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Macrocvclic 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. 

5 
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 

10 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. 

15 
it has been estimated that most mammalian species have between ten and fifteen types 
of Toll-like receptors. Thirteen TLRs (named TLR! to TLR13) have been identified in 
humans and mice together, and equivalent forms of many o f these have been found in 
other mammalian species. However, equivalents of certain TLR found in humans are 

20 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 

25 mammals, as demonstrated by TLR14, 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, 
30 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 
35 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 vims 
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 Thl response (refer to Hum. Vaccines 2010, 6, 1-14, and 
Hum. Vaccines 2009, 5, 381-394 for examples). 

In accordance with a first aspect of the present disclosure, a compound of formula (I) is 
20 

provided 

NH2 

(I) 

Y 

25 and pharmaceutical^ accepted salts thereof, wherein 

X is oxygen, nitrogen, sulfur or 

.N 
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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 
Ci^alkyl, Ci^alkoxy, trifluoromethyl or halogen, 

5 Z represents CMO saturated or unsaturated alkyl optionally substituted by an alkyl or 
alkylhydroxyl; 
or Z represents Ci^alkyl -NH-C(O)- C^alkyl- or Ci^alkyl -NH-C(0)- C,.6alkyl -0-; 
or Z represents Ci.ioalkyl -O- wherein said alkyl is unsaturated or saturated and can 
optionally be substituted by an alkyl or alkylhydroxyl , 

10 or Z represents Ci^alkyl-0-Ci-6alkyl- wherein said alkyl is unsaturated or saturated and 
can optionally be substituted by an alkyl or alkylhydroxyl 
or Z represents Ci-ealkyl-O-Ci-^alkyl-O- wherein said alkyl is unsaturated or saturated 
and can optionally be substituted by an alkyl or alkylhydroxyl. 

15 Part of the disclosure is also those compounds of formula (I) wherein 
X is O, N-CMalkyi, NH, S or 

Y represents an aromatic ring or heterocyclic ring comprising at least a nitrogen, 
optionally substituted by one or more substituents independently selected from C]. 

20 6alkyl, Cj^alkoxy, trifluoromethyl, halogen, C(0)NH- Ci^alkyl, NH(CO)-Ci.4,alkyl, 
CN, NH-C^alkyl, N-(C,.6alkyl)2, C(0)-Ci_6alkyl or OH, 

Z represents CMO saturated or unsaturated alkyl optionally substituted by an alkyl or 
alkylhydroxyl or OH; 

25 or Z represents Chalky! -NH-C(O)- Chalky]- or Ci_6alkyl -NH-C(O)- C,.6alkyl -0-; 
or Z represents Ci_6alkyl -NCH3-C(0)- C^alkyl- or C^alkyl -NCH3-C(0)- C^alkyl -
O-: 
or Z represents C^alkyl -C(0)~NH- Ci^alkyl- or Ci^alkyl -C(0)-NH- Chalky! -0-; 
or Z represents C^alkyl -C(0)-NCH3- Ci^alkyl- or Ci^alkyl ~C(0)-NCH3- C]-6alkyl -

30 O-; 
or Z represents Ci.ioalkyl -O- wherein said alkyl is unsaturated or saturated and can 
optionally be substituted by an alkyl or alkylhydroxyl or OH; 
or Z represents Ci.ioalkyl -NH- wherein said alkyl is unsaturated or saturated and can 
optionally be substituted by an alkyl or alkylhydroxyl or OH; 



or Z represents Ci.6alkyl-0-Cj.6alkyi- wherein said alkyl is unsaturated or saturated and 
can optionally be substituted by an alkyl or alkylhydroxyl or OH; 
or Z represents Cj^alkyl-O-Ci^alkyl-O- wherein said alkyl is unsaturated or saturated 
and can optionally be substituted by an alkyl or alkylhydroxyl or OH. 

Preferred compounds having one of the following formula's according to the disclosure 
were selected from the group of: 

f-UN 

N H, 

NH 

—OH < N 
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or 

Other preferred compounds according to the disclosure are compounds having the 
5 following numbers (as mentioned in the Tables 1 and 2 respectively): 32, 45, 60, 64, 

65, 68,75, 87, 90,91 and 92. 

A second aspect of the present disclosure provides for a pharmaceutical composition 
comprising a compound of formula (I) or a pharmaceutically acceptable salt, solvate or 

10 polymorph thereof as disclosed herein together with one or more pharmaceutically 
acceptable excipients, diluents or carriers. 

Furthermore, a third aspect of the disclosure provides a compound of formula (I) or a 
pharmaceutically acceptable salt, solvate or polymorph thereof as disclosed herein or a 

15 pharmaceutical composition above mentioned for use as a medicament. 

A fourth aspect of the disclosure provides a compound of formula (I) or a 
pharmaceutically acceptable salt, solvate or polymorph thereof as disclosed herein or a 
pharmaceutical composition above mentioned for use in the treatment of a disorder in 

20 which the modulation of TLR7 is involved. 

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. 

25 
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 (1) include the acid 
5 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 unsolvatcd and solvated forms. The 
10 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 
15 more than one form or ciystal 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 

20 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 

25 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 

30 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 
35 into various pharmaceutical forms for administration purposes. As appropriate 

compositions there may be cited all compositions usually employed for systemicaljy 
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 percutaneous 

5 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 

30 powders, pills, capsules, and tablets. Because of their case 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 percutaneous administration, the carrier optionally comprises 

15 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, e.g., as a transdermal patch, 

20 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. 

25 
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, each unit containing a predetermined quantity of active ingredient calculated 

30 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. 

35 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 formuiated 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. 

5 
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 arc 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 
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Synthesis of intermediate D1 
At 10°C, 3-bromobenzyiamine (11.9 g, 63.96 mmol) was added drop wise to a mixture 
of A1 (10 g, 60.91 mmol) and CI (125 mg, 0.97 mmol) in EtOH (100 ml). The 
mixture was stirred at RT overnight. 120 mL of NaOH IN was added drop wise and. the 

5 mixture was stirred at RT for lb. The precipitate was filtered off, washed with a 
minimum of cold EtOH and dried to give 12.74 g (75% yield) of intermediate D1. 

D1 E1 

Synthesis of intermediate El 
10 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 ofNaHCO:} and EtOAc. The layers were decanted and separated. The 
organic layer was dried over MgSG4, filtered and solvent was evaporated. The crude 

15 compound was taken up in CIT3CN, the precipitate was filtered off and dried to give 
7.5 g (55% yield) of a part of intermediate El. The filtrate was evaporated and was 
purified by chromatography over silica gel (Irregular SiOH 20-45jam; mobile phase 
(99% CH2CI2, 1% CH3OH). The pure fractions were collected, and concentrated under 
reduced pressure to give 2.8 g (20% yield) of a second batch of intermediate El. 

20 

E1 F1 

Synthesis of intermediate F1 
A mixture of El (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 

25 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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Synthesis of intermediate Gl 
A mixture of F1 (3 g, 7.52 mmol), 4-Bromo-l-butene (2.29 mL, 22.55 mmol), K2CO3 
(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 MgSC>4, filtered and the solvent was evaporated. The crude was 
purified by flash chromatography over silica gel (15-40}a.m, 50g, CH2CI2/CH3OH: 
98-2). The pure fractions were collected and evaporated to dryness to give 1.95 g (57% 
yield) of intermediate Gl. 

Synthesis of Intermediate HI 
At RT, sodium methoxide (30wt% solution in CH3OH) (8.4 mL, 45.24 mmol) was 
added drop wise to a mixture of Gl (4.1 g, 9.05 mmol) in CH3OH (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 
MgSO^, filtered and the solvent was evaporated to give 3.8 g (100% yield) of 
intermediate HI. The crude compound was directly used in the next step. 

20 
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Synthesis of intermediate II 
The reaction was performed twice in parallel. 
A mixture of HI (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 

5 (2*17.5 mL) was stirred at 140°C for Ih. The mixture was cooled to RT and was 
poured into a KF water solution (1 g/J OOmL). 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 
MgS04, filtered and the solvent was evaporated. The crude was purified by flash 

10 chromatography over silica gel (15-40jim, 120g, CH2CI2/CH3OH/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 11. 

15 Synthesis of intermediate J1 
II (950 mg, 2.6 mmol) was added to CH2CJ2 extra dry (760 mL) and the resulting 
mixture was degassed by bubbling N2 through the solution for 30min. Grubbs catalyst 
2nd generation (222 mg, 0.26 mmol) was added in one portion and the mixture was 
stirred under a N2 flow for 24h. The solvent was evaporated and the crude compound 

20 was immediately purified by flash chromatography over silica gel (15-40|im, lOg, 
CH2CI2/CH3OH/NH4OH: 98.5/1.5/0.1) The pure fractions were collected and 
concentrated under reduced pressure to give 280 mg of intermediate II and 200 mg 
(23% yield) of intermediate J1 (as a mixture of two isomers E and Z). 

EZ EZ 

25 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 basificd at 0°C with K2CO3 (a precipitate appears) and was extracted many times 

5 with EtOAc and CH3OH. The organic layer was dried over M.gS04, filtered and the 
solvent was evaporated. The residue was recrystallized from CIT3CISJ, the precipitate 
was filtered off and dried to give 108 mg (56% yield) of compound 1 (mixture of 
isomers E/Z 55/45). 

10 Overall Scheme in the preparation of final products: method 2 

Synthesis of intermediate K1 
15 A mixture of J1 (130 mg, 0.39 mmol), Pd/C (10%) (20 mg, 0.02 mmol) in CH3OH 

(30 mL) was hydrogenated under an atmospheric pressure of Hz for 4h. The catalyst 
was removed by filtration through celite®. The celite® was washed with CH3OH. The 
filtrate was evaporated, to give 126 mg (96% yield) of intermediate Kl, used as such in 
the next step. 

20 
Synthesis of final compound 2 
At RT, a mixture of Kl (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 

25 and dried to give 79 mg (75% yield) of compound 2. 

30 
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^ L1 M1 

Synthesis of intermediate Ml 
LI (3.0 g, 32.23 mmol), 5-Bromo-l-pentene (4.8 g, 32.23 mmol) and K.2CO3 (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 MgS04, filtered and the solvent was 
evaporated to give 4.6 g (89% yield) of intermediate Ml used, as such in the next step. 

M1 E1 
N1 
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Synthesis of intermediate N1 
Under a N2 flow, sodium (1.42 g, 62.03 mmol) was dissolved into EtOH (80 mL) at 
RT. Ml (2.0 g, 12.41 mmol), El (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 N2 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 MgS04, filtered and the 
solvent was evaporated. The crude was purified by chromatography over silica gel 
(Irregular SiOH 20-45jim; mobile phase (0.5% NH4OH, 94% CH2CI2, 6% CH3OH). 
The pure fractions were collected and concentrated under reduced pressure to give 

10 3.15 g (53% yield) of intermediate N1. 

Synthesis of intermediate Ol 
15 A mixture of N1 (0.50 g, 1.04 mmol), allyltri-N-butyltin (0.32 mL, 1.04 mmol) and 

tetrakis(triphenylphosphine)pall.adium(0) (120 mg, 0.10 mmol) in dioxane (4 mL) was 
stirred at 140°C for Ih. The mixture was cooled to RT and was poured into a KP water 
solution (5 g/100 mL). The mixture was stirred for lOmin at RT. EtOAc was added and 
the layers were decanted. The organic layer was washed with brine, dried over MgS04, 

20 filtered and the solvent was evaporated. The crude was purified by chromatography 
over silica gel (Irregular SiOH 15-40jim; mobile phase (0.5% NH4OH, 95% CH2O2, 
5% CH3OH). The pure fractions were collected and concentrated under reduced 
pressure to give 300 mg (65% yield) of intermediate 01. 

25 0 P 

Synthesis of intermediate PI 
Ol (1.80 g, 4.06 mmol) was added to CH2CI2 extra dry (1080 mL) and the resulting 
mixture was degassed by bubbling N2 through the solution for 30min. Grubbs catalyst 
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2nd generation (346 mg, 0.41 mmol) was added in one portion and the mixture was 
stirred at RT under a N2 flow for 24h. The mixture was concentrated under reduced 
pressure. The crude was purified by flash chromatography over silica gel (15-40ja,m, 
120g, CH2CI2/CH3OH/NH4OH: 96/4/0.5). The pure fractions were collected and 

5 concentrated under reduced pressure to give 1.47 g of crude product. The residue was 
purified by Reverse phase chromatography on (X-Bridge-C18 5|im 30* 150mm), 
mobile phase (Gradient from 80% NH4HCO3 0.5% pHIO buffer, 20%> CH3CN to 0% 
NH4HCO3 0.5% pHIO buffer, 100% CH3CN). The pure fractions were collected and 
concentrated under reduced pressure to give 83 mg (5% yield) of intermediate PI (as a 

10 mixture of two isomers E and Z) and 800 mg of intermediate 01. 

Synthesis of final compound 3 
Pi (40 mg, 0.10 mmol) in HCI 6N (2 mL) and dioxane (2 mL) was stirred at RT for 

15 18h. At 0°C, the mixture was basified with K2CO3 and was extracted with EtOAc and 
CH3OH. The organic layer was dried over MgS04, filtered and the solvent was 
evaporated. The crude was purified by flash, chromatography over silica gel (15-40 ,um, 
12 g, CH2CI2/CH3OH/NH4OH: 90/10/0.5). The pure fractions were collected and 
concentrated under reduced pressure to give 23 mg. The compound was taken up in 

20 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). 

PI 
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Overall Scheme in the preparation of final products: method 4 

P Q 4 

5 

Synthesis of intermediate Q1 
A mixture of PI (70 mg, 0.17 mmol), Pd/C 10% (18 mg, 0.02 mmol) in CH;,OH (5 mL) 
was hydrogenated under an atmospheric pressure of H2 for 4h. The catalyst was 
removed by filtration through a pad of celite®. The eel ite^ was washed with CH3OH 

10 and the filtrate was evaporated. The crude was purified by flash chromatography over 
silica gel (15-40 jim, 10 g, CH2G2/CH3OH/NH4OH: 96/4/0.5). The pure fractions were 
collected and concentrated under reduced pressure to give 50 mg (71% yield) of 
intermediate Ql. 

15 Synthesis of final compound 4 
Ql (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 (1HC1, 1H20). 
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Overall Scheme in the preparation of final products: method 5 

NH2 NH.,HCI 

A1 R1 C1 S1 

Synthesis of intermediate SI 
At 10°C, R1 (7.70 g, 34.79 mmol) in EtOH (30 mL) was added drop wise to a mixture 
of A1 (5.44 g, 33.14 mmol), CI (68 mg, 0.53 mmol) in EtOH (25 mL). The mixture 
was stirred at RT overnight. 60 mL of NaOH IN was added drop wise and the mixture 

10 was stirred at RT for Ih. The mixture was extracted with CH2CI2 (3 times). The 
combined organic layers were washed with brine, dried over MgS04, filtered and the 
solvent was evaporated. The crude was purified by chromatography over silica gel 
(Irregular SiOH 20-45 um; mobile phase (0.1% NH^OH, 98% CH2C12, 2% CH3OH). 
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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N. 

NBS.THF 

N. 

S1 T1 

Synthesis of intermediate T1 
At 10°C, under a N2 flow, N -bro mosuccinimide (2.90 g, 16.33 mmol) was added 
portion wise to a mixture of SI (5.1 g, 16.33 mmol) in THF (100 mL). The mixture was 

5 stirred for 10 min at 10°C. The mixture was poured into a solution of NaHCCh 10% in 
water and EtOAc. The layers were decanted. The organic layer was dried over MgS04, 
filtered and solvent was evaporated. The crude was purified by flash chromatography 
over silica gel (15-40 jam, 80 g, CH2CI2/CH3OH 99-1). The pure fractions were 
collected and concentrated under reduced pressure to give 3.75 g (59% yield) of 

10 intermediate T1. 

Synthesis of intermediate U1 
Benzoyl isocyanate (7.05 g, 47.92 mmol) was added to a mixture of T1 (3.75 g, 

15 9.58 mmol) in CLLCN (80 mL) under stirring at RT. The mixture was stirred at RT 
overnight. The solvent was evaporated, the residue was dissolved in 2-propanoi/25% 
aqueous NH3 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 

20 celite®, the celite® was washed with EtOAc. The filtrate was decanted. The organic 
layer was dried over MgS04, filtered and the solvent was evaporated. The crude 
compound was purified by flash chromatography over silica gel (15-40 jam, 80 g , 
CH2CI2/CH3OH/NH4OH: 98/2/0.1). The pure fractions were collected and concentrated 
under reduced pressure to give 1.70 g (33% yield) of intermediate Ul. 

N. 

T1 U1 

25 
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U1 

NHAOH 25%aq 

iPrOH 
H( 

V1 

Synthesis of intermediate VI 
A mixture of U1 (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 

5 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 VI. 
The organic layer was dried over MgSO#, filtered and the solvent was evaporated to 
give 680 mg of intermediate U1. 

Synthesis of intermediate W1 
A mixture of V] (520 mg, 1.20 mmol), tcrt-butyl N-(3-brom.opropyl)carbamate 
(570 mg, 2.40 mmol) and K2CO3 (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 

15 extracted with EtOAc. The organic layer was washed with water, brine, dried over 
MgS04, filtered and the solvent was evaporated to give 800 mg (>100% yield) of 
intermediate Wl. The crude compound was used directly in the next step. 

BocHN 
10 

BocHN BocHN 



WO 2014/009509 
-20-

PCT/EP2013/064763 

Synthesis of intermediate XI 
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 IlCl 3N. The mixture 

5 was extracted with EtOAc (twice). The combined organic layers were dried over 
MgS04, filtered and the solvent was evaporated to give 500 mg (98% yield) of 
intermediate XL 

BocHN 

HCI 4N in dioxane 

dioxane 

H,N 

10 

15 

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 
XI (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 
Yl. The crude compound was used without any further purification in the next step. 

H,N 

OH 

Synthesis of final compound 5 
l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (520 mg, 2.72 mmol) 
and l-hydroxybenzotriazolc (367 mg, 2.72 mmol) were slowly added to a mixture of 

20 Yl (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 CH2CI2-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 Ih, 

25 cooled to RT and filtered off. The crude was purified by reverse phase on (X-Bridge-
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C18 5 jim 30*150 mm), mobile phase (gradient from 75% NH4HCO3 0.5%> pHIO 
buffer, 25% CH3OH to 0% NH4HCO3 0.5% pHIO buffer, 100% CH3OH). 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-Cl 8 5 um 

5 30*150 mm), mobile phase (gradient from 90% trifiuoroacetic acid 0.05%, 10% 
CH3OH to 0%> trifiuoroacetic acid 0.05%, 100% CH3OH). 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 

o 
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OH 

HN 
/ 

HO 

Z1 A2 B2 

Synthesis of intermediate B2 
A solution of ethyl glycolate (10.0 g, 96.06 mmol) in dimethylamine (40% solution in 

5 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. 

N 

B2 C2 D2 

10 Synthesis of intermediate D2 
At 0°C under a N2 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 

15 added, then brine solution was added. The aqueous layer was extracted with EtOAc 
(twice). The organic layer was dried over MgSOrj, filtered and the solvent was 
evaporated to give 7.0 g (95% yield) of intermediate D2. 

H2 

20 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 H2 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 

25 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 (15-40u,m, 120 g, 
CH2C12/CH30H/NH40H: 92/8/0.5) The pure fractions were collected and concentrated 
under reduced pressure to give 2.2 g (27% yield) of intermediate E2. 

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) 

10 at 10°C. The reaction mixture was stirred at RT for 20h. An aqueous solution oflNaOH 
1M (25 mL) was added drop wise to the solution at 10°C and the resulting mixture was 
stirred at RT for Ih. 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. 

15 

Synthesis of intermediate H2 
A solution of N-bromosuccinimide (1.47 g, 8.24 mmol) in THE (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. 

20 The mixture was stirred at 0°C for 30 min and then at RT for 45 min. The mixture was 
taken up in CH2CI2, washed with a saturated aqueous solution of NaHCO.i, then with 
brine, dried over MgS04, 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 

25 flash chromatography over silica gel (15-40 ,um, 50 g, CH2CI2/CH3OH/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 

5 triturated and filtered off, washed with water and dried under vacuum at 60°C to give 
1.05 g (67% yield) of intermediate 12. 

10 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), K2CO3 (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 MgSO,*, filtered and the solvent was 

15 evaporated. The residue was purified by flash chromatography over silica gel (15-
40 |im, 80 g, CH2CI2/CH3OH/NH4OH: 95/5/0.5). The pure fractions were collected and 
concentrated to give 0.97 g (57% yield) of intermediate K2. 

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 N2 flow. Water was added and the 

25 pH was adjusted to 5-6. The aqueous layer was extracted with EtOAc. The organic 
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layer was dried over MgSO/i, filtered and the solvent was evaporated to give 0.54 g 
(83% yield) of intermediate L2. 

5 

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. 

HN^^O 

o 

Synthesis of final compound 6 
l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide 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-Cl8 5 

20 um 30*150 mm), mobile phase (gradient from 90% trifiuoroacetic acid 0.05%, 10% 
MeOH to 0% trifiuoroacetic 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 CH3CN and ImL 
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 02 
4-Bromo-l-butene (8.6 mL, 84.17 mmol) was added to a mixture of N2 (15 g, 
56.11 mmol), K2CG3 (23.3 g, 168.33 mmol), tetrabutylammonium bromide (1.81 g, 
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 MgS04> filtered and 
the solvent was evaporated. The residue was purified by flash chromatography over 
silica gel (15-40 fim, 120 g, Heptane/EtOAc: 93-7). The pure fractions were collected 
and concentrated to give 14.8 g (82% yield) of intermediate 02. 

Synthesis of intermediate P2 
At 0°C, HCI IN (120 mL, 119.47 mmol) was added drop wise to a mixture of 02 (19.2 
g, 59.74 mmol) in Et20 (250 mL). The mixture was stirred at 0°C for 30min then 

10 stirred vigorously at RT for 12h. The resulting layers were decanted. The aqueous layer 
was basified until pH 8 with K2CO3 (powder) then extracted with Et20 (3 times). The 
aqueous layer was saturated with K2C0j( then extracted again with CH2CI2 (2 times). 
The organic layers were combined, dried over MgS04, filtered and the solvent was 
evaporated to give 7.9 g (84% yield) of intermediate P2. 

15 
o 

Synthesis of intermediate Q2 
Under a N2 flow, L1AIH4 (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 

20 allowed to warm to RT and was stirred at RT for 30 min. The reaction wras 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 TFIF and the filtrate was concentrated under vacuum. The residue was 
taken up in EtOAc, dried over MgS04, filtered and the solvent was evaporated to give 

25 5.3 g (80 % yield) of intermediate Q2. 
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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), Et3N (1.33 mL, 9.55 mmol), 4-dimetbylaminopyridine (106 mg, 
0.87 mmol) in CH2CI2 (30 mL). The mixture was stirred at RT for 24h. Water was 
added and the layers were decanted. The organic layer was dried over MgS04, filtered 
and the solvent was evaporated to give 1.70 g (85% yield) of intermediate R2. 

Synthesis of intermediate S2 
A solution of 4,6-dihydroxy-2-methylthiopyrimidine (50 g, 316.09 mmol) in trifiuoro­
acetic acid (210 mL) was stirred at RT for 30 min. The mixture was cooled to 5°C then 
HNO3 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. 

OH OH 

S2 

S2 T2 
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Synthesis of intermediate T2 
N,N-dimeth.ylaniline (76.7 mL, 0.61 mol) was added drop wise to POCI3 (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 1.00°C for 2h. The solution was concentrated under vacuum 

5 and the residual POCI3 was removed by azeotropic evaporation with toluene (3 times). 
The resulting oil was taken up in a solution of CHzCfe-Heptane (70-30) and was filtered 
through a glass filter of SiC>2. 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% CH2CI2). The pure fractions were collected and concentrated to give 

10 37.8 g (78% yield) of intermediate T2. 

Synthesis of intermediate U2 
A solution of NH3 2M in iPrOH (115 mL, 229.31 mmol) was added drop wise to a 

15 solution of T2 (36.7 g, 152.87 mmol) and Et3N (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 5h. 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 

20 dried over MgS04, filtered, and the solvent was removed under reduced pressure to 
give 34.5 g (100% yield) of intermediate U2. 

Synthesis of intermediate V2 
25 Ethyl chloroformate (13.5 mL, 138.90 mmol) was added to a solution of U2 (39.8 g, 

126.27 mmol) and Et3N (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 CH2CI2 and. water. The layers were separated; the aqueous 
layer was extracted with CH2CI2 (twice). The combined organic layers were dried over 

ci ci 
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MgSC>4, filtered and the solvent was removed under reduced pressure. The residue was 
purified by preparative LC on (Irregular SiOH 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 

Synthesis of intermediate X2 
A mixture of V2 (5.0 g, 17.08 mmol), W2 (2.85 g, 17.08 mmol), K2CO3 (3.54 g, 
25.6 mmol) and Nal (2.56 g, 17.08 mmol) in acetone (200 mL) were stirred at RT for 

10 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 p.m, 220 g, 
CHzCVheptane 50-50). The pure fractions were collected and concentrated to give 
7.4 g (100% yield) of intermediate X2. 

Synthesis of intermediate Y2 
A solution of X2 (7.20 g5 17.03 mmol) and NH3 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 CH2CI2. The organic layer was 

20 washed with water and dried over MgS04, 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. 

5 V2. 
ci ni 

15 
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NH 
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CHjCIa 

Synthesis of intermediate Z2 
3-chloroperoxybenzoic acid (2.44 g, 9.91 mmol) in CH2CI2 (20 mL) was added drop 
wise to a solution of Y2 (2.0 g, 4.96 mmol) in CH2CI2 (100 mL) at RT. The mixture 

5 was stirred at RT for 20h. An aqueous solution of Na2S2C>3 (5eq) was added to the 
mixture. The layers were separated and the aqueous layer was extracted with CH2CI2 
(twice). The combined organic layers were washed with a saturated aqueous solution of 
NaHCCL, dried over MgS04, 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. 

Synthesis of intermediate A3 
A mixture of Z2 (2.16 g, 4.96 mmol), R2 (1.70 g, 7.44 mmol) and Et3N (1.04 mL, 

15 7.44 mmol) in CILCN (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 MgS04, filtered and the solvent was evaporated. The residue was purified by 
flash chromatography over silica gel (15-40 fim, 90 g, CH2Cb/CH3OH/99.5-0.5). The 
pure fractions were collected and concentrated to give 1.10 g (38% yield) of 

20 intermediate A3. 

CH2CI2 extra dry 

Grubbs II >r 
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Synthesis of intermediate B3 
A3 (1.05 g, 1.80 mmol) was added to CH2CI2 extra dry (230 mL) and the resulting 
mixture was degassed by bubbling N2 through the solution for 30 min. Grubbs catalyst 
2nd generation (153 mg, 0.18 mmol) was added in one portion and the mixture was 

5 stirred at RT under N2 flow for 24h. The mixture was concentrated. The residue was 
purified by preparative LC on (irregular SiOH 15-40 jim 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. 

10 

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. 

15 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 CI^CVMeOH/NFLOH 90-10-0.5. A precipitate was filtered 
(the precipitate (l.Og) contained expected compound) and the filtrate was evaporated to 
be purified by chromatography; 

20 The residue (of filtrate) was purified by flash chromatography over silica gel 
(15-40 jim, 80 g, CH2CI2/CH3OH/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 Si02 were mixed before elution). The residue was purified by flash 

25 chromatography over silica gel (15-40 um, 25 g, CH2CI2/CH3OH/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. CH3CN to afford 95 
mg (23% yield) of compound 7 (E isomer with 3.5% of Z isomer). 

30 
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Overall Scheme in the preparation of final products: method 8 

Synthesis of intermediate C3 
V2 (1.7 g, 5.8 mmol), 3-methoxybenzyl chloride (0.93 mL, 6.4 mmol), K2C03 (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 um, 
80 g Merck, mobile phase heptane/CTLCh 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 NI13 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. 

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 CH2CI2 (80 mL) at RT. The mixture was stirred at RT for 20h. An 
aqueous solution of Na2S203 (2.61 g, 16.52 mmol) was added to the mixture. The 
layers were separated and the aqueous layer was extracted with CH2CI2 (twice). The 
combined organic layers were washed with a saturated aqueous solution of NaHC03, 

15 dried over MgS04, filtered and the solvent was evaporated to give 1.4 g (100% yield) 
of intermediate E3. 

OH 

Synthesis of intermediate F3 
20 A mixture of E3 (1.4 g, 3.3 mmol), 4-amino-l-butanol (0.45 mL, 3 mmol) and K2C03 

(414 mg, 4.9 mmol) in CH3CN (65 mL) was stirred at 80°C for lh30. The salts were 
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filtered and water was added to the filtrate. The mixture was extracted with CH2CI2 
(twice). The organic layer was dried over MgS04, filtered and the solvent was 
evaporated. The crude was purified by preparative LC (irregular SiOH 15-40 [im, 80 g 
Merck, mobile phase CH2C]2/Me0FI/NH40H 98/2/0.1). The pure fractions were 

5 collected and concentrated to give 1.2 g (84% yield) of intermediate F3. 

Synthesis of intermediate G3 
Fe (1.54 g, 27.6 mmol) was added to a mixture of F3 (1.2 g5 2.76 mmol) in AcOH 

10 (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 
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 NaHC03 (twice), then brine, dried over MgS04, filtered and concentrated 

15 under vacuum. The residue was purified by chromatography over silica gel column 
(15-40 pm, 40 g) in CH2C1.2/MeOH/NH4OH (90/10/0.5). The pure fractions were 
collected and concentrated. This fraction was solidified from CHsCN/diisopropylether 
to give 0.70 g (71% yield) of intermediate G3. 

Synthesis of intermediate H3 
At -60°C, under a N2 flow, BBrs (5.6 mL, 5.6 mmol) was added drop wise to a mixture 
of G3 (400 mg, 1.1 mmol) in CH2CI2 (40 mL). The mixture was stirred at ~60°C for lh, 
and then at RT for 12h, under a N2 flow. ImL of CH3OH was added drop wise at 0°C. 

/ 

20 / 
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The mixture was then poured into a saturated solution of K2CO3 in water. The mixture 
was extracted with a solution of CHbCVMeOH. The organic layer was dried over 
MgSC>4, filtered and the solvent was evaporated. The crude compound was purified by 
chromatography over silica gel column (15-40 jim, 40 g) in CH2Cl2/MeOH/NH4OH 

5 (90/10/0.5). The pure fractions were collected and concentrated. The residue was 
solidified from CH3CN/diisopropylether to give 265 mg (69% yield) of intermediate 
H3. 

At RT under a N2 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), PPI13 (358 mg, 1.36 mmol) in THF (50 mL). The mixture was stirred at RT for 

15 6h. The reaction mixture was poured into ice-water and EtOAc was added. The mixture 
was basified with an aqueous solution of NaHC03 10% in water then the organic layer 
was separated, dried over MgS04, filtered and solvents were evaporated until dryness. 
The crude compound was purified by chromatography over silica gel column (15-40 
ixm, 40 g) in C^Ck/MeOH/NH^H (95/5/0.1). The pure fractions were collected and 

20 evaporated. The residue was solidified from CH3CN/ diisopropylether to give 75 mg 
(34%) yield) of compound 8. 
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Overall Scheme in the preparation of final products: method 9 

Synthesis of intermediate J3 
At 0°C under a N2 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% 

10 aqueous solution of NaHCO.-? (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 
MgSO,i, 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). 

5 

Synthesis of intermediate K3 
At 0°C, under a N2 flow, BH3/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 

10 then quenched with HCI 2M and stirred at RT for 12h. The reaction mixture was 
evaporated until dryness. The residue was taken up in CH2CI2-CH3OH-NH4OH 
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 j.im, 330 g, 
CH2CI2/CH3OH/NH4OH: 96/4/0.5 to 90/10/0.5). The pure fractions were collected and 

15 evaporated to dryness to give intermediate K3 (6.2 g, 73% yield). 

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, 

20 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 lh. The precipitate was filtered off, washed with a minimum of cold 
EtOH and dried under vacuum. Mother layers were concentrated, a second precipitate 

25 was obtained in CH2CI2, filtered and dried under vacuum. The two batches were 
combined to give intermediate L3 (2.44 g, 29% yield). 
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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 
CH2CI2, washed with a saturated aqueous solution of NaHCCh, dried over MgSC>4, 
filtered and evaporated under vacuum. This crude compound was solidified from. 
CH3CN. The precipitate was filtered off and dried to give intermediate M3 (216 mg, 
34% yield). 

10 

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. 

20 
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Synthesis of intermediate 03 
A mixture of N3 (crude), J2 (1.557 g, 6.54 mmol), K2CO3 (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 MgS04, 

5 filtered and the solvent was evaporated. The crude compound was purified by 
preparative LC on (irregular SiOH 15-40 jim 300 g Merck), mobile phase: 0.3% 
NH4OH, 97% CH2CI2, 3% MeOH to give intermediate 03 (280 mg, 11% yield). 

o 
10 

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). 03 (280 mg, 0.48 mmol) was added and the 
mixture was stirred at 50°C for 16h under a N2 flow. Water was added and the pH was 

15 adjusted (with HCI IN) to 5-6. The aqueous layer was extracted with EtOAc. The 
aqueous phase was saturated with K2CO3 powder and extracted with AcOEt. The 
combined organic phases were dried over MgS04, filtered and solvent was evaporated 
to give intermediate P3 (140 mg, 58% yield). 

20 

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 

25 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 
l-(3-Dimcthylaminopropyl)-3-ethylcarbodiimide hydrochloride (318 rag, 1.66 mmol) 
and hydroxybenzotriazole (224 mg, 1.66 mmol) were slowly added to a mixture of Q3 

5 (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 5,um 30*150mm), 
mobile phase (Gradient from 90% NH4HCO3 0.5%, 10% CH3CN to 0% NH4HCO3 

10 0.5%), 100% CH3CN) to give final compound 9 (37 mg, 18% yield). 

Overall Scheme in the preparation of final products: method 10 

15 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 
CH3OH/THF 50/50 (10 mL) was hydrogenated under an atmospheric pressure of H2 for 
4h. The catalyst was removed by filtration through a filter (chromafil Xtra 0.45iim). 
The filtrate was concentrated. This fraction was solidified from CH3CN, the precipitate 

20 was filtered off and dried to give final compound 10 (81 mg, 81 % yield). 
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Overall Scheme in the preparation of final products: method 11 

Synthesis of intermediate R3 
At 0°C under a N2 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 Ih. Ice was added and the mixture was extracted with EtOAc. The organic layer was 
dried over MgS04, filtered and the solvent was evaporated. Purification was carried out 
by flash chromatography over silica gel (15-40u.m, 80g, CH2CI2/CH3OH/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 

5 reaction mixture was diluted with water and was basified with K2CO3 10% in water. 
EtOAc and CH3OH were added and the resulting mixture was filtered through a pad of 
celite® The celite® was washed with CH2CI2/CH3OH (80/20). The filtrate was 
decanted.. The organic layer was dried over MgS04, filtered and the solvent was 
evaporated. The fraction was taken up in CH3CN, the precipitate was filtered off and 

10 dried to give intermediate S3 (1.2 g, 82% yield). 

Synthesis of intermediate T3 
At -60°C under a N2 flow, BBr3 (13.6 mL, 13.6 mmol) was added drop wise to a 

15 mixture of S3 (980 mg, 2.727mmol) in CH2CI2 (40 mL). The mixture was stirred at 
-60°C for lh under a N2 flow. The mixture was stirred 5h at 0°C. 5 mL of CH3OH was 
added drop wise at -60°C. The mixture was then, poured into a saturated solution of 
K2CO3. The mixture was extracted with CH2CI2/CH3OH. The organic layer was dried 
over MgS04, filtered and the solvent was evaporated to give intermediate T3 (0.55 g, 

20 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), K2C03 (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 S1O2 35-70fim 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 CH2CI2-CH3OH-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 CH3CN, 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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Synthesis of intermediate V3 
V2 (1.4 g, 4.8 mmol), U3 (1.44 g, 4.8 mmol), K2CO3 (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 fdtrate was evaporated under reduced pressure. The crude product 
was purified by preparative LC (irregular SiOH 15-40 ,11m, 80 g Merck, mobile phase 
heptane/CT^Ch 85/15) to give intermediate V3 (2.3 g, 94% yield). 

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 EtOFI (twice). The crude product was purified by preparative 
LC (irregular SiOH 15-40 tum, 40 g Merck, mobile phase heptane/AcOEt 85/15 ) to 

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

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 CH2C12 (70 mL) at RT. The mixture was stirred at RT for 20h. An 
aqueous solution of Na2S20^ (5 eq) was added to the mixture. The two layers were 
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separated and the aqueous layer was extracted with CH2CI2 (twice). The combined 
organic layers were washed with a saturated aqueous solution of NaHCC>3, dried over 
MgSCU, filtered and the solvent was removed under reduced pressure. The crude 
product was used directly in the next step without any further purification. 

5 

Synthesis of intermediate Z3 
At 0°C under a N2 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 

10 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 (15-40jxm, 80g) in 
CFI2CI2/MCOH/NH4OH (98/2/0.1) to give intermediate Z3 (1 g, 48% yield). 

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 TFIF (10 mL) at RT. The reaction was stirred at 
RT for 3h. The mixture was diluted with EtOAc and poured into water. The organic 

20 layer was separated, washed with brine, dried over MgS04, filtered and the solvent was 
evaporated to give intermediate A4 (220 mg, 92% yield). 
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Synthesis of intermediate B4 
At RT under a N2 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 

5 PPI13 (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 NaHCO?, then the organic layer was 
separated, dried over MgS04, filtered and solvents were evaporated until dryness to 
give intermediate B4 (60 mg, 9% yield). 

0 

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. 

15 The reaction mixture was concentrated under vacuum and the residue was diluted with 
CILC^/MeOH 90/10 and water. The aqueous layer was saturated with K2CO3 and 
extracted with CIT2Ci2/MeOH 90/10. The organic layers were dried over MgSO.4, 
filtered and concentrated under vacuum. The crude compound was purified by 
chromatography over silicagel (3 5-40jim, 40 g) in CH2Cl2/Me0H/NH40H (90/10/0.5). 

20 Crystallization from CH3CN/Dii.sopropylether gave final compound 12 (14 mg, 29% 
yield). 
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Overall Scheme in the preparation of final products: method 13 

16 

Synthesis of intermediate C4 
A solution of Z2 (2.12 g, 4.87 mmol) and NEt3 (677 LLL, 4.87 mmol) in 4-penten-l-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 jam, 90 g Merck, 
mobile phase gradient: heptane/CHiCb 50/50 to 0/100) to give intermediate C4 (1.6 g, 
66% yield) as a yellow oil. 
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Synthesis of intermediate D4 
Grubbs catalyst 2nd generation (41 mg, 48.47 mmol) was added to a degassed solution 
of C4 (208 mg, 0.47 mmol) in CH2CI2 (150 mL) at RT. The solution was stirred at RT 
for 2 h. SiliaBond® DMT (R.u scavenger from Silicycle®) (298 mg, 0.388 mmol) was 

5 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 jim, 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 

10 intermediate D4 (73% yield, containing 6% of Z isomer). 297 mg of this batch was 
purified by preparative LC (Stability Silica 5fim 150x30.0mrn, 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 

15 from 70% MeOH, 30% HCOOFI 0.1% to 100% MeOH). I'his batch of pure E isomer 
was used in the next step. 

Synthesis of final compound 16 
20 Iron powder (358 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 Ih. 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 

25 CH2Cl2/McOH (80:20). The precipitate was filtered off, rinsed with GHfeCh/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.2Cl2/MeOH (90:10). The precipitate was filtered off to give final compound 16 as a 
white solid (17 mg, 10% yield). 

30 
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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 NEt3 (844 pL, 6.07 mmol) in 3-buten-l-ol (68 
mL) was stirred at RT for 20h, then stirred at 30°C for Ih. The solvent was removed 
under vacuum to give 5 g of yellow oil. The crude was purified by preparative LC 

5 (Irregular SiOH 15-40 um, 120 g Grace, mobile phase gradient: Heptane/CH2CI2 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. 

10 

Synthesis of intermediates F4 and G4: 
E4 (1.34 g, 3.14 mmol) was added to dry CH2CI2 (1 L) and the resulting mixture was 
degassed by N2 bubbling through the solution for 30 min. Grubbs catalyst 2nd 

generation (134 mg, 0.157 mmol) was added in one portion and the mixture was stirred 
15 at RT under N2 atmosphere for 16 b. 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 jim, 50 g Merck, mobile phase 
gradient: Heptane/AcOEt from 100/0 to 80/20). The fractions containing the expected 

20 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)). 

25 
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)). 

30 The two batches containing a mixture of E and Z isomers were combined (428 mg) and 
were purified by preparative LC (Stability Silica 5um 150x30.0mm, mobile phase 
gradient: from CH2Cl2/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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Jn total, 447 mg of intermediate F4 (E isomer) and 130 mg of intermediate G4 (Z 
isomer) were obtained. 

15 

5 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 jiL). 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. The mixture was concentrated under vacuum and triturated in 

10 ACOH/H2O (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/FbO 
(50:50); the precipitate was filtered off to give 40 mg of final compound 15 (45% yield) 
as a white solid. 

15 

17 

Synthesis of final compound 1.7: 
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 

20 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/H2O (50:50). The precipitate was filtered off to give a grey solid, 
which was triturated in Ac0H/H20 (50:50); the precipitate was filtered off and 
solubilized in DMF. The mixture was filtered on a pad of celite® and the filtrate was 

25 concentrated under vacuum to give a white solid. This solid was triturated in a cold 
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solution of ACOH/H2O (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 
5 

Synthesis of Intermediate 14: 
10 A mixture of X3 (4 g, 7.61 mmol), H4 (1.1 g, 9.13 mmol) and K.2CO3 (1.3 g, 9.13 

mmol) in CThCN (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 MgS04, 
filtered and the solvent was evaporated under reduced pressure. The crude was purified 
by chromatography over silica gel (15-40 jam; 120 g) in C^Ch/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 1.4 (2.6 g, 4.64 mmol) in THF (125 mL) at room temperature. The reaction was 

5 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 MgS04, 
filtered and the solvent was evaporated under reduced pressure. The crude was purified 
by preparative LC (irregular SiOH 15-40 jam, 80 g Grace, mobile phase: 
CH2Ci2/Me0H/NH40H 96/4/0.J) to give 1.82 g of intermediate J4. The crude 

10 compound was used in the next step. 

Synthesis of intermediate K4: 
A mixture of J4 (1.82 g, 4.08 mmol), CS2CO3 (1.47 g, 4.49 mmol), allyl bromide 

15 (0.39 mL, 4.49 mmol) in CH3CN (60 ml) was stirred at RT for 5h and then at 50°C for 
lh. The reaction mixture was poured into ice-water and EtOAc was added. The mixture 
was basified with an aqueous solution of NaIiC03 10% in water. The organic layer was 
separated, dried over MgS04, 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. 

NH NH 

OH 

Cs2C03, CH3CN 

20 
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Synthesis of intermediate L4: 
Grubbs catalyst 2nd generation (100 mg, 0.117 mmol) was added to a degassed solution 
of K.4 (570 mg, 1.17 mmol) in CH2CI2 (225 mL) at RT. The solution was stirred at RT 

5 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 
CH2CI2, The filtrate was evaporated under reduced pressure. Purification was carried 
out by flash chromatography over silica gel (15-40 (im, 40 g, CH2CI2/CH3OH/NH4QH 

10 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 6jim 150x21.2mm), mobile phase 
(80% C02, 20% MeOH) to give 182 mg (34% yield) of intermediate L4 (E isomer). 

15 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. 

20 The crude was purified by Reverse phase on (X-Bridge-C18 5jim 30*150mm), mobile 
phase (Gradient from 90% formic acid 0.1%, 10% CH3CN to 0% formic acid 0.1%, 
100% CH3CN) to give 44 mg (29% yield) of final compound 18. 

18 



WO 2014/009509 
-56-

PCT/EP2013/064763 

Overall Scheme in the preparation of final products: method 16 

5 Synthesis of intermediate M4: 
A solution of X3 (1.4 g, 2.66 mmol) and NEt3 (0.44 mL, 0.46 mmol) in allylic alcohol 
(14 mL) was stirred at 80°C for lh. CH2CI2 and H2O were added and the mixture was 
decanted. The organic layer was dried over MgS04 and concentrated under reduced 
pressure. The crude product was purified by preparative LC (irregular SiOH 15-40 p,m, 
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80 g Merck, mobile phase heptane/AcOEt 85/15) to give 500 mg (37% yield) of 
intermediate M4. 

5 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 iayer was washed with brine and dried over MgS04, 

10 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. 

15 Synthesis of intermediate 04: 
A mixture of N4 (2.5 g, 6.42 mmol), CS2CO3 (3.14 g, 9.63 mmol), allyl bromide 
(0.83 mL, 9.63 mmol) in CH3CN (100 mL) was stirred at 70°C for lh. The reaction 
mixture was poured into ice-water and EtOAc was added. The mixture was basified 
with an aqueous saturated solution of NaHC03. The organic layer was then separated, 

20 dried over MgS04, filtered and the solvents were evaporated until dryness. The crude 
compound was purified by chromatography over silicagel (15-40 p.m, 80 g) in 
heptane/AcOEt 80/20 to give 1.47 g (53% yield) of intermediate 04. 
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Synthesis of intermediates P4 and Q4: 
A solution of 04 (400 mg, 0.93 mol) and cholorocyclohcxylborane 1 M solution in 

5 hexane (186 jiL, 0.19 mmol) in dry dichloroethane (220 mL) was stirred at 80°C and 
under N2 atmosphere for 1 h. 0.033 eq of Grubbs-Hoveyda catalyst 2nd 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 2nd 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 2nd generation 
(20m.g, 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 um, 40 g Merck, mobile phase heptane/AcOEt 
80/20) and then by achiral SFC on (Amino 6jim 150x21.2mm), mobile phase (83% 
CO2, 17% MeOH) to give 55 mg (15%) of intermediate P4 (isomer E) and 80 mg (21% 
yield) of intermediate Q4 (isomer Z). 

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 ClrhCVMeOH 90/10 and water. The mixture was saturated with K2CO3, extracted 

P4 
23 

20 
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with CH2Cl2/MeOH 90/10. The organic layers were dried over MgSO.i, filtered and 
concentrated under vacuum. The crude compound was purified by chromatography 
over silicagel (15-40 ixm, 40 g) in CH2Cl2/MeQH/NH4OH( 90/10/0.5) to give 40 mg 
(26% yield) of final compound 23. 

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. 

10 The reaction, mixture was concentrated under vacuum and the residue was diluted with 
CH2Cl2/MeOH 90/10 and water. The mixture was saturated with K2CO3, extracted with 
CH2Cl2/MeOH 90/10. The organics layer were dried over MgS(34, filtered and 
concentrated under vacuum. The crude compound was purified by chromatography 
over silicagel (15-40 um, 40 g) in CH2C)2/MeOH/NH4OH ( 90/10/0.5) to give 70 mg 

15 (36% yield) of final compound 22. 

5 

Q4 
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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 jim; 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 IJ4: 
A mixture of V2 (I g, 3.42 mmol), T4 (1.35 g, 3.76 mmol), K2CO3 (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 jam; 40 g) in heptane/AcOEt 80/20 to give 1.4 g (72% yield) of 
intermediate CJ4. 

Synthesis of intermediate V4: 
U4 (1.5 g, 2.63 mmol) was stirred in NH3 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. 

10 

OTHP 

OTHP 

MeOH, water 

APTS OH 

20 Synthesis of intermediate W4: 
At RT, para-toluoriQ 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 K2CO3 10% in water. The organic layer was 
separated, dried over MgS04, filtered and the solvent was evaporated under reduced 
pressure to give 2 g (90%o yield) of intermediate W4. 

OH 
mCPBA 

CH2CI2 

OH 

Synthesis of Intermediate X4: 
Meta-chloroperoxybenzoic acid (951 mg, 3.86 mmol) in CH2CI2 (40 mL) was added 
drop wise to a solution of W4 (1.80 g, 3.86 mmol) in CILCL (10 mL) at RT. The 

10 mixture was stirred at RT for 6h. A11 aqueous solution of Na2S203 (2 eq) was added to 
the mixture. The two layers were separated and the aqueous layer was extracted with 
CH2CI2 (twice). The combined organic layers were dried over MgS04, filtered and the 
solvent was removed under reduced pressure. Purification was carried out by flash 
chromatography over silica gel (15-40 jj.m, 80 gs CH2CI2/CH3OH: 95/5. The pure 

15 fractions were collected and evaporated to dryness to give 1.4 g (75% yield) of 
intermediate X4. 

NH 

OH 
tBuOK 

THF 

Synthesis of intermediate Y4: 
20 At 0°C, under a N2 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 MgS04, filtered and the solvent was evaporated. Purification was earned out 
by flash chromatography over silica gel (15-40,um, 50g, CH2Q2/CH3OH 98/2). The 

25 pure fractions were collected and evaporated to dryness to give 85 mg (7% yield) of 
intermediate Y4. 
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Synthesis of final compound 24: 
Iron (68 mg, 1.22 mmol) was added to a mixture ofY4 (85 mg, 0.21 mmol) in acetic 

5 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 Si02 63-200 
jim was added. The resulting suspension was evaporated until dryness and put on a top 
on a 25 g purification cartridge. 

10 Purification was carried out by flash chromatography over silica gel (15-40 jim, 25 g, 
CH2CI2/CH3OH/NH4OH: 95/5/0.5). The pure fractions were collected and evaporated 
to dryness to give 31 mg. The compound was solidified from CH3CN, the precipitate 
was filtered off and dried to give 22 mg (32% yield) of final compound 24. 

15 
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Overall Scheme in the preparation of final products: method 18 
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Synthesis of intermediate A5: 
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 PPI13 (27 g; 102.5 

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 MgS04, filtered and the solvent was evaporated. The crude compound was 
purified by flash chromatography over silica gel (15-40 jim, 330 g, QHhCVHeptane 
70/30). The pure fractions were collected and evaporated to dryness to give 12 g (39% 

10 yield) of intermediate A5. 

Synthesis of intermediate B5: 
A mixture of A5 (5.4 g; 11.92 mmol) in NH3 30%> in water (100 mL) and THF (100 

15 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. 

20 Synthesis of intermediate €5: 
At 0°C, 3~chloroperbenzoic acid (2.93 g; 13.86 mmol) in C^Cis (20 mL) was added to 
a mixture of B5 (5.14 g; 11.86 mmol) in CFI2CI2 (100 mL). The mixture was stirred at 
RT for 3h. An aqueous solution of Na2S203 (2 eq) was added to the mixture. 2 layers 
were separated and the aqueous layer was extracted with CH2C12 (twice). The 

A5 B5 

B5 C5 
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combined organic layers were washed with a saturated aqueous solution of NaHCO:,, 
dried over MgS04, 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. 

OH 

NEt3 

D5 

10 

Synthesis of intermediate D5: 
A mixture of C5 (5.6 g; 12.46 mmol), NEt3 (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 p.m, 330 g, 
Hcptane/AcOEt 80/20). The pure fractions were collected and evaporated to dryness to 
give 3.45 g of intermediate D5 (62% yield). 

E5 F5 

15 Synthesis of Intermediates E5 and F5: 
Experiment was performed in 4 batches of 2 g of D5. 
Grubbs catalyst 2nd generation (1.54 g; 1.80 mmol.) was added in 3 times (3*514 mg) 
(at t = 0, t = 12 h, t = 24 h) to a mixture of D5 (8 g; 18.04 mmol) in. CH2CS2 extra dry 
(3470 mL). The mixture was stirred at RT for 36 h. SiliaBond® DMT (24 g; 14.43 

20 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, CILCL/MeOH 99.5/0.5) The pure 
fractions were collected and evaporated to dryness to give 4.55 g of a mixture of E5 
and F5 after filtration and drying of a solid in C^Ch/Diisopropylether. The two 

25 isomers were separated, by achiral SFC (Stationary phase: Chiralpak IA 5 jam 250*20 
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mm), Mobile phase: 70% CO2, 30%o 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, T1CI3 (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.2CO3 powder. The resulting muddy mixture was filtered 
through a pad of celite® and the celite® was washed with a solution of AcOEt/CHsOH 

10 8/2. The filtrate was dried over MgSC>4, 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). 

15 Synthesis of final compound 32: 
At RT, TiOh (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 K2CO3 powder. The resulting muddy mixture was filtered 
through a pad of celite® and the celite® was washed with a solution of AcOEt/CHjOH 

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 fim Grace), 
Mobile phase: 0.5% NH4OH, 97% CH2C12, 3% MeOH to 0.5% NH4OH, 90% CH2C12, 
10% MeOH) to give 730 mg of final compound 32 after evaporation of solvent and 

25 drying under vacuum (62%o yield). 

NH 

Cr 
F5 84 

E5 
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Overall Scheme in the preparation of final products: method 39 
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Synthesis of intermediate H5: 
Intermediate G5 was synthesized using the procedure described for intermediate P4. 
A mixture of G5 (250 mg, 0.60 mmol), Pt02 (25 mg) in CH3OH/THF (50/50) (20 mL) 
was hydrogenated under an atmospheric pressure of H2 for 30 mn. The catalyst was 

10 removed by filtration. The filtrate was concentrated under reduced pressure. The crude 
compound was purified by preparative LC on (irregular 15-40 jim 30 g Merck), mobile 
phase (80% Heptane, 20% AcOEt). >The resulting compound was further purified by 
achiral SFC on (2-Ethylpyridine 6jim 150x30mm), mobile phase (70% CO2, 30% 
CH3OH) 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 

20 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 
CH3OFI and dried to give 55 mg of final compound 38 (61% yield). 

15 

25 

30 
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Overall Scheme in the preparation of final products: method 20 

V1 NH2 NH3 

N-A^N°2 NH3 (2 M in isopropanol) inCPBA 

THF -v„.jL X CH2Cb 
A 

NH, 

-NO, 

-S^ N' NH 

O^O' 
V2 

"S N NH 

O^O' 

S' N N H 
II 
O 

NEt3 

A 

H 

~ OJ^~~N ""N H 

Cf^-o' 
K5 

N ^ 

JL 

OH Nal.KjCOs 

NO, MS 

oc 
H Di-tBu-azodicarboxyiate O N N O 

JL^-v. ppn"THF m L 

^ Grubbs-Hoveyda catalyst 
2nd generation 

,NO, 

*T T o , 

VJ^° 
o, t s 

iron, AcOH 

dry DCE 

O N 

\\ 0 

AAAJ 
\ O 

„NO, 
V "Tf O | jj U j 

N^^- N^- o 

^YN% ] OLA J 
NH, 

° N'^ N^" O 

L/' 
—OH 

0"" ^N^~-N 

o 

CI 

N 

•S" "N NH 

O^^O" 
V2 

NH3 (2 M in isopropanol) 

THF 

NH. 

N 
NO-

x. 
'S" "N N H 

0"^0' 
15 

Synthesis of intermediate 15: 
The reaction was done in 2 batches of 15 g of V2. 
Here is the protocol for one batch of 15 g: 
NFL (2M in isopropanol) (51 mL; 102 mmol) was added to a solution ofV2 (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 CH2CI2. The organic layer was 
washed with water (once), dried over MgS04, filtered and the solvent was removed 
under reduced pressure to give 28.5 g of intermediate 15 (100% yield) as a white solid. 

Synthesis of intermediate J5: 
The reaction was done in 2 batches of 14 g of T5. 
Here is the protocol for one batch of 14 g: 

10 A solution of meta-chloroperbenzoic acid (9.58 g; 40.0 mmol) in CH2G2 (500 mL) was 
added drop wise to a solution of 15 (14 g; 33.3 mmol) in CH2CI2 (2 L) at RT. The 
mixture was stirred at RT for 16 h. The solution was fi ltered to give 18 g of fraction 1. 
A. 10% aqueous solution of Na2S2C>3 and a saturated aqueous solution ofNaHC03 were 
added to the filtrate. The layers were separated and the organic layer was dried over 

15 MgSC>4, 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. 

20 Synthesis of intermediate K5: 
A solution of J5 (6 g; 20.7 mmol) and NEt3 (3.2 mL; 22.8 mmol) in ailyl 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 jim, 
120 g Grace, mobile phase gradient; from GH^C^/EtOAc, 100/0 to 85/15) to give 4 g 

25 of intermediate K5 as a pale yellow solid. (68% yield). 

5 15 J5 
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Synthesis of intermediate M5: 
To a suspension of L5 (5.2 g; 32.2 mmol) and K2CO3 (11.1 g; 80.5 mmol) in acetone 

5 (250 mL) was added 4-bromo-l-butene (4.1 mL; 40.2 mmol), and the mixture was 
heated at 60°C during 16 h.. 4-bromo-l-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-l-butene (2x4.1 mL; 80.4 mmol), K2CO3 
(2x2.22 g; 32.2 mmol), and Nal (3.86 g; 25.7 mmol) were performed in order to 

10 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 am, 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). 

15 

Synthesis of intermediate N5: 
The reaction was performed in 3 batches. 
Typical procedure for one batch: 

20 Under nitrogen, a solution of K5 (667 mg; 2.35 mmol), M5 (633 mg; 3.53 mmol), PPfi3 
(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 

25 oil. The crude compound was purified by preparative LC on (Irregular SiOH 20-45 jim 
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 OS and P5: 
5 A solution ofN5 (950 mg; 1.35 mmol) and chlorodicyclohexylborane (1 M in hexane) 

(270 LIL; 270 jimol) in dry dichlorocthanc (452 mL) was stirred at 80°C for 1 b. 

was stirred at 120°C for 1 h then more catalyst (35 mg; 56.2 jimol) was added. The 
mixture was stirred at 120°C for 24 h. Grubbs-Hoveyda catalyst 2nd generation (57 mg; 

10 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 jam, Merck 90 g; 
mobile phase gradient: from heptane/iPrOH 90/30 to 65/35) to give 0.32 g of 

15 intermediate 05 (13% yield), 0.47 g of a mixture of intermediates 05 and P5 (52%> 
yield) and 28 mg of intermediate P5 (3%> yield). 
The mixture of intermediates 05 and P5 was further purified by preparative LC 
(Stability silica 5 jam J 50x30.0 mm, mobile phase gradient: from heptane/AcOEt 85/15 
to 0/100) to give 120 mg of intermediate 05 and 224 mg of intermediate P5. 

20 global yield : 54% (E-isomer 05: 28%, Z-isomer P5: 26%). 

Synthesis of final compound 39: 
A mixture of 05 (240 mg; 0.355 mmol) and iron (119 mg; 2.13 mmol) in acetic acid 

25 (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 

Grubbs-Hoveyda catalyst 2nd generation (35 mg; 56.2 iimol) was added and the mixture 

PPh. 

OH 
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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 

5 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 um, 25 g Merck, dry loading, 
mobile phase gradient: from C^Ch/MeOH/NHgaq 95/5/0.5 to 85/15/.1.5) to give 9 mg 
of final compound 39 as a white solid (7% yield). 

10 Overall Scheme in the preparation of final products: method 21 

ccr NH- NH-

N02 
.OH 

NH NEt3 

A 
J5 

cr o Q5 

N 

O N' "NH 

O^O' 

R5 

K2CO3, Nal, acetone 

NH2 

ITI 0 

S5 

NH-

Grubbs-Hoveyda catalyst 
2nd generation 

dry DCE 

.NO? 

f if 0 

T5 

iron, AcOH 

water 

NH: 

O N 

N 

^—OH 

// 

NH-^ N°2 

? TT 0 

U5 

iron, AcOH 

water 

NH-

44 



WO 2014/009509 
-74-

PCT/EP2013/064763 

Synthesis of intermediate Q5: 
The reaction was done in 3 batches of 20 g of intermediate J5. 
Here is the protocol for one batch of 20 g: 

5 A solution of J5 (20 g; 69.1 mmol) and NEt3 (11.5 mL; 83.0 mmol) in 3-huten-l-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 35-40 tnn, 750 g Grace, mobile phase gradient: CF^Ck/EtGAc from 300/0 to 
80/20). The fractions containing product were combined and the solvent was removed 

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

Synthesis of intermediate S5: 
Q5 (12.8 g; 43.2 mmol), R5 (16.1 g; 77.8 mmol), K2C03 (14.9 g; 108 mmol) and Nal 

15 (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 

20 Grace, liquid injection, mobile phase gradient: from GHbCfe/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 CFI2C12. 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). 

25 



WO 2014/009509 
-75-

PCT/EP2013/064763 

Synthesis of intermediates T5 and U5: 
This reaction was performed in 2 batches using respectively 2.75 g and 1.51 g of 
intermediate S5. 
Typical procedure for 1 batch: 

5 A solution of S5 (1.51 g; 3.40 mmol) and chlorodicyciohexylborane (1M in hexane) 
(0.679 mL; 0.679 mmol) in dry dichloroethane (908 mL) degassed by N2 bubbling for 
15 min was stirred at 80°C under N2 atmosphere for 1 h. Grubbs-Hoveyda catalyst 2lld 

generation (213 mg; 0.340 mmol) was added and the mixture was stirred at 80°C for 1 
h. SiiiaBond® DMT (4.45 g; 2.72 mmol) was added and the resulting mixture was 

10 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. CH2Cl2/AcOEt 100/0 to 25/75) to give 2.5 g of fraction 1 and 1.3 g of of 
intermediate T5 (32%, E isomer). Fraction 1 was taken-up with CFI2CI2 then heptane 

15 was added. CH2CI2 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). 

20 Synthesis of final compound 45: 
This reaction was performed in 5 batches using respectively 0.5 g, 3 times ! g, and two 
times 1.45 g of intermediate U5. 
Here is the procedure for 2 batches of 1.45 g: 
Under N2 atmosphere, U5 (1.45 g; 3.48 mmol) was added portion wise to a solution of 

25 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 

30 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 

NH 

U5 
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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 U5), 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 (J 80 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 

20 
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Synthesis of intermediate W5: 
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: 

5 V5 (4 g; 15.8 mmol), NaOH (2.52 g; 63.1 mmol) and 3-buten-l-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 jim, 80 g 
Grace, dry loading, mobile phase gradient: CH2Cl2/MeOH/NH3aq from 97/3/0.03 to 

10 80/20/2) to give 3.88 g of intermediate W5 as an orange solid (60% yield). 

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) 

15 in MeOH (160 mL) at RT. The resulting mixture was stirred at 60°C for 4 h. Then FIC1 
(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 
CH2O2, 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 

20 step. 

Synthesis of intermediate Y5: 
25 W2 (2.34 g; 14.0 mmol) was added to a stirred solution of X5 (2.62 g; 12.8 mmol) and 

K2CO3 (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 MeOH 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 SiOFI 15-40 jim, 80 g 
Grace, dry loading, mobile phase gradient: CFhCVMeOFl/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 

5 (Irregular SiOH 15-40 jim, 80 g Grace, dry loading, mobile phase gradient: 
Heptane/CHsCb/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. 

10 Synthesis of final compound 52: 
The reaction was performed in 2 batches of 250 mg of intermediate Y5. 
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 N2 bubbling through the solution for 20 min. 

15 Chlorodicyclohexylborane (1 M in hexane) (150 tiL; 150 umol) was added and the 
resulting solution was stirred at 70°C for 1 h. Grubbs-Hoveyda catalyst 2nd generation 
(23 mg; 37.3 jimol) was added and the mixture was stirred at 120°C for 36 h. Catalyst 
(23 mg; 37.3 jimol) was added again and the mixture was stirred at 120°C for 4 h. 
Catalyst (9 mg; 34.9 jimol) was added again and the mixture was stin-ed at 320°C for 3 

20 h. SiliaBond® DMT (1.39 g; 0.716 mmol) was added and the mixture was stirred at RT 
for 36 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 jim, 40 g Merck, dry loading, mobile phase 
gradient: CH2Cl2/MeOH/NH3aq from 100/0/0 to 80/20/0.2) to give 155 mg of final 

25 compound 52 as an off-white solid (E/Z mixture, 34% yield). 

Grubbs-f-io\«yda 
catalyst 2nd generation 

dichloroethane 

52 
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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), K2C03 (2.93 g; 21.2 mmol) and NaT 
(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. 

5 Fraction 1 was purified by preparative LC (Irregular SiOH 15-40 um, 90 g Merck, 
mobile phase gradient: from Heptane/CHoCIz/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. 

Synthesis of intermediates B6 and C6: 
The reaction was per formed in 2 batches of 1.5 g and one batch of ] .2 g of intermediate 
A6. 

15 Herein is reported the procedure for one batch of 1.5 g: 
A6 (1.5 g; 3.27 mmol) was added to dry CH2CI2 (900 mL) and the resulting mixture 
was degassed by N2 bubbling through the solution for 30 min. Grubbs catalyst 2lld 

generation (92 mg; 108 iimoi) was added in one portion and the mixture was stirred at 
RT under N2 atmosphere for 2 h. Catalyst (92 mg; 108 jimol) was added again in one 

20 portion and the mixture was stirred at RT under N2 atmosphere for 16 h. Catalyst (92 
mg; 108 jimol) was added again in one portion and the mixture was stirred at RT under 
N2 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 

25 celite® and the filtrate was evaporated in vacuo to give fraction 1 as a brown solid. 
Fraction 1 was purified by preparative LC (Irregular SiOH 15-40 {im, 70 g Merck, 
mobile phase gradient: C^CVEtOAc 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 

30 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. 

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

10 Synthesis of final compound 57: 
A mixture of B6 (150 mg; 348 jimol) 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 

15 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 

20 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 

25 and dried under vacuum to give fraction 6. Fraction 6 was purified by preparative LC 
(Irregular SiOFI 15-40 jim, 10 g Merck, mobile phase gradient: Qr^Cb/McOH/NH^aq 
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 

30 Et20, dried under vacuum to give 26 mg of final compound 57 as a white solid (21% 
yield). 
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N Ho 

Synthesis of intermediate D6: 
A mixture of B6 (300 mg; 695 jimol), Wilkinson's catalyst (64 mg; 69.5 jimol) in 

5 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 celite3^ and the filtrate was evaporated in 
vacuo to give a brown solid. The crude compound was purified by preparative LC 
(Irregular SiOH 15-40 jim, 25 g Merck, mobile phase gradient: C^CyEtOAc from 
100/0 to 80/20). The fractions containing product were combined and the solvent was 

10 removed in vacuo to give 305 mg of intermediate D (quantitative yield) as a yellow 
solid. 

Synthesis of final compound 56: 
15 A mixture of D6 (250 mg; 577 jimol) and iron (193 mg; 3.46 mmol) in acetic acid (30 

mL) and water (3 mL) was stin-ed 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 

20 CFLCk'MeOH (9:1) (twice). The organic layer was dried over MgS04, filtered and the 
solvent was removed under reduced pressure to give fraction 3. Fraction 3 was purified 
by preparative LC (Irregular SiOH 15-40 iim, 12 g Grace, mobile phase gradient: 
C^C^/MeOH/NHjaq 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 

25 56 (44% yield) as a white solid. 



WO 2014/009509 
-83-

PCT/EP2013/064763 

Synthesis of final compound 60: 
A mixture of C6 (70 mg; 162 jimol) and iron (54 mg; 974 jimol) in acetic acid (10 mL) 
and water (1 m.L) was stirred at 120°C for 5 h. The mixture was evaporated in vacuo to 

5 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 EtOFI 
then Et20 and dried under vacuum to give 46 mg of final compound 60 (80% yield) as 
a white solid. 

10 
Overall Scheme in the preparation of final products: method 24 

15 Synthesis of intermediate E6: 
Intermediate E6 (mixture of E and Z isomers, 90 mg, 17% yield) was synthesized using 
the procedure described for intermediates T5 and U5. 

Synthesis of intermediate F6: 
20 A solution of E6 (90 mg; 216 jimol) and Wilkinson's catalyst (20 mg; 21.6 fimol) in 

THF (7 mL) and MeOFI (7 mL) was degassed by N2 bubbling for 10 min. The mixture 
was hydrogenated. under 5 bars pressure at RT for 16 h. The mixture was degassed by 
N2 bubbling for 10 min and Wilkinson's catalyst (40 mg; 43.2 jimol) was added. The 
mixture was hydrogenated under 10 bars pressure at RT for 16 h. The mixture was 

25 degassed by N2 bubbling for 10 min and Wilkinson's catalyst (20 mg; 21.6 jimol) was 
added. The mixture was hydrogenated under 10 bars pressure at RT for 16 h. The 

'S) 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 jim, 4 g Grace, mobile phase gradient: from CFkCk/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 tum, 25 g Merck, dry 

10 loading, mobile phase gradient: from CHy^/MeOH/N^aq 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 (21.13 g; 95.0 mmol) in THF (500 mL) at 0°C was added drop 

5 wise lithium aluminium hydride bis(TFIF) (1M in toluene) (190 mmol; 190 mL). The 
solution was stirred for lh30 at 0°C, and then at RT for lb.30. The mixture was cooled 
to 0°C and was quenched by cautious drop wise addition, of 7.5 mL of water, then 7.5 
mi, of aqueous NaOH (5%) and finally 35 mL of water. After 30 minute of further 
stirring, the mixture was filtered through a pad of celite®. The celite® was washed with 

10 EtOAc, the filtrate was evaporated under vacuum to afford 19.64 g (99% yield) of 
intermediate H6 as a clear yellow oil. 

SOCI2 (73 mL; 3.01 mol) was added drop wise to a mixture ofH6 (19.6 g; 103 mmol) 
in CH2Ci2 (450 mL) at 0°C. The mixture was stirred at RT for 3 h. The solvent was 

15 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 CH2CI2, washed with 2 x 
100 m.L of aqueous NaOH 5%, dried over MgS04, 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 20-45p,m 450g Matrex), Mobile phase: Gradient 

20 from 50% Heptane, 50%> CH2C12 to 0% Heptane, 100% CH2CI2) to afford intermediate 
16 (4.77 g; 22% yield) as a yellow oil. 

Synthesis of intermediate J6: 
25 16 (2.7 g; 12.7 mmol) was added to a solution of K5 (3 g; 30.6 mmol), K2C03 (2.93 g; 

21.2 mmol) and Nal (3.59 g; 30.6 mmol) in acetone (380 mL) was stirred at 70°C for 
36 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 CH2CI2. 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 jim, 120 g Grace, mobile phase gradient: from Heptane/EtOAc 

5 100/0/ 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 jim, 80 g Grace, mobile phase gradient: from CH2Cl2/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. 

10 

Synthesis of Intermediates K6 and L6: 
The reaction was performed in 2 batches. 
Typical procedure for one batch: 

15 A solution of J6 (940 mg; 2.05 mmol) and chlorodicyclohexylborane (1M in hexane) 
(409 LIL; 409 ,umol) in dry dichloroethane (564 m.L) was stirred at 80°C and under N2 
atmosphere for 1 h. Grubbs-Hoveyda catalyst 2nd generation (85 mg; 136 jimol) was 
added and the mixture was stirred at 120°C for 1 h. More catalyst (85 mg; 136 jimol) 
was added and the mixture was stirred at 120°C for 1 h. More catalyst (85 mg; 136 

20 jimol) 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 

25 oil was purified by preparative LC (Irregular SiOH 15-40 um, 50 g Merck, mobile 
phase gradient: from CFLCii/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 \im 150x21.2 mm, 
mobile phase: 85% CO2, 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 

5 white solid (Global Yield: 27%). 

Synthesis of final compound 65: 
10 Iron (182 mg; 3.26 mmol) was added to a solution of IC6 (176 mg; 0.408 mmol) in 

acetic acid (10 mL) and water (480 (iL). 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 DMF. SiliaBond® 
imidazole (5.63 g; 26.6 mmol) was added to the filtrate and the mixture was stirred at 

15 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 

20 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. 

25 
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Synthesis of final compound 75: 
Final compound 75 (11 mg, 30% yield) was obtained using the procedure described for 
final compound 65, starting from 45 mg of intermediate L6. 

5 Overall Scheme in the preparation of final products: method 26 

Synthesis of intermediates N6 and 06: 
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.2CO3 (14.6 g; 106 mmol) in DMF (50 mL) at RT and under 

15 N2 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 MgS04, 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, 1.50 g Merck, mobile phase gradient: from CILCW'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 (83/3 7). 

NH3 7M in iPrOH 

10 

15 

Synthesis of intermediate P6: 
The reaction was performed in Autoclave. 
A solution ofN6 (3.9 g; 5.65 mmol) in NH3 (7M in isopropanol) (40 m.L) 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 Et20 and dried in vacuo to give 1.42 g of 
intermediate P6 (79% yield) as a brown solid. 

20 Synthesis of intermediate Q6: 
A solution ofP6 (1.42 g; 4.48 mmol) and NaH (60% in oil) (412 mg; 10.3 mmol) in 3-
buten-l-ol (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 
)im, 50 g Merck, mobile phase: CHoCL/MeOH 95/5). The fractions containing product 

25 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 Et2O leading to precipitation, the precipitate was filtered and 
dried in vacuo to give 920 mg of intermediate Q6 (58% yield) as a white solid. 

5 
Synthesis of final compounds 78 and 79: 
A solution of Q6 (460 mg; 1.31 mmol) and chlorodicyclohexylborane (3M in hexane) 
(261 fiL; 261 jumol) in dichloroethane (430 mL) was stirred at 80°C under N2 

atmosphere for 1 h. Grubbs-Hoveyda catalyst 2"d generation (82 mg; 131 jimol) was 
10 added and the mixture was stirred in sealed tube at 120°C for 8 h. 

chlorodicyclohexylborane (1M in hexane) (261 uL; 261 umoi) was added and the 
mixture was stirred, at 80°C under N2 atmosphere for 1 h. Grubbs-Hoveyda catalyst 2nd 

generation (82 mg; 131 iimol) 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 

15 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 CH2Cl2/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 

20 solid was purified by achiral SFC (Stationary phase: AMINO 6 (im 150x21.2 mm, 
mobile phase: 82% C02) 18% MeOH(0.3%> iPrNH2)) 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 (30%) NH3) 71/28/3 to 0/80/20) to give 10 

25 mg of final compound 79 (Z isomer, 1 % yield) as a white solid. 

30 
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Overall Scheme in the preparation of final products: method 27 

Synthesis of intermediate T6: 
A mixture of V2 (7.04 g; 24.04 mmol), R6 (5.16 g; 24.04 mmol), K2C03 (4.98 g; 36.06 
mmol) and. NaT (3.6 g; 24.04 mmol) in acetone (240 mL) were stirred at RT for 24 h. 

10 The precipitate was filtered off, rinsed with acetone. The filtrate was evaporated to give 



WO 2014/009509 PCT/EP2013/064763 
-92-

18.7 g. The crude compound was dissolved into CH2CI2. 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 jim 450 g Matrex), 
mobile phase: 75% heptane, 25% AcOEt) to yield 7.4 g of intermediate T6 (65% yield). 

Synthesis of intermediate U6: 
A mixture of T6 (7.25 g, 15.396mmol) in aqueous solution of NH3 (30%) (110 mL) and 
THF (110 mL) was stirred at RT for 1 h. The mixture was concentrated. The residue 

10 was taken up with toluene and concentrated (the process was repeated twice). The 
residue was taken up with CH2CI2, dried over MgS04, 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. 

Synthesis of intermediate V6: 
At 0°C, 777eta-chloroperoxybenzoic acid (1.36 g, 5.54 mmol) in CH2CI2 (25 mL) was 
added to a mixture of U6 (2.5 g, 5.54 mmol) in CH2CI2 (25 mL). The mixture was 

20 stirred at RT for 3 h. An aqueous solution of Na2S203 (2 eq) was added to the mixture. 
2 layers were separated and the aqueous layer was extracted with CH2CI2 (twice). The 
combined organic layers were washed with a saturated aqueous solution of NaHCOj, 
dried over MgS04, 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. 

5 

15 

25 
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Synthesis of intermediate X6: 
A mixture of V6 (2.58 g, 5.52 mmol) and NEt3 (1.53 mL, 31.04 mmoi) in W6 (28 mL) 

5 was stirred at 100°C for 2.5 h. Water was added and the mixture was extracted with 
CH2CI2. The organic layer was washed with HCI 0.5N (6 times), dried over MgSC>4, 
filtered and the solvent was evaporated. The crude was purified by preparative LC 
(Stationary phase: Irregular SiOH 20-45 jim 450 g Matrex), mobile phase: 98% 
CH2CI2, 2% iPrOH) to yield 1.3 g of intermediate X6 (41 % yield). 

10 

Synthesis of intermediate Y6: 
At 0°C, TFA (1.72 mL, 22.47 mmoi) was added drop wise to a mixture of X6 (1.30 g, 

15 2.25 mmol) in CH2CI2 (25 mL). The mixture was stirred at RT for 12 h. At 0°C, water 
was added. The mixture was basified with K2CO3 10% in water and was extracted with 
CH2CI2. The organic layer was dried over MgS04, filtered and the solvent was 
evaporated to give 1.1 g of intermediate Y6, which was directly used in the next step. 
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Synthesis of intermediate Z6: 
At 0°C, LiOH monohydxate (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 HCI 3N until pH 2-3. The 
mixture was extracted with EtOAc. The organic layer was dried over MgS04, filtered 
and the solvent was evaporated to yield 0.85 g of intermediate Z6 (80% yield). 

10 
Synthesis of intermediate A7: 
l-Ethyl-3-[3-dimcthylaminopropyl]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), diisopropylethy]amine (1.41 mL, 8.18 mmol) in DMF (380 mL). 

15 The mixture was stirred at RT for 24 h. The soivent was evaporated until dryness. The 
residue was taken up with CH2CI2 and was washed with water, then with brine. The 
organic layer was dried over MgS04, filtered and the solvent was evaporated. 
Purification was carried out by flash chromatography over silica gel (15-40 am, 40 g, 
CH2O2/CH3OH/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). 

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 crudc compound was dissolved into DMF 
with 4 g of Si(>2 60-200 jim 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 am, 25 g, CH2CI2/CH3OH/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 €7: 
A mixture of V2 (7.5 g; 25.6 mmol), B7 (7.25 g; 28.2 mmol), K.2CO3 (8,85g; 64 mmol) 
and NaT (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 }im, 
120 g Merck, mobile phase gradient: CH2Ci2/Heptane 70/30). The fractions containing 
product were combined and the solvent was removed in vacuo. The product was 
crystallized from diisopropyiethcr to give 11.4 g of intermediate C7 (95% yield). 

10 

NH 

NHa 30% in water 

THF 

Synthesis of intermediate D7: 
A solution of C7 (11.3 g; 24.1 mmol) and "NH3 (30% in H20) (170 mL) in THF (170 
mL) was stirred at RT overnight. The mixture of solvents was removed in vacuo and 

15 the residue was taken up by CH2CI2, decanted, dried over MgS04 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 CH2CI2 (300 mL) at RT. The mixture was stirred at RT for 

5 16 h. A 10% aqueous solution of Na2S2C>3 (4 eq) and an aqueous solution of NaHCOs 
were added. The layers were separated and the aqueous layer was extracted with 
CH2CI2 (twice). The combined organic layers were dried over MgS04, filtered and the 
solvent was removed under vacuum to give 10.8 g of intermediate E7 (99% yield). 

Synthesis of intermediate Gl: 
E7 (3.5 g; 7.54 mmol) was added portion wise to a solution of NEt3 (1.15 mL; 8.3 
mmol) and F7 (13.2g; 75.3 mmol) and the resulting mixture was stirred at RT for 16 h. 

15 Water and CH2CI2 were added , the organic layer was decanted, dried over MgS04 and 
concentrated. The crude product was purified by preparative LC (irregular SiOH 15-40 
fxm, 40 g merck, (MeOH/CHiCfe, 0.5/99.5) to afford intermediate G7a (3.6 g). 
To a solution of G7a (3.6 g; 6.2 mmol) in CH2CI2 (120 mL) was added trifiuoroacetic 
acid (9.5 mL; 41.6 mmol.) at RT. The reaction mixture was stirred at RT for 12 h. The 

20 reaction mixture was diluted with CH2CI2 and was treated with a saturated aqueous 
solution ofNaHCOs. The layers were separated and the organic layer was dried over 
MgS04, filtered and the solvent was removed under reduced pressure. The crude 
product was purified by preparative LC (irregular SiOH 15-40 jim, 40 g Grace, dry 
loading, mobile phase gradient: from CH2Cl2/MeOH/NH4OH 98/2/0.1) to give 1.7 g of 

25 intermediate G7 (57% yield). 

10 
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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 

5 mixture was diluted with CH2CI2, filtered through a pad of cclite°iJ and the filtrate was 
concentrated under vacuum .The crude compound was taken up with a mixture of 
CH2Cl2/MeOH (90/10) and a precipitate was filtered of. The filtrate was purified by 
preparative LC (irregular SiOH .15-40 jim, 80 g Grace, mobile phase CH2Cl2/MeOH 
98/2). The product was crystallized from diisopropyletber to give 2.1 g of intermediate 

10 H7 (62.5% yield). 

Synthesis of intermediate 17: 
15 At 0°C, LiOH monohydrate (157 mg, 3.75 mmol) was added to a mixture of H7 (0.5 g, 

1.25mmo!) in THF/H20 (50/50) (10 mL). The mixture was stirred at RT for 12h. At 
0°C, water was added and the mixture was acidified with HCI 3N until pH 2-3. The 
mixture was extracted, with EtOAc. The organic layer was dried over MgS04, filtered 
and the solvent was evaporated, to give 460 mg of intermediate 17 (99% yield). The 

20 crude compound was used directly in the next reaction step. 

NH 

HO 

O 
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Synthesis of final compound 85: 
3-DimethyIaminopropyl)-3-ethylcarbodiimide (1 g, 1.5.3 mmol) and \-

5 hydroxybenzotriazole (720 mg, 5.3 mmol) were slowly added to a mixture of 17 (660 
mg, 1.77 mmol), diisopropyJethylamine (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 CH2CI2 and was washed with water, then with brine. The 
organic layer was dried over MgSC>4, filtered and the solvent was evaporated. 

10 Purification was carried out by flash chromatography over silica gel (15-40 um, 80 g, 
CH2CI2/CH3OH/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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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 PPh3 (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 
MgS04, filtered and the solvent was evaporated. The crude compound was purified by 
flash chromatography over silica gel (15-40 jim, 120 g, Heptane-EtOAc 85-15 to 
70/30). The pure fractious 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 2nd generation (91 mg; 0.107 mmol) was added to a mixture of J7 

5 (0.488 g; 1.067 mmol) in CH2CI2 (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 
CH2CI2 and the solvent was evaporated. The crude was purified together with another 
batch (0.12 rnmole scale) by flash chromatography over silica gel (15-40 um, 40 g. 

10 CEfeCh/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 1A 5 jim 250*20 mm), Mobile phase: 70% CO2, 30% MeOH) to give 240 
mg of intermediate K7 (E isomer, 52% yield). 

15 

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 

20 acid (5.4 mL) and water (550 11L). 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 Si02 60-200 jim and the 
resulting suspension was evaporated until dryness and put on the top of a 25 g column 
chromatography. Purification was carried out by flash chromatography over silica gel 

25 (15-40 um, 25 g, CH2CI2/CH3OH/NH4OH: 95/5/0.5 to 90/10/0.5). The pure fractions 
were collected and evaporated to dryness. This batch was crystallized from CH3OH, 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 ofV2 (10.0 g; 34.16 mmoi), L7 (6.85 g; 34.16 mmol), Nal (5.12 g; 34.16 
mmol) and K2C03 (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 CH2CI2, the 
precipitate (residual intermediate V2) was filtered off, washed with the minimum of 
CH2CI2 and the filtrate was concentrated to give 16.8 g of intermediate M7, which was 
directly used in the next step. 

15 

Synthesis of intermediate N7: 
A mixture ofM7 (16.8 g, 36.77 mmol) inNH3 in water (30%) (100 mL) and THF (100 
mL) was stirred at RT for Ih. The mixture was diluted with water and was extracted 
with EtOAc. The organic layer was washed with brine, dried over MgS04, filtered and 
the solvent was evaporated to give 15.7 g of intermediate N7 (98% yield). 

X/N0, xX x •S N N 

O' 
N7 

rnCPBA 

CH2CI2 x0 y-
07 

Synthesis of intermediate 07: 
20 At 0°C, 3-chloroperoxybenzoic acid (8.8 g, 35.66 mmol) in CH2CI2 (100 mL) was 

added to a mixture of N7 (15.6 g, 35.66 mmol) in CH2CI2 (100 mL). The mixture was 
stirred at RT for 3h. An aqueous solution of Na2S20a (2 eq) was added to the mixture. 
The two layers were separated and. the aqueous layer was extracted with CH2CI2 
(twice). The combined organic layers were washed with a saturated aqueous solution of 

25 NaFICOa, dried over MgS04, filtered and the solvent was removed under reduced 
pressure to afford 16 g of intermediate 07 as a yellow oil (99% yield). 
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Synthesis of intermediate P7: 
A mixture of 07 (8.0 g, 17.642 mmol) in allyl alcohol (90 mL) and NEt3 (4.9 mL, 

5 35.285 mmol) was stirred at 90°C for lh. The mixture was evaporated until dryness and 
purified by flash chromatography over silica gel (15-40 jim, 120 g, 
CH-2CI2/CH3OH/NH4OH: 99.5/0.5). The pure fractions were collected and evaporated 
to dryness to give 6.3 g of intermediate P7 (80% yield). 

Synthesis of intermediates Ql and R7: 
The solvent was degassed by bubbling N2 through. Reaction was split into 2 equal 
portions of 750 mg ofP7: 

15 A solution of P7 (750 mg; 1.676 mol) and chlorodicyclohexylborane (1M in hexane) 
(335 jaL; 0.335 jrmol) in dry dichloroethane (330 mL) was stirred at 80°C and under N2 
atmosphere for 1 h. 0.033 eq of Grubbs-Hoveyda catalyst 2nd generation (35 mg; 
56jxmol) 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 jimol) was added again and the 

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 CH2CI2 and the filtrate was evaporated. The compound was taken up with CH7CI2, 
the precipitate was filtered off (0.82 g, fraction 1). The filtrate was purified by flash 

25 chromatography over silica gel (15-40 um, 80 g, CH2CI2/CH3OH/NH4OH: 
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 6,um 150x21.2mm), Mobile phase: 80% CO2, 20% MeOH) 
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to give 0.25 g of intermediate R7 (18% yield, isomer E) and 0.566 g of intermediate Q7 
(40%o yield, isomer Z). 

5 Synthesis of final compound 87: 
At 0°C, TiCk (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 4b then at RT 
overnight. Water was added and the mixture was basified with K2CO3. The mixture 
was filtered through a pad of celite®. The celite® was washed with EtOAc/CHiOH 

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) (15-40 um, 25 g, 
CH2CI2/CH3QHYNH4OH: 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 CH3CN (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 

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 NEt3 (4.905 mL, 35.285 mmol) in THF (100 mL). The 
mixture wras stirred at RT for 3h. Water and EtOAc were added. The layers were 
decanted. The mixture was extracted with EtOAc. The organic layer was dried over 
MgS04, filtered and the solvent was evaporated. The crude was purified by flash 
chromatography over silica gel (15-40 jrm, 120 g, CH2CI2/C.H3O.H./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). 

Synthesis of intermediates T7 and 117: 
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 

5 Synthesis of intermediate V7: 
A mixture of Q7 (200 mg, 0.477 mmol) and Wilkinson's catalyst (88.2 mg, 0.0954 
mmol) in THF/MeOH (50/50) (30mL) was stirred at RT under a 8 bar pressure of H2 

for 20h. The mixture was evaporated until dryness to give 0.30 g of intermediate V7 
directly used in the next step. 

10 
Synthesis of final compound 91: 
Final compound 91 was synthesized with the method described for final compounds 87 
and 88. 

15 LCMS methods: 

General procedure VDR2 (for methods V300xV30xx.olp) 
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 

20 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 

25 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 IiSS (High Strength Silica) T3 column (1.8 p,m, 2.1 x 100 mm) with a flow rate 
of 0.35 ml/min. Two mobile phases (mobile phase A: 95 % 7 m.M ammonium acetate / 

30 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 \iL 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 
scconds using an interscan delay of 0.1 seconds. 

Method V3018V3001 
5 In addition to the general procedure VDR2: Reversed phase UPLC was carried out on a 

Waters Acquity BEH (bridged ethylsiloxane/silica hybrid) C1.8 column (1.7 jim, 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 

10 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 p.1 
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. 

15 
Table 1. Compounds of formula (I). 

# STRUCTURE 
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Mass 
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/N \ ° __/ 

EL 

323.1 324 

2.52, 
V3018V3001 

Method 1 

[H NMR (500MHz, 
DMSO-dg) 8 (ppm) 
9.91 (br. s., IH), 8.00 
-8.11 (m, IH), 7.04 -
7.24 (m, 3H), 6.43 (s, 
2H), 5.36 - 5.77 (m, 
2H), 4.82 (d, J-4.7 
Hz, 2H), 4.63 - 4.69 
(m, 1H), 4.45 -4.57 
(m, IH), 3.17 - 3.32 
(m, 2H), 2.34 - 2.43 
(m, 2H) 
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X
 

325.2 326 
2.62, 

V3018V3001 Method 2 

lB NMR (500MHz, 
DMSO-d6) 5•(ppm) 
9.93 (s, IH), 7.57 (s, 
IH), 7.14-7.20 (m, 
IH), 7.04 (d, J = 7.3 
Hz, IH), 6.93 (d,J = 
7.3 Hz, IH), 6.36 (br. 
s.,2H),4.83(s, 2H), 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

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

3 

H,N 

^-YNVOH o_r 
/ "N \ (\ // N=r( :1 

EZ 

387.2 388 
2.47, 

V3018V3001 Method 3 

lH NMR (500MHz, 
DMSO-dfi) 5 (pprn) 
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) 

4 

HjN 

V-^NvOH 
N N /=\ 

/^N ^-"-4 /) N=/ \s (j 
389.2 390 

2.57, 
V3018V3001 Method 4 

:H NMR (500MHz, 
DMSO-d<;) 8G(ppm) 
11.25 (s, IH), 7.87 
(d,.) - 1.3 llz. 111). 
7.72 (s, IH), 7.04 -
7.31 (ni, 6H), 4.98 (s, 
2H), 4.41 -4.49 (m, 
2H), 2.58 -2.65 (111, 
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) 

5 

H2N 

/^N \ 

N X 
H 

0 

354.1 355 
2.52, 

V3014V3001 Method 5 

'H NMR (500MHz, 
DMSO-d^) SD(ppm) 
10.40 - 10.67 (m, 
IH), 8.25 (t, J = 5.5 
Hz, IH), 7.74 (s, 
IH), 6.83 - 7.27(ni, 
5H), 4.79 (s, 2H), 
4.53 (t, J = 7.6 Hz, 
2H), 3.36 (s, 2H), 
3.03-3.13(m, 2H), 
1.66 (s, 2H) 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

6 

H2N 

NVVOH 
L / N ° J) / N0 

HN j—Q 

O 

371.1 372 
2.40, 

V3014V3001 Method 6 

[H NMR (400 MHz, 
DMSO-ds) 5 (ppm) 
10.42 (br. s., IH), 
8.31 (s, IH), 7.59 (t, 
7 = 4.80 Hz, IH), 
7.50 (dd, 7 = 2.02, 
8.59 Hz, IH), 6.83 -
7.32 (m, 2H), 6.80 
(d, 7= 8.59 Hz, IH), 
4.86 (br. s., 2H), 4.67 
(br. s., 2H), 3.70 (br. 
s., 2H), 3.09 (br. s., 
2H), 1.72 - 1.82 (m, 
2H) 

7 

NH2 

HCS N^v-'i, 1 l JL/~OH 
/ H i 366.2 367 

2.25, 
V3018V3001 Method 7 

'H NMR (500 MHz, 
DMSO-dg) 8 (ppm) 
9.53 (s, 1H), 7.92 (s, 
IH), 7.13 -7.22 (m, 
2H)} 7.07 (d, .7=7.25 
Hz, IH), 5.87 (s, 
2H), 5.68 (d, 7 = 
10.09 Hz, IH), 5.38-
5.47 (m, IH), 5.20 -
5.30 (m, IH), 4.77 
(d, IH), 4.66 (d, IH), 
4.57 (t, IH), 4.25 -
4.36 (m, IH), 3.39 -
3.47 (in, 1H), 3.34-
3.39 (m, IH), 3.18-
3.30 (m, 2H), 2.05-
2J8(m, 2H), 1.70 -
1.80 (in, IH), 1.40 -
1.51 (m, IH) 

8 

NH2 

1XV™ 
HN N N, 

d°<3 326.1 327 
2.26, 

V3018V3001 Method 8 

!H NMR (500 MHz, 
DMSO-dfi) 8 (ppm) 
9.64 (br. s„ IH), 9.36 
(s, IH), 7.08 (t, 7 = 
7.70 Hz, IH), 6.76 
(d, J =7.70 Hz, IH), 
6.71 (s, IH), 6.62 
(dd, 7=1.73, 7.70 
Hz, IH), 6,06 (s, 
2H), 4.71 (s, 2H), 
3.39 (t, 7= 6.46 Hz, 
4H), 1.76 - 1.92 (m, 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

4H) 

9 

X
 

o 

^
v

>
 

371.1 372 
2.49, 

V3014V3001 Method 9 

lH NMR (500 MHz, 
DMSO-ds) 8 (ppm) 
10.00 (br. s., 1H), 
7.97 (t, J= 5.83 Hz, 
IH), 7.68 (t,.7=7.72 
Hz, IH), 7.00 (d, J = 
7.72 Hz, IH), 6.80 
(d, ,7=7.72 Hz, IH), 
6.39 (s, 2H), 4.65 -
4.94 (m, 4H), 4.20 (t, 
.7-7.72 Hz, 2H), 
2.96- 3.12 (m, 2H), 
1.50 - 1.73 (m, 2H) 

10 

NH2 

HO\ ̂ N \\ II /—OH 

/ H j 368.2 369 
2.33, 

V3018V3001 Method 10 

'H NMR (500 MHz, 
DMSO-dg) 8 (ppm) 
9.61 (s, 1H),7.43 (s, 
IH), 7.15 -7.26(m, 
1H), 7.07-7.14 (m, 
IH), 7.02 (d, J = 7.25 
Hz, IH), 5.92 (s, 
2H), 5.56 (d, ,7 = 
10.09 Hz, IH), 4.95 
(d, J= 14.50 Hz, 
IH), 4.47 -4.63 (m, 
2H), 4.06 - 4.23 (m, 
IH), 3.34 -3.39 (m, 
IH), 3.22 - 3.30 (m, 
IH), 2.55 -2.68 (m, 
2H), 1.67 - 1.84 (m, 
IH), 1.46-1.61 (m, 
IH), 1.22 - 1.45 (m, 
5H), 0.97- 1.14 (m, 
IH) 
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ti­ STRUCTURE Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

ll 

NH2 

1 IV°H 

6o 327.1 328 
2.23, 

V3018V3001 iVlelhod 11 

1H NMR (500 MHz, 
DMSO-d^) 6 (ppm) 
9.93 (br. s, IH), 7.92 
(s, IH), 7.15 (t, 7 = 
7.72 Hz, IH), 6.81 
(d, 7-7.72 Hz, IH), 
6.66 - 6.77 (m, IH), 
6.39 (br. s., 2H), 4.82 
(s, 2H), 4.57 (t, J = 
5.99 Hz, 2H), 4.27 (t, 
.7-6.62 Hz, 2H), 
1.44 - 1.73 (m, 4H) 

12 

H,N 

&y 
343.1 344 

2.12, 
V3018V3001 Method 12 

'H NMR (500 MHz, 
DMSO-df,) 8 (ppm) 
9.93 (br. s., 1H),7.72 
(s, IH), 7.16 (t, 7 -
7.88 Hz, IH), 6.95 
(d, ,7-7.88 Hz, 1H), 
6.78 (dd,.7- 1.89, 
7.88 Hz, IH), 6.43 
(br. s., 2H), 4.82 (s, 
2H), 4.66 (t, .7=4.57 
Hz, 2H), 3.99 - 4.07 
(m, 2H),3.59(td,7 = 
4.57, 12.14 Hz, 4H) 

13 

H2N 

££r" co3 342.1 343 
1.97, 

V3018V3001 Method 8 

SH NMR (500 MHz, 
DMSO-ds) 5 (ppm) 
9.75 (br. s., IH), 9.36 
(br. s., IH), 7.09 (t, 7 
-7.88 Hz, IH), 6.73 
(d, 7-7.88 Hz, IH), 
6.68 (s, IH), 6.62 (d, 
7-7.88 Hz, IH), 
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 

14 

H2N 

££r" 
340.2 341 

2.37, 
V3018V3001 Method 12 

'H NMR (500 MHz, 
DMSO-d6) 5 (ppm) 
9.65 (s, IH), 7.48 (s, 
IH), 7.19 (t, J= 7.72 
Hz, IH), 6.90 (d, J = 
7.72 Hz, IH), 6.77 
(dd,J= 1.89,7.72 
Hz, 1H), 6.10 (t,J = 
6.31 Hz, IH), 5.99 
(s, 2H), 4.75 (s, 2H), 
3.87 - 3.99 (ni, 2H), 
3.42 (q, .7=6.31 Hz, 
2H), 1.60 - 1.78 (m, 
2H), 1.39 - 1.50 (m, 
2H), .1.29 - 1.39 (m, 
2H) 

15 

H2N >>rH 
o / 

L^rO 
323.1 324 

2.49, 
V3018V3001 Method 14 

'H NMR (500 MHz, 
DMSO-d/,) 8 (ppm) 
9.76 - 10.25 (m, IH), 
8.07 (s, 1H),6.95-
7.29 (m, 3H), 6.44 (s, 
2H), 5.57-5.81 (m, 
IH), 5.29 - 5.54 (m, 
IH), 4.82 (s, 2H), 
4.66 (br.s.,2H), 3.20 
(d, .7=6.31 Hz, 2H), 
2.39 (br. s., 2H) 

16 

o X
 

337.2 338 
2.65, 

V3018V3001 Method 13 

'H NMR (500 MHz, 
DMSO-dg) 8 (ppm) 
9.95 (s, 1H), 7.81 (s, 
IH), 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., IH) 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

17 

NH2 

HVI I V0H 

323.1 324 
2.51, 

V3018V3001 Method 14 

*H NMR (500 MHz, 
DMSO-d6) 8 9.92 
(br. s., IH), 8.03 (hr. 
s., IH), 7.17-7.25 
(m, IH), 7.08-7.16 
(m, 2H), 6.43 (br. s., 
2H), 5.68 - 5.77 (m, 
IH), 5.47 - 5.57 (m, 
IH), 4.81 (s, 2H), 
4.43 - 4.53 (m, 2H), 
3.28 - 3.32 (br.s., 
2H), 2.34 - 2.42 (m, 
2H) 

18 

N H2 

H 1 X /~0H 
HO 

\ -o 
382.2 383 

2.13, 
V3018V3001 Method 15 

'HNMR (500 
MHz, DMSO-d6) 6 
9.62 (s, IH), 7.17 (t, 
,7-8.20 Hz, 1H), 
7.11 (s, IH), 6.99 (d, 
J = 8.20 Hz, IH), 
6.78 (dd, J'= 1.89, 
8.20 Hz, IH), 5.91 
(s, 2H), 5.71 (dt, ./ = 
6.50, 15.76 Hz, IH), 
5.58 (d, J= 9.77 Hz, 
IH), 5.50 (dt, J-
4.89, 15.76 Hz, IH), 
4.83 (d, .7-9.77 Hz, 
IH), 4.48 -4.73 (m, 
4H), 4.09 - 4.23 (m, 
IH), 3.38 - 3.48 (m, 
2H), 1.97 -2.08 (m, 
2H), 1.62 - 1.75 (m, 
IH), 1.29- 1.40 (m, 
IH) 

19 

N Hj 

HAX ̂ ~°H 
HO 

U? 0 

384.2 385 
2.19, 

V3018V3001 Method 10 

lH NMR (500 MHz, 
DMSO-d«) 8 9.64 (s, 
IH), 7.16-7.23 (m, 
IH), 7.12 (br. s., IH), 
7.01 (d, 7=7.25 Hz, 
IH), 6.80 (dd,J = 
1.73,8.04 Hz, IH), 
5.95 (s, 2H), 5.64 (d, 
J= 9.14 Hz, IH), 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Svnthesis 
method 

NMR 

4.85 (d,7 = 14.19 
Hz, IH), 4.52-4.67 
(m, 2H), 4.03-4.16 
(m, 2H), 3.91 -4.03 
(m, IH), 3.37 -3.50 
(m, 2H), 1.24- 1.68 
(m, 8H) 

20 

NH2 

O N y op 
^ 0 

339.1 340 
2.37, 

V3018V3001 Method 16 

'HNMR (500 MHz, 
DMSO-d^) 8 9.99 
(br. s., IH), 7.57 (br. 
s., IH), 7.2,1 (t,7 = 
7.70 Hz, 1H), 6.94 
(d, 7 = 7.70 Hz, IH), 
6.78 (dd, 7 = 1.58, 
7.70 Hz, IH), 6.49 
(br. s., 2H), 5.74 -
5.85 (ni, IH), 5.59 -
5.69 (m, IH), 5.13 
(d, ./-7.57 Hz, 2H), 
4.85 (s, 2H), 3.90 -
4.02 (m, 2H), 2.45 -
2.50 (m, 2H) 

21 

NH2 

liVo. vx» 
\ O 

339.1 340 
2.32, 

V3018V3001 Method 16 

'HNMR (500 MHz, 
DMSO-d6) 8 9.94 
(br. s., 1H), 7.15-
7.25 (m, 2H), 6.92 
(d, 7 = 7.57 Hz, IH), 
6.83 (dd, 7=1.73, 
7.57 Hz, IH), 6.44 
(br. s.,2H), 5.76 (dt, 
7=7.00, 15.61 Hz, 
IH), 5.46 (dt, ./ = 
5.12, 15.61 Hz, IH), 
4.76-4.84 (m, 4H), 
4.05-4.13(m, 2H), 
2.27 - 2.38 (m, 2H) 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

22 

NH2 

1 X^~OH 
O-^N Cp 325.1 326 

2J9, 
V3018V3001 Method 16 

'HNMR(500 MHz, 
DMSO-d^) 8 10.25 
(br.s., IH), 7.91 (br. 
s., IH), 7.18 (t, J = 
7.25 Hz, IH), 6.87 
(d,.7=7.25 Hz, IH), 
6.79 (d, 7=7.25 Hz, 
IH), 6.54 (br.s., 2H), 
5.30 - 5.48 (m, 2H), 
5.12 (br.s., 2H), 4.81 
(br. s., 2H), 4.76 (br. 
s„ 2H) 

23 

Jvv 

<^9 
V... -o 

325.1 326 
2.15, 

V3018V3001 Method 16 

'HNMR (500 MHz, 
DMSO-dfi) 8 9.96 
(br. s., IH), 7.55 (s, 
IH),7.16(1,7=7.25 
Hz, IH), 6.88 (d, ,7 = 
7.25 Hz, IH), 6.80 
(dd, .7-1.73,7.25 
Hz, IH), 6.44 (br. s., 
2B), 5.61 -5.77 (m, 
2H), 4.78 (s, 4H), 
4.56 (d, ,7= 4.73 Hz, 
2H) 

24 

NH-, 

X-v oA,IX°" 
342.1 343 

1.75, 
V3018V3001 Method 17 

!H NMR (500 MHz, 
DMSO-d6)8 9.98 
(br. s., IH), 7.73 (t,7 
- 7.57 Hz, IH), 7.25 
(dd, ,7= 7.57, 13.24 
Hz, 2H), 6.37 (br. s., 
2H), 4.99 (s, 2H), 
4.41 (s, 2H),4.21 (t, 
.7-7.25 Hz, 2H), 
3.61 (t, 7=5.83 Hz, 
2H), 1.38 - 1.56 (m, 
4H) 
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# STKUCI URE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NlViR 

25 

N H J 

V°H 

354.1 355 
2.2, 

V301SV3001 Method 16 

[H NMR (400 MHz, 
DMSO-dg) 8 9.86 
(br. s., IH), 8.19 (d, J 
= 2.53 Hz, 1H), 7.50 
(dd, .7-2,02,8.59 
Hz, IH), 6.64 (d,J = 
8.59 Hz, IH), 6.34 
(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) 

26 

N H 2 

N-VNXV 1 I^OH 
O^N5^ 

V5> 339.1 340 
2.37, 

V3018V3001 Method 16 

'HNMR (500 MHz, 
DMSO-dg) 5 9.84 
(br.s., 1H), 7.28 (d, J 
= 1.26 Hz, IB), 7.16 
- 7.24 (m, IH), 6.96 
(d, .7-7.25 Hz, IH), 
6.76 -6.82 (m, IH), 
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 (t, 
,7=7.57 Hz, 2H), 
2.43 - 2.53 (m, 2H) 

27 

NH2 

AI>» 
V? \—--0 

339.1 340 
2.35, 

V3018V3001 Method 16 

[H NMR (500 MHz, 
DM.SO-d6) 8 9.97 
(br. s., IH), 7.18 (t,.7 
= 7.25 Hz, IH), 7.03 
(s, I H), 6.93 (d, ,7 = 
7.25 Hz, IH), 6.75 
(d, .7-7.25 Hz, IH), 
6.52 (br. s, 2H), 5.43 
-5.56(iii, 2H), 4.79 
(s, 2H), 4.56-4.62 
(m, 2H), 4.42 - 4.47 
(m, 2H), 2.32 - 2.39 
(m, 2H) 
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ft rumri r T r-rv sn 
O 1RL V- I UKJL 

Exact 
Mass 

Mass 
Foulid 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMK 

28 

NH2 

I i )"0H 
HNAAji 

336.2 337 
2.59, 

V3018V3001 Method 7 

!H NMR (500 MHz, 
DMSO-de) 8 9.57 (s, 
IH), 7.85 (s, IH), 
7.12-7.24 (m, 2H), 
7.08 (d, J= 7.25 Hz, 
IH), 5.80 -5.99 (m, 
3H), 5.44 - 5.52 (m, 
IH), 5.31 - 5.39 (m, 
IH), 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) 

29 

NH2 

N^^fA JL I )"OH 

322.2 323 
2.45, 

V3018V3001 Method 7 

!H NMR (400 MHz, 
DMSO-dfi) 5 9.54 
(br. s., IH), 8.19 (br. 
s., IH), 6.97 - 7.24 
(m, 3H), 6.27 (br. s., 
IH), 5.92 (br. s., 2H), 
5.56 - 5.68 (m, IH), 
5.44-5.56 (in, IH), 
4.75 (s, 2H), 3.25 -
3.78 (m, 2H), 3.14-
3.24 (m, 2H), 2.12 -
2.24 (m, 2H) 

30 

NH2 

XX^-°H 

351.2 352 
2.75, 

V3018V3001 Method 14 

lH NMR (500 MHz, 
DMSO-ds) 8 10.09 
(br. s., 1H), 7.05 (s, 
4H), 6.37 (br.s., 2H), 
5.60 - 5.73 (m, IH), 
4.83 -4.96 (in, 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 

31 

N Hj 

I l^OH 

324.2 325 
2.52. 

V3018V3001 Method 10 

lH NMR (400 MHz, 
DMSO-de) 8 9.63 
(br. s., IH), 7.63 (s, 
IH), 7.10-7.20 (m, 
IH), 7.01 (d,7=7.58 
Hz, IH), 6.95 (d, 7 = 
7.58 Hz, IH), 6.09 (t, 
7=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) 

32 

! 

X
 

ijr
kt 

j 
^

f
 

339.1 340 
2.15, 

V3018V3001 Method 18 

':H NMR (500 MHz, 
DMSO-de) 8 9.73 
(br.s., IH), 6.85 -
6.93 (m, 2H), 6.58 
(dd,7 = 1.58, 8.20 
Hz, IH), 6.37 (d, 7 = 
8.20 Hz, IH), 6.26 
(br. s., 2H), 5.66 -
5.74 (m, IH), 5.55 
(br. d., 7= 16.39 Hz, 
IH), 4.63 -4.69 (m, 
4H), 4.03 (t, 7= 5.20 
Hz, 2H), 2.97 (t, 7 = 
5.20 Hz, 2H) 

33 

N H j 

1 X V0H 

353.1 354 
2.46, 

V3018V3001 Method 16 

!H NMR (500 MHz, 
DMSO-de) 5 9.97 
(br.s., IH), 7.08 -
7.21 (m, 2H), 6.85 
(d, J - 7.57 Hz, IH), 
6.78 (dd,7= 1.89, 
7.57 Hz, IH), 6.39 
(br. s., 2H), 5.75 -
5.84 (in, IH), 5.51 
(dt, J= 5.24, 15.68 
Hz, IH), 4.74-4.79 
(m, 2H), 4.67 (d, 7 = 
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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Method 
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method 
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34 

NH2 

n r X^OH 

351.2 352 
2.82, 

V3018V3001 Method 14 

lH NMR (500 MHz, 
DMSO-de) 8 9.94 
(br. s., IH), 7.29 (d,7 
= 6.94 Hz, IH), 7.17 
-7.25 (m, 2H), 7.10 
(d, 7=6.94 Hz, IH), 
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 

L J y-OH 
HN-^N^N 

0 

327,1 328 
1.81, 

V3018V3001 Method 8 

[H NMR (500 MHz, 
DMSO-de) 8 11.30 
(br. s., IH), 9.64 (s, 
IH), 7.33 (dd,7 = 
6.9, 8.8 Hz, IH), 
6.24 (d: 7= 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 

N H2 

r-N 
351,2 352 

2.77, 
V3018V3001 

Method 14 
Method 26 
(metathesis 
reaction) 

LH NMR (400 MHz, 
DMSO-d6) 8 9.99 
(br. s., IH), 7.13(d,7 
= 7.6 Hz, 2H), 7.02 
(4 7= 7.6 Hz, 2H), 
6.34 (br. s., 2H), 5,92 
(dt, 7= 7.6, 10.1 Hz, 
IH), 5.45 (dt, 7= 8.0, 
10.1 Hz, IH), 4.87 
(s, 2H), 3.82 (1,7 = 
7.6 Hz, 2H), 3.21 -
3.29 (m, 2H), 1.59-
1.77 (m, 2H), 0.60-
0.92 (m, 4H) 

37 

NH2 

XxV-cio 
1^N 

340,1 341 
2.03, 

V3018V3001 Method 21 

'H NMR (500 MHz, 
DMSO-dg) 5 10.21 
(br. s., IH), 8.23 (d,7 
= 5.6 Hz, IH), 7.33 
(47= 1.9 Hz, IH), 
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Mass 

Mass 
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[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method NMR 

6.81 (dd, J= 1.9, 5.6 
Hz, IH), 6.57 (br. s., 
2H), 5.51 (dt, 7=7.6, 
10.7 Hz, IH), 5.42 
(dt, 7= 5.6, 10.7 Hz, 
IH), 4.88 (s, 2H), 
4.78 (d, 7= 5.6 Hz, 
2H), 4.51 (t, 7= 7.6 
Hz, 2H) 

38 

NH2 

341.1 342 
2.4, 

V3018V3001 Method 19 

:H NMR (500 MHz, 
DMSO-de) 5 9.94 (s, 
IH), 7.39 (s, IH), 
7.20 (t, 7= 7.7 Hz, 
IH), 6.91 (d, 7 = 
7.7Hz, IH), 6.81 (d, 
7= 7.7 Hz, IH), 6.45 
(br. s.,2H), 4.82 (s, 
2H), 4.49 (t, 7-6.5 
Hz, 2H), 3.98 (t, 7 = 
7.3 Hz, 2H), 1.62-
1.76 (m, 2H), 1.50 -
1.61 (m, 2H), 1.32-
1.45 (m, 2H) 

39 

N H 2 

^ AX^OH 

CB' 340.1 341 
1.88, 

V3018V3001 Method 20 

lH NMR (400 MHz, 
DMSO-de) 8 9.85 
(br. s., lH),7.96(d,7 
= 4.6 Hz, IH), 7.55 
(d,7 = 8.1 Hz, IH), 
7.21 (dd, 7 = 4.6, 8.1 
Hz, IH), 6.33 (s, 
2H), 5.45 (dt, 7= 7.6, 
10.6 Hz, IH), 5.30 
(dt, 7= 5.6, 10.6 Hz, 
IH), 4.88 (s, 2H), 
4.32 -4.55 (m, 4H), 
2.42 - 2.48 (m, 2H) 
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LCMS Ret 
Time, 
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Synthesis 
method 

NMR 

40 340.1 341 
1.94, 

V3018V3001 Method 20 

lH NMR (400 MHz, 
DMSO-d6) 8 9.77 
(br.s., 1H), 7.91 (d,./ 
= 4.0 Hz, IH), 7.47 
(d, ,7=8.6 Hz, IH), 
7.18 (dd,7 = 4.0, 8.6 
Hz, IH), 6.34 (s, 
2H), 5.70 (dt, .7=6.5, 
15.4 Hz, IH), 5.24 
(dt, ,1 = 5.5, 15.4 Hz, 
IH), 4.93 (s, 2H), 
4.56 (d, .7=5.5 Hz, 
2H), 4.45 (t, 7=6.5 
Hz, 2H), 2.35 - 2.42 
(m, 2H) 

41 

NH2 

V V-OH 

324.1 325 
2.06, 

V3018V3001 Method 21 

"H NMR (400 MHz, 
DMSO-d6) 8 9.76 (s, 
IH), 8.33 (d, 7=3.5 
Hz, IH), 7.57 (d, 7 = 
7.6 Hz, IH), 7.20 
(dd,7= 3.5, 7.6 Hz, 
IH), 6.83 (d,7= 11.6 
Hz, IH), 6.29 (br. s., 
2H), 5.79 - 6.00 (m, 
IH), 4.93 (d, 7= 13.6 
Hz, IH), 4.81 (d, 7 = 
13.6 Hz, 1H), 4.45-
4.67 (m, IH), 3.78-
3.98 (m, IH), 2.18-
2.36 (m, IH), 2.01 -
2.14 (m, IH), 1.54 -
1.83 (ni, 2H) 

42 

NH2 

II 1 V-OH 

338.1 339 
2.21, 

V3018V3001 Method 21 

lH NMR (400 MHz, 
DMSO-de) 8 9.85 
(br. s„ IH), 8.32 (dd, 
7= 1.5, 4.6 Hz, IH), 
7.57 (d, .7= 7.6 Hz, 
IH), 7.25 (dd, ,7 = 
4.6, 7.6 Hz, IH), 
6.86 (d, 7= 12.1 Hz, 
IH), 6.32 (s, 2H), 
5.70 - 5.85 (m, IH), 
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Time, 
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Synthesis 
method 

NMR 

5.00 (d, 7= 14.7 Hz, 
1H), 4.80 (d, 7=14.7 
Hz, IH), 3.75 (dt, 7 = 
4.6, 11.4 Hz, 1H), 
3.54 (dt, ,7 = 4.6, 11.4 
Hz, IH), 1.93-2.47 
(m, 3H), 1.24-1.65 
(m, 3H) 

43 

NH2 

IXV°H 
CT N 

K~h V- o 

355.2 356 
2.53, 

V3018V3001 Method 19 

'H NMR (500 MHz, 
DMSO-de) 8 9.94 
(br. s., IH), 7.13 -
7.30 (m, 2H), 6.98 
(d, .7= 7.3 Hz, IH), 
6.80 (d, 7 = 7.6 Hz, 
IH), 6.41 (br.s., 2H), 
4.80 (s, 2H), 4.34 (t, 
.7= 6.8 Hz, 2H), 4.13 
(t, 7= 6.3 Hz, 2H), 
1.56 (m, 4H). 1.42 
(m, 4H) 

44 

NH2 

N iT^ 1 1 ^OH 

Co ^ 340.1 341 
1.85, 

V3018V3001 Method 21 

TH NMR (400 MHz, 
DMSO-dg) 8 9.78 
(br. s., IH), 8.04 (d,7 
= 4.0 Hz, IH), 7.43 
(d, 7= 7.6 Hz, IH), 
7.24 (dd, 7= 4.0, 7.6 
Hz, IH), 6.30 (s, 
2H), 6.12 (dt, 7= 7.0, 
15.7 Hz, IH), 5.54 
(dt, J- 5.0, 15.7 Hz, 
IH), 5.01 (s, 2H), 
4.49 (d, 7= 5.0 Hz, 
2H), 4.18-4.28 (m, 
2H), 2.23 - 2.36 (m, 
2H) 

45 

NH2 

I j[ / O H 

x$ 340.1 341 
1.99, 

V3018V3001 Method 21 

lH NMR (500 MHz, 
DMF) 8 10.14 (br.s., 
IH), 8.29 (d, 7= 4.1 
Hz, IH), 7.58 (d,7 = 
7.9 Hz, IH), 7.43 
(dd, 7 = 4.1, 7.9 Hz, 
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# STRUCTURE 
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[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

IB), 6.66 (br. s., 2H), 
6.10 (dt, 7 = 5.7, 10.4 
Hz, IH), 5.90 (dt, 7 
-8.4, 10.4 Hz, IH), 
5.29 (s, 2H), 5.13 (d, 
7 = 5.7 Hz, 2B), 3.96 
- 4J 8 (m, 2H), 2.58 -
2.76 (m, 2B) 

46 

M Hj 

II I V-OH 

338.1 339 
2.09, 

V3018V3001 Method 21 

;H NMR (500 MHz, 
DMSO-dc) 8 10.00 
(br. s., IB), 7.58 (t, 7 
= 7.6 Hz, IH), 7.11 
(d, 7=7.6 Hz, Hi), 
6.99 (d, 7= 7.6 Hz, 
IH), 6.39 (br.s., 2B), 
5.39 (dt, 7- 7.2, 10.4 
Hz, IB), 5.16 (dt, 7 = 
7.4, 10.4 Hz, IB), 
4.95 (s, 2H), 3.71 (t, 
7= 7.4 Hz, 2H), 2.63 
-2.71 (m, 2H), 2.25 -
2.34(m, 2H), 1.96-
2.06 (m, 2H) 

47 

NH2 

I /—0H 

323.1 324 
2.44, 

V3018V3001 Method 21 

'H NMR (500 MFIz, 
DMSO-de) 8 10.22 
(br. s., IH), 7.30 (dd, 
7=1.9, 7.3 Hz, IB), 
7.12 - 7.21 (m, 2H), 
7.10 (dd, 7 = 2.2, 7.3 
Hz, IH), 6.47 (br. s., 
2FI), 5.55 (dt, 7= 4.0, 
15.7 Hz, IB), 5.18 
(dt, 7 = 7.2,15.7 Bz, 
IH), 4.89 (s, 2H), 
4.07-4.24(m, 2B), 
3.37 - 3.66 (m, 2B), 
2.11 -2.33 (m, 2B) 
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48 

N H 2 

| | y—OH 

) 
323.1 324 

2.52, 
V3018V3001 Method 21 

JH NMR (400 MHz, 
DMSO-de) 8 10.02 
(br. s„ IH), 7.30 (d, 7 
= 7.6 Hz, 1H), 7.03 -
7.23 (m, 3H), 6.43 
(br. s,, 2H), 6.16 (dt, 
7 = 8.0, 9.6 Hz, IH), 
5.78 (dt, .7-8.0,9.6 
Hz, IH), 5.03-5.29 
(m, IH), 4.73-5.01 
(m, 2H), 4.07 -4.38 
(111, IB), 3.65-4.02 
(m, IH), 2.13 -2.31 
(m, 2H) 

49 

NH, 

A xy°H 
\ O N N •^vV 354.1 355 

2.43, 
V3018V3001 Method 21 

;H NMR (500 MHz, 
DMSO-d6) 8 10.00 
(br.s., IH), 7.60 (t ,7 
-7.7 Hz, IH), 6.80 
(d, 7 = 7.3 Hz, IH), 
6.65 (d, .7- 8.2 Hz, 
IH), 6.41 (br. s„2H), 
5.81 (dt, 7 = 7.7, 15.5 
Hz, IH), 5.58 (dt,7 = 
5.4, 15.5 Hz, IH), 
4.87 (s, 2H), 4.84 (d, 
7=5.4 Hz, 2H), 4.10 
(t, 7 =7.7 Hz, 21-1), 
1.90-2.07 (m, 2H), 
1.48 - 1.66 (m, 2H) 

50 

NHj 

T 1 VOH 

y^N 342.1 343 
2.03, 

V3018V3001 Method 19 

NMR (400 MHz, 
DMSO-d^) 8 9,80 
(br. s„lH), 8.03 (d,7 
= 4.6 Hz, IH), 7.40 
(d, 7= 8.1 Hz, IH), 
7.24 (dd, 7= 4.6, 8.1 
Hz, IH), 6.32 (br. s., 
2H), 4.98 (s, 2H), 
3.99 - 4.35 (m, 4H), 
1.50 - 1.86 (ni, 6H) 
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51 

NH? 

|TVOH 

340.1 341 
1.97, 

V3018V3001 Method 21 

NMR (400 MHz, 
DMSO-ds) 8 10.05 
(br. s., 1H), 8.23 (d,7 
= 6.1 Hz, IH), 6.85 
(d, 7-2.0 Hz, IH), 
6.76 (dd, 7= 2.0, 6.1 
Hz, IH), 6.51 (s, 
2H), 5.50 (dt, .7= 7.0, 
15.7 Hz, IH), 5.40 
(dt, 7 = 5.6, 15.7 Hz, 
IH), 4.90 (s, 2H), 
4.59 (d, 7= 5.6 Hz, 
2H), 4.45 - 4.56 (m, 
2H), 2.19-2.41 (m, 
2H) 

52 

NH2 

JuD 
307.1 308 

2.56, 
V3018V3001 Method 22 

lH NMR (500 MHz, 
DMSO-dg) 6 8.17 
(br.s., IH), 8.07 (s, 
0.3H), 8.02 (s, 0.7H), 
7.29 (d, 7= 7.6 Hz, 
0.3H), 7.10-7.25 
(m, 4H), 7.07 (d, 7 = 
7.3 Hz, 0.7H), 5.63 -
5.75 (m, IH), 5.55 
(td, 7= 6.6, 10.7 Hz, 
0.3H), 5.43 (td, 7-
7.5, 15.3 Hz, 0.7H), 
5.22 (s, 1.4H), 5.21 
(s, 0.6H), 4.64-4.77 
(ni, 1.4H), 4.49-
4.60 (ni, 0.6H), 3.30 
(d, 7- 7.9 Hz, 0.6H), 
3.18 (d, 7= 7.9 Hz, 
1.4H), 2.37-2.45 
(m, 2H) 

53 

NH2 

1 J )^OH 

0°CX^N 

°\ 

357.1 358 
2.23, 

V3018V3001 Method 23 

:H NMR (400 MHz, 
DM.SO-d6)S9.95 
(br. s., IH), 7.51 (s, 
IH), 6.38 (s,3H), 
6.30 (s, IH), 4.77 (s, 
2H), 4.55 (t, 7 = 6.3 
Hz, 2H), 4.24 (t, 7 = 
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Time, 
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6.3 Hz, 2H), 3.66 (s, 
3H), 1.40 - 1.73 (m, 
4H) 

54 

NH2 

^°YV 339.1 340 
2.25, 

V3018V3001 Method 16 

*H NMR (500 MHz, 
DMSO-de) 5 9.98 
(br.s., IH), 7.39 (s, 
IH), 7.14 (t5 J= 7.6 
Hz, IH), 6.86 (d, J = 
7.6 Hz, IH), 6.79 
(dd, ,7=1.7,7.6 Hz, 
IH), 6.43 (br. s„ 2H), 
5.37 (t, J= 5.5 Hz, 
IH), 4.77 (s, 2H), 
4.65 (d, .7=5.5 Hz, 
2H), 4.59 (s, 2H), 
1.57 (s,3H) 

55 

NH2 

„,/L,N N \\ ^ A X> 
309.1 310 

2.17, 
V3018V3001 Method 22 

lH NM.R (400 MHz, 
DMSO-dfi) 5 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, .7 = 7.1 Hz, 0.5H), 
6.99 (d, J-7.6 Hz, 
0.5H), 6.73 - 6.86 
(m, IH), 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, IH) 

56 

NH, 

iJy\ 

C^x 
oAJ 

357.1 358 
1.99, 

V3018V3001 Method 23 

'HNMR (400 MHz, 
DMSO-de) S 9.85 
(br. s, 1H), 7.88 (s, 
IH), 6.85 (d,.7= 7.6 
Hz, IH), 6.77 (d, .7 = 
7.6 Hz, IH), 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), 1.44 -
1.72 (m, 4H) 

57 

NHj 

Btw 
/ks. A 

Q-" 
355.1 356 

1.94, 
V3018V3001 Method 23 

ln NMR (400 MHz, 
DMSG-dfO 8 9.91 
(br. s., IH), 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 

N'Hj 

r/>-

°XJ 342.1 343 
2.01, 

V3018V3001 Method 24 

H NMR (400 MHz, 
DMSO-dg) 8 9.88 
(br. s, 1H), 8.24 (d J 
= 5.6 Hz, IH), 7.28 
(d, J- 1.5 Hz, IH), 
6.79 (dd, ./= 1.5, 5.6 
Hz, IH), 6.46 (br. s., 
2H), 4.92 (s, 2H), 
4.44 (t,./- 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 

NH2 

i i y-°H 

357.1 358 
2.2, 

V3018V3001 

Method 23 
Method 25 
(metathesis 
reaction) 

ltt NMR (500 MHz, 
DMSO-de) 8 9.93 
(br. s., IH), 6.98 (d,J 
= 7.2 Hz, IH), 6.91 
(t, .7-7.2 Hz, IH), 
6.70 (d, J= 7.2 Hz, 
IH), 6.31 (br.s., 2H), 
4.92 (d, .7=13.5 Hz, 
IH), 4.82 (d, .7= 13.5 
Hz, IH), 4.47-4.61 
(m, IH), 4.31 -4.46 
(a% IH), 3.87 - 3.98 
(m, IH), 3.83 (s, 
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3H), 3.46-3.61 (m, 
IH), 1.47 - 1.77 (m, 
2H), 1.04- 1.36 (m, 
2H) 

60 

NH2 

I V°H 

cAJ 355.1 356 
1.93, 

V3018V3001 Method 23 

!H NMR (400 MHz, 
DMSO-de) 5 9.92 (s, 
IH), 7.84 (s, IH), 
6.86 (d, .7=8.0 Hz, 
IH), 6.81 (d, ./= 8.0 
Hz, IH), 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) 

61 

N H 2 

JJQ~" 
S M 0~O 355.1 356 

2.15, 
V3018V3001 Method 25 

LH NMR (400 MHz, 
DMSO-de) 5 9.95 
(br. s., IH), 6.80 -
7.03 (m, 2H), 6.63 
(d, .7=6.6 Hz, IH), 
6.33 (br. s„ 2H), 5.76 
- 5.90 (m, IH), 5.04 
(dd, 5.8, 16.0 Hz, 
IH), 4.92 (q,./= 14.1 
Hz, 2H), 4.69-4.84 
(m, 2H), 4.44 (d, J = 
13.6 Hz, 1H), 3.86-
3.98 (m, IH), 3.78 (s, 
3H) 

62 

NH2 

•^SrA 1 V-CH 

355.1 356 
2.15, 

V3018V3001 Method 25 

LH NMR (400 MHz, 
DMSO-d6) 8 9.90 (s, 
IH), 6.79 - 6.88 (m, 
2H), 6.69 - 6.77 (m, 
IH), 6.31 (s, 2H), 
5.60-5.81 (ni, IH), 
5.32 - 5.46 (m, 2H), 
5.19-5.31 (m, 1H), 
4.92 (d, .7= 13.6 Hz, 
IH), 4.80 (d, ,/= 13.6 
Hz, IH), 4.27-4.40 
(m, IH), 4.10-4.26 
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(m, IH), 3.83 (s, 3H) 

63 

N H j 

XYV-
355.1 356 

2.05, 
V3018V3001 Method 25 

'H NMR (400 MHz, 
DMSO-de) 8 9.91 
(br. s., IH), 6.99 (d,J 
= 2.5 Hz, IH), 6.87 
(dd, 7 = 2.5,9.0 Hz, 
IH), 6.82 (d, 7 = 9.0 
Hz, IH), 6.41 (br. s., 
2H), 5.62 (dt, .7=6.6, 
16.0 Hz, IH), 5.34 
(dt. .7— 3.5, 16.0Hz; 

IH), 4.79 (s, 2H), 
4.72 (d, 7 = 3.5 Hz, 
2H), 4.33 (d, 7=6.6 
Hz, 2H), 3.68 (s, 3H) 

64 

NH2 

| | V-OH 
cr^-NA--N 

341.1 342 
2.13, 

V3018V3001 
Method 18 
Method 24 

lH NMR (500 MHz, 
DMSO-de) 8 9.79 
(br. s, IH), 7.16 (s, 
1H), 6.88 (t, 7=7.7 
Hz, IH), 6.62 (dd, 7 
= 1.9,7.7 Hz, IH), 
6.36 (d, 7= 7.7 Hz, 
IH), 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 

NH2 

N^ST\ 
1 1 /—0H 

Ty 
°\ 

355.1 356 
2.19, 

V3018V3001 Method 25 

:H NMR (400 MHz, 
DMSO-de) 8 10.00 
(br. s., IH), 7.52 (s, 
IH), 6.43 (s, 3H), 
6.35 (s, IH), 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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n S iKUcTURii 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

66 

N H 2 

jrVv°» 
355.2 356 

2.58, 
V3018V3001 Method 23 

'HNMR(400 MHz, 
DMSO-d6) 8 9.89 
(br.s., IH), 7.55 (br. 
s., IH), 6.96 (d,J = 
8.1 Hz, IH), 6.83 (d, 
J = 8.1 Hz, IH), 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 

NH2 

^ L [ VOH 

353.1 354 
2.53, 

V3018V3001 Method 23 

!H NMR (400 MHz, 
DMSO-dg) 8 9.88 
(br. s.,lB), 7.79 (br. 
s., IH), 7.12 (d, 7 = 
8.1 Hz, IH), 6.87 (d, 
J=8.1 Hz, IH), 6.40 
(br. s., 2H), 5.66 (dt, 
J - 8.0, 10.7 Hz, 
IH), 5.57 (dt,.7=7.1, 
10.7 Hz, IH), 4.75 
(s, 2H), 4.46 (t,/ = 
8.0 Hz, 2H), 3.74 (s, 
3H), 3.21 (d,J=7.1 
Hz, 2H), 2.16-2.40 
(m, 2H) 

68 

NH2 

l^OH 
/ O N'j* 

°\ 
353.1 354 

2.5, 
V3018V3001 Method 23 

'H NMR (400 MHz, 
DMSO-dg) 8 9.83 
(br. s., IH), 8.10 (s, 
IH), 7.12 (d, J= 8.1 
Hz, IH), 6.81 (d. ,7 = 
8.1 Hz, IH),6.38(br. 
s., 2H), 5.69 (dt, 7 = 
8.0, 15.7 Hz, IH), 
5.43 (dt, .7-7.1, 15.7 
Hz, IH), 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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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

2H) 

69 

NH2 

! | VOH 

355.2 356 
2.53, 

V3018V3001 Method 23 

lH NMR (400 MHz, 
DMSO-dg) 5 9.82 
(br. s., IH), 7.39 (br. 
s., IH), 7.03 (d, J~ 
8.1 Hz, IH), 6.81 (d, 
J = 8.1 Hz, IH), 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(ni, 4H) 

70 

NH2 

N' ifX j | V-OH 

1 
357.1 358 

2.14, 
V3018V3001 

Method 25 
Method 24 

>H NMR (400 MHz, 
DMSO-de) 5 9.78 
(br. s., IH), 7.77 (br. 
s., IH), 6.84 (d,,7 = 
8.5 Hz, IH), 6.77 
(dd, ,/= 2.5, 8.5 Hz, 
IH), 6.31 (br.s., 2H), 
4.85 (s, 2H), 4.38 (t, 
J~ 7.1 Hz, 2H), 4.07 
-4.27 (m, 2H), 3.66 
(s, 3H), 1.57 -1.69 
(m,2H), 1.40-1.56 
(m, 2H) 

71 

NH2 

NAV^I 
Jj 1 y~OH 

^J^RS J, 341.1 342 
2.34, 

V3018V3001 

Method 16 
(metathesis 

reaction) 
Method 23 
(D6 & 56) 

il NMR (500 MHz, 
DMSO-de) 8 10.00 
(br.s., IH), 7.91 (s, 
IH), 7.14 (t, J= 
7.7Hz, IH), 6.79 (d, 
J"- 7.7 Hz, IH), 6.74 
(dd, 1.9, 7.7 Hz, 
IH), 6.44 (br.s., 2H), 
4.96 (4.7=13.9 Hz, 
IH), 4.87-4.93 (m, 
IH), 4.67 (4.7- 13.9 
Hz, IH), 4.48 -4.61 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
jM+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

(m, 1H), 4.01 -4.15 
(m, IH), 3.78 -3.88 
(m, IE), 1.66- 1.79 
(m, IE), 1.48-1.61 
(m, 2H), 0.85 (d, J = 
6.9 Hz, 3H) 

72 

NH2 

rVy-
353.1 354 

2.47, 
V3018V3001 Method 23 

lH NMR (400 MHz, 
DMSO-de) 8 9.85 
(br.s., 1H), 7.92 (d,.7 
= 2.0 Hz, IH), 7.07 
(dd, J= 2.0, 8.1 Hz, 
IH), 6.86 (d,J = 8.1 
Hz, IH), 6.38 (s, 
2H), 5.71 (dv, J= 8.0, 
10.7 Hz, IH), 5.39 
(dt, J = 7.6,10.7Hz, 
IH), 4.88 (s, 2H), 
4.25 - 4.39 (m, 2H), 
3.73 (s, 3H), 3.24 (d, 
J-7.6 Hz, 2H), 2.25 
- 2.40 (m, 2H) 

73 

NHj 

N^V"X\ i II /-°H 
r-

353.1 354 
2.48, 

V3018V300I Method 23 

! H NMR (400 MHz, 
DMSO-de) 8 9.95 
(br. s„ IH), 7.61 (d,,7 
-2.0 Hz, IH), 7.01 
(dd, J = 2.0, 8.1 Hz, 
IH), 6.84 (d, .7-8.1 
Hz, IH), 6.43 (br. s., 
2H), 5.56 (dt, .7-7.0, 
15.7 Hz, IH), 5.28 
(dt, 7= 6.6,15.7 Hz, 
IE), 4.89 (s, 2H), 
4.41 -4.59 (m, 2H), 
3.78 (s, 3H), 3.07 (d, 
.7= 6.6 Hz, 2H), 2.22 
- 2.37 (in, 2H) 



WO 2014/009509 
-135-

PCT/EP201.3/064763 

# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M:+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

74 

NH2 

I | —OH 

355.1 356 
2.11, 

V30I8V3001 Method 25 

[H NMR (400 MHz, 
DMSO-de) 8 9.85 
(br. s.j IH), 7.81 (br. 
s., IH), 6.83 (d,J = 
8.6 Hz, IH), 6.78 (d, 
.7=8.6 Hz, IH), 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 

ji VoH 

/° 
355.1 356 

2.16, 
V3018V3001 Method 25 

!H NMR (400 MHz, 
DMSO-de) 8 9.97 
(br. s., IH), 7.17 (s, 
IH), 6.49 (br. s.,2H), 
6.42 (s, IH), 6.37 (s, 
IH), 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 

NH2 

1 J °H 

Q 327.1 328 
2.33, 

V3018V3001 
Method 23 
(D6 & 56) 

lH NMR (400 MHz, 
DMSO-de) 8 9.86 
(br. s.j 1H), 7.49 (dd, 
.7= 1.5, 7.6 Hz, IH), 
7.24 (t, .7-7.6 Hz, 
IH), 6.96 (d, .7=7.6 
Hz, IH), 6.88 (t, J-
7.6 Hz, IH), 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 

NH2 

|/Y\_OH 
325.1 326 

2.19, 
V3018V3001 Method 25 

lE NMR (400 MHz, 
DMSO-de) 8 9.90 
(br. s., IH), 7.35 (dd, 
J= 1.5, 7.6 Hz, IH), 
7.22 (t, .7- 7.6 Hz, 
IH), 7.13 (d, J= 7.6 
Hz, 1H), 6.89 (t, J = 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

7.6 Hz, IB), 6.34 (s, 
2H), 6.04 (dt, J=8.0, 
10.7 Hz, IH), 5.66 
(dt, J=7.0,10.7 Hz, 
IH), 4.83 (br. s., 6H) 

78 

NH? 

Xx> 
r N 

324.1 325 
2.03, 

V3018V3001 Method 26 

'H NMR (400 MHz, 
DM.SO-d6) § 8.15 (d, 
J - 4.0 Hz, IH), 7.81 
(s, IH), 7.41 (d,J = 
8.0 Hz, IH), 7.34 
(dd, .7=4.0, 8.0 Hz, 
IH), 7.02 (s, 2H), 6.3 
(dt, J = 7.0, 15.7 Hz, 
IH), 5.65 (dt, ./ = 
5.1, 15.7 Hz, IH), 
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 

NH2 

^ IT") 
324.1 325 

2.11, 
V3018V3001 Method 26 

lR NMR (500 MHz, 
DMSO-d6)S8.15(d, 
7 = 4.1 Hz, IH), 8.11 
(s, IH), 7.52 (d,J = 
8.2 Hz, IH), 7.30 
(dd, .7 = 4.1, 8.2 Hz, 
IH), 7.14 (br. s.,2H), 
5.95 (dt,.7= 7.0, 10.7 
Hz, IH), 5.80 (dt, .7 = 
7.6, 10.7 Hz, IH), 
5.40 (br. s., 2H), 4.59 
(d, 7= 7.0 Hz, 2H), 
4.24 (t, J~ 7.6 Hz, 
2H), 2.55 - 2.62 (m, 
2H) 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NM.K 

80 

NH2 

N \\ 
l| y OH 

cLqr 
o^/° 

370.1 371 
2.03, 

V3018V3001 Method 27 

lH NMR (500 MHz, 
DM.SO-d6) 8 10.48 
(br. s., 1H), 7.34-
7.72 (m, 2H), 7.26 (t, 
7= 7.3 Hz, IH), 7.07 
(d, 7 = 7.3 Hz, IH), 
6.98 (s, IH), 6.90 
(dd, .7 = 2.5, 7.3 Hz, 
1H), 4.87 (s, 2H), 
4.75 (s, 2H), 4.21 -
4.14 (m, 2H), 3.41 -
3.50 (m, 2H), 1.75 -
1.90 (m, 2H) 

81 

NH2 

II /—OH 

N. 0 

353.1 354 
2.31, 

V3018V3001 

Method 16 
(04) 

Method 23 
(metathesis 
reaction & 

final 
cyclisation 

) 

'H NMR (500 MHz, 
DMSO-de) 8 9.95 
(br. s., IH), 7.12 (d,./ 
- 8.2 Hz, 2H), 6.83 
(d, 7=8.2 Hz, 2H), 
6.29 (br. s., 2H), 5.53 
(dt, 7= 6.6, 15.7 Hz, 
IH), 5.27 (dt, 7=5.4, 
15.7 Hz, IH), 4.87 
(s, 2H), 4.67 (d, 7 = 
5.4 Hz, 2H), 3.59 (t, 
7 = 6.6 Hz, 2H), 1.90 
- 2.10 (m, 2H), 1.53 -
1.71 (m, 2H) 

82 

NH2 

A X ̂ OH 

337.2 338 
2.45, 

V3018V3001 

Method 18 
(D5) 

Method 14 
(15) 

!H NMR (500 MHz, 
DMSO-de) 8 9.81 
(br. s., IH), 7.12 (s, 
IH), 6.99 (t, 7=7.2 
Hz, IH), 6.84 (d, 
7=7.2 Hz, IH), 6.76 
(d,7=7.2Hz, IH), 
6.29 (br. s., 2H), 5.52 
(dt, 7=5.7 , 15.5 Hz, 
IH), 5.15 (dt, 7=4.9, 
15.5 Hz, IH), 4.45 (t, 
7=4.9 Hz, 2H), 4.04 
(t, 7=5.7 Hz, 2H), 
3.07 - 3.2 (m, 4H), 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

2.15-2.41 (ni, 2H) 

83 

NH2 

jj [ ^OH 

339.2 340 
2.57, 

V3018V3001 Method 24 

'H NMR (500 MHz, 
DMSO-de) 5 9.85 
(br. s„ IH), 7.23 (s, 
IH), 6.79-6.91 (m, 
2H), 6.42 - 6.53 (m, 
1H), 6.24 (br. s., 2H), 
4.08 (t, 7=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, 
,7=6.8 Hz, 2H), 1.28 
(quin, 7=6.8 Hz, 2H), 
1.12 (quin, ,7=6.8 Hz, 
2H) 

84 

/ J °v 
V

f?
 

0~
^~

Y o 

339.1 340 
2.28, 

V3018V3001 Method 18 

]H NMR (500 MHz, 
DMSO-de) 5 10.09 
(br. s, IH), 7.42 (s, 
IH), 7.07 (t,7=7.6 
Hz, IH), 6.63 -6.77 
(m, 2H), 6.55 (br. s., 
2H), 5.64 (dt, ,7=4.7, 
11.5 Hz, IH), 5.54 
(dt, 7=5.7, 11.5 Hz, 
IH), 4.89 -5.12 (m, 
2H), 4.75 (d, 7=5.7 
Hz, 2H), 3.94 (t, 
7=6.8 Hz, 2H), 2.85 
(t, 7=6.8 Hz, 2H) 
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# STRUCTURE 
Exact 
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Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

85 

NH2 

1 I V™ 

o^J 
O 

354.1 355 
2.2, 

V3018V3001 Method 28 

'H NMR (500 MHz, 
DMSO-de) 8 9.63 (s, 
IH), 8.04 (s, IH), 
7.22 (t, ,7=7.2 Hz, 
IH), 7.16 (d, .7=7.2 
Hz, IH), 7.10 (d, 
*7=7.2 Hz, IH), 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 

ji I VoH 

353.1 354 
2.2, 

V3018V3001 Method 29 

jH NMR (500 MHz, 
DMSO-dg) 8 9.71 (s, 
IH), 6.86 (t,.7=7.7 
Hz, IH), 6.77 (s, 
IH), 6.62 (dd, 7=1.9, 
7.7 Hz, IH), 6.33 (d, 
7=7.7 Hz, IH), 6.21 
(s, 2E), 5.63 (dt, 
7=6.3, 15.4 Hz, IH), 
5.55 (dt, 7=4.4, 15.4 
Hz, IH), 4.57 (d, 
7=4.4 Hz, 2H), 4.32 
(t, 7=5.20Hz, 2H), 
3.97 (t, 7=6.0 Hz, 
2H), 2.96 (t, 7=6.0 
Hz, 2H), 2.22 - 2.40 
(m, 2H) 

87 

NH, 

OAX^OH 

V0 
F 

343.1 344 
2.18, 

V3018V3001 Method 30 

JH NMR (500 MHz, 
DMSO-d6) 8 9.99 
(br. s., IH), 7.63 (dd, 
7=1.9, 8.2 Hz, IH), 
7.11 (dd, 7=8.2, 11.0 
Hz, IH), 6.70-6.96 
(ni, IH), 6.46 (br. s., 
2H), 5.76 (dt, 7=6.3, 
16.1 Hz, IH), 5.65 
(dt, 7=3.8 , 16.1 Hz, 
IH),), 4.78 -4.85 
(m, 2H), 4.77 (s, 
2H), 4.57 (d, 7=6.3 
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STRUCTURE 
Exact-
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Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Synthesis 
method 

NMR 

Hz, 2H) 

88 

NHj 

I VoH 

343.1 344 
2.18, 

V3018V3001 Method 30 

SH NMR (500 MHz, 
DMSO-de) 8 10.02 
(br. s., IH), 8.05 (d, 
.7=8.2 Hz, IH), 7.11 
(dd, .7=8.2, 11.2 Hz, 
IH), 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 

NH2 

wvk JL>~OH 

XJ 342.1 343 
2.14, 

V3018V3001 Method 31 

lB NM:R (500 MHz, 
DMSO-de) 8 9.66 
(br.s., IH), 8.10 (d, 
.7-8.2 Hz, IH), 7.09 
(dd, J=8.2, 11.2 Hz, 
IH), 6.62 -6.90 (m, 
IH), 6.29 (t, .7=6.8 
Hz, IH), 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 

X
 

o 

*-
Q 

Y
-L

T
7 

342.1 343 
2.13, 

V3018V3001 Method 31 

'HNMR (500 MHz, 
DMSO-dg) 8 9.64 
(br.s., IH), 7.75 (dd, 
,7=1.7, 8.4 Hz, IH), 
7.07 (dd, .7=8.4, 11.2 
Hz, IH), 6.72-6.93 
(m, IH), 6.48 (t, 
J=5.5 Hz, IH), 5.98 
(s, 2H), 5.68 (dt, 
7=6.0 , 15.8 Hz, IH), 
5.59 (dt, ,7-3.8 , 15.8 
Hz, IH), 4.70 (s, 
2H), 4.59 (d, .7=6.0 
Hz, 2H), 3.63-3.86 
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# STRUCTURE 
Exact 
Mass 

Mass 
Found 
[M+H] 

LCMS Ret 
Time, 

Method 

Svntfipsi$ 
i/ 

method 
NMR 

(m, 2H) 

91 

NH2 

i 1 V-°H ooo 
FAJ 345.1 346 

2.21, 
V3018V3001 Method 32 

'HNMR(500 MHz, 
DMSO-de) 5 9.92 
(br.s., IH), 8.08 (d, 
.7=8.2 Hz, IH), 7.09 
(dd, .7=8.2, 11.7 Hz, 
IH), 6.62-6.91 (m, 
IH), 6.41 (br. s., 2H), 
4.81 (s, 2H), 4.57 (t, 
,7-6.5 Hz, 2H), 4.35 
(t, >6.8 Hz, 2H), 
1.62- 1.74 (m, 2H), 
1.50 - 1.60 (m, 2H) 

92 

NH, 

1 | V-oH 

344.1 345 
2.2, 

V3018V3001 Method 32 

'HNMR (500 MHz, 
DMSO-ds) 8 9.58 (s, 
IH), 8.16 (d, 7=8.5 
Hz, IH), 7.08 (dd, 
,7-8.5, 11.7 Hz, IH), 
6.59 - 6.88 (m, IH), 
6.23 (t, >6.5 Hz, 
IH), 5.94 (s, 2H), 
4.74 (s, 2H), 4.29 (t, 
>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 

5 Assessment of TLR7 and TLR8 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 TLR8 
expression vector and NFKB-IUC reporter construct. Briefly, HEK293 cells were grown 
in culture medium (DMEM supplemented with 10% FCS and 2 mM Glutamine). For 

10 transfection of cells in 10 cm dishes, cells were detached with Trypsin-EDTA, 
transfected with a mix of CMV-TLR7 or TLRS plasmid (750 ng), NFKB-IUC plasmid 
(375 ng) and a transfection reagent and incubated 48 hours at 37°C in a humidified 5% 
CO2 atmosphere. Transfected cells were then detached with Trypsin-EDTA, washed in 
PBS and resuspended in medium to a density of 1.67 x 103 cells/mL. Thirty microliters 

15 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% CO2, the luciferase activity was determined by adding .15 u,l 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 

20 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 LIL per well of cells transfected with NFKB-IUC reporter construct 

25 alone (1.67 x lO5 cells/mL). Six hours after incubation at 37°C, 5% CO2, the luciferase 
activity was determined by adding 15 pi of Steady Lite Plus substrate (Perkin Elmer) to 
each well and readout performed on a ViewLux ultraHTS microplate imager (Perkin 
Elmer). Counterscreen data is reported as LEC. 

30 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 

35 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 STAT1-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 resuspcnded in R.PMI 
medium supplemented with 10% human AB serum and 2 x 105 cells/well were 
dispensed into 384-well plates containing compounds (70 JIL total volume). After 

5 overnight incubation of the PBMCs with the compounds, 10 uL of supernatant was 
transferred to 384-well plates containing 5 x 103 HEK-ISRE-luc cells/well in 30 JIL 
(plated the day before). Following 24 hours of incubation, activation of the 1SRE 
elements was measured by assaying luciferase activity using 40 uL/well Steady Lite 
Plus substrate (Perkin Elmer) and measured with ViewLux ultraHTS microplate imager 

10 (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. 

15 The LEC values for the compounds in table 2 on HEK293 TLRB-NFKB-IUC were >10 
jiM for compound 6, 20.46 iiM for compound 39, >19.49 |a.M for compound 40, 11.16 
p.M for compound 41, >10 jiM for compound 44, 5.48 |j.M for compound 47, >10 LLM 
for compound 63, 0.27 JIM for compound 75 and >25 iiM. for all other compounds. 
The LEC values for the compounds in table 2 on HEK293 NFKB-IUC were greater than 

20 the highest tested concentration (> 10 tiM for compounds 6, 44 and 63, and > 25 p.M 
for all other compounds). 

Table 2. Compounds of formula (I) 
n represents the number of experiments performed. 

25 
# 

STRUCTURE 
HEK293 

TLR7-NFKB-/MC 
(LEC; |iM) 

n 
PBMC 

HEK-lSRE-/wc 
(LEC; LLM) 

n 

H2N 

NHVH 

& 
£Z 

0.154 5 0.081 5 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/WC 

(LEC; fiM) 
n 

PBMC 
HEK-ISRE-Zwc 

(LEC; f.iM) 
n 

2 

H2N 

<WV0H 
N\ Y 

o>N \ 

Yo 
0.51 0.22 2 

3 

H,N 

}^<NvOH 

/^N \—\\ // 
N~/ 

EZ 

1.05 0.14 1 

4 

H2N 
)-vNv0H 

N 7— N /^X 
/^N —<\ /) N=y <j 

3.27 • 0.64 2 

5 

H2M 

Wv0H 
W /~~~ N \ 

/ H rr 
o 

0.24 0.044 2 

6 

H2N 
L ^ 

N^Y VOH 

} 
/ \J 

HN j—o 

\ 
0 

> 10 1.73 2 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/WC 

(LEC; \xM) 
n 

PBMC 
HEK-ISRE-/«c 

(LEC; |iM) 
n 

7 

NH2 

H0\ 
j jj 1 y—OH 

/ H 1 
0.87 1 0.31 2 

8 

NH2 

jj i y_OH 
HN^N^N 2.42 1 0.68 4 

9 

H2N 

fHv°H 

J N=/ 

( BV 
0 

0.30 1 0.098 2 

10 

N H2 

1 1 i y-°» 
j H J 

5.26 1 0.53 2 

11 

NH2 

AX>- 0.050 2 0.022 4 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/WC 

(LEC; }iM) 
n 

PBMC 
HEK-ISRE-Zwc 

(LEC; nM) 
n 

12 

H2N •Hy 
0.39 1 0.043 4 

13 

H2N 

14.69 1 4.7 2 

14 

H2N hy •^o 1.68 1 0.51 3 

15 

H2N >irH 
° J 0.12 6 0.016 11 

16 

NHj 

XX>~OH 
0.375 12 0.11 7 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/MC 

(LEC; JIM) 
n 

FBMC 
HEK-ISRE-/wc 

(LEC; JIM) 
n 

17 

NH? 

^ 1 iV« 0.067 4 0.013 6 

18 

NH2 

HI X^~OH 

--° 

0.82 1 0.056 2 

19 

NHj 

HJCX ^~OH 
HO^ 2.24 1 0.14 2 

20 

NH2 

Jl I)"0" 

CJ> 
"v 0 

0.74 0.15 2 

21 

NH, 

Xv 

\ o 

0.3 0.05 2 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/MC 

(LEC; jiM) 
n 

PBMC 
HEK-ISRE-/«c 

(LEC; fiM) 
n 

22 

NH2 

1 IrOH 

^NSNW' ^-0 

0.12 1 0.054 4 

23 

NH2 

NV\ A X/~"OH 

( Vii v 
\ —o 

0.043 1 0.012 2 

24 

NH2 

NVN. 1 1VOH 
1.05 1 0.15 2 

25 

NHj 

X\ 
A^w 

H3° 
20.22 3.61 4 

26 

NH2 

1XV°. 

VP 
0.027 0.093 4 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/MC 

(LEC; fiM) 
n 

PBMC 
HEK-ISRE-/we 

(LEC; |iM) 
n 

27 

NH2 

i JL V°H 

1.31 6 0.11 6 

28 

NH2 

XX V°H 
H !sT^ 

0.77 1 0.26 4 

29 

NH2 

XX 
0.81 0.15 2 

30 

NHj 

XXV-
0.87 0.56 2 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/MC 

(LEC; nM) 
n 

PBMC 
HEK-ISRE-/MC 

(LEC; fiM) 
n 

31 

NH2 

N^V'V 1 X ^0H 
1.36 2 0.263 6 

32 

NH2 

N^V\ 1 1 r0H 

0.92 2 0.12 4 

33 

NHj 

AiV» 
0.17 2 0.11 4 

34 

NH2 

NVI 1 JL>~OH 

9.81 0.032 2 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/WC 

(LEC; m) 
n 

PBMC 
HEK-ISRE-ZHC 

(LEC; |iM) 
n 

35 

NH2 

L X VOH 

0 

1.68 1 0.41 2 

36 

NH2 

—v ! I VOH 
F 12.45 0.68 2 

37 

NH2 

^ A X ̂ OH 
0.8 0.12 2 

38 

NH2 

i xy°" 
0.53 3 0.027 2 

39 

NH2 

N^V\ 1 1 V-OH s 1.16 2 0.22 4 

40 

NH, X\. ^0ANI>0H 
1.3 3 0.15 4 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/WC 

(LEC; |aM) 
R 

PBMC 
HEK-I.SRE-/HC 

(LEC; jiM) 
n 

41 

NH2 

jj —OH 

1.93 2 0.48 4 

42 

NH2 

1 JL ^~OH 

2.28 2 0.5 4 

43 

^H2 

JL A ̂ 0H 

—o 

0.11 2 0.034 4 

44 

NH2 

N^YV_ 1 1 /—OH 

°~ON 
5.77 2 0.62 2 

45 

HH2 

N^STA JL iL VOH 

XA 
0.108 2 0.01 6 



WO 2014/009509 
-153-

PCT/EP2013/064763 

# 
STRUCTURE 

HEK293 
TLR7-NFKB~/WC 

(LEC; jiM) 
n 

PBMC 
HEK-ISRE-Zwc 

1 (LEC; fiM) 
n 

46 

NH2 

1 J VOH 

N / 

J 
6.49 1 1.13 2 

47 

NHj 

NV, J j OH 

3.43 3 2.34 4 

48 

NH2 

N^V\ i J ^°H 

0.64 2.04 2 

49 

NH2 

1XV-™ 
\ CT N N 

0.21 0.16 2 

50 

NH2 

N if*"^ \\ 
1 \) OH' 

yy 
1.19 1 0.24 2 

51 

HH2 

Ar\ 1 I VOH 

^°W 0.74 0.069 2 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/MC 

(LEC; \iM) 
n 

PBMC 
HEK-ISRE-/HC 

(LEC; fiM) 
n 

52 

NH2 

N1A_,N JuO 
7.96 1 4.8 2 

53 

NH2 

^AAV°H 

k/°YY 
°\ 

0.029 • 0.01 2 

54 

NH2 

h AX V™ 
\J O N N 0.041 2 0.026 4 

55 

N H 2 

JD3 
>25 15.31 2 

56 

NH2 

J I V~OH 

0°Y^O 
I 

0.056 2 0.01 4 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/MC 

(LEC; \.iM) 
n 

PBMC 
HEK-lSRE-/wc 

(LEC; (iM) 
n 

57 

NH, 

Xxy 
i 

0.08 1 0.021 2 

58 

NHj 

| y—OH 

0.63 3 0.086 4 

59 

NH2 

XJCV-
4.41 1 1.92 2 

60 

H H2 

N^V\ i 1 )^°H 

0°Y^O 0.088 1 0.033 2 

61 

NH2 

NM 1 [T VOH 

V5 4.7 1 4.98 2 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/MC 

(LEC; JIM) 
n 

PBMC 
HEK-ISRE-luc 

(LEC; |iM) 
n 

62 

NH2 

I y—OH 

7.26 1 2.03 2 

63 

NHj 

JpV \^OH 

%-°YY 0J2 1 0.031 2 

64 

NH2 

|| \ y—OH 

1.49 1 0.5 2 

65 

UH2 

i 1 VOH O°OON 
0.038 2 0.03 2 

66 

NHj 

N^VA f \\ )^0H 

0.032 0.018 2 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-Sue 

(LEC; nM) 
n 

PBMC 
HEK.-I.SRE-/wc 

(LEC; nM) 
n 

67 

NH2 

1 V-OH 

1 

0.0024 0.0028 2 

68 

o 

o 
/
 

0.006 0.0057 2 

69 

NH2 

N^V-N 
1 \) OH 

0.2 0.039 2 

70 

NHj 

NA-1 
1 / OH 

1 

0.15 1 0.04 2 

71 

NH3 

N/L^N 
A JC ̂ OH 

0.12 0.04 2 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/MC* 

(LEC; jiM) 
n 

PBMC 
HEK-ISRE~/wc 

(LEC; iiM) 
0 

72 

NH2 

X XXoH 
^ O N ^ 

0.018 1 0.0029 2 

73 

NH2 

0.045 1 0.01 2 

74 

N H 2 

N<vi i I ^OH 

0.1 • 0.044 2 

75 xA
 

O
 

O
 

X°~
W

 y
V

i 
T

 
0
 
1
 

0.0068 0.0026 2 

76 

r jryV°» 

Q 
0.12 1 0.064 2 
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# HEK293 PBMC 
STRUCTURE TLR7-NFKB-/MC 

(LEC; iiM) 
n HEK-XSRE-luc 

(LEC; f.iM) 
n 

NH2 

1 X XOH 

82 3.95 1 

NH2 

NX^N 1 JL V~OH 

83 X >25 i 2.66 4 

NH, 

NAv-N it Nr \\ A X 
84 3.4 0.51 2 

NH2 

N ^>r-^ v\ 
11 y—OH "z

—
 (
 

<
 z —

 

/ 

85 

O^J 
o 

0.33 2 12.48 4 
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STRUCTURE 
HEK293 

TLR7-NFKB-/MC 
(LEC; (iM) 

n 
PBMC 

HEK-ISRE-/«6' 
(LEC; (iM) 

n 

86 

H2N 

l| [ y OH 

7.91 1 2.43 2 

87 

NH? 

N^Vk 
1 1 / 0H 

°-0 
0.034 

88 

NHj 

NA-\ L ff VOH 
0°^^J 0.11 

89 

NH2 

N iT^ \\ H L 1 >"OH 

FAJ 
0.4 

90 

NH2 

Xr\ 
rAXv°H 

SH A °~0 
F 

0.063 1 

91 

NH2 

N^V\ i f VOH 

FAJ 
0.14 1 
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# 
STRUCTURE 

HEK293 
TLR7-NFKB-/WC 

(LEC; JJJVI) 
n 

PBMC 
HEK-ISRE-ZMC 

(LEC; uM) 
n 

92 

NH, 

XrV I j y-oH 

XJ 
0.47 1 
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Claims 

1. Compound having formula (I) 

NH2 

and pharmaceutically accepted salts thereof, wherein 

X is oxygen, nitrogen, sulfur or 

Y represents an aromatic ring or heterocyclic ring comprising at least a nitrogen, 
optionally substituted by one or more substituents independently selected from Ci-
6alkyl, Ci^alkoxy, trifluoromethyl or halogen, 

15 Z represents CMO saturated or unsaturated alky! optionally substituted by an alkyl or 
alkylhydroxyl; 
or Z represents Ci-ealkyi -NH~C(G)~ C^galkyl- or Chalky! -NH-C(O)- Ci^aikyl -G~; 
or Z represents Cj.joalkyl -O- wherein said alkyl is unsaturated or saturated and can 
optionally be substituted by an alkyl or alkylhydroxyl, 

20 or Z represents Ci-ealkyl-O-Cj-eaiky!- wherein said alkyl is unsaturated or saturated and 
can optionally be substituted by an aikyi or alkylhydroxyl. 
or Z represents C i -6 a Iky 1 - O - C i a lk y 1- O - wherein said alkyl is unsaturated or saturated 
and can optionally be substituted by an alkyl or alkylhydroxyl. 

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



3. A pharmaceutical composition comprising a compound of formula (I) or a 
pharmaccutically 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 
5 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 

10 according to claim 3, for use in the treatment of a disorder in which the modulation 
of TLR7 is involved. 


