water. The organic layer was washed with brine, dried over MgSOy,
filtered and the solvent was evaporated under reduced pressure. The crude was purified
by preparative LC (irregular SiOH 15-40 um, 80 g Grace, mobile phase:
CH,Cl/MeOH/NH4OH 96/4/0.1) to give 1.82 g of intermediate J4. The crude

compound was used in the next step.

NH, NH,
)INO N N NOz
J\ PPN
14 /& Cs,CO0;, CH,CN

Synthesis of intermediate K4:

A mixture of J4 (1.82 g, 4.08 mmol), Cs,CO; (1.47 g, 4.49 mmol), allyl bromide
(0.39 mL, 4.49 mmol) in CH3CN (60 ml) was stirred at RT for 5h and then at 50°C for
1h. The reaction mixture was poured into ice-water and EtOAc was added. The mixture
was basified with an aqueous solution of NaHCOz 10% in water. The organic layer was
separated, dried over MgSOQ,, filtered and the solvents were evaporated until dryness to

give 1.94 g of intermediate K4. The crude compound was used directly in the next step.
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Synthesis of intermediate 1.4:

Grubbs catalyst 2™ generation (100 mg, 0.117 mmol) was added to a degassed solution
of K4 (570 mg, 1.17 mmol) in CH,Cl, (225 mL) at RT. The solution was stirred at RT
for 36 h.

SiliaBond® DMT (1.8 g) was added to the reaction mixture, which was stirred at RT 18
hours. The mixture was filtered through a pad of celite™. The celite” was washed with
CH,Cl,. The filtrate was evaporated under reduced pressure. Purification was carried
out by flash chromatography over silica gel (15-40 um, 40 g, CH,Cl,/CH;OH/NH4OH
97.5/2.5/0.1). The pure fractions were collected and evaporated to dryness. The dry
solid was purified again by achiral SFC on (AMINO 6um 150x21.2mm), mobile phase
(80% COy, 20% MeOH) to give 182 mg (34% yield) of intermediate L4 (E isomer).

NH,

‘o NH,
2
)NI\\ 0 Fe, AcOH X —N
— water \>—OH
HN” N N)j\o/\ - o HN)l\N/ N

W L e H\\k/(;

Synthesis of final compound 18:

Iron (200 mg, 3.58 mmol) was added to a mixture of L4 (182 mg, 0.40 mmol) in acetic
acid (4.3 mL) and distilled water (0.85 mL). The mixture was stirred at RT for 12h.
6.5 mL of acetic acid were added and the mixture was stirred at 50°C for 3h, and then
at 80°C for 2h.

The crude was purified by Reverse phase on (X-Bridge-C18 Sum 30*150mm), mobile
phase (Gradient from 90% formic acid 0.1%, 10% CH3;CN to 0% formic acid 0.1%,
100% CH3CN) to give 44 mg (29% yield) of final compound 18.



WO 2014/009509 PCT/EP2013/064763
-56-

Overall Scheme in the preparation of final products: method 16
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5  Synthesis of intermediate M4:
A solution of X3 (1.4 g, 2.66 mmol) and NEt; (0.44 mL, 0.46 mmol) in allylic alcohol
(14 mL) was stirred at 80°C for 1h. CH,Cl, and H,0 were added and the mixture was
decanted. The organic layer was dried over MgSO4 and concentrated under reduced

pressure. The crude product was purified by preparative LC (irregular SiOH 15-40 um,
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80 g Merck, mobile phase heptane/AcOEt 85/15) to give 500 mg (37% yield) of

intermediate M4,

NH,

| @@ bf aos

Synthesis of intermediate N4:

Tetrabutylammonium fluoride (4.5 mL, 4.5 mmol) was added drop wise to a solution of
M4 (1.9 g, 3.77 mmol) in THF (90 mL) at room temperature. The reaction was stirred
at room temperature for 3 hours. The reaction mixture was diluted with EtOAc and
poured into water. The organic layer was washed with brine and dried over MgSQOy,
filtered and the solvent was evaporated under reduced pressure. The crude product was
purified by preparative LC (irregular SIOH 15-40 um, 40 g Merck, mobile phase
heptane/AcOEt 70/30) to give 900 mg (61% yield) of intermediate N4.

NH, NH,

Nl)iNoz Br/\/ )\\ N02
OJ\N/ N/\©/OH )j\o/\
H /& Cs,C0; CH,CN
0" Yo
") K@

/

Synthesis of intermediate O4:

A mixture of N4 (2.5 g, 6.42 mmol), Cs,CO; (3.14 g, 9.63 mmol), allyl bromide
(0.83 mL, 9.63 mmol) in CH3CN (100 mL) was stirred at 70°C for 1h. The reaction
mixture was poured into ice-water and EtOAc was added. The mixture was basified
with an aqueous saturated solution of NaHCQOs;. The organic layer was then separated,
dried over MgSQs,, filtered and the solvents were evaporated until dryness. The crude
compound was purified by chromatography over silicagel (15-40 um, 80 g) in
heptane/AcOEt 80/20 to give 1.47 g (53% yield) of intermediate O4.
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Synthesis of intermediates P4 and Q4:
A solution of O4 (400 mg, 0.93 mol) and cholorocyclohexylborane 1 M solution in
5  hexane (186 uL, 0.19 mmol) in dry dichloroethane (220 mL) was stirred at 80°C and
under N, atmosphere for 1 h. 0.033 eq of Grubbs-Hoveyda catalyst 2™ generation
(20 mg, 0.031 mmol) was added and the mixture was stirred in a sealed tube at 120°C
for 1 h. The tube was then opened, 0.033 eq of Grubbs-Hoveyda catalyst 2™ generation
(20mg, 0.031 mmol) was added and the mixture was stirred in the sealed tube at 120°C
10 for 1 h. The tube was then opened, 0.033 eq of Grubbs-Hoveyda catalyst 2™ generation
(20mg, 0.031 mmol) was added and the mixture was stirred in the sealed tube at 120°C
for 2 h. SiliaBond® DMT (1.43g, 0.745 mmol) was added to the mixture, which was
stirred at RT for 12h. The mixture was filtered through a pad of celite® and
concentrated under reduced pressure. The crude product was purified first by
15 preparative LC (irregular SiOH 15-40 pum, 40 g Merck, mobile phase heptane/AcOEt
80/20) and then by achiral SFC on (Amino 6um 150x21.2mm), mobile phase (83%
CO;, 17% MeOH) to give 55 mg (15%) of intermediate P4 (isomer E) and 80 mg (21%
yield) of intermediate Q4 (isomer Z).

NH, NH,
X2 N7 N\
| o} Fe, AcOH )I\ P >—°H
)\N/ water fo} N N

\ WY

P4
20
Synthesis of final compound 23:

Iron (264 mg, 4.73 mmol) was added to a mixture of P4 (190 mg, 0.47 mmol) in acetic
acid (10 mL) and distilled water (2 mL). The mixture was stirred vigorously at 50°C for
5h. The reaction mixture was concentrated under vacuum and the residue was diluted
25  with CH,Cl,/MeOH 90/10 and water. The mixture was saturated with K,COs, extracted
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with CH,Cl,/MeOH 90/10. The organic layers were dried over MgSQ,, filtered and
concentrated under vacuum. The crude compound was purified by chromatography
over silicagel (15-40 um, 40 g) in CH,Cl,/MeOH/NH4OH( 90/10/0.5) to give 40 mg
(26% yield) of final compound 23.

NH, NH,
NO N
N 2 Fe, AcOH NI = \>—0H
)l\ P i water )\ ~N
o | | 0/\ - OLN/\
(o]
Q4 22

Synthesis of final compound 22:

Iron (334 mg, 5.98 mmol) was added to a mixture of Q4 (240 mg, 0.6 mmol) in acetic
acid (12 mL) and water (2.5 mL). The mixture was stirred vigorously at 50°C for 5h.
The reaction mixture was concentrated under vacuum and the residue was diluted with
CH,Cl1,/MecOH 90/10 and water. The mixture was saturated with K,COs3, extracted with
CH,Cl/MeOH 90/10. The organics layer were dried over MgSQ,, filtered and
concentrated under vacuum. The crude compound was purified by chromatography
over silicagel (15-40 um, 40 g) in CH,Cl,/MeOH/NH4OH ( 90/10/0.5) to give 70 mg
(36% yield) of final compound 22.
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Overall Scheme in the preparation of final products: method 17
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Synthesis of intermediate T4:
At 0°C, NaH (695 mg, 17.36 mmol) was added portion wise to S4 (1.52 g, 8.68 mmol)
in THF (70 mL). The mixture was stirred at 0°C for 30 min and then added drop wise at
0°C to R4 (4.6 g, 17.36 mmol) in THF (45 mL). The reaction was stirred at RT
10 overnight. A very little quantity of ice was added and expected compound was
extracted with AcOEt. The solvent was evaporated under reduced pressure. The crude
product was purified by chromatography over silica gel (15-40 um; 220 g) in
heptane/AcOEt 80/20 to 60/40 to give 1.44 g (23% yield) of intermediate T4.
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Synthesis of intermediate U4:

A mixture of V2 (1 g, 3.42 mmol), T4 (1.35 g, 3.76 mmol), K,COs (1.18 g, 8.54 mmol)

and Nal (512 mg, 3.42 mmol) in acetone (25 mL) was stirred at RT overnight. The
5  precipitate was filtered off, washed with acetone and the filtrate was concentrated under

reduced pressure. The crude product was purified by chromatography over silica gel

column (15-41 um; 40 g) in heptane/AcOEt 80/20 to give 1.4 g (72% yield) of

intermediate U4.
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10

Synthesis of intermediate V4:

U4 (1.5 g, 2.63 mmol) was stirred in NH3z 30% in water (30 mL) and THF (30 mL) at

RT for 2h. The mixture was concentrated under vacuum and the residue was dried by
15  azeotropic distillation with EtOH (twice). The crude product (1.3 g, 89% yield) was

used without further purification in the next step.

NH, NH, ﬁ
OTHP APTS N NO, OH

NO,
NI = (o} |
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g N N/\Ej) MeOH, water S N N | N
V4 )o o Z w4 )0 o

20  Synthesis of intermediate W4:
At RT, para-toluene sulfonic acid monohydrate (81 mg, 0.47 mmol) was added to a
mixture of V4 (2.60 g, 4.72 mmol) in MeOH (26 mL) and water (2.60 mL). The
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mixture was stirred at RT overnight and then at 60°C for 12h. The reaction mixture was
diluted with EtOAc and was basified with K,CO3 10% in water. The organic layer was

separated, dried over MgSQy, filtered and the solvent was evaporated under reduced
pressure to give 2 g (90% yield) of intermediate W4.

NH, p NH, ﬁ
NO OH NO, OH
N o mCPBA N7 o
)l\ — N > ~ )l\ P/ N
\s N N | = CH,CI, ls N /L | =
O/KO = fo) fo) Z
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Synthesis of intermediate X4:

Meta-chloroperoxybenzoic acid (951 mg, 3.86 mmol) in CH,Cl, (40 mL) was added
drop wise to a solution of W4 (1.80 g, 3.86 mmol) in CH,Cl, (10 mL) at RT. The
mixture was stirred at RT for 6h. An aqueous solution of Na,;S,;0; (2 eq) was added to
the mixture. The two layers were separated and the aqueous layer was extracted with
CH;Cl; (twice). The combined organic layers were dried over MgSQ,, filtered and the
solvent was removed under reduced pressure. Purification was carried out by flash
chromatography over silica gel (15-40 um, 80 g, CH,ClL/CH;OH: 95/5. The pure
fractions were collected and evaporated to dryness to give 1.4 g (75% yield) of

intermediate X4.

NH,
NH NO
2 ﬁ NI X "2)
NO, OH
N7 ) tBuOK )\ P
| 3 o7 N N)j\o/\
N/ N N\ THF B
(o] (o] Z Nao

) X4 Y4

~

(]

(o)

Synthesis of intermediate Y4:

At 0°C, under a N, flow, tBuOK (577 mg, 5.14 mmol) was added to a mixture of X4
(1.24 g, 2.57 mmol) in THF (418 mL). The mixture was stirred at 80°C overnight.
Water was added and the mixture was extracted with EtOAc. The organic layer was
dried over MgSQy, filtered and the solvent was evaporated. Purification was carried out
by flash chromatography over silica gel (15-40um, 50g, CH,Cl,/CH3OH 98/2). The
pure fractions were collected and evaporated to dryness to give 85 mg (7% yield) of

intermediate Y4.
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NH,
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)l\ Z )j\ N water )l\ ~ ) OH
[0} N N O o N N
————— -
Y4 N 04 Na
O

Synthesis of final compound 24:

Iron (68 mg, 1.22 mmol) was added to a mixture of Y4 (85 mg, 0.21 mmol) in acetic
acid (2.2 mL) and water (0.24 mL). The mixture was stirred at 50°C for 3h. The
mixture was filtered, washed with AcOH and the filtrate was concentrated under
reduced pressure. The crude compound was taken up in DMF and 2 g of SiO, 63-200

um was added. The resulting suspension was evaporated until dryness and put on a top

on a 25 g purification cartridge.

Purification was carried out by flash chromatography over silica gel (15-40 um, 25 g,
CH,Cl,/CH;OH/NH4OH: 95/5/0.5). The pure fractions were collected and evaporated
to dryness to give 31 mg. The compound was solidified from CH;CN, the precipitate

was filtered off and dried to give 22 mg (32% yield) of final compound 24.
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Overall Scheme in the preparation of final products: method 18
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Synthesis of intermediate AS:

At 0°C, diisopropylazodicarboxylate (20.4 mL; 102.5 mmol) was added drop wise to a
mixture of V2 (20 g; 68.33 mmol), Z4 (12.2 g; 68.33 mmol) and PPhs (27 g; 102.5
mmol) in THF (500 mL). The mixture was stirred at RT for 12h. EtOAc and water
were added. The layers were decanted. The organic layer was washed with water, dried
over MgSQ,, filtered and the solvent was evaporated. The crude compound was
purified by flash chromatography over silica gel (15-40 um, 330 g, CH,Cly/Heptane
70/30). The pure fractions were collected and evaporated to dryness to give 12 g (39%
yield) of intermediate AS.

B Al
¢ Q NH, o
NO
_— =
S \N N THF )%
| )\ S N N

2
o\
A5 B5

Synthesis of intermediate BS:

A mixture of A5 (5.4 g; 11.92 mmol) in NH3 30% in water (100 mL) and THF (100
mL) was stirred at RT for 1.3 h. The mixture was concentrated. The residue was taken
up with toluene and concentrated (the process was repeated twice) to give 5.15 g of

intermediate B5.

j \L
NH, 0 NH, o
NNO NO
)N\ | mCPBA NF |
T ) O\\S)%N N
O)\ | O)\

2
2
CH.Cl,
o o\
Synthesis of intermediate C5:
At 0°C, 3-chloroperbenzoic acid (2.93 g; 11.86 mmol) in CH,Cl, (20 mL) was added to
a mixture of B5 (5.14 g; 11.86 mmol) in CH,Cl, (100 mL). The mixture was stirred at
RT for 3h. An aqueous solution of Na,S,0; (2 eq) was added to the mixture. 2 layers

were separated and the aqueous layer was extracted with CH,Cl, (twice). The
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combined organic layers were washed with a saturated aqueous solution of NaHCOs3,
dried over MgSOQy, filtered and the solvent was removed under reduced pressure to give
6.7 g of intermediate C5 (containing sulfone analog) which was directly used in the

next step.

N

NH, o)
\Z NO,
0, A~Ch )\ |
NS
0”7 SN N
N NEt; )\
; P o™
o I

cs5 D5

Synthesis of intermediate DS5:

A mixture of C5 (5.6 g; 12.46 mmol), NEt; (2.6 mL; 18.69 mmol) in allyl alcohol (47.6
mL) was stirred at 100°C for 30 min. The mixture was concentrated and the crude
compound was purified by flash chromatography over silica gel (15-40 um, 330 g,
Heptane/AcOEt 80/20). The pure fractions were collected and evaporated to dryness to
give 3.45 g of intermediate D5 (62% yield).

~ NH, NH,

NO
2 N _ No2

NH,
A A
NZ | Grubbs catalyst /\
)Q 2nd generation
O N N
H o)\ o™ CHaCly

D5

Synthesis of intermediates ES and F5:

Experiment was performed in 4 batches of 2 g of D5.

Grubbs catalyst 2" generation (1.54 g; 1.80 mmol) was added in 3 times (3*514 mg)
(att=0,t=12 h, t =24 h) to a mixture of D5 (8 g; 18.04 mmol) in CH,Cl, extra dry
(3470 mL). The mixture was stirred at RT for 36 h. SiliaBond® DMT (24 g; 14.43
mmol) was added then the mixture was stirred 24 h at RT. The solid was filtered off
and the solvent was evaporated to give 8.2 g. Purification was carried out by flash
chromatography over silica gel (15-40 um, 330 g, CH,Cl,/MeOH 99.5/0.5) The pure
fractions were collected and evaporated to dryness to give 4.55 g of a mixture of ES
and F5 after filtration and drying of a solid in CH,Cl,/Diisopropylether. The two
isomers were separated by achiral SFC (Stationary phase: Chiralpak 1A 5 um 250*20
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mm), Mobile phase: 70% CO,, 30% MeOH) to give 4.07 g of intermediate E5 (isomer
E, 54% yield) and 187 mg of intermediate F5 (isomer Z, 2.5% yield).

5  Synthesis of final compound 84:

At RT, TiCl; (5.5 mL; 6.45 mmol) was added drop wise to a mixture of F5 (134 mg;
0.32 mmol) in THF (20 mL). The mixture was stirred at RT overnight. At 0°C, the
mixture was basified with K,COs powder. The resulting muddy mixture was filtered
through a pad of celite™ and the celite® was washed with a solution of AcOEt/CH;OH

10 8/2. The filtrate was dried over MgSOQy, filtered and the solvent was evaporated to give
182 mg of a crude compound. MeOH was added, a solid appeared, it was filtered and
dried under vacuum at 90°C to 66 mg of final compound 84 (60% yield).

NH, N
A0 g
JN\ | " TiCl N N\

3
X d>—0H
07 N N)j\o/\ THF A, N
07 N
N

T~

o

E5 32 °

15  Synthesis of final compound 32:
At RT, TiCl; (60 mL; 69.811 mmol) was added drop wise to a mixture of E5 (1.45 g;
3.49 mmol) in THF (130 mL). The mixture was stirred at RT overnight. At 0°C, the
mixture was basified with K,COs powder. The resulting muddy mixture was filtered
through a pad of celite™ and the celite® was washed with a solution of AcOEt/CH;OH

20  8/2. The filtrate was partially evaporated to give 1.1 g of crude compound after
filtration of a white solid and drying under vacuum. The crude compound was purified
by preparative LC (Stationary phase: dry loading 220 g + 10 g 15-40 um Grace),
Mobile phase: 0.5% NH4OH, 97% CH,Cl,, 3% Me¢OH to 0.5% NH4OH, 90% CH,Cl,,
10% MeOH) to give 730 mg of final compound 32 after evaporation of solvent and

25  drying under vacuum (62% yield).
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Overall Scheme in the preparation of final products: method 19

NH, NH2

NO.
NO. 2
N 2 = Fe, AcOH
o He, PtO: water )\ \>_OH
o/\

o)\ /u\o/\

Synthesis of intermediate HS:

Intermediate G5 was synthesized using the procedure described for intermediate P4.

A mixture of G5 (250 mg, 0.60 mmol), PtO, (25 mg) in CH3;OH/THF (50/50) (20 mL)
was hydrogenated under an atmospheric pressure of H, for 30 mn. The catalyst was
removed by filtration. The filtrate was concentrated under reduced pressure. The crude
compound was purified by preparative LC on (irregular 15-40 um 30 g Merck), mobile
phase (80% Heptane, 20% AcOEt). >The resulting compound was further purified by
achiral SFC on (2-Ethylpyridine 6um 150x30mm), mobile phase (70% CO,, 30%
CH;O0H) to give 113 mg of intermediate H5 (45% yield).

Synthesis of final compound 38:

Iron (147 mg; 2.63 mmol) was added to a mixture of H5 (110 mg; 0.26 mmol) in acetic
acid (7m L) and water (1.5 mL). The mixture was stirred vigorously at RT for 6 h at
50°C. The reaction mixture was concentrated in vacuo and the residue was taken up by
a mixture of DMF/THF, filtered through a pad of celite® and evaporated. The crude
product was diluted with acetic acid/water, a precipitate was filtered off, washed with
CH;OH and dried to give 55 mg of final compound 38 (61% yield).
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Overall Scheme in the preparation of final products: method 20
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Synthesis of intermediate IS:
The reaction was done in 2 batches of 15 g of V2.

10 Here is the protocol for one batch of 15 g:

NH; (2M in isopropanol) (51 mL; 102 mmol) was added to a solution of V2 (15 g; 51.2
mmol) in THF (250 mL) at RT for 2 h. The two batches were mixed. The suspension
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was concentrated to dryness. The solid was dissolved in CH,Cl,. The organic layer was
washed with water (once), dried over MgSQy, filtered and the solvent was removed

under reduced pressure to give 28.5 g of intermediate 15 (100% yield) as a white solid.

NH,
N NO; mCPBA )I
\S)l\N/ NH CH2CI2 \ )\
o)\ 0™ 0 o/\
5 15 J5

Synthesis of intermediate JS:
The reaction was done in 2 batches of 14 g of 15.
Here is the protocol for one batch of 14 g:

10 A solution of meta-chloroperbenzoic acid (9.58 g; 40.0 mmol) in CH,Cl, (500 mL) was
added drop wise to a solution of I5 (14 g; 33.3 mmol) in CH,Cl, (2 L) at RT. The
mixture was stirred at RT for 16 h. The solution was filtered to give 18 g of fraction 1.
A 10% aqueous solution of Na,S,0; and a saturated aqueous solution of NaHCO; were
added to the filtrate. The layers were separated and the organic layer was dried over

15  MgSO,, filtered and the solvent was removed in vacuo to give 14 g of intermediate J5

as a yellow solid. The crude compound was used directly in the next reaction step.

NH,

)I AN NO,
N| X
\ )\ NEts \/\OJ\N/ NH

07 o0
5 © O/\ K5

20  Synthesis of intermediate KS:
A solution of J5 (6 g; 20.7 mmol) and NEt; (3.2 mL; 22.8 mmol) in allyl alcohol (120
mL) was stirred at RT for 16 h. The solvent was removed in vacuo to give a yellow
solid. The crude compound was purified by preparative LC (Irregular SIOH 15-40 pum,
120 g Grace, mobile phase gradient: from CH,CL/EtOAc, 100/0 to 85/15) to give 4 g
25  ofintermediate K5 as a pale yellow solid (68% yield).
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Synthesis of intermediate MS:

To a suspension of L5 (5.2 g; 32.2 mmol) and K,COs (11.1 g; 80.5 mmol) in acetone
(250 mL) was added 4-bromo-1-butene (4.1 mL; 40.2 mmol), and the mixture was
heated at 60°C during 16 h. 4-bromo-1-butene (4.1 mL; 40.2 mmol) and Nal (0.965 g;
6.43 mmol) were added, and the mixture was heated at 60°C during 5 days, during
which successive additions of 4-bromo-1-butene (2x4.1 mL; 80.4 mmol), K,COs
(2x2.22 g; 32.2 mmol), and Nal (3.86 g; 25.7 mmol) were performed in order to
achieve complete conversion, as observed by TLC. The mixture was filtered and the
filtrate was concentrated in vacuo to give a brown oil. The crude compound was
purified by preparative LC on (Irregular SiOH 20-45 um, 450 g Matrex), mobile phase
(0.7% NH4OH, 85% Heptane, 15% iPrOH) to afford 3.6 g of intermediate M5 as an
orange oil (62% yield).

PPh
N

NO,

NH,
NO M5 RN
o6 - I
N )\ 2
N O)\N/ NH Di-tBu-azodicarboxylate "o N N o™

N
PPh;, THF
o SR v " h
K5
No NS

Synthesis of intermediate N5:

The reaction was performed in 3 batches.

Typical procedure for one batch:

Under nitrogen, a solution of K5 (667 mg; 2.35 mmol), M5 (633 mg; 3.53 mmol), PPh;
(926 mg; 3.53 mmol) and di-tert-butylazodicarboxylate (813 mg; 3.53 mmol) in dry
THF (20 mL) was heated at 130°C using one single mode microwave (Biotage Initiator
EXP 60) with a power output ranging from 0 to 400 W for 1 h.

The 3 batches were combined and evaporated under vacuum to give 9.8 g of a brown
oil. The crude compound was purified by preparative LC on (Irregular SIOH 20-45 um
450 g Matrex), mobile phase (Gradient from 60% Heptane, 40% AcOEt to 50%
Heptane, 50% AcOEt) to afford 1.1 g of intermediate N5 (22% yield) as a yellow solid.
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Synthesis of intermediates OS5 and P5:
A solution of N5 (950 mg; 1.35 mmol) and chlorodicyclohexylborane (1 M in hexane)
(270 uL; 270 umol) in dry dichloroethane (452 mL) was stirred at 80°C for 1 h.
Grubbs-Hoveyda catalyst 2™ generation (35 mg; 56.2 umol) was added and the mixture
was stirred at 120°C for 1 h then more catalyst (35 mg; 56.2 umol) was added. The
mixture was stirred at 120°C for 24 h. Grubbs-Hoveyda catalyst 2nd generation (57 mg;
90.9 mmol) was added again and the mixture was stirred at 120°C for 6 h. SiliaBond®™
DMT (3.11 g; 1.62 mmol) was added and the mixture was stirred at RT for 24 h, then
the dark solid was filtered off and the filtrate was evaporated in vacuo. The crude
compound was purified by preparative LC (irregular SIOH 15-40 um, Merck 90 g;
mobile phase gradient: from heptane/iPrOH 90/10 to 65/35) to give 0.12 g of
intermediate O5 (13% yield), 0.47 g of a mixture of intermediates O5 and P5 (52%
yield) and 28 mg of intermediate P5 (3% yield).
The mixture of intermediates O5 and P5 was further purified by preparative LC
(Stability silica 5 um 150x30.0 mm, mobile phase gradient: from heptane/AcOEt 85/15

to 0/100) to give 120 mg of intermediate O5 and 224 mg of intermediate P5.
global yield : 54% (E-isomer O5: 28%, Z-isomer P5: 26%)).

PPh,
z NH,

No2

)\ J iron, AcOH \>_O :

@ o) water

7 N

05

Synthesis of final compound 39:

A mixture of O5 (240 mg; 0.355 mmol) and iron (119 mg; 2.13 mmol) in acetic acid
(4.3 mL) and water (0.4 mL) were heated at 100°C using one single mode microwave
(Biotage Initiator EXP 60) with a power output ranging from 0 to 400 W for 1 h. The
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solvent was removed in vacuo and the residue was taken up with DMF. The mixture
was filtered over celite® and the filtrate was evaporated in vacuo to give fraction 1.
SiliaBond® imidazole (Fe scavenger from Silicycle®) (3.67 g; 4.25 mmol) was added to
fraction 1 in DMF (50 mL). The mixture was stirred at RT for 16 h and filtered over
celite® and the filtrate was evaporated in vacuo to give 100 mg of fraction 2. Fraction 2
was purified by preparative LC (irregular SIOH 15-40 pum, 25 g Merck, dry loading,
mobile phase gradient: from CH,Cl,/MeOH/NHsaq 95/5/0.5 to 85/15/1.5) to give 9 mg
of final compound 39 as a white solid (7% yield).

Overall Scheme in the preparation of final products: method 21
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Synthesis of intermediate QS:

The reaction was done in 3 batches of 20 g of intermediate J5.

Here is the protocol for one batch of 20 g:

A solution of J5 (20 g; 69.1 mmol) and NEt; (11.5 mL; 83.0 mmol) in 3-buten-1-ol
(500 mL) was stirred at RT for 16 h. The solvent was removed in vacuo to give a
yellow solid. The combined 3 reactions were purified by preparative LC (Irregular
SiOH 15-40 um, 750 g Grace, mobile phase gradient: CH,Cl,/EtOAc from 100/0 to
80/20). The fractions containing product were combined and the solvent was removed

in vacuo to give 39 g of intermediate Q5 (63% yield).

NH2 Xy cl NH,
NO
)\ z C o
NS0 SN SNH

K2COs3, Nal, acetone

Q5 o)\ 0"\ /\/\O)\ ;oj/\
N

Synthesis of intermediate SS:
Q5 (12.8 g; 43.2 mmol), R5 (16.1 g; 77.8 mmol), K,COs (14.9 g; 108 mmol) and Nal
(6.48 g; 43.2 mmol) in acetone (690 mL) were stirred at RT for 1 h and then the

mixture was heated at 75°C for 16 h. The mixture was cooled to RT and was filtered

through a pad of celite®. The filtrate was evaporated in vacuo to give fraction 1.
Fraction 1 was combined with another batch (reaction with 67.46 mmol of Q5) to be
purified by preparative LC (2 serial chromatography, irregular SiOH, 15-40 um, 220 g
Grace, liquid injection, mobile phase gradient: from CH,CL/EtOAc 100/0 to 50/50) to
give 1.97 g of fraction 2 as a brown solid and 10.7 g of fraction 3 as a brown solid.

The two fractions were taken up and diluted with CH,ClL,. Heptane was added and the
mixture was partially evaporated in vacuo to give a pale brown precipitate which was
filtered off to give 11.26 g of intermediate S5 as an off-white solid (59% yield).

NH, NH2 NH,
NO
No2 NF | 3 NF NOz
Grubbs-Howeyda catalyst )% )J\ )\ |
)\ )J\ 2nd generation e} N N O/\ + e} N )j\ o™
%
N dry dichloroethane
-5y L. -
\/\O [X* / N N / A\ N
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Synthesis of intermediates TS and US:

This reaction was performed in 2 batches using respectively 2.75 g and 1.51 g of
intermediate S5.

Typical procedure for 1 batch:

A solution of S5 (1.51 g; 3.40 mmol) and chlorodicyclohexylborane (1M in hexane)
(0.679 mL; 0.679 mmol) in dry dichloroethane (908 mL) degassed by N, bubbling for
15 min was stirred at 80°C under N, atmosphere for 1 h. Grubbs-Hoveyda catalyst 2™
generation (213 mg; 0.340 mmol) was added and the mixture was stirred at 80°C for 1
h. SiliaBond® DMT (4.45 g; 2.72 mmol) was added and the resulting mixture was
stirred at RT for 20 h. The 2 batches were combined and filtered through a pad of
celite®. The filtrate was evaporated in vacuo to give 4.2 g of a brown solid. The solid
was purified by preparative LC (regular SiOH, 30 um, 200 g Interchim, mobile phase
gradient: from CH,Cl,/AcOEt 100/0 to 25/75) to give 2.5 g of fraction 1 and 1.3 g of of
intermediate TS5 (32%, E isomer). Fraction 1 was taken-up with CH,Cl, then heptane
was added. CH,Cl, was partially evaporated in vacuo and the resulting precipitate was
filtered and dried under vacuum to give 1.52 g of intermediate U5 (38% yield, Z

isomer).

C N iron, AcOH o " N
\ water
o N\ o

us

Synthesis of final compound 45:

This reaction was performed in 5 batches using respectively 0.5 g, 3 times 1 g, and two
times 1.45 g of intermediate US.

Here is the procedure for 2 batches of 1.45 g:

Under N; atmosphere, U5 (1.45 g; 3.48 mmol) was added portion wise to a solution of
acetic acid (193 mL) and water (19 mL) heated at 70°C. After complete dissolution,
iron (1.17 g; 20.9 mmol) was added in one portion and the mixture was stirred at 70°C
for 4 h. The 2 batches were combined and filtered hot through a pad of celite” and the
celite® was rinsed with hot acetic acid. The resulting filtrate was concentrated to give a
brown residue which was taken up with MeOH, sonicated and heated to give a yellow
precipitate which was filtered off to give fraction 1 as a yellow solid. Fraction 1 was

taken up with acetic acid (30 mL) and sonicated until partial dissolution. Water was
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added (700 mL) and the resulting mixture was sonicated for 1 h, cooled to 0°C (ice
bath) to give a precipitate which was filtered off (glass frit n°5) to give an off-white
solid. The solid was taken up with MeOH, mixed with 3 other batches (obtained with
0.5 g and 2 times 1 g of U5). The resulting mixture was sonicated, heated and cooled to
5 0°C (ice bath) and the resulting solid was filtered off (glass frit n°4) to give 3.5 g of
fraction 2 as an off-white solid. Fraction 2 was mixed with the last batch (obtained with
1 g of US5), DMSO (280 mL) was added and the mixture was heated at 100°C until
complete dissolution. The resulting solution was filtered off and the filtrate was added
to water (1.7 L). The resulting precipitate was stirred at RT for 16 h. The precipitate
10 was filtered off to give 4.1 g of fraction 3 as an off-white solid.
Fraction 3 was taken up with EtOH and was sonicated at 45°C for 2 h. The resulting
mixture was directly filtered off (glass frit n°4) to give 3.63 g of fraction 4 as an off-
white solid. Fraction 4 was taken up with MeOH (180 mL) and the mixture was stirred
at 60°C for 1 h. The mixture was filtered hot to give 3.47 g of final compound 45 as an
15 off-white solid (54% yield).

Overall Scheme in the preparation of final products: method 22
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Synthesis of intermediate WS:

This reaction was performed in 3 batches using respectively 0.2 g, 1.5 g, and 4 g of
intermediate V5.

Here is the procedure for the 4 g batch:

V5 (4 g; 15.8 mmol), NaOH (2.52 g; 63.1 mmol) and 3-buten-1-ol (100 mL) were
stirred at 90°C for 24 h. The solvent was removed under reduced pressure to give
fraction 1 as a brown oil. Fraction 1 was combined with the two other batches to give
fraction 2. Fraction 2 was purified by preparative LC (Irregular SiOH 15-40 um, 80 g
Grace, dry loading, mobile phase gradient: CH,Cl,/MeOH/NHzaq from 97/3/0.03 to
80/20/2) to give 3.88 g of intermediate W5 as an orange solid (60% yield).

)\)j: MeOH )\)j:
HCI (1M in water)
w5

Synthesis of intermediate X5:

HCI (1 M in water) (2 mL) was added to a stirred solution of W5 (3.88 g; 13.4 mmol)
in MeOH (160 mL) at RT. The resulting mixture was stirred at 60°C for 4 h. Then HCI
(3 M in water) (2 mL) was added and the mixture was stirred at 60°C for 64 h. The
reaction mixture was concentrated in vacuo, the resulting residue was taken up with
CH,Cl,, filtered off and dried under reduced pressure to give 2.72 g of intermediate X5
as a pale brown solid (84% yield). The compound was used directly in the next reaction

step.

ﬁ\> OGO

>

K2COs, DMF
5 Y5

Synthesis of intermediate Y5:

W2 (2.34 g; 14.0 mmol) was added to a stirred solution of X5 (2.62 g; 12.8 mmol) and
K,COs (3.9 g; 28.1 mmol) in DMF (40 mL). The mixture was stirred at RT for 1 h and
then at 70°C for 3 h. The reaction mixture was cooled to RT, diluted with MecOH and
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filtered on a pad of celite”. The resulting filtrate was concentrated in vacuo to give
fraction 1. Fraction 1 was purified by preparative LC (Irregular SiOH 15-40 um, 80 g
Grace, dry loading, mobile phase gradient: CH,Cl,/MeOH/NHsaq from 100/0/0 to
80/20/2) to give 4.6 g of an orange solid. The solid was purified by preparative LC
(Irregular SiIOH 15-40 pum, 80 g Grace, dry loading, mobile phase gradient:
Heptane/CH,Cl,/MeOH from 100/0/0 to 0/90/10) to give 3 g of intermediate Y5 a pale

orange solid. The compound was used as such in the next reaction step.

NH, NH>
N N7 XN
)Nl\ AN \> Grubbs-Howeyda )l\ _ \>
= catalyst 2nd generation N
"0 N N y g 0 N

—_
_

dichloroethane

EZ\

Y5

52

\

Synthesis of final compound 52:

The reaction was performed in 2 batches of 250 mg of intermediate Y 5.

Herein is reported the procedure for one batch of 250 mg:

In a schlenk flask, Y5 (250 mg; 0.745 mmol) was dissolved in dry dichloroethane (250
mL) and the solution was degassed by N, bubbling through the solution for 20 min.
Chlorodicyclohexylborane (1 M in hexane) (150 uL; 150 umol) was added and the
resulting solution was stirred at 70°C for 1 h. Grubbs-Hoveyda catalyst 2" generation
(23 mg; 37.3 umol) was added and the mixture was stirred at 120°C for 16 h. Catalyst
(23 mg; 37.3 umol) was added again and the mixture was stirred at 120°C for 4 h.
Catalyst (9 mg; 14.9 umol) was added again and the mixture was stirred at 120°C for 3
h. SiliaBond® DMT (1.19 g; 0.716 mmol) was added and the mixture was stirred at RT
for 16 h. The two batches were mixed and filtered through a pad of celite®. The
resulting filtrate was concentrated to give a brown residue. The residue was purified by
preparative LC (Irregular SIOH 15-40 um, 40 g Merck, dry loading, mobile phase
gradient: CH,Cl,/MeOH/NHsaq from 100/0/0 to 80/20/0.2) to give 155 mg of final
compound 52 as an off-white solid (E/Z mixture, 34% yield).
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Overall Scheme in the preparation of final products: method 23
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Synthesis of intermediate A6:

K5 (3.0 g; 10.6 mmol), Z5 (2.5 g; 11.7 mmol), K,COs (2.93 g; 21.2 mmol) and Nal
(1.6 g; 10.6 mmol) in acetone (150 mL) were stirred at 75°C for 16 h. The solution was
filtered and the filtrate was evaporated under reduced pressure to give fraction 1.
Fraction 1 was purified by preparative LC (Irregular SiIOH 15-40 um, 90 g Merck,
mobile phase gradient: from Heptane/CH,CL/EtOAc 100/0/0 to 0/90/10). The fractions
containing product were combined and the solvent was removed in vacuo to give 4.4 g
of intermediate A6 (90% yield) as a yellow solid.

NH, NH,

NH, NO2

N02

AB
¢)

S

Synthesis of intermediates B6 and Cé6:

The reaction was performed in 2 batches of 1.5 g and one batch of 1.2 g of intermediate
A6.

Herein is reported the procedure for one batch of 1.5 g:

A6 (1.5 g; 3.27 mmol) was added to dry CH,Cl; (900 mL) and the resulting mixture
was degassed by N, bubbling through the solution for 30 min. Grubbs catalyst 2™
generation (92 mg; 108 umol) was added in one portion and the mixture was stirred at
RT under N, atmosphere for 2 h. Catalyst (92 mg; 108 umol) was added again in one
portion and the mixture was stirred at RT under N, atmosphere for 16 h. Catalyst (92
mg; 108 umol) was added again in one portion and the mixture was stirred at RT under
N, atmosphere for 48 h.

The 3 batches were mixed, SiliaBond® DMT (12 g; 7.31 mmol) was added and the
mixture was stirred at RT for 16 h. The reaction mixture was filtered through a pad of
celite® and the filtrate was evaporated in vacuo to give fraction 1 as a brown solid.
Fraction 1 was purified by preparative LC (Irregular SiIOH 15-40 um, 70 g Merck,
mobile phase gradient: CH,Cl/EtOAc from 100/0 to 80/20). The fractions containing
product were combined and the solvent was removed in vacuo to give fraction 2 and
fraction 3. Fraction 2 was solubilized in hot EtOH/Acetone. The mixture was left to
cool down to RT. Then the precipitate was filtered off, washed (3 times) with 20 mL of
EtOH and dried in vacuo to give 800 mg of intermediate B6 (E/Z mixture) as a yellow
solid.
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Fraction 3 was solubilized in hot EtOH/Acetone. The mixture was allowed to cool
down to RT. Then the precipitate was filtered off, washed (3 times) with 15 mL of
EtOH and dried in vacuo to give 300 mg of intermediate B6 (E/Z mixture) as a yellow
solid.

Part of intermediate B6 (100 mg ) was purified by achiral SFC (Stationary phase:
AMINO 6um 150x21.2 mm, Mobile phase: CO,/MeOH; 75/25) to give 78 mg of
intermediate C6 (E isomer) as a yellow solid.

NH> NH,
No2

\>—o H
iron

@ @
acetic acid, water

Synthesis of final compound 57:

A mixture of B6 (150 mg; 348 umol) and iron (117 mg; 2.09 mmol) in acetic acid (10
mL) and water (1 mL) was stirred at 80°C for 2 h. The mixture was filtered through a
pad of celite® and the filtrate was evaporated in vacuo to give fraction 1. Fraction 1
was taken up with DMF. SiliaBond® imidazole (3.6 g; 4.17 mmol) was added and the

reaction was stirred at RT for 16 h. The solution was filtered through a pad of celite®.

The filtrate was evaporated in vacuo. The residue was taken up with acetic acid and
water (30:70). The precipitate was filtered and dried under vacuum to give fraction 2.
Fraction 2 was taken up with MeOH. The precipitate was filtered and dried under
vacuum to give fraction 3. Fraction 3 was filtered through a pad of silica gel (mobile
phase: DMF), the fractions containing product were combined and the solvent was
removed in vacuo to give fraction 4. Fraction 4 was taken up with DMF. SiliaBond®
imidazole (3.6 g; 4.17 mmol) was added and stirred at RT for 16 h. The solution was
filtered through a pad of celite®. The filtrate was evaporated in vacuo to give fraction 5.
Fraction 5 was taken up with acetic acid and water (70:30). The precipitate was filtered
and dried under vacuum to give fraction 6. Fraction 6 was purified by preparative LC
(Irregular SiOH 15-40 um, 10 g Merck, mobile phase gradient: CH,Cl,/MeOH/NHsaq
from 97/3/0.1 to 80/20/3). The fractions containing product were combined and the
solvent was removed in vacuo to give 35 mg of fraction 7 as a white solid. Fraction 7
was taken up with water. The precipitate was filtered, washed (twice) with EtOH and
Et,0, dried under vacuum to give 26 mg of final compound 57 as a white solid (21%
yield).
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NH,
NO NH,

2
No2
N7
Hz2, Wilkinson
EZ catalyst )\ O/\
T
O@)

o)

| D6
Synthesis of intermediate D6:
A mixture of B6 (300 mg; 695 pumol), Wilkinson’s catalyst (64 mg; 69.5 pmol) in
THF/MeOH (50/50) (60 mL) was hydrogenated under 7 bars pressure at RT for 20 h.
The mixture was filtered through a pad of celite® and the filtrate was evaporated in
vacuo to give a brown solid. The crude compound was purified by preparative LC
(Irregular SIOH 15-40 pum, 25 g Merck, mobile phase gradient: CH,CL/EtOAc from
100/0 to 80/20). The fractions containing product were combined and the solvent was
removed in vacuo to give 305 mg of intermediate D (quantitative yield) as a yellow
solid.

NH,

NO N
e | JO ST
)\ | iron 0 Xy "
Co XN N)j\o/\ N

acetic acid, water O@)
@]
(@]
Q I

56
D6

Synthesis of final compound 56:

A mixture of D6 (250 mg; 577 umol) and iron (193 mg; 3.46 mmol) in acetic acid (30
mL) and water (3 mL) was stirred at 120°C for 6 h, then 2 h at 140°C. The mixture was
evaporated in vacuo to give fraction 1. Fraction 1 was taken up with DMF and filtered
through a pad of celite® and the filtrate was evaporated in vacuo to give Fraction 2.
Fraction 2 was taken up with AcOH and water (30:70). The solution was extracted with
CH;Cl,/MeOH (9:1) (twice). The organic layer was dried over MgSQy, filtered and the
solvent was removed under reduced pressure to give fraction 3. Fraction 3 was purified
by preparative LC (Irregular SiOH 15-40 um, 12 g Grace, mobile phase gradient:
CH,Cl,/MeOH/NHsaq from 97/3/0.1 to 80/20/3). The fractions containing product
were combined and the solvent was removed in vacuo to give 90 mg of final compound
56 (44% yield) as a white solid.
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NH, NH,

T iron N—o0H
M A~ >—
(0]

(0] N N

e} : J acetic acid, water
o)

| C6

Synthesis of final compound 60:
A mixture of C6 (70 mg; 162 umol) and iron (54 mg; 974 umol) in acetic acid (10 mL)

and water (1 mL) was stirred at 120°C for 5 h. The mixture was evaporated in vacuo to

give fraction 1. Fraction 1 was taken up with DMF and filtered through a pad of celite®
and the filtrate was evaporated in vacuo to give fraction 2. Fraction 2 was taken up
with AcOH and water (30:70). The precipitate was filtered, washed (twice) with EtOH
then Et,0 and dried under vacuum to give 46 mg of final compound 60 (80% yield) as

a white solid.

Overall Scheme in the preparation of final products: method 24

NH, NH,

No2 o \ N02
Ha, Wilkinson's iron \>—OH
catalyst )\
)\ )J\ —_ o/\ —_—

THF/MeOH AcOH, water
<\E/Z O N \d
P

E6

Synthesis of intermediate E6:
Intermediate E6 (mixture of E and Z isomers, 90 mg, 17% yield) was synthesized using

the procedure described for intermediates TS and US.

Synthesis of intermediate F6:

A solution of E6 (90 mg; 216 umol) and Wilkinson’s catalyst (20 mg; 21.6 umol) in
THF (7 mL) and MeOH (7 mL) was degassed by N, bubbling for 10 min. The mixture
was hydrogenated under 5 bars pressure at RT for 16 h. The mixture was degassed by
N, bubbling for 10 min and Wilkinson’s catalyst (40 mg; 43.2 umol) was added. The
mixture was hydrogenated under 10 bars pressure at RT for 16 h. The mixture was
degassed by N, bubbling for 10 min and Wilkinson’s catalyst (20 mg; 21.6 umol) was
added. The mixture was hydrogenated under 10 bars pressure at RT for 16 h. The
mixture was filtered over celite® and the filtrate was concentrated in vacuo to give 140

mg of a green oil. The crude compound was purified by preparative LC (Irregular SiOH
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15-40 um, 4 g Grace, mobile phase gradient: from CH,CL/EtOAc 100/0 to 80/20). The
fractions containing product were combined and the solvent was removed in vacuo to

give 60 mg of intermediate F6 (66% yield) as a yellow oil.

5 Synthesis of final compound 58:
A mixture of F6 (76 mg; 0.182 mmol) and iron (81 mg; 1.45 mmol) in acetic acid (4.2
mL) and water (0.21 mL) was stirred at 80°C for 6 h, then 100 °C for 16 h. The mixture
was filtered through celite® and the filtrate was evaporated in vacuo. The crude
compound was purified by preparative LC (irregular SIOH 15-40 um, 25 g Merck, dry
10 loading, mobile phase gradient: from CH,Cl,/MeOH/NHsaq 97/3/0.3 to 85/15/1.5) to
give 21 mg of final compound 58 (34% yield).

Overall Scheme in the preparation of final products: method 25
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Synthesis of intermediate 16:

To a solution of G6 (21.11 g; 95.0 mmol) in THF (500 mL) at 0°C was added drop
wise lithium aluminium hydride bis(THF) (1M in toluene) (190 mmol; 190 mL). The
solution was stirred for 1h30 at 0°C, and then at RT for 1h30. The mixture was cooled
to 0°C and was quenched by cautious drop wise addition of 7.5 mL of water, then 7.5
mL of aqueous NaOH (5%) and finally 15 mL of water. After 30 minute of further
stirring, the mixture was filtered through a pad of celite®. The celite™ was washed with
EtOAc, the filtrate was evaporated under vacuum to afford 19.64 g (99% vyield) of

intermediate H6 as a clear yellow oil.

SOCI, (73 mL; 1.01 mol) was added drop wise to a mixture of H6 (19.6 g; 101 mmol)
in CH,Cl; (450 mL) at 0°C. The mixture was stirred at RT for 3 h. The solvent was
evaporated and the residue was dried by azeotropic distillation with toluene (twice) to
give 23.6 g of a brown oil. The brown oil was dissolved in CH,Cl,, washed with 2 x
100 mL of aqueous NaOH 5%, dried over MgSQ,, filtered, and evaporated under
vacuum to afford 20.5 g of a brown oil. The crude was purified by preparative LC
(Stationary phase: Irregular SiOH 20-45um 450g Matrex), Mobile phase: Gradient
from 50% Heptane, 50% CH,Cl, to 0% Heptane, 100% CH,Cl,) to afford intermediate
16 (4.77 g; 22% yield) as a yellow oil.

NH,

N NO,

P
N X2 6 XIS 0N
| > o
X0 SN SNH K2COs, Nal ~

acetone
o/ o/\ J6

Synthesis of intermediate J6:

16 (2.7 g; 12.7 mmol) was added to a solution of K5 (3 g; 10.6 mmol), K,CO; (2.93 g;
21.2 mmol) and Nal (1.59 g; 10.6 mmol) in acetone (180 mL) was stirred at 70°C for
16 h. The reaction was combined with another batch (from 200 mg of K5). The mixture
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was filtered and the filtrate was concentrated in vacuo to give a yellow solid. The solid
was taken up in CH,Cl,. The precipitate was filtered and the filtrate was concentrated
in vacuo to give 4.14 g of a yellow oil. The crude was purified by preparative LC
(Irregular SiOH 15-40 um, 120 g Grace, mobile phase gradient: from Heptane/EtOAc
100/0/ to 50/50). The fractions containing product were combined and the solvent was
removed in vacuo to give 3.83 g of a yellow oil, which was re-purified by preparative
LC (Irregular SiOH 15-40 um, 80 g Grace, mobile phase gradient: from CH,Cl,/EtOAc
100/0 to 95/5). The fractions containing product were combined and the solvent was

removed in vacuo to give 2.3 g (44% yield) of intermediate J6 as a yellow oil.

NH,
No2

NH,
N02
)\ )j\ Grubbs-Howeyda catalyst
\/\ o™

2nd generatlon

~ dry dichloroethane NH»
Ao,
NS
°© ﬁjo)\N N)j\o/\
)/ -
O
O\

Synthesis of intermediates Ké and L6:

The reaction was performed in 2 batches.

Typical procedure for one batch:

A solution of J6 (940 mg; 2.05 mmol) and chlorodicyclohexylborane (1M in hexane)
(409 uL; 409 umol) in dry dichloroethane (564 mL) was stirred at 80°C and under N,
atmosphere for 1 h. Grubbs-Hoveyda catalyst 2 generation (85 mg; 136 umol) was
added and the mixture was stirred at 120°C for 1 h. More catalyst (85 mg; 136 umol)
was added and the mixture was stirred at 120°C for 1 h. More catalyst (85 mg; 136
umol) was added again and the mixture was stirred at 120°C for 16 h. The 2 batches
were combined, SiliaBond® diamine (Ru scavenger from Silicycle®) (2.48 g; 3.97
mmol) was added and the mixture was stirred at RT for 16 h. The mixture was filtered
and the filtrate was concentrated in vacuo to give 1.75 g of a black oil. This batch was
combined with another one (0.48 mmol scale) to give 2.03 g of a black oil. The black
oil was purified by preparative LC (Irregular SiIOH 15-40 um, 50 g Merck, mobile
phase gradient: from CH,Cl,/EtOAc 100/0 to 98/2). The fractions containing product
were combined and the solvent was removed in vacuo to give 70 mg of fraction 1

(intermediate K6, Z isomer), 160 mg of fraction 2 (mixture of intermediates K6 and L6
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(75/25)) and 116 mg of fraction 3 (mixture of intermediates K6 and L6 (94/6)).
Fraction 2 was purified by achiral SFC (Stationary phase: AMINO 6 um 150x21.2 mm,
mobile phase: 85% CO,, 15% MeOH) to give 45 mg of intermediate L6 (4% yield, E
isomer) as a yellow oil and 176 mg of intermediate K6 (16% yield, Z isomer) as a
white solid (Global Yield: 27%).

NH,
/ NO,
N
r o \>—OH
[:OAN N)J\o/\ iron )\
acetic aC|d water

K6

Synthesis of final compound 65:

Iron (182 mg; 3.26 mmol) was added to a solution of K6 (176 mg; 0.408 mmol) in
acetic acid (10 mL) and water (480 puL). The mixture was stirred at 70°C for 1 h and
was then concentrated in vacuo until dryness. DMF was added, the mixture was heated
and filtered hot through celite® and the celite® was rinsed with DMEF. SiliaBond®
imidazole (5.63 g; 26.6 mmol) was added to the filtrate and the mixture was stirred at
RT for 16 h. The mixture was filtered through celite®, the celite™ was rinsed with DMF
and the filtrate was concentrated in vacuo. The residue was taken up with acetic acid (1
mL) then water was added and the mixture was cooled to 0°C, leading to precipitation.
The precipitate was filtered to give an off-white solid. The solid was taken up in EtOH
and heated at 80°C. The mixture was allowed to cool down to RT and the precipitate
was filtered to give 50 mg of a white solid. The solid was dried in vacuo overnight and
then solubilized in hot DMF and SiliaBond® imidazole (2 g; 2.32 mmol) was added.
The mixture was stirred at RT for 16 h. The mixture was filtered through celite®, the
celite® was rinsed with DMF and the filtrate was concentrated in vacuo to give 44 mg

of final compound 65 (30% yield) as a white solid.

NH, NH,
No2

)\ )j\o/\ iron \>—O H

: .| acetic acid, water
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Synthesis of final compound 75:
Final compound 75 (11 mg, 30% yicld) was obtained using the procedure described for
final compound 65, starting from 45 mg of intermediate L6.

Overall Scheme in the preparation of final products: method 26
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Synthesis of intermediates N6 and O6:
R5 (8.7 g; 47.6 mmol) in DMF (50 mL) was added drop wise over 1 h to a mixture of

M6 (5 g; 26.5 mmol) and K,COs (14.6 g; 106 mmol) in DMF (50 mL) at RT and under
N, atmosphere. The mixture was stirred at RT for 72 h. The mixture was evaporated

and water/EtOAc were added. The layers were separated and the aqueous layer was
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extracted with EtOAc (twice). The combined organic layers were washed with water
(twice), dried over MgSQsy, filtered and dried in vacuo to give a brown solid. The solid
was purified together with another batch (1 mmole scale) by preparative LC (Irregular
SiOH 15-40 um, 150 g Merck, mobile phase gradient: from CH,CL/EtOAC 100/0 to
90/10). The fractions containing product were combined and the solvent was removed
in vacuo to give 2.11 g of intermediate N6 (24% yield) as an orange solid and 2.64 g of
a second fraction (mixture of N6 and 06 (83/17).

cl NH,
N)IN\> NHz 7M in iPrOH N7 N\>
I > I
CIJ\N/ N C|)\N/ N
N N
T T

=/° =/°

Synthesis of intermediate P6:

The reaction was performed in Autoclave.

A solution of N6 (1.9 g; 5.65 mmol) in NHs (7M in isopropanol) (40 mL) was stirred at
120°C for 16 h. The mixture was cooled down to RT and the precipitate was filtered
off. The precipitate was washed with Et,O and dried in vacuo to give 1.42 g of
intermediate P6 (79% yield) as a brown solid.

NH, NH;
-
CIJ\N/ N N NO)\N/ N N
72 /2

NaH

=/ 0© =/°

Synthesis of intermediate Q6:

A solution of P6 (1.42 g; 4.48 mmol) and NaH (60% in oil) (412 mg; 10.3 mmol) in 3-
buten-1-o0l (29 mL) was stirred at 90°C for 16 h. The solvent was removed in vacuo to
give a brown solid. The solid was purified by preparative LC (Irregular SIOH 15-40
um, 50 g Merck, mobile phase: CH,Cl,/MeOH 95/5). The fractions containing product

were combined and the solvent was removed in vacuo to give 1.26 g of a brown solid.
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The solid was taken up in Et,O leading to precipitation, the precipitate was filtered and

dried in vacuo to give 920 mg of intermediate Q6 (58% yield) as a white solid.

N7 N
fﬁ:\ | \
> O)\N N> + O)\N >
DCE

> ~T
=/° Y Y

g/ N\ /

78 79

A solution of Q6 (460 mg; 1.31 mmol) and chlorodicyclohexylborane (1M in hexane)
(261 uL; 261 umol) in dichloroethane (430 mL) was stirred at 80°C under N;
atmosphere for 1 h. Grubbs-Hoveyda catalyst 2™ generation (82 mg; 131 umol) was
added and the mixture was stirred in sealed tube at 120°C for 8 h.
chlorodicyclohexylborane (1M in hexane) (261 pL; 261 umol) was added and the

mixture was stirred at 80°C under N atmosphere for 1 h. Grubbs-Hoveyda catalyst 2™

Synthesis of final compounds 78 and 79:

generation (82 mg; 131 umol) was added and the mixture was stirred at 120°C for 2 h.
SiliaBond® DMT (3.48 g; 2.08 mmol) was added and the mixture was stirred at RT for
16 h. The mixture was filtered through celite® and the filtrate was evaporated in vacuo
to give 640 mg of a black solid. The solid was purified together with another batch (1.3
mmole scale) by preparative LC (Irregular SiOH 15-40 um, 40 g Grace, mobile phase
gradient: from CH,Cl,/MeOH 100/0 to 90/10). The fractions containing product were
combined and the solvent was removed in vacuo to give 463 mg of a brown solid. The
solid was purified by achiral SFC (Stationary phase: AMINO 6 um 150x21.2 mm,
mobile phase: 82% CO,, 18% MeOH(0.3% iPrNH;)) to give 36 mg of final compound
78 (E isomer, 4% yield) as a white solid and a precipitate. This precipitate was purified
by preparative LC (Stationary phase: Spherical bare silica 5 um 150x30.0 mm, mobile
phase gradient: from Heptane/EtOAc/MeOH (10% NH3) 71/28/1 to 0/80/20) to give 10

mg of final compound 79 (Z isomer, 1% yield) as a white solid.
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Overall Scheme in the preparation of final products: method 27
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Synthesis of intermediate T6:
A mixture of V2 (7.04 g; 24.04 mmol), R6 (5.16 g; 24.04 mmol), K,CO3 (4.98 g; 36.06

mmol) and Nal (3.6 g; 24.04 mmol) in acetone (240 mL) were stirred at RT for 24 h.
The precipitate was filtered off, rinsed with acetone. The filtrate was evaporated to give
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18.7 g. The crude compound was dissolved into CH,Cl,. The precipitate was eliminated
by filtration and the filtrate was concentrated in vacuo. The crude compound was
purified by preparative LC (Stationary phase: Irregular SiOH 20-45 um 450 g Matrex),
mobile phase: 75% heptane, 25% AcOEt) to yield 7.4 g of intermediate T6 (65% yield).

% NH,
\S)l\ NHz aq \S)l\N/ N
)\ THF o )\/O\Q
T6 /j\ ue ) o
- o/l/io/

Synthesis of intermediate U6:

A mixture of T6 (7.25 g, 15.396mmol) in aqueous solution of NH; (30%) (110 mL) and
THF (110 mL) was stirred at RT for 1 h. The mixture was concentrated. The residue
was taken up with toluene and concentrated (the process was repeated twice). The
residue was taken up with CH,Cl,, dried over MgSO,, filtered and the solvent was
evaporated to give 7.5 g of intermediate U6. The crude compound was used directly in

the next reaction step.

NO,
NT R
)|\ P mCPBA )\
s N N
CH2C|2 5
o) o) o

U
)/j\o V6
o o /I/i -

Synthesis of intermediate V6:

At 0°C, meta-chloroperoxybenzoic acid (1.36 g, 5.54 mmol) in CH,Cl, (25 mL) was
added to a mixture of U6 (2.5 g, 5.54 mmol) in CH,Cl, (25 mL). The mixture was
stirred at RT for 3 h. An aqueous solution of Na,S,03 (2 eq) was added to the mixture.
2 layers were separated and the aqueous layer was extracted with CH,Cl, (twice). The
combined organic layers were washed with a saturated aqueous solution of NaHCOs3,
dried over MgSOQ,, filtered and the solvent was removed under reduced pressure to

afford 4.0 g of intermediate V6 as a yellow oil which was directly used in the next step.
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Synthesis of intermediate X6:

A mixture of V6 (2.58 g, 5.52 mmol) and NEt; (1.53 mL, 11.04 mmol) in W6 (28 mL)
was stirred at 100°C for 2.5 h. Water was added and the mixture was extracted with
CH,Cl,. The organic layer was washed with HCI 0.5N (6 times), dried over MgSQOu,
filtered and the solvent was evaporated. The crude was purified by preparative LC
(Stationary phase: Irregular SIOH 20-45 um 450 g Matrex), mobile phase: 98%
CH,Cl,, 2% iPrOH) to yield 1.3 g of intermediate X6 (41% yield).

NH,

)\ T cmon . © N/O j\?@
“j L f "

tBuO

Synthesis of intermediate Y6:

At 0°C, TFA (1.72 mL, 22.47 mmol) was added drop wise to a mixture of X6 (1.30 g,
2.25 mmol) in CH,Cl; (25 mL). The mixture was stirred at RT for 12 h. At 0°C, water
was added. The mixture was basified with K,COs 10% in water and was extracted with
CH,Cl,. The organic layer was dried over MgSQO,, filtered and the solvent was

evaporated to give 1.1 g of intermediate Y6, which was directly used in the next step.

NH, NH,

L|OH

/H )\A@ THEIH,0 /H D

/
S OOH

HN
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Synthesis of intermediate Z6:

At 0°C, LiOH monohydrate (289 mg, 6.89 mmol) was added to a mixture of Y6 (1.1 g,

2.3 mmol) in THF/water (50/50) (10 mL). The mixture was stirred at RT for 12 h. At
5 0°C, water was added and the mixture was acidified with HCl 3N until pH 2-3. The

mixture was extracted with EtOAc. The organic layer was dried over MgSOQ,, filtered

and the solvent was evaporated to yield 0.85 g of intermediate Z6 (80% yield).

NH,
NO, NO,
EDC hydrochloride NI A o
(o] N N O
HOBT, DIPEA

ﬁ A7

HoN NH
)\/O
o

O OH

10
Synthesis of intermediate A7:
1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride (941 mg, 4.91 mmol)
and hydroxybenzotriazole (663 mg, 4.91 mmol) were slowly added to a mixture of Z6
(760 mg, 1.64 mmol), diisopropylethylamine (1.41 mL, 8.18 mmol) in DMF (380 mL).
15  The mixture was stirred at RT for 24 h. The solvent was evaporated until dryness. The
residue was taken up with CH,Cl, and was washed with water, then with brine. The
organic layer was dried over MgSQO,, filtered and the solvent was evaporated.
Purification was carried out by flash chromatography over silica gel (15-40 um, 40 g,
CH,Cl,/CH;OH/NH4OH: 99/1/0.1). The pure fractions were collected and evaporated
20  to dryness to yield 0.61 g of intermediate A7 (84% yield).

NH,
| O Fe, AcOH, water \>—OH
AL A Ao~ A
NH
)\/O
o
Synthesis of final compound 80:

25  Iron (1.4 g; 25.09 mmol) was added to a mixture of A7 (560 mg; 1.25 mmol) in acetic
acid (14.4 mL) and water (1.47 mL). The mixture was stirred at 50°C for 6 h. The
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mixture was filtered through celite®, washed with acetic acid then the filtrate was

concentrated under reduced pressure. The crude compound was dissolved into DMF

with 4 g of S10, 60-200 um and the resulting suspension was evaporated until dryness

and put on the top of a 25 g column chromatography. Purification was carried out by

5 flash chromatography over silica gel (15-40 um, 25 g, CH,Cl,/CH;OH/NH4OH:

95/5/0.5). The pure fractions were collected and evaporated to dryness and then taken

up with CH3OH. The resulting precipitate was filtered off and dried to give 152 mg

final compound 80 as the free base (33% yield). The hydrochloride salt was prepared

with 10 eq of HCI 4N in dioxane, which was added to the suspension of the compound

10 in CH3OH. The precipitate was stirred for 1 h, filtered then dried under vacuum to yield
109 mg final compound 80 as an HCI salt.

Overall Scheme in the preparation of final products: method 28
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Synthesis of intermediate C7:

A mixture of V2 (7.5 g; 25.6 mmol), B7 (7.25 g; 28.2 mmol), K,CO; (8.85g; 64 mmol)
and Nal (3.85 g; 25.6 mmol) in acetone (220 mL) was stirred at RT for 16 h. The
mixture was filtered through a pad of celite™ and the filtrate was evaporated in vacuo to
give a yellow oil. The crude was purified by preparative LC (Irregular SiOH 15-40 pum,
120 g Merck, mobile phase gradient: CH,Cl,/Heptane 70/30). The fractions containing
product were combined and the solvent was removed in vacuo. The product was

crystallized from diisopropylether to give 11.4 g of intermediate C7 (95% yield).

CI NH,

NO
Nl
NH3 30% in water ~ )l\ P

HS - S N N

o o/&o
C7
p o
D7
~°

Synthesis of intermediate D7:

A solution of C7 (11.3 g; 24.1 mmol) and NH3 (30% in H,O) (170 mL) in THF (170
mL) was stirred at RT overnight. The mixture of solvents was removed in vacuo and
the residue was taken up by CH,Cl,, decanted, dried over MgSO4 and concentrated
under reduced pressure. The residue was taken up with diisopropylether and the
precipitate was filtered off and air-dried to give 10.5 g of intermediate D7 (97% yield).
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Synthesis of intermediate E7:

Metachloroperbenzoic acid (6.33 g; 26 mmol) was added portion wise to a solution of
D7 (10.5 g; 23.3 mmol) in CH,Cl, (300 mL) at RT. The mixture was stirred at RT for
16 h. A 10% aqueous solution of Na;S;0; (4 eq) and an aqueous solution of NaHCOs
were added. The layers were separated and the aqueous layer was extracted with
CH;Cl; (twice). The combined organic layers were dried over MgSQ,, filtered and the

solvent was removed under vacuum to give 10.8 g of intermediate E7 (99% yield).

NH, 1 | NH,

h N (@]
NO HO” N\ NO
Nl)i > g \n/ \|< N)i >
© I
)\ = NEts )\
\ﬁ N N HO\/\N N/ N
o} ,& 2. TFA, DCM |
(@] (@] o) [e)
o G7 0
E7
\/O \/O

Synthesis of intermediate G7:

E7 (3.5 g; 7.54 mmol) was added portion wise to a solution of NEt; (1.15 mL; 8.3
mmol) and F7 (13.2g; 75.3 mmol) and the resulting mixture was stirred at RT for 16 h.
Water and CH,Cl, were added , the organic layer was decanted, dried over MgSO4 and
concentrated. The crude product was purified by preparative LC (irregular SiOH 15-40
um, 40 g merck, (MeOH/CH,Cl,, 0.5/99.5) to afford intermediate G7a (3.6 g).

To a solution of G7a (3.6 g; 6.2 mmol) in CH,Cl, (120 mL) was added trifluoroacetic
acid (9.5 mL; 41.6 mmol) at RT. The reaction mixture was stirred at RT for 12 h. The
reaction mixture was diluted with CH,Cl, and was treated with a saturated aqueous
solution of NaHCOs. The layers were separated and the organic layer was dried over
MgSQOs, filtered and the solvent was removed under reduced pressure. The crude
product was purified by preparative LC (irregular SiOH 15-40 um, 40 g Grace, dry
loading, mobile phase gradient: from CH,Cl,/MeOH/NH4OH 98/2/0.1) to give 1.7 g of
intermediate G7 (57% yield).
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Synthesis of intermediate H7:

Iron (2.8 g; 50.3 mmol) was added to a mixture of G7 (4 g; 8.4 mmol) in acetic acid (12
mL) and water (3 mL).The mixture was stirred vigorously at 50°C for 5h. The reaction
mixture was diluted with CH,Cl,, filtered through a pad of celite” and the filtrate was
concentrated under vacuum .The crude compound was taken up with a mixture of
CH,Cl,/MeOH (90/10) and a precipitate was filtered of. The filtrate was purified by
preparative LC (irregular SiOH 15-40 pm, 80 g Grace, mobile phase CH,Cl,/MeOH
98/2). The product was crystallized from diisopropylether to give 2.1 g of intermediate
H7 (62.5% yield).

NH,
N7 XN

LiOH |)j:\>_OH
HO\/\ )\)I\>_OH HO\/\T)\N/ N

THF/H0

\/O

Synthesis of intermediate 17:

At 0°C, LiOH monohydrate (157 mg, 3.75 mmol) was added to a mixture of H7 (0.5 g,
1.25mmol) in THF/H,O (50/50) (10 mL). The mixture was stirred at RT for 12h. At
0°C, water was added and the mixture was acidified with HCl1 3N until pH 2-3. The
mixture was extracted with EtOAc. The organic layer was dried over MgSQOy, filtered
and the solvent was evaporated to give 460 mg of intermediate 17 (99% yield). The
crude compound was used directly in the next reaction step.
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Synthesis of final compound 85:
3-Dimethylaminopropyl)-3-cthylcarbodiimide (1 g, 1.5.3 mmol) and

hydroxybenzotriazole (720 mg, 5.3 mmol) were slowly added to a mixture of 17 (660
mg, 1.77 mmol), diisopropylethylamine (1.5 mL, 8.86 mmol) in DMF (400 mL). The
mixture was stirred at RT for 24h. The solvent was evaporated until dryness. The
residue was taken up with CH,Cl, and was washed with water, then with brine. The
organic layer was dried over MgSQO,, filtered and the solvent was evaporated.
Purification was carried out by flash chromatography over silica gel (15-40 um, 80 g,
CH,Cl,/CH;OH/NH4OH: 95/5/0.5). The pure fractions were collected and evaporated

to dryness to give 47 mg of final compound 85 (7.5% yield).
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Overall Scheme in the preparation of final products: method 29
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Synthesis of intermediate J7:
At 0°C, diisopropylazodicarboxylate (0.9 mL; 4.541 mmol) was added drop wise to a
mixture of Q5 (0.9 g; 3.028 mmol), Z4 (0.54 g; 3.028 mmol) and PPh; (1.19 g; 4.541
10 mmol) in THF (45 mL). The mixture was stirred at RT for 2h. EtOAc and water were
added. The layers were decanted. The organic layer was washed with water, dried over
MgSQ,, filtered and the solvent was evaporated. The crude compound was purified by
flash chromatography over silica gel (15-40 um, 120 g, Heptane-EtOAc 85-15 to
70/30). The pure fractions were collected and evaporated to dryness to give
15  intermediate J7 after crystallization with diisopropylether (520 mg, 38% yield).
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Synthesis of intermediate K7:

Grubbs catalyst 2™ generation (91 mg; 0.107 mmol) was added to a mixture of J7
(0.488 g; 1.067 mmol) in CH,Cl, (205 mL). The mixture was stirred at RT for 7h. After
7 hours SiliaBond® DMT (1.42 g; 0.853 mmol) was added and the mixture was stirred
at RT overnight. The reaction was filtered through a pad of celite®, washed with
CH,Cl, and the solvent was evaporated. The crude was purified together with another
batch (0.12 mmole scale) by flash chromatography over silica gel (15-40 um, 40 g,
CH,;Cl/MeOH 99.75/0.25). The pure fractions were collected and evaporated to
dryness to give fraction 1; which was then purified by achiral SFC (Stationary phase:
Chiralpak TA 5 um 250*20 mm), Mobile phase: 70% CO,, 30% MeOH) to give 240
mg of intermediate K7 (E isomer, 52% yield).

xﬁ o

{* 5* T o ik E)

Synthesis of final compound 86:

Iron (0.52 g; 9.315 mmol) was added to a mixture of K7 (0.2 g; 0.466 mmol) in acetic
acid (5.4 mL) and water (550 uL). The mixture was stirred at 50°C for 5h. The mixture
was filtered through celite™, washed with AcOH, and then the filtrate was concentrated.
The crude compound was dissolved into DMF with 5 g of SiO; 60-200 um and the

resulting suspension was evaporated until dryness and put on the top of a 25 g column

NH»2

chromatography. Purification was carried out by flash chromatography over silica gel
(15-40 um, 25 g, CH,Cl,/CH3;0OH/NH4OH: 95/5/0.5 to 90/10/0.5). The pure fractions
were collected and evaporated to dryness. This batch was crystallized from CH;OH, the
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precipitate was filtered off, dried under vacuum at 90°C to give final compound 86 (68

mg, 41% yield).

Overall Scheme in the preparation of ﬁnal products: method 30
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Synthesis of intermediate M7:

A mixture of V2 (10.0 g; 34.16 mmol), L7 (6.85 g; 34.16 mmol), Nal (5.12 g; 34.16
mmol) and K,COs (7.08 g; 51.24 mmol) in acetone (370 mL) were stirred at RT for
24h. The precipitate was filtered off, rinsed with acetone. The filtrate was concentrated
under reduced pressure. The crude compound was taken up with CH,Cl,, the
precipitate (residual intermediate V2) was filtered off, washed with the minimum of
CH;Cl; and the filtrate was concentrated to give 16.8 g of intermediate M7, which was

directly used in the next step.

cl NH,

NO, NO,
NI AN NI X
)\ )\ =
s NN NHs aq Ns N N
A
o)\o F THF o o E
M7 ) o N7 ) o}
)/ )/

Synthesis of intermediate N7:

A mixture of M7 (16.8 g, 36.77 mmol) in NH3 in water (30%) (100 mL) and THF (100
mL) was stirred at RT for 1h. The mixture was diluted with water and was extracted
with EtOAc. The organic layer was washed with brine, dried over MgSQ,, filtered and
the solvent was evaporated to give 15.7 g of intermediate N7 (98% yield).

NH.
NO;
N7 NO2 NI A
| mCPBA )\ P
\S)\N/ N . \ﬁ NN
)\ CHzCl o )\
[e) 0 F (o] (o] F
N7 ) 0

o S
J J

Synthesis of intermediate O7:

At 0°C, 3-chloroperoxybenzoic acid (8.8 g, 35.66 mmol) in CH,Cl, (100 mL) was
added to a mixture of N7 (15.6 g, 35.66 mmol) in CH,Cl, (100 mL). The mixture was
stirred at RT for 3h. An aqueous solution of Na,S,0s (2 eq) was added to the mixture.
The two layers were separated and the aqueous layer was extracted with CH,Cl,
(twice). The combined organic layers were washed with a saturated aqueous solution of
NaHCOs;, dried over MgSQ,, filtered and the solvent was removed under reduced

pressure to afford 16 g of intermediate O7 as a yellow oil (99% yield).
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Synthesis of intermediate P7:
A mixture of O7 (8.0 g, 17.642 mmol) in allyl alcohol (90 mL) and NEt; (4.9 mL,

5 35.285 mmol) was stirred at 90°C for 1h. The mixture was evaporated until dryness and

purified by flash chromatography over silica gel (15-40 pm, 120 g,
CH,Cl,/CH;OH/NH4OH: 99.5/0.5). The pure fractions were collected and evaporated
to dryness to give 6.3 g of intermediate P7 (80% yield).

NH,
N7
)|\ Grubbs-Hoveyda catalyst
y
\/\O N
(0]

NO,
@ e
NS
i 07 "N N |

N 2nd generation C N O + ﬁjo)%N N)J\O/\

A r——— S
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F
F

O

P7 ) )/
Q7
= R7

Synthesis of intermediates Q7 and R7:
The solvent was degassed by bubbling N, through. Reaction was split into 2 equal
portions of 750 mg of P7:

15 A solution of P7 (750 mg; 1.676 mol) and chlorodicyclohexylborane (1M in hexane)
(335 uL; 0.335 umol) in dry dichloroethane (330 mL) was stirred at 80°C and under N,
atmosphere for 1 h. 0.033 eq of Grubbs-Hoveyda catalyst 2™ generation (35 mg;
56umol) was added and the mixture was stirred in sealed tube at 120°C for 1 h. Then
the tube was opened, 0.033eq of catalyst (35 mg; 56 umol) was added again and the

NH,

10

20  mixture was stirred in sealed tube at 120°C for 1 h (sequence repeated two times).
SiliaBond® DMT (1.72 g; 0.894 mmol) was added to the mixture, which was stirred at
RT overnight. The mixture was filtered through a pad of celite®, the celite™ was washed
with CH,Cl, and the filtrate was evaporated. The compound was taken up with CH,Cl,,
the precipitate was filtered off (0.82 g, fraction 1). The filtrate was purified by flash
25  chromatography over silica gel (15-40 pum, 80 g, CH,ClL/CH;OH/NH;OH:
99.5/0.5/0.5). The pure fractions were collected and evaporated to dryness (0.11 g,
fraction 2). Fractions 1 and 2 were combined (0.93 g) and were purified by achiral SFC
(Stationary phase: AMINO 6um 150x21.2mm), Mobile phase: 80% CO,, 20% MecOH)
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to give 0.25 g of intermediate R7 (18% yield, isomer E) and 0.566 g of intermediate Q7

(40% yield, isomer Z).
NH,

H
No2 NHz

TiCls
o/\ THF | \>—OH

zr ?g

5 Synthesis of final compound 87:
At 0°C, TiClz (10.2 mL; 11.923 mmol) was added drop wise to a mixture of R7 (250
mg; 0.596 mmol) in THF (30 mL). The mixture was stirred at 0°C for 4h then at RT
overnight. Water was added and the mixture was basified with K,COs. The mixture
was filtered through a pad of celite®. The celite® was washed with EtOAc/CH;OH

10 70/30. The layers were decanted and the organic layer was evaporated until dryness.
The crude compound was dissolved into DMF then 2 g of SiO, was added and the
resulting mixture was evaporated until dryness. Purification was carried out by flash
chromatography over silica gel (solid deposit) (1540 um, 25 g,
CH,Cl,/CH;OH/NH4OH: 95/5/0.5). The pure fractions were collected and evaporated

15  to dryness to give 20 mg of final compound 87 after crystallization from CH3;CN (17%
yield).

Synthesis of final compound 88:
20  Final compound 88 was obtained from intermediate Q7 (250 mg, 0.596 mmol) with the
procedure described for final compound 87, yielding 9 mg (4% yield).
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Overall Scheme in the preparation of final products: method 31
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Synthesis of intermediate S7:

At 0°C, allylamine (1.46 mL, 19.407 mmol) was added drop wise to a mixture of Q7
10 (8.0 g, 17.642 mmol) and NEt; (4.905 mL, 35.285 mmol) in THF (100 mL). The

mixture was stirred at RT for 3h. Water and EtOAc were added. The layers were

Y
§
>=

\

(0]

decanted. The mixture was extracted with EtOAc. The organic layer was dried over
MgSQ., filtered and the solvent was evaporated. The crude was purified by flash
chromatography over silica gel (15-40 um, 120 g, CH,Cl,/CH3;OH/NH4OH: 99.5/0.5).
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The pure fractions were collected and evaporated to dryness to give 5.8 g of
intermediate S7 (74% yield).

NH,
NH, NO, NH,

Grubbs-Howeyda catalyst
2nd generation

X |
s~ A2 | N© o N7SN
\/\N N N B — N o + > N
H . o)
)\ dry dichloroethane
o7 "o F
57 ) o F

= 7 uz

Synthesis of intermediates T7 and U7:

The intermediates T7 and U7 were synthesized with the method described for
intermediates Q7 and R7.

Synthesis of final compounds 89 and 90:

Final compounds 89 and 90 were synthesized with the method described for final
compounds 87 and 88.
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Overall Scheme in the preparation of final products: method 32
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Synthesis of intermediate V7:

A mixture of Q7 (200 mg, 0.477 mmol) and Wilkinson’s catalyst (88.2 mg, 0.0954
mmol) in THE/MeOH (50/50) (30mL) was stirred at RT under a 8 bar pressure of H;
for 20h. The mixture was evaporated until dryness to give 0.30 g of intermediate V7

directly used in the next step.

Synthesis of final compound 91:
Final compound 91 was synthesized with the method described for final compounds 87
and 88.

LCMS methods:

General procedure VDR2 (for methods V300xV30xx.0lp)

The LC measurement was performed using a UPLC (Ultra Performance Liquid

Chromatography) Acquity (Waters) system comprising a binary pump with degasser,
an autosampler, a diode-array detector (DAD) and a column as specified in the
respective methods below, the column is hold at a temperature of 40°C. Flow from the
column was brought to a MS detector. The MS detector was configured with an
electrospray ionization source. The capillary needle voltage was 3 kV and the source
temperature was maintained at 130 °C on the Quattro (triple quadrupole mass
spectrometer from Waters). Nitrogen was used as the nebulizer gas. Data acquisition
was performed with a Waters-Micromass MassLynx-Openlynx data system.

Method V3014V3001
In addition to the general procedure VDR2: Reversed phase UPLC was carried out on a
Waters HSS (High Strength Silica) T3 column (1.8 um, 2.1 x 100 mm) with a flow rate

0f 0.35 ml/min. Two mobile phases (mobile phase A: 95 % 7 mM ammonium acetate /

5 % acetonitrile; mobile phase B: 100 % acetonitrile) were employed to run a gradient
condition from 99 % A (hold for 0.5 minutes) to 15 % A and 85 % B in 4.5 minutes,

hold for 2 min and back to the initial conditions in 0.5 min, hold for 1.5 minutes. An
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injection volume of 2 uL. was used. Cone voltage was 20 V for positive and negative
ionization mode. Mass spectra were acquired by scanning from 100 to 1000 in 0.2
seconds using an interscan delay of 0.1 seconds.

Method V3018V3001

In addition to the general procedure VDR2: Reversed phase UPLC was carried out on a
Waters Acquity BEH (bridged ethylsiloxane/silica hybrid) C18 column (1.7 um, 2.1 x
100 mm) with a flow rate of 0.343 ml/min. Two mobile phases (mobile phase A: 95 %

7 mM ammonium acetate / 5 % acetonitrile; mobile phase B: 100 % acetonitrile) were
employed to run a gradient condition from 84.2 % A and 15.8 % B (hold for

0.49 minutes) to 10.5 % A and 89.5 % B in 2.18 minutes, hold for 1.94 min and back to
the initial conditions in 0.73 min, hold for 0.73 minutes. An injection volume of 2 ul
was used. Cone voltage was 20V for positive and negative ionization mode. Mass
spectra were acquired by scanning from 100 to 1000 in 0.2 seconds using an interscan

delay of 0.1 seconds.

Table 1. Compounds of formula (I).

Mass | LCMS Ret .
Exact . Synthesis
STRUCTURE Found Time, NMR
Mass method
[M+H] Method

'H NMR (500MHz,
DMSO-ds) 8 (ppm)
9.91 (br. s., 1H), 8.00
-8.11 (m, 1H), 7.04 -
2.5, 7.24 (m, 3H), 6.43 (s,
V3018V3001 2H), 5.36 - 5.77 (m,
323.1 | 324 Method 1 | 2H), 4.82 (d, J=4.7
Hz, 2H), 4.63 - 4.69
(m, 1H), 4.45 - 4.57
(m, 1H), 3.17 - 3.32
(m, 2H), 2.34 - 2.43

(m, 2H)
H,N 'H NMR (500MHz,
N
OH DMSO-dg) 80(ppm)
N

N7\ T 9.93 (s, 1H), 7.57 (s,
D=y 262, 1H), 7.14 - 7.20 (m,
o) 3252 | 326 | V3018V3001 [Method2 | 111y 7.04 (d, 1 =73

Hz, 1H), 6.93 (d,J =
7.3 Hz, 1H), 6.36 (br.
s., 2H), 4.83 (s, 2H),
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Mass | LCMS Ret .
Exact . Synthesis
STRUCTURE Found Time, NMR
Mass method
[M+H] Method

4.15(t,J=6.8 Hz,
2H), 2.60 - 2.69 (m,
2H), 1.68 (br. s., 2H),
1.18 - 1.34 (m, 4H)

'H NMR (500MHz,
DMSO-de) 8 (ppm)
9.91 - 10.50 (m, 1H),
6.91 - 7.37 (m, 6H),
6.57 - 6.70 (m, 2H),
5.21 - 5.54 (m, 2H),
4.82 - 4.92 (m, 2H),
4.11 - 4.30 (m, 2H),
3.18 - 3.32 (m, 2H),
2.03 - 2.23 (m, 2H),
1.60 - 1.90 (m, 2H)

247,
387.2 388 | V3018V3001 | Method 3

'H NMR (500MHz,
DMSO-dg) 80(ppm)
11.25 (s, 1H), 7.87

HN (d, J=1.3 Hz, 1H),
~(L\N " 2.57 731 m, OF), 495 (5

. s 2H), 4.41 - 4.49 (m

2 V3018V3001 | Method 4 ’ ’

O 389 390 cthodd ) 1) 258 -2.65 (m.

2H), 1.62 - 1.72 (m,
2H), 1.52 - 1.61 (m,
2H), 1.13 - 1.25 (m,
2H), 0.99 - 1.11 (m,
2H)

'H NMR (500MHz,
H,N DMSO-dg) 80(ppm)
Jy—OH 10.40 - 10.67 (m,

N\ T 1H), 8.25 (1, ] = 5.5

>¢ N Hz, 1H), 7.74 (s,
1H), 6.83 - 7.27 (m,
5H), 4.79 (s, 2H),
453 (t,1="7.6 Hz,
2H), 3.36 (s, 2H),
3.03 - 3.13 (m, 2H),
1.66 (s, 2H)

o 2.52,
E\ 354.1 355 | V3014V3001 | Method 5
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Mass | LCMS Ret

Exact . Synthesis
STRUCTURE Found Time, NMR
Mass method
[M+H]| Method
'H NMR (400 MHz,
DMSO-de) 8 (ppm)
H,N 10.42 (br. s., 1H),
2 N\>/OH 8.31 (s, 1H), 7.59 (&,
EL W J=4.80 Hz, 1H),
= 7.50 (dd, J =2.02,

o N
__ 2.40, 8.59 Hz, 1H), 6.83 -
N/ 371.1 372 | V3014V3001 | Method 6 | 7.32 (m, 2H), 6.80
(d, /=8.59 Hz, 1H),
HN o
V 4.86 (br. s., 2H), 4.67
o (br. s., 2H), 3.70 (br.
s., 2H), 3.09 (br. s.,
2H), 1.72 - 1.82 (m,
2H)

'H NMR (500 MHz,
DMSO-ds) 8 (ppm)
9.53 (s, 1H), 7.92 (s,
1H), 7.13 - 7.22 (m,
2H), 7.07 (d, J=7.25
Hz, 1H), 5.87 (s,
2H), 5.68 (d, J =
10.09 Hz, 1H), 5.38 -
2.25, 5.47 (m, 1H), 5.20 -
366.2 | 367 | V3018V3001 | Method 7 | 5.30 (m, 1H), 4.77
(d, 1H), 4.66 (d, 1H),
4.57 (t, 1H), 4.25 -
4.36 (m, 1H), 3.39 -
3.47 (m, 1H), 3.34 -
3.39 (m, 1H), 3.18 -
3.30 (m, 2H), 2.05 -
2.18 (m, 2H), 1.70 -
1.80 (m, 1H), 1.40 -
1.51 (m, 1H)

'H NMR (500 MHz,
DMSO-de) 8 (ppm)
2 9.64 (br. s., 1H), 9.36
N (s, 1H), 7.08 (t, J =
)Nl\ L Do 7.70 Hz, 1H), 6.76
HNT NN 2.26, (d,J=7.70 Hz, 1H),
3261 | 327 | V3018V3001 | Method8 | ¢ 21 (1) 662
o (dd, J=1.73,7.70
Hz, 1H), 6.06 (s,
2H), 4.71 (s, 2H),
3.39 (1, J=6.46 Hz,
4H), 1.76 - 1.92 (m,




WO 2014/009509

-112-

PCT/EP2013/064763

STRUCTURE

Exact
Mass

Mass
Found
[M+H]

LCMS Ret
Time,
Method

Synthesis
method

NMR

4H)

371.1

372

249,
V3014Vv3001

Method 9

'H NMR (500 MHz,
DMSO-de) 8 (ppm)
10.00 (br. s., 1H),
7.97 (t, J=5.83 Hz,
1H), 7.68 (t, J="7.72
Hz, 1H), 7.00 (d, J =
7.72 Hz, 1H), 6.80
(d, J=17.72 Hz, 1H),
6.39 (s, 2H), 4.65 -
4.94 (m, 4H), 4.20 (t,
J=17.72 Hz, 2H),
2.96 - 3.12 (m, 2H),
1.50 - 1.73 (m, 2H)

10

HO N

368.2

369

2.33,
V3018V3001

Method 10

'H NMR (500 MHz,
DMSO-de) 8 (ppm)
9.61 (s, 1H), 7.43 (s,
1H), 7.15 - 7.26 (m,
1H), 7.07 - 7.14 (m,
1H), 7.02 (d, J=7.25
Hz, 1H), 5.92 (s,
2H), 5.56 (d, J =
10.09 Hz, 1H), 4.95
(d, J=14.50 Hz,
1H), 4.47 - 4.63 (m,
2H), 4.06 - 4.23 (m,
1H), 3.34 - 3.39 (m,
1H), 3.22 - 3.30 (m,
1H), 2.55 - 2.68 (m,
2H), 1.67 - 1.84 (m,
1H), 1.46 - 1.61 (m,
1H), 1.22 - 1.45 (m,
5H), 0.97 - 1.14 (m,
1H)
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STRUCTURE

Exact
Mass

Mass
Found
[M+H]

LCMS Ret
Time,
Method

Synthesis
method

NMR

11

327.1

328

2.23,
V3018V3001

Method 11

'H NMR (500 MHz,
DMSO-de) 8 (ppm)
9.93 (br. s., 1H), 7.92
(s, 1H), 7.15 (t, J =
7.72 Hz, 1H), 6.81
(d, J=17.72 Hz, 1H),
6.66 - 6.77 (m, 1H),
6.39 (br. s., 2H), 4.82
(s, 2H), 4.57 (t, J =
5.99 Hz, 2H), 4.27 (,
J=6.62 Hz, 2H),
1.44 - 1.73 (m, 4H)

12

343.1

344

2.12,
V30183001

Method 12

'H NMR (500 MHz,
DMSO-de) 8 (ppm)
9.93 (br. s., 1H), 7.72
(s, 1H), 7.16 (t, J =
7.88 Hz, 1H), 6.95
(d, J=7.88 Hz, 1H),
6.78 (dd, J = 1.89,
7.88 Hz, 1H), 6.43
(br. s., 2H), 4.82 (s,
2H), 4.66 (t, J=4.57
Hz, 2H), 3.99 - 4.07
(m, 2H), 3.59 (td, J =
4.57,12.14 Hz, 4H)

13

342.1

343

1.97,
V3018V3001

Method &

'H NMR (500 MHz,
DMSO-de) 8 (ppm)
9.75 (br. s., 1H), 9.36
(br.s., 1H), 7.09 (t, J
=7.88 Hz, 1H), 6.73
(d, J=7.88 Hz, 1H),
6.68 (s, 1H), 6.62 (d,
J=17.88 Hz, 1H),
6.16 (s, 2H), 4.73 (s,
2H), 3.45 - 3.69 (m,
8H)
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# STRUCTURE

Exact
Mass

Mass
Found
[M+H]

LCMS Ret
Time,
Method

Synthesis
method

NMR

H,N
N

e

OH

340.2

341

2.37,
V3018V3001

Method 12

'H NMR (500 MHz,
DMSO-ds) 8 (ppm)
9.65 (s, 1H), 7.48 (s,
1H), 7.19 (t, J="7.72
Hz, 1H), 6.90 (d, J =
7.72 Hz, 1H), 6.77
(dd, J=1.89, 7.72
Hz, 1H), 6.10 (t, J =
6.31 Hz, 1H), 5.99
(s, 2H), 4.75 (s, 2H),
3.87 - 3.99 (m, 2H),
3.42(q, J=6.31 Hz,
2H), 1.60 - 1.78 (m,
2H), 1.39 - 1.50 (m,
2H), 1.29 - 1.39 (m,
2H)

15

323.1

324

249,
V3018V3001

Method 14

'H NMR (500 MHz,
DMSO-ds) 8 (ppm)
9.76 - 10.25 (m, 1H),
8.07 (s, 1H), 6.95 -
7.29 (m, 3H), 6.44 (s,
2H), 5.57 - 5.81 (m,
1H), 5.29 - 5.54 (m,
1H), 4.82 (s, 2H),
4.66 (br. s., 2H), 3.20
(d, J=6.31 Hz, 2H),
2.39 (br. s., 2H)

16

337.2

338

2.65,
V3018V3001

Method 13

'H NMR (500 MHz,
DMSO-de) 8 (ppm)
9.95 (s, 1H), 7.81 (s,
1H), 6.94 - 7.39 (m,
3H), 6.39 (s, 2H),
5.14 - 5.62 (m, 2H),
4.78 (s, 2H), 4.54 (s,
2H), 1.59 - 2.31 (m,
5H), 1.23 (br. s., 1H)
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STRUCTURE

Exact
Mass

Mass
Found
[M+H]

LCMS Ret
Time,
Method

Synthesis
method

NMR

17

NH,
NN
N
o)l\)N):N>_OH

323.1

324

2.51,
V3018V3001

Method 14

'H NMR (500 MHz,
DMSO-ds) 8 9.92
(br. s., 1H), 8.03 (br.
s., 1H), 7.17 - 7.25
(m, 1H), 7.08 - 7.16
(m, 2H), 6.43 (br. s.,
2H), 5.68 - 5.77 (m,
1H), 5.47 - 5.57 (m,
1H), 4.81 (s, 2H),
4.43 - 4.53 (m, 2H),
3.28-3.32 (br. s.,
2H), 2.34 - 2.42 (m,
2H)

18

382.2

383

2.13,
V3018V3001

Method 15

"H NMR (500
MHz, DMSO-d¢) &
9.62 (s, 1H), 7.17 (t,
J=18.20 Hz, 1H),
7.11 (s, 1H), 6.99 (d,
J=18.20 Hz, 1H),
6.78 (dd, J=1.89,
8.20 Hz, 1H), 5.91
(s, 2H), 5.71 (dt, J =
6.50, 15.76 Hz, 1H),
5.58 (d, J=9.77 Hz,
1H), 5.50 (dt, J=
4.89, 15.76 Hz, 1H),
4.83(d,J=9.77 Hz,
1H), 4.48 - 4.73 (m,
4H), 4.09 - 4.23 (m,
1H), 3.38 - 3.48 (m,
2H), 1.97 - 2.08 (m,
2H), 1.62 - 1.75 (m,
1H), 1.29 - 1.40 (m,
1H)

19

384.2

385

2.19,
V3018V3001

Method 10

'H NMR (500 MHz,
DMSO-ds) 8 9.64 (s,
1H), 7.16 - 7.23 (m,
1H), 7.12 (br. s., 1H),
7.01(d, J=7.25Hz,
1H), 6.80 (dd, J =
1.73, 8.04 Hz, 1H),
5.95 (s, 2H), 5.64 (d,
J=9.14 Hz, 1H),
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STRUCTURE

Exact
Mass

Mass
Found
[M+H]

LCMS Ret
Time,
Method

Synthesis
method

NMR

485 (d, J=14.19
Hz, 1H), 4.52 - 4.67
(m, 2H), 4.03 - 4.16
(m, 2H), 3.91 - 4.03
(m, 1H), 3.37 - 3.50
(m, 2H), 1.24 - 1.68

(m, 8H)

20

(o}

339.1

340

2.37,
V3018V3001

Method 16

'H NMR (500 MHz,
DMSO-de) 8 9.99
(br.s., 1H), 7.57 (br.
s., 1H), 7.21 (t,J =
7.70 Hz, 1H), 6.94
(d, J=17.70 Hz, 1H),
6.78 (dd, J = 1.58,
7.70 Hz, 1H), 6.49
(br.s., 2H), 5.74 -
5.85 (m, 1H), 5.59 -
5.69 (m, 1H), 5.13
(d, J=17.57 Hz, 2H),
4.85 (s, 2H), 3.90 -
4.02 (m, 2H), 2.45 -
2.50 (m, 2H)

21

(o]

339.1

340

2.32,
V3018V3001

Method 16

'H NMR (500 MHz,
DMSO-ds) 8 9.94
(br.s., 1H), 7.15 -
7.25 (m, 2H), 6.92
(d,J=17.57 Hz, 1H),
6.83 (dd, J=1.73,
7.57 Hz, 1H), 6.44
(br. s., 2H), 5.76 (dt,
J=17.00, 15.61 Hz,
1H), 5.46 (dt, J=
5.12, 15.61 Hz, 1H),
4.76 - 4.84 (m, 4H),
4.05 - 4.13 (m, 2H),
2.27 - 2.38 (m, 2H)
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Mass | LCMS Ret .
Exact . Synthesis
# STRUCTURE Found Time, NMR
Mass method
[M+H] Method

'H NMR (500 MHz,
DMSO-dg) 8 10.25
NH, (br. s., 1H), 7.91 (br.
N s., 1H), 7.18 (t, J =
)Nl\)j: H—on 7.25 Hz, 1H), 6.87
o~ ~N N 2.19, (d,J=17.25 Hz, 1H),
22 325.1 | 326 | V3018V3001 [Method 16 | 6.79 (d, J=7.25 Hz,
1H), 6.54 (br. s., 2H),
AN 5.30 - 5.48 (m, 2H),
° 5.12 (br. s., 2H), 4.81

(br.s., 2H), 4.76 (br.
s., 2H)

'H NMR (500 MHz,
DMSO-ds) 8 9.96

NH,
(br. s., 1H), 7.55 (s,
NS 1H), 7.16 (t, J=7.25
0 A
o” “NZ N Hz, 1H), 6.88 (d, J =
2.15, 7.25 Hz, 1H), 6.80
23 325.1 | 326 | V3018V3001 |Method 16 | (dd,J=1.73,7.25
—= Hz, 1H), 6.44 (br. s.,
o 2H), 5.61 - 5.77 (m,
2H), 4.78 (s, 4H),
4.56 (d, J=4.73 Hz,
2H)

'H NMR (500 MHz,
DMSO-de) & 9.98
NH, (br.s., 1H), 7.73 (t, J
N XN =7.57 Hz, 1H), 7.25
P N\>_°“ (dd, J=17.57, 13.24
o N 1.75, Hz, 2H), 6.37 (br. s.,
24 % 342.1 | 343 | V3018V3001 |Method 17 | 2H), 4.99 (s, 2H),
| 441 (s, 2H), 4.21 (4,
J=7.25Hz, 2H),
o 3.61 (1, J=5.83 Hz,
2H), 1.38 - 1.56 (m,
4H)
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# STRUCTURE

Exact
Mass

Mass
Found
[M+H]

LCMS Ret
Time,
Method

Synthesis
method

NMR

NH,
NN
N
o)l\)N:[N>_OH
z

25 |

— N

4

354.1

355

2.2,
V30183001

Method 16

'H NMR (400 MHz,
DMSO-ds) 5 9.86
(br.s., 1H), 8.19(d, J
=2.53 Hz, 1H), 7.50
(dd, J=2.02, 8.59
Hz, 1H), 6.64 (d, J =
8.59 Hz, 1H), 6.14
(s, 2H), 5.17 - 5.25
(m, 2H), 4.80 (s,
2H), 4.67 (br. s., 2H),
3.80 - 3.89 (m, 2H),
2.25-2.37 (m, 2H),
1.83 - 1.91 (m, 2H)

NH,
N
)|\ ) N\>—0H

26

339.1

340

2.37,
V3018V3001

Method 16

'H NMR (500 MHz,
DMSO-ds) 5 9.84
(br.s., 1H), 7.28 (d, J
=1.26 Hz, 1H), 7.16
- 7.24 (m, 1H), 6.96
(d, J=17.25Hz, 1H),
6.76 - 6.82 (m, 1H),
6.46 (br. s., 2H), 5.38
- 5.50 (m, 2H), 4.74
(s, 2H), 4.68 (d, J =
3.78 Hz, 2H), 4.57 (,
J=17.57 Hz, 2H),
2.43 - 2.53 (m, 2H)

NH,

NT X

N
)|\ D N\>—0H

27

339.1

340

2.35,
V3018V3001

Method 16

'H NMR (500 MHz,
DMSO-dg) § 9.97
(br.s., 1H), 7.18 (t, J
=7.25 Hz, 1H), 7.03
(s, 1H), 6.93 (d, J =
7.25 Hz, 1H), 6.75
(d, J=17.25Hz, 1H),
6.52 (br. s., 2H), 5.43
- 5.56 (m, 2H), 4.79
(s, 2H), 4.56 - 4.62
(m, 2H), 4.42 - 4.47
(m, 2H), 2.32 - 2.39

(m, 2H)




WO 2014/009509 PCT/EP2013/064763
-119-

Mass | LCMS Ret

Exact . Synthesis
# STRUCTURE Found Time, NMR
Mass method
[M+H]| Method
'H NMR (500 MHz,
DMSO-dg) § 9.57 (s,
NH2 1H), 7.85 (s, 1H),
N XN 7.12 - 7.24 (m, 2H)

\ 2 2

. )l\)N):N>_OH 7.08 (d,J=7.25 Hz,

559 1H), 5.80 - 5.99 (m,

28 3362 | 337 | V3018V3001 | Method 7 | S11» 344 -3:52(m,

1H), 5.31 - 5.39 (m,
\ 1H), 4.71 (s, 2H),
3.46 - 3.54 (m, 2H),
3.27 - 3.40 (m, 2H),
1.97 - 2.16 (m, 2H),
1.57 (br. s., 2H)

'H NMR (400 MHz,
DMSO-ds) 8 9.54

NH,
N (br. s., 1H), 8.19 (br.
NT
)l\ \>—o|.| S., lH), 6.97 -7.24
HNT SNE N

(m, 3H), 6.27 (br. s.,

2.45, 1H), 5.92 (br. s., 2H),
29 3222 | 323 | V30183001 | Method 7 | 5.56 - 5.68 (m, 1H),
X 5.44 - 5.56 (m, 1H),

475 (s, 2H), 3.25 -
3.78 (m, 2H), 3.14 -
3.24 (m, 2H), 2.12 -
2.24 (m, 2H)

'H NMR (500 MHz,
s DMSO-dg) & 10.09
N/%EN (br. s., 1H), 7.05 (s,
L Don 4H), 6.37 (br. s., 2H),
ro 2.75, 5.60 - 5.73 (m, 1H),
30 351.2 | 352 | V3018V3001 |Method 14 | 4.83 - 4.96 (m, 3H),
3.67 - 3.72 (m, 2H),
3.12 - 3.17 (m, 2H),

1.91 (br. s., 2H), 1.03
- 1.19 (m, 4H)
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# STRUCTURE

Exact
Mass

Mass
Found
[M+H]

LCMS Ret
Time,
Method

Synthesis
method

NMR

NH,

HN N N

31

J\j V—on

324.2

325

2.52,
V3018V3001

Method 10

'H NMR (400 MHz,
DMSO-dg) 8 9.63
(br. s., 1H), 7.63 (s,
1H), 7.10 - 7.20 (m,
1H), 7.01 (d, J="7.58
Hz, 1H), 6.95 (d, J=
7.58 Hz, 1H), 6.09 (1,
J=6.06 Hz, 1H),
5.88 (s, 2H), 4.77 (s,
2H), 3.08 - 3.18 (m,
2H), 2.59 - 2.70 (m,
2H), 1.69 (br. s., 2H),
1.13 - 1.31 (m, 4H)

IR

339.1

340

2.15,
V30183001

Method 18

'H NMR (500 MHz,
DMSO-dg) § 9.73
(br. s., 1H), 6.85 -
6.93 (m, 2H), 6.58
(dd, J=1.58, 8.20
Hz, 1H), 6.37 (d, J =
8.20 Hz, 1H), 6.26
(br. s., 2H), 5.66 -
5.74 (m, 1H), 5.55
(br. d., J=16.39 Hz,
1H), 4.63 - 4.69 (m,
4H), 4.03 (t, J=5.20
Hz, 2H), 2.97 (t,J =
5.20 Hz, 2H)

33

353.1

354

2.46,
V3018V3001

Method 16

'H NMR (500 MHz,
DMSO-dg) § 9.97
(br. s., 1H), 7.08 -
7.21 (m, 2H), 6.85
(d, J=17.57 Hz, 1H),
6.78 (dd, J = 1.89,
7.57 Hz, 1H), 6.39
(br. s., 2H), 5.75 -
5.84 (m, 1H), 5.51
(dt, J=5.24, 15.68
Hz, 1H), 4.74 - 4.79
(m, 2H), 4.67 (d, J =
4.73 Hz, 2H), 4.21 -
4.27 (m, 2H), 2.02 -
2.08 (m, 2H), 1.55 -
1.66 (m, 2H)
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34

NH,
N
N7
N—oH
ﬁ*
o) N N

351.2

352

2.82,
V3018V3001

Method 14

'H NMR (500 MHz,
DMSO-dg) 6 9.94
(br.s., 1H), 7.29 (d, J
=6.94 Hz, 1H), 7.17
-7.25 (m, 2H), 7.10
(d, /= 6.94 Hz, 1H),
6.41 (br. s., 2H), 5.42
(br.s., 2H), 4.79 (br.
s., 2H), 4.16 - 4.24
(m, 2H), 3.23 (br. s.,
2H), 2.03 (br. s., 2H),
1.77 (br. s., 2H), 1.41
(br. s., 2H)

35

327,1

328

1.81,
V3018V3001

Method &

'H NMR (500 MHz,
DMSO-ds) 8 11.30
(br. s., 1H), 9.64 (s,
1H), 7.33 (dd, J =
6.9, 8.8 Hz, 1H),
6.24 (d, J= 8.8 Hz,
1H), 5.96 (br. s., 3H),
4.71 (s, 2H), 3.30 -
3.48 (m, 4H), 1.70 -
1.94 (m, 4H)

36

351,2

352

2.77,
V3018V3001

Method 14
Method 26

(metathesis

reaction)

'H NMR (400 MHz,
DMSO-ds) 8 9.99
(br.s., 1H), 7.13 (d, J
= 7.6 Hz, 2H), 7.02
(d, J=17.6 Hz, 2H),
6.34 (br. s., 2H), 5.92
(dt, J=17.6,10.1 Hz,
1H), 5.45 (dt, J=8.0,
10.1 Hz, 1H), 4.87
(s, 2H), 3.82 (t, J =
7.6 Hz, 2H), 3.21 -
3.29 (m, 2H), 1.59 -
1.77 (m, 2H), 0.60 -
0.92 (m, 4H)

37

NH,

N

=N

340,1

341

2.03,
V3018V3001

Method 21

'H NMR (500 MHz,
DMSO-ds) § 10.21
(br.s., 1H), 8.23 (d, J
= 5.6 Hz, 1H), 7.33
(d, J=1.9 Hz, 1H),
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6.81(dd,J=1.9,5.6
Hz, 1H), 6.57 (br. s.,
2H), 5.51 (dt, J=17.6,
10.7 Hz, 1H), 5.42
(dt,/=5.6,10.7 Hz,
1H), 4.88 (s, 2H),
4,78 (d, J=5.6 Hz,
2H),4.51 (t,J=17.6
Hz, 2H)

38

341.1

342

24,
V3018V3001

Method 19

'H NMR (500 MHz,
DMSO-d) 5 9.94 (s,
1H), 7.39 (s, 1H),
7.20 (t, J="7.7 Hz,
1H), 6.91 (d, J =
7.7Hz, 1H), 6.81 (d,
J=17.7Hz, 1H), 6.45
(br. s., 2H), 4.82 (s,
2H), 4.49 (t,J=6.5
Hz, 2H), 3.98 (t,J =
7.3 Hz, 2H), 1.62 -
1.76 (m, 2H), 1.50 -
1.61 (m, 2H), 1.32 -
1.45 (m, 2H)

39

340.1

341

1.88,
V3018V3001

Method 20

'H NMR (400 MHz,
DMSO-d) 5 9.85
(br.s., 1H), 7.96 (d, J
=4.6 Hz, 1H), 7.55
(d, J=8.1 Hz, 1H),
721 (dd, J=4.6, 8.1
Hz, 1H), 6.33 (s,
2H), 5.45 (dt, J="7.6,
10.6 Hz, 1H), 5.30
(dt, J=5.6,10.6 Hz,
1H), 4.88 (s, 2H),
4.32 - 4.55 (m, 4H),
2.42 - 2.48 (m, 2H)
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40

340.1

341

1.94,
V30183001

Method 20

'H NMR (400 MHz,
DMSO-ds) 89.77
(br.s., 1H), 7.91 (d, J
=4.0 Hz, 1H), 7.47
(d, J=8.6 Hz, 1H),
7.18 (dd, J= 4.0, 8.6
Hz, 1H), 6.34 (s,
2H), 5.70 (dt, J=6.5,
15.4 Hz, 1H), 5.24
(dt,J=5.5,15.4 Hz,
1H), 4.93 (s, 2H),
4.56 (d, J=5.5 Hz,
2H), 4.45 (t,J=6.5
Hz, 2H), 2.35 - 2.42
(m, 2H)

41

324.1

325

2.06,
V3018V3001

Method 21

'H NMR (400 MHz,
DMSO-d) §9.76 (s,
1H), 8.33 (d,J=3.5
Hz, 1H), 7.57 (d, J =
7.6 Hz, 1H), 7.20
(dd, J=3.5,7.6 Hz,
1H), 6.83 (d, J=11.6
Hz, 1H), 6.29 (br. s.,
2H), 5.79 - 6.00 (m,
1H), 4.93 (d, J=13.6
Hz, 1H), 4.81 (d, J =
13.6 Hz, 1H), 4.45 -
4.67 (m, 1H), 3.78 -
3.98 (m, 1H), 2.18 -
2.36 (m, 1H), 2.01 -
2.14 (m, 1H), 1.54 -
1.83 (m, 2H)

42

338.1

339

221,
V30183001

Method 21

'H NMR (400 MHz,
DMSO-d) 5 9.85
(br. s., 1H), 8.32 (dd,
J=1.5,4.6 Hz, 1H),
7.57(d, J="7.6 Hz,
1H), 7.25 (dd, J =
4.6, 7.6 Hz, 1H),
6.86 (d, J=12.1 Hz,
1H), 6.32 (s, 2H),
5.70 - 5.85 (m, 1H),
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5.00 (d, J=14.7 Hz,
1H), 4.80 (d, J=14.7
Hz, 1H), 3.75 (dt, J =
4.6,11.4 Hz, 1H),
3.54 (dt, J=4.6,11.4
Hz, 1H), 1.93 - 2.47
(m, 3H), 1.24 - 1.65

(m, 3H)

43

355.2

356

2.53,
V3018V3001

Method 19

'H NMR (500 MHz,
DMSO-ds) 8 9.94
(br.s., 1H), 7.13 -
7.30 (m, 2H), 6.98
(d, J=17.3 Hz, 1H),
6.80 (d, J=7.6 Hz,
1H), 6.41 (br. s., 2H),
4.80 (s, 2H), 4.34 (,
J=6.8 Hz, 2H), 4.13
(t, J= 6.3 Hz, 2H),
1.56 (m, 4H), 1.42
(m, 4H)

[ONN
ag | <

340.1

341

1.85,
V3018V3001

Method 21

'H NMR (400 MHz,
DMSO-d) §9.78
(br.s., 1H), 8.04 (d, J
=4.0 Hz, 1H), 7.43
(d, J=17.6 Hz, 1H),
7.24 (dd, J=4.0,7.6
Hz, 1H), 6.30 (s,
2H), 6.12 (dt, J="7.0,
15.7 Hz, 1H), 5.54
(dt, J=5.0,15.7 Hz,
1H), 5.01 (s, 2H),
4.49 (d, J=5.0 Hz,
2H), 4.18 - 4.28 (m,
2H), 2.23 - 2.36 (m,
2H)

@RS

45 v
N\ o

340.1

341

1.99,
V3018V3001

Method 21

'H NMR (500 MHz,
DMF) 6 10.14 (br. s.,
1H), 8.29 (d, J=4.1
Hz, 1H), 7.58 (d, J =
7.9 Hz, 1H), 7.43
(dd, J=4.1,7.9 Hz,




WO 2014/009509

-125-

PCT/EP2013/064763

STRUCTURE

Exact
Mass

Mass
Found
[M+H]

LCMS Ret
Time,
Method

Synthesis
method

NMR

1H), 6.66 (br. s., 2H),
6.10 (dt,J=5.7,10.4
Hz, 1H), 5.90 (dt,J
=8.4,10.4 Hz, 1H),
5.29 (s, 2H), 5.13 (d,
J=15.7Hz, 2H), 3.96
-4.18 (m, 2H), 2.58 -
2.76 (m, 2H)

46

338.1

339

2.09,
V3018V3001

Method 21

'H NMR (500 MHz,
DMSO-ds) 8 10.00
(br.s., 1H), 7.58 (t, J
=7.6 Hz, 1H), 7.11
(d, J=17.6 Hz, 1H),
6.99 (d, J=17.6 Hz,
1H), 6.39 (br. s., 2H),
539 (dt,J=17.2,10.4
Hz, 1H), 5.16 (dt, J =
7.4,10.4 Hz, 1H),
4.95 (s, 2H), 3.71 (,
J=17.4Hz, 2H), 2.63
-2.71 (m, 2H), 2.25 -
2.34 (m, 2H), 1.96 -
2.06 (m, 2H)

47

323.1

324

2.44,
V3018V3001

Method 21

'H NMR (500 MHz,
DMSO-ds) 8 10.22
(br. s., 1H), 7.30 (dd,
J=1.9,7.3 Hz, 1H),
7.12 - 721 (m, 2H),
7.10 (dd, J=2.2,7.3
Hz, 1H), 6.47 (br. s.,
2H), 5.55 (dt, J=4.0,
15.7 Hz, 1H), 5.18
(dt,J=7.2,15.7 Hz,
1H), 4.89 (s, 2H),
4.07 - 4.24 (m, 2H),
3.37 - 3.66 (m, 2H),
2.11 - 2.33 (m, 2H)
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48

323.1

324

2.52,
V3018V3001

Method 21

'H NMR (400 MHz,
DMSO-ds) 8 10.02
(br.s., 1H), 7.30 (d, J
=7.6 Hz, 1H), 7.03 -
7.23 (m, 3H), 6.43
(br. s., 2H), 6.16 (dt,
J=8.0,9.6 Hz, 1H),
5.78 (dt, J=8.0, 9.6
Hz, 1H), 5.03 - 5.29
(m, 1H), 4.73 - 5.01
(m, 2H), 4.07 - 4.38
(m, 1H), 3.65 - 4.02
(m, 1H), 2.13 - 2.31

(m, 2H)

o_ _N
49 Z

354.1

355

243,
V3018V3001

Method 21

'H NMR (500 MHz,
DMSO-ds) 8 10.00
(br.s., 1H), 7.60 (t, J
=7.7 Hz, 1H), 6.80
(d, J=17.3 Hz, 1H),
6.65(d, J=8.2 Hz,
1H), 6.41 (br. s., 2H),
5.81 (dt,J=17.7,15.5
Hz, 1H), 5.58 (dt, J =
5.4,15.5 Hz, 1H),
4.87 (s, 2H), 4.84 (d,
J=15.4Hz, 2H), 4.10
(t, J=17.7 Hz, 2H),
1.90 - 2.07 (m, 2H),
1.48 - 1.66 (m, 2H)

N

N
50 ©

342.1

343

2.03,
V3018V3001

Method 19

'H NMR (400 MHz,
DMSO-ds) 8 9.80
(br.s., 1H), 8.03 (d, J
= 4.6 Hz, 1H), 7.40
(d, J=8.1 Hz, 1H),
7.24 (dd, J=4.6, 8.1
Hz, 1H), 6.32 (br. s.,
2H), 4.98 (s, 2H),
3.99 - 4.35 (m, 4H),
1.50 - 1.86 (m, 6H)
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51

340.1

341

1.97,
V3018V3001

Method 21

'H NMR (400 MHz,
DMSO-ds) § 10.05
(br.s., 1H), 8.23 (d, J
= 6.1 Hz, 1H), 6.85
(d, J=2.0 Hz, 1H),
6.76 (dd, J=2.0, 6.1
Hz, 1H), 6.51 (s,
2H), 5.50 (dt, J="7.0,
15.7 Hz, 1H), 5.40
(dt, J=5.6,15.7 Hz,
1H), 4.90 (s, 2H),
4.59 (d, J=5.6 Hz,
2H), 4.45 - 4.56 (m,
2H),2.19 - 2.41 (m,
2H)

52

307.1

308

2.56,
V3018V3001

Method 22

'H NMR (500 MHz,
DMSO-ds) 8 8.17
(br. s., 1H), 8.07 (s,
0.3H), 8.02 (s, 0.7H),
7.29 (d, J="7.6 Hz,
0.3H), 7.10 - 7.25
(m, 4H), 7.07 (d, J =
7.3 Hz, 0.7H), 5.63 -
5.75 (m, 1H), 5.55
(td, J=6.6,10.7 Hz,
0.3H), 5.43 (td, J =
7.5,15.3 Hz, 0.7H),
5.22 (s, 1.4H), 5.21
(s, 0.6H), 4.64 - 4.77
(m, 1.4H), 4.49 -
4.60 (m, 0.6H), 3.30
(d, J=17.9 Hz, 0.6H),
3.18 (d, J=7.9 Hz,
1.4H), 2.37 - 2.45
(m, 2H)

53

357.1

358

2.23,
V3018V3001

Method 23

'H NMR (400 MHz,
DMSO-d) §9.95
(br. s., 1H), 7.51 (s,
1H), 6.38 (s, 3H),
6.30 (s, 1H), 4.77 (s,
2H), 4.55 (t,J=6.3
Hz, 2H), 424 (t,J =
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6.3 Hz, 2H), 3.66 (s,
3H), 1.40 - 1.73 (m,
4H)

54

NH,

N7 SN
%O)l\N/ N\>_OH
“

339.1

340

2.25,
V3018V3001

Method 16

'H NMR (500 MHz,
DMSO-dg) § 9.98
(br. s., 1H), 7.39 (s,
1H), 7.14 (t,J=17.6
Hz, 1H), 6.86 (d, J =
7.6 Hz, 1H), 6.79
(dd, J=1.7,7.6 Hz,
1H), 6.43 (br. s., 2H),
5.37 (t,J=5.5Hz,
1H), 4.77 (s, 2H),
4.65 (d, J=15.5 Hz,
2H), 4.59 (s, 2H),
1.57 (s, 3H)

55

309.1

310

2.17,
V30183001

Method 22

'H NMR (400 MHz,
DMSO-de) & 8.11 (s,
0.5H), 8.08 (s, 0.5H),
8.06 (br. s., 0.5H),
7.64 (s, 0.5H), 7.08 -
7.24 (m, 3H), 7.05
(d, J=7.1 Hz, 0.5H),
6.99 (d, J="7.6 Hz,
0.5H), 6.73 - 6.86
(m, 1H), 5.70 - 5.82
(m, 0.5H), 5.63 (dt, J
=3.6,16.2 Hz,
0.5H), 5.28 - 5.50
(m, 1H), 5.16 (s,
3H), 4.69 - 4.92 (m,
2H), 4.54 (d, J=5.6
Hz, 1H)

56

357.1

358

1.99,
V3018V3001

Method 23

'H NMR (400 MHz,
DMSO-d) 5 9.85
(br. s, 1H), 7.88 (s,
1H), 6.85 (d,J=7.6
Hz, 1H), 6.77 (d, J =
7.6 Hz, 1H), 6.35 (br.
s., 2H), 4.77 (s, 2H),
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4.45 - 4.63 (m, 2H),
4.08 - 4.34 (m, 2H),
3.68 (s, 3H), 1.4 -
1.72 (m, 4H)

NH,
gt
Y N
EZ E:O
I

355.1

356

1.94,
V3018V3001

Method 23

'H NMR (400 MHz,
DMSO-dg) 6 9.91
(br.s., 1H), 7.84 (br.
s., IH), 6.65 - 6.98
(m, 2H), 6.42 (br. s.,
2H), 5.26 - 5.48 (m,
2H), 4.95 -5.21 (m,
2H), 4.77 - 4.90 (m,
2H), 4.71 (br. s., 2H),
3.71 (br. s., 3H)

58 |

342.1

343

2.01,
V3018V3001

Method 24

'H NMR (400 MHz,
DMSO-d) 5 9.88
(br.s, 1H), 8.24 (d, J
=5.6 Hz, 1H), 7.28
(d, J=1.5Hz, 1H),
6.79 (dd, J=1.5, 5.6
Hz, 1H), 6.46 (br. s.,
2H), 4.92 (s, 2H),
4.44 (1, J=6.3 Hz,
2H), 4.05 - 4.16 (m,
2H), 1.62 - 1.78 (m,
2H), 1.49 - 1.63 (m,
2H), 1.19 - 1.37 (m,
2H)

59

357.1

358

2.2,
V30183001

Method 23
Method 25
(metathesis

reaction)

'H NMR (500 MHz,
DMSO-de) § 9.93
(br.s., 1H), 6.98 (d, J
=7.2 Hz, 1H), 6.91
(t, J=7.2 Hz, 1H),
6.70 (d, J=7.2 Hz,
1H), 6.31 (br. s., 2H),
4.92(d, J=13.5Hz,
1H), 4.82 (d, J=13.5
Hz, 1H), 4.47 - 4.61
(m, 1H), 4.31 - 4.46
(m, 1H), 3.87 - 3.98
(m, 1H), 3.83 (s,
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3H), 3.46 - 3.61 (m,
1H), 1.47 - 1.77 (m,
2H), 1.04 - 1.36 (m,
2H)

N N
A\
OAN | N>_OH
C
60
]

355.1

356

1.93,
V3018V3001

Method 23

'H NMR (400 MHz,
DMSO-d) §9.92 (s,
1H), 7.84 (s, 1H),
6.86 (d, J=8.0 Hz,
1H), 6.81 (d, J=8.0
Hz, 1H), 6.41 (br. s.,
2H), 5.26 - 5.47 (m,
2H), 4.99 - 5.23 (m,
2H), 4.75 - 4.91 (m,
2H), 4.71 (s, 2H),
3.71 (s, 3H)

NH,

N/ N

iy

355.1

356

2.15,
V3018V3001

Method 25

'H NMR (400 MHz,
DMSO-d) §9.95
(br. s., 1H), 6.80 -
7.03 (m, 2H), 6.63
(d, J= 6.6 Hz, 1H),
6.33 (br. s., 2H), 5.76
- 5.90 (m, 1H), 5.04
(dd, J=5.8,16.0 Hz,
1H), 4.92 (q, J = 14.1
Hz, 2H), 4.69 - 4.84
(m, 2H), 4.44 (d, J =
13.6 Hz, 1H), 3.86 -
3.98 (m, 1H), 3.78 (s,
3H)

NH,

. ig

\>—OH

355.1

356

2.15,
V3018V3001

Method 25

'H NMR (400 MHz,
DMSO-ds) §9.90 (s,
1H), 6.79 - 6.88 (m,
2H), 6.69 - 6.77 (m,
1H), 6.31 (s, 2H),
5.60 - 5.81 (m, 1H),
5.32 - 5.46 (m, 2H),
5.19 - 5.31 (m, 1H),
4.92(d, J=13.6 Hz,
1H), 4.80 (d, J=13.6
Hz, 1H), 4.27 - 4.40
(m, 1H), 4.10 - 4.26
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(m, 1H), 3.83 (s, 3H)

63

*t y

355.1

356

2.05,
V3018V3001

Method 25

'H NMR (400 MHz,
DMSO-d) §9.91
(br.s., 1H), 6.99 (d, J
=2.5Hz, 1H), 6.87
(dd, J=2.5,9.0 Hz,
1H), 6.82 (d,J=9.0
Hz, 1H), 6.41 (br. s.,
2H), 5.62 (dt, J=6.6,
16.0 Hz, 1H), 5.34
(dt, J=3.5,16.0 Hz,
1H), 4.79 (s, 2H),
4.72 (d, J=3.5 Hz,
2H), 4.33 (d, J=6.6
Hz, 2H), 3.68 (s, 3H)

64

341.1

342

2.13,
V3018V3001

Method 18
Method 24

'H NMR (500 MHz,
DMSO-dg) 5 9.79
(br. s, 1H), 7.16 (s,
1H), 6.88 (t,J="1.7
Hz, 1H), 6.62 (dd, J
=1.9, 7.7 Hz, 1H),
6.36 (d, J=17.7 Hz,
1H), 6.25 (br. s., 2H),
4.26 - 4.34 (m, 2H),
4.16 - 4.25 (m, 2H),
3.97 - 4.11 (m, 2H),
2.90 - 3.00 (m, 2H),
1.49 - 1.70 (m, 4H)

65

355.1

356

2.19,
V3018V3001

Method 25

'H NMR (400 MHz,
DMSO-ds) 8 10.00
(br. s., 1H), 7.52 (s,
1H), 6.43 (s, 3H),
6.35 (s, 1H), 5.25 -
5.50 (m, 2H), 4.96 -
5.22 (m, 2H), 4.74 -
4.85 (m, 2H), 4.72 (s,
2H), 3.68 (s, 3H)
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NH,

e} N

66

N N
)% | N\>—OH

355.2

356

2.58,
V3018V3001

Method 23

'H NMR (400 MHz,
DMSO-dg) § 9.89
(br. s., 1H), 7.55 (br.
s., 1H), 6.96 (d, J =
8.1 Hz, 1H), 6.83 (d,
J=8.1Hz, 1H), 6.32
(br. s., 2H), 4.78 (s,
2H), 3.97 - 4.34 (m,
2H), 3.71 (s, 3H),
2.56 - 2.67 (m, 2H),
1.53 - 1.82 (m, 2H),
1.14 - 1.45 (m, 4H)

67

353.1

354

2.53,
V3018V3001

Method 23

'H NMR (400 MHz,
DMSO-dg) & 9.88
(br.s., 1H), 7.79 (br.
5., 1H), 7.12 (d, J =
8.1 Hz, 1H), 6.87 (d,
J=8.1Hz, 1H), 6.40
(br. s., 2H), 5.66 (dt,
J=28.0,10.7 Hz,
1H), 5.57 (dt, J=17.1,
10.7 Hz, 1H), 4.75
(s, 2H), 4.46 (t, J=
8.0 Hz, 2H), 3.74 (s,
3H),3.21(d,J=7.1
Hz, 2H), 2.16 - 2.40
(m, 2H)

NH,

68

N7 N
)% | N\>—OH

353.1

354

2.5,
V3018V3001

Method 23

'H NMR (400 MHz,
DMSO-d) & 9.83
(br. s., 1H), 8.10 (s,
1H), 7.12 (d, J=8.1
Hz, 1H), 6.81 (d, J =
8.1 Hz, 1H), 6.38 (br.
s., 2H), 5.69 (dt, J =
8.0, 15.7 Hz, 1H),
5.43 (dt,J=17.1,15.7
Hz, 1H), 4.76 (s,
2H), 4.62 - 4.73 (m,
2H), 3.73 (s, 3H),
3.08 (d, J=7.1 Hz,
2H), 2.36 - 2.46 (m,
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2H)

69

355.2

356

2.53,
V3018V3001

Method 23

'H NMR (400 MHz,
DMSO-dg) § 9.82
(br.s., 1H), 7.39 (br.
s., 1H), 7.03 (d, J =
8.1 Hz, 1H), 6.81 (d,
J=28.1Hz, 1H), 6.30
(br. s., 2H), 4.83 (s,
2H), 3.87 - 4.24 (m,
2H), 3.64 (s, 3H),
2.54 - 2.70 (m, 2H),
1.52 - 1.78 (m, 2H),
1.10 - 1.36 (m, 4H)

0 SN
o
70
o

357.1

358

2.14,
V30183001

Method 25
Method 24

'H NMR (400 MHz,
DMSO-d) §9.78
(br.s., 1H), 7.77 (br.
s., 1H), 6.84 (d, J =
8.5 Hz, 1H), 6.77
(dd, J=2.5,8.5 Hz,
1H), 6.31 (br. s., 2H),
4.85 (s, 2H), 4.38 (,
J=17.1Hz, 2H), 4.07
-4.27 (m, 2H), 3.66
(s, 3H), 1.57 - 1.69
(m, 2H), 1.40 - 1.56
(m, 2H)

71 RS

341.1

342

2.34,
V30183001

Method 16
(metathesis
reaction)
Method 23
(D6 & 56)

'H NMR (500 MHz,
DMSO-ds) 8 10.00
(br. s., 1H), 7.91 (s,
1H), 7.14 (t, J =
7.7Hz, 1H), 6.79 (d,
J=17.7Hz, 1H), 6.74
(dd,J=1.9,7.7 Hz,
1H), 6.44 (br. s., 2H),
4.96 (d, J=13.9 Hz,
1H), 4.87 — 4.93 (m,
1H), 4.67 (d, J=13.9
Hz, 1H), 4.48 - 4.61
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(m, 1H), 4.01 - 4.15
(m, 1H), 3.78 — 3.88
(m, 1H), 1.66 - 1.79
(m, 1H), 1.48 — 1.61
(m, 2H), 0.85 (d, J=
6.9 Hz, 3H)

72

353.1

354

247,
V3018V3001

Method 23

'H NMR (400 MHz,
DMSO-d) 5 9.85
(br.s., 1H), 7.92 (d, J
=2.0 Hz, 1H), 7.07
(dd, J=2.0, 8.1 Hz,
1H), 6.86 (d, J=8.1
Hz, 1H), 6.38 (s,
2H), 5.71 (dt, J=8.0,
10.7 Hz, 1H), 5.39
(dt, J=17.6,10.7 Hz,
1H), 4.88 (s, 2H),
4.25 - 4.39 (m, 2H),
3.73 (s, 3H), 3.24 (d,
J=17.6Hz, 2H), 2.25
- 2.40 (m, 2H)

73

353.1

354

248,
V3018V3001

Method 23

'H NMR (400 MHz,
DMSO-d) §9.95
(br.s., 1H), 7.61 (d, J
=2.0 Hz, 1H), 7.01
(dd, J=2.0, 8.1 Hz,
1H), 6.84 (d, J=8.1
Hz, 1H), 6.43 (br. s.,
2H), 5.56 (dt, J="7.0,
15.7 Hz, 1H), 5.28
(dt, J=6.6,15.7 Hz,
1H), 4.89 (s, 2H),
4.41 - 4.59 (m, 2H),
3.78 (s, 3H), 3.07 (d,
J=6.6Hz, 2H), 2.22
- 2.37 (m, 2H)
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Method
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method
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74

NH,

]

355.1

356

211,
V30183001

Method 25

'H NMR (400 MHz,
DMSO-dg) 6 9.85
(br.s., 1H), 7.81 (br.
s., 1H), 6.83 (d, J =
8.6 Hz, 1H), 6.78 (d,
J=8.6Hz, 1H), 6.38
(br. s., 2H), 5.29 -
5.49 (m, 2H), 4.95 —
5.15 (m, 2H), 4.82
(br. s., 2H), 4.65 —
4.78 (m, 2H), 3.68 (s,
3H)

75

355.1

356

2.16,
V3018V3001

Method 25

'H NMR (400 MHz,
DMSO-dg) 6 9.97
(br.s., 1H), 7.17 (s,
1H), 6.49 (br. s., 2H),
6.42 (s, 1H), 6.37 (s,
1H), 5.63 - 5.71 (m,
2H), 4.75 - 4.80 (m,
2H), 4.73 (s, 2H),
4,56 (d, /J=4.6 Hz,
2H), 3.65 (s, 3H)

76

327.1

328

2.33,
V3018V3001

Method 23
(D6 & 56)

'H NMR (400 MHz,
DMSO-ds) 5 9.86
(br. s., 1H), 7.49 (dd,
J=1.5,7.6 Hz, 1H),
7.24 (t, J="7.6 Hz,
1H), 6.96 (d,J=7.6
Hz, 1H), 6.88 (t,J =
7.6 Hz, 1H), 6.34 (s,
2H), 4.88 (br. s., 2H),
4.14 - 4.30 (m, 2H),
4.02 - 4.13 (m, 2H),
1.77 - 2.16 (m, 4H)

77

325.1

326

2.19,
V3018V3001

Method 25

'H NMR (400 MHz,
DMSO-ds) 8 9.90
(br. s., 1H), 7.35 (dd,
J=1.5,7.6 Hz, 1H),
7.22 (t, J="7.6 Hz,
1H), 7.13 (d,J=7.6
Hz, 1H), 6.89 (t, J =
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7.6 Hz, 1H), 6.34 (s,
2H), 6.04 (dt, J=38.0,
10.7 Hz, 1H), 5.66
(dt,/=17.0,10.7 Hz,
1H), 4.83 (br. s., 6H)

78

NH,
N X —N

\

o)l\/Ng/[N>

N

N/

324.1

325

2.03,
V3018V3001

Method 26

'H NMR (400 MHz,
DMSO-d) & 8.15 (d,
J=4.0 Hz, 1H), 7.81
(s, 1H), 7.41 (d, J =
8.0 Hz, 1H), 7.34
(dd, J=4.0, 8.0 Hz,
1H), 7.02 (s, 2H), 6.3
(dt, J=17.0,15.7 Hz,
1H), 5.65 (dt,J =
5.1,15.7 Hz, 1H),
5.40 (s, 2H), 4.42 -
4.57 (m, 2H), 4.37
(d, J=5.1 Hz, 2H),
2.35 - 2.45 (m, 2H)

79

324.1

325

211,
V30183001

Method 26

'H NMR (500 MHz,
DMSO-d) & 8.15 (d,
J=4.1Hz, 1H), 8.11
(s, 1H), 7.52 (d, J =
8.2 Hz, 1H), 7.30
(dd, J=4.1,8.2 Hz,
1H), 7.14 (br. s., 2H),
5.95 (dt, J=17.0, 10.7
Hz, 1H), 5.80 (dt, J =
7.6,10.7 Hz, 1H),
5.40 (br. s., 2H), 4.59
(d, J=17.0 Hz, 2H),
4.24 (t,J="17.6 Hz,
2H), 2.55 - 2.62 (m,
2H)
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Mass | LCMS Ret
Exact . Synthesis
# STRUCTURE Found Time, NMR
Mass method
[M+H]| Method
'H NMR (500 MHz,
DMSO-dg) 8 10.48
NH2 (br. s., 1H), 7.34 -
N XN 7.72 (m, 2H), 7.26 (t,
O)'\)NIN\>_OH J =173 Hz, 1H), 7.07
203, (d,J=7.3 Hz, 1H),
80 ﬁ 370.1 | 371 | V3018V3001 [Method 27 (6(‘1?1855; 1;?’76‘39 (;IZ
NH ’ el ’
5 1H), 4.87 (s, 2H),
O)\/ 475 (s, 2H), 4.21 -
4.14 (m, 2H), 3.41 -
3.50 (m, 2H), 1.75 -
1.90 (m, 2H)
'H NMR (500 MHz,
DMSO-dg) 8 9.95
(br.s., 1H), 7.12 (d, J
NH, Method 16 | =8.2 Hz, 2H), 6.83
Nl/%[N\>_OH (04) (d, J=8.2 Hz, 2H),
O NF N Method 23 6.29 (br. s., 2H), 5.53
2.31, (metathesis (dt, J=6.6,15.7 Hz,
81 353.1 | 354 | V3018V3001 _ 1H), 5.27 (dt, J=5.4,
reaction & |15 5 1, 1H), 4.87
— o final | op1) 467 (d,T=
cyclisation | 54 17 2H), 3.59 (t,
) J= 6.6 Hz, 2H), 1.90
-2.10 (m, 2H), 1.53 -
1.71 (m, 2H)
'H NMR (500 MHz,
DMSO-dg) & 9.81
e (br. s., 1H), 7.12 (s,
NN 1H), 6.99 (t, J=7.2
| Do Hz, 1H), 6.84 (d,
o= SN Method 18 | J=7.2 Hz, 1H), 6.76
245, DS) | (d,J=7.2 Hz, 1H),
82 337.2 | 338 | V3018V3001 Mothod 14 | 629 (br. 5., 2H), 5.52
= (15) (dt, J=5.7 ,15.5 Hz,

1H), 5.15 (dt, J=4.9
15.5 Hz, 1H), 4.45 (t,
J=4.9 Hz, 2H), 4.04
(t, J=5.7 Hz, 2H),
3.07 - 3.2 (m, 4H),
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2.15 - 2.41 (m, 2H)

&3

NH,

339.2

340

2.57,
V3018V3001

Method 24

'H NMR (500 MHz,
DMSO-dg) 8 9.85
(br. s., 1H), 7.23 (s,
1H), 6.79 - 6.91 (m,
2H), 6.42 - 6.53 (m,
1H), 6.24 (br. s., 2H),
4.08 (t, J=6.5 Hz,
2H), 3.91 - 4.01 (m,
2H), 2.85 - 2.97 (m,
2H), 2.53 - 2.60 (m,
2H), 1.66 (quin,
J=6.8 Hz, 2H), 1.28
(quin, J=6.8 Hz, 2H),
1.12 (quin, J=6.8 Hz,
2H)

84

339.1

340

2.28,
V3018V3001

Method 18

'H NMR (500 MHz,
DMSO-ds) 8 10.09
(br. s, 1H), 7.42 (s,
1H), 7.07 (t, J=7.6
Hz, 1H), 6.63 -6.77
(m, 2H), 6.55 (br. s.,
2H), 5.64 (dt, J=4.7,
11.5 Hz, 1H), 5.54
(dt, J=5.7, 11.5 Hz,
1H), 4.89 -5.12 (m,
2H), 4.75 (d, J=5.7
Hz, 2H), 3.94 (t,
J=6.8 Hz, 2H), 2.85
(t, J=6.8 Hz, 2H)
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85

Boon

5

354.1

355

2.2,
V30183001

Method 28

'H NMR (500 MHz,
DMSO-de) § 9.63 (s,
1H), 8.04 (s, 1H),
7.22 (t, J=7.2 Hz,
1H), 7.16 (d, J=7.2
Hz, 1H), 7.10 (d,
J=7.2 Hz, 1H), 6.07
(br. s., 2H), 4.79 (s,
2H), 4.25 - 4.31 (m,
2H), 3.76 -4.19 (m,
2H), 3.63 (s, 2H),
3.00 (s, 3H)

86

353.1

354

2.2,
V30183001

Method 29

'H NMR (500 MHz,
DMSO-de) §9.71 (s,
1H), 6.86 (t, J=7.7
Hz, 1H), 6.77 (s,
1H), 6.62 (dd, J=1.9,
7.7 Hz, 1H), 6.33 (d,
J=7.7 Hz, 1H), 6.21
(s, 2H), 5.63 (dt,
J=6.3,15.4 Hz, 1H),
5.55 (dt, J=4.4, 15.4
Hz, 1H), 4.57 (d,
J=4.4 Hz, 2H), 4.32
(t, J=5.20Hz, 2H),
3.97 (t, J=6.0 Hz,
2H), 2.96 (t, J=6.0
Hz, 2H), 2.22 - 2.40
(m, 2H)

87

343.1

344

2.18,
V3018V3001

Method 30

'H NMR (500 MHz,
DMSO-ds) 8 9.99
(br. s., 1H), 7.63 (dd,
J=1.9, 8.2 Hz, 1H),
7.11 (dd, J=8.2, 11.0
Hz, 1H), 6.70 - 6.96
(m, 1H), 6.46 (br. s.,
2H), 5.76 (dt, J=6.3 ,
16.1 Hz, 1H), 5.65
(dt, J=3.8 , 16.1 Hz,
1H), ), 4.78 - 4.85
(m, 2H), 4.77 (s,
2H), 4.57 (d, J=6.3
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Hz, 2H)

88

L0

343.1

344

2.18,
V3018V3001

Method 30

'H NMR (500 MHz,
DMSO-ds) 8 10.02
(br. s., 1H), 8.05 (d,
J=8.2 Hz, 1H), 7.11
(dd, J=8.2, 11.2 Hz,
1H), 6.72 - 6.93 (m,
1H), 6.48 (br. s., 2H),
5.32 - 5.50 (m, 2H),
4.98 - 5.28 (m, 2H),
4.81 -4.97 (m, 2H),
4.79 (s, 2H)

89

342.1

343

2.14,
V30183001

Method 31

'H NMR (500 MHz,
DMSO-dg) 8 9.66
(br. s., 1H), 8.10 (d,
J=8.2 Hz, 1H), 7.09
(dd, J=8.2, 11.2 Hz,
1H), 6.62 - 6.90 (m,
1H), 6.29 (t, J=6.8
Hz, 1H), 6.02 (br. s.,
2H), 5.12 - 5.45 (m,
2H), 4.77 - 5.06 (m,
2H), 4.70 (s, 2H),
3.52 - 4.32 (m, 2H)

90

342.1

343

2.13,
V3018V3001

Method 31

'H NMR (500 MHz,
DMSO-ds) 8 9.64
(br. s., 1H), 7.75 (dd,
J=1.7, 8.4 Hz, 1H),
7.07 (dd, J=8.4, 11.2
Hz, 1H), 6.72 - 6.93
(m, 1H), 6.48 (t,
J=5.5 Hz, 1H), 5.98
(s, 2H), 5.68 (dt,
J=6.0, 15.8 Hz, 1H),
5.59 (dt, J=3.8, 15.8
Hz, 1H), 4.70 (s,
2H), 4.59 (d, J=6.0
Hz, 2H), 3.63 - 3.86
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(m, 2H)

JCL
|y

345.1

221,

346 | V3018V3001

Method 32

'H NMR (500 MHz,
DMSO-ds) 8 9.92
(br. s., 1H), 8.08 (d,
J=8.2 Hz, 1H), 7.09
(dd, J=8.2, 11.7 Hz,
1H), 6.62 - 6.91 (m,
1H), 6.41 (br. s., 2H),
481 (s, 2H), 4.57 (,
J=6.5 Hz, 2H), 4.35
(t, J=6.8 Hz, 2H),
1.62 - 1.74 (m, 2H),
1.50 - 1.60 (m, 2H)

NH,

LI

344.1

2.2,

345 | V3018V3001

Method 32

'H NMR (500 MHz,
DMSO-d) § 9.58 (s,
1H), 8.16 (d, J=8.5
Hz, 1H), 7.08 (dd,
J=8.5,11.7 Hz, 1H),
6.59 - 6.88 (m, 1H),
6.23 (t, J=6.5 Hz,
1H), 5.94 (s, 2H),
4.74 (s, 2H), 4.29 (1,
J=7.3 Hz, 2H), 3.38 -
3.57 (m, 2H), 1.53 -
1.72 (m, 2H), 1.26 -
1.47 (m, 2H)
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Biological Activity of compounds of formula (I)

Description of Biological Assays

Assessment of TLR7 and TLRS activity

The ability of compounds to activate human TLR7 and TLR8 was assessed in a cellular
reporter assay using HEK293 cells transiently transfected with a TLR7 or TLRS
expression vector and NFkB-luc reporter construct. Briefly, HEK293 cells were grown
in culture medium (DMEM supplemented with 10% FCS and 2 mM Glutamine). For
transfection of cells in 10 cm dishes, cells were detached with Trypsin-EDTA,
transfected with a mix of CMV-TLR7 or TLR& plasmid (750 ng), NFkB-luc plasmid
(375 ng) and a transfection reagent and incubated 48 hours at 37°C in a humidified 5%
CO; atmosphere. Transfected cells were then detached with Trypsin-EDTA, washed in
PBS and resuspended in medium to a density of 1.67 x 10° cells/mL. Thirty microliters
of cells were then dispensed into each well in 384-well plates, where 10 pL of
compound in 4% DMSO was already present. Following 6 hours incubation at 37°C,
5% CO,, the luciferase activity was determined by adding 15 pl of Steady Lite Plus
substrate (Perkin Elmer) to each well and readout performed on a ViewLux ultraHTS
microplate imager (Perkin Elmer). Dose response curves were generated from
measurements performed in quadruplicates. Lowest effective concentrations (LEC)
values, defined as the concentration that induces an effect which is at least two fold
above the standard deviation of the assay, were determined for each compound.

In parallel, a similar dilution series of compound was used (10 pL. of compound in 4%
DMSO) with 30 pL per well of cells transfected with NF«kB-luc reporter construct
alone (1.67 x 10° cells/mL). Six hours after incubation at 37°C, 5% CO,, the luciferase
activity was determined by adding 15 pl of Steady Lite Plus substrate (Perkin Elmer) to
cach well and readout performed on a ViewLux ultraHTS microplate imager (Perkin

Elmer). Counterscreen data is reported as LEC.

Measurement of interferon production in human PBMC

Activation of human TLR7 results in robust production of interferon by plasmacytoid
dendritic cells present in human blood. The potential of compounds to induce interferon
was evaluated by determination of interferon in the conditioned media from peripheral
blood mononuclear cells (PBMC). The presence of interferon in the samples was
determined, using an interferon reporter cell line stably expressing an interferon-
stimulated responsive elements (ISRE)-luc reporter construct. The ISRE element with
sequence GAAACTGAAACT is highly responsive to the STATI-STAT2-IRF9

transcription factor, which becomes activated upon binding of IFN-I to the IFN
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receptor. Briefly, PBMCs were prepared from buffy coats of at least two donors using a
standard Ficoll centrifugation protocol. Isolated PBMCs were resuspended in RPMI
medium supplemented with 10% human AB serum and 2 x 10° cells/well were
dispensed into 384-well plates containing compounds (70 uL total volume). After
overnight incubation of the PBMCs with the compounds, 10 uL of supernatant was
transferred to 384-well plates containing 5 x 10° HEK-ISRE-luc cells/well in 30 uL
(plated the day before). Following 24 hours of incubation, activation of the ISRE
elements was measured by assaying luciferase activity using 40 pL/well Steady Lite
Plus substrate (Perkin Elmer) and measured with ViewLux ultraHTS microplate imager
(Perkin Elmer). The stimulating activity of each compound on the HEK-ISRE-luc cells
was reported as LEC. The LEC in turn indicates the degree of ISRE activation on
transfer of a defined amount of PBMC culture medium. Recombinant interferon alfa-2a

(Roferon-A) was used as a standard control compound.

The LEC values for the compounds in table 2 on HEK293 TLR8-NF«xB-luc were >10
uM for compound 6, 20.46 uM for compound 39, >19.49 uM for compound 40, 11.16
uM for compound 41, >10 uM for compound 44, 5.48 uM for compound 47, >10 uM
for compound 63, 0.27 uM for compound 75 and >25 uM for all other compounds.

The LEC values for the compounds in table 2 on HEK293 NF«B-luc were greater than
the highest tested concentration (> 10 uM for compounds 6, 44 and 63, and > 25 uM

for all other compounds).

Table 2. Compounds of formula (I)

n represents the number of experiments performed.

HEK293 PBMC
STRUCTURE TLR7-NFkB-luc n | HEK-ISRE-luc | n
(LEC; uM) (LEC; uM)

0.154 5 0.081 5
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# HEK293 PBMC
STRUCTURE TLR7-NF«B-luc HEK-ISRE-luc n
(LEC; uM) (LEC; uM)
H,N
N\7/0H
N7\
S
5 o/ N 0.51 0.22 2
3 1.05 0.14 1
H,N
N§—-OH
N7 \ 7/
4 = 3.27 0.64 2
N=—
g
H,N
N
OH
N
Ny O\ Y
N
=
5 E\o 0.24 0.044 2
N
H
(o]
H,N
N OH
N7 \>/
SN
o N
6 — > 10 1.73 2
N\ 7
HNVO
[o]
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# HEK293 PBMC
STRUCTURE TLR7-NF«B-luc HEK-ISRE-luc n
(LEC; uM) (LEC; uM)
NH,
HO N
jpas
7 N NZ N 0.87 0.31 2
AN
NH,
NN
N
[P
8 HN™ °N N 2.42 0.68 4
(o]
H,N
N
N/ \ \7/0H
Sy N
o N
9 N— 0.30 0.098 2
o\ /
H
(o]
NH,
HO N
jpas
NH,
NN
J P
=N
1 o N 0.050 0.022 4
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# HEK293 PBMC
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Claims

1. Compound having formula (I)

NH,
N \
| \>—OH
e M

and pharmaceutically accepted salts thereof, wherein

X 1s oxygen, nitrogen, sulfur or

W\
\\/N

Y represents an aromatic ring or heterocyclic ring comprising at least a nitrogen,

2

optionally substituted by one or more substituents independently selected from C;.
salkyl, C;_4alkoxy, trifluoromethyl or halogen,

Z represents Cy.jo saturated or unsaturated alkyl optionally substituted by an alkyl or
alkylhydroxyl;

or Z represents Cjsalkyl -NH-C(O)- C;alkyl- or C;salkyl -NH-C(O)- C;alkyl -O-;
or Z represents Cj_jpalkyl -O- wherein said alkyl is unsaturated or saturated and can
optionally be substituted by an alkyl or alkylhydroxyl ,

or Z represents Cysalkyl-O-Cjsalkyl- wherein said alkyl is unsaturated or saturated and
can optionally be substituted by an alkyl or alkylhydroxyl

or Z represents Cpsalkyl-O-C;salkyl-O- wherein said alkyl is unsaturated or saturated
and can optionally be substituted by an alkyl or alkylhydroxyl.

2. Compound according to claim 1 having one of the following formula’s selected
from the group of:
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’ ’

NH, NH,
SN N
J\t :\>—OH OJL)I\IN\>—OH

o Co

or

3. A pharmaceutical composition comprising a compound of formula (I) or a

pharmaceutically acceptable salt, solvate or polymorph thereof according to claim 1
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or 2 together with one or more pharmaceutically acceptable excipients, diluents or

carriers.

4. A compound of formula (I) or a pharmaceutically acceptable salt, solvate or
polymorph thereof according to claim 1 or 2, or a pharmaceutical composition

according to claim 3 for use as a medicament.

5. A compound of formula (I) or a pharmaceutically acceptable salt, solvate or
polymorph thereof according to claim 1 or 2, or a pharmaceutical composition
according to claim 3, for use in the treatment of a disorder in which the modulation
of TLR7 is involved.



