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METHODS OF TREATING LIVER DISEASES 

BACKGROUND 

[0001] Fatty liver disease and .liver fibrosis can be chronic liver diseases and represent 

a common and difficult clinical challenge of worldwide importance. Liver fibrosis is the 

excessive accumulation of extracellular matrix proteins including collagen that occurs in most 

types of chronic liver diseases. Advanced liver fibrosis results in cirrhosis, liver failure, and 

portal hypertension and often requires liver transplantation. 

[00021 Non-alcoholic steatohepatitis (NASH) is a severe form, of fatty liver disease 

that affects 2 to 5 percent of Americans. It resembles alcoholic liver disease but occurs in 

people who drink little or no alcohol. The major feature of NASH is excess fat contentin the 

liver, along with inflammation and liver damage. NASH can lead to liver cirrhosis, fibrosis, 

hepatocellular carcinoma, liver failure, liver-related death, and liver transplantation. NASH 

can also lead, to an increased risk of cardiovascular disease. 

[0003] Although NASH affects only 2-5 % of Americans, it is becoming prevalent, 

likely because of the greater number of Americans with obesity. Many people with NASH are 

middle-aged, obese, diabetic and/or have elevated blood cholesterol levels. However, NASH 

can occur in people without any apparent risk factor and can even occur in children. Currently, 

there are no specific therapies for treating NASH, although some studies suggest that diet, 

exercise and reducing alcohol intake may be useful in altering the course of the disease. 

[0004] At present, the only curative treatment for end stage cirrhosis is 

transplantation, but limited availability of donor organs and the clinical condition of the 

potential recipient limit the applicability of this technique. 

[0005] MetAP2 encodes a protein that functions at least in part by enzymatically 

removing the amino terminal methionine residue from, certain newly translated proteins such as 

glyceraldehyde-3-phosphate dehydrogenase (Warder el al. (2008) J Proteome Res 7:4807V 

Increased expression of the MetAP2 gene has been historically associated with various forms 

of cancer. Molecules inhibiting the enzymatic activity of MetAP2 have been identified and 

have been explored for their utility in the treatment of various tumor types (Wang et al. (2003) 

Cancer Res. 63:7861) and infectious diseases such as microsporidiosis, leishmaniasis, and 

malaria (Zhang et al. (2002) J. Biomed. Sci. 9:34). Notably, inhibition of MetAP2 activity in 
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obese and obese-diabetic animals leads to a reduction in body weight in part by increasing the 

oxidation of fat and in part by reducing the consumption of food (Rupnick et al. (2002) Proc. 

Natl. Acad. Sci. USA 99:10730). 

SUMMARY 

J0006) In one aspect of the present disclosure, there is provided a use of a compound 

represented by 

F o OH or a phannaceutically acceptable salt thereof in the 

manufacture of a medicament for treating or substantially preventing liver fibrosis in a patient. 

[0007] In one embodiment, the dose of the compound is less than about 10 mg/kg. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 indicates a disclosed compound targets the liver based on the 

presence of tissue biomarkers. 

[0009] Figure 2 shows the results from a body weight change study in obese mice 1.0 

days after administration of a disclosed compound versus fumagillin or vehicle. 

[0010]- Figure 3 shows the results from a mouse study examining the effect of once a 

day or twice a day administration of a disclosed compound. 

[0011] Figure 4 indicates the reduction in the level of plasma insulin after 

administration of a disclosed compound. 

[0012] Figure 5 shows a reduction in liver and mesenteric fat pad weight in an animal 

model. 

[0013] Figure 6 indicates regulation of the expression of genes implicated in 

pathogenesis of fatty liver and fibrosis after treatment of obese mice with a disclosed 
compound 

[0014] Figure 7 shows the composite NAFLD (non-alcoholic fatty liver disease) 

activity score after treatment of mice with a disclosed compound. 
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[0015] Figure 8 shows the NAFLD activity subscore (lobular inflammation, steatotis, 

hepatocyte ballooning) in a NASH/NAFLD mouse model after treatment with a disclosed 

compound. 

[0016] Figure 9 shows the decrease in whole blood HbAic after treatment with a 
disclosed compound. 

[0017] Figure 10 shows the decrease in plasma total cholesterol after treatment with a 
disclosed compound. 

DETAILED DESCRIPTION 

[0018] The features and other details of the disclosure will now be more particularly 

described. Before further description of the present invention, certain terms employed in the 

specification, examples and appended claims are collected here. These definitions should be 

read in light of the remainder of the disclosure and as understood by a person of skill in the art. 

Unless defined otherwise, all technical and scientific terms used herein have the same meaning 

as commonly understood by a person of ordinary skill in the art. 

Definitions 

[0019] "Treating" includes any effect, e.g., lessening, reducing, modulating, or 

eliminating, that results in the improvement of the condition, disease, disorder and the like. 

[0020] "Pharmaceutically or pharmacologically acceptable" include molecular 

entities and compositions that do not produce an adverse, allergic or other untoward reaction 

when administered to an animal, or a human, as appropriate. For human administration, 

preparations should meet sterility, pyrogenicity, and general safety and purity standards as 

required by FDA Office of Biologies standards. 

[0021] The term "pharmaceutically acceptable carrier" or "pharmaceutically 

acceptable excipient" as used herein refers to any and all solvents, dispersion media, coatings, 

isotonic and absoiption delaying agents, and the like, that are compatible with pharmaceutical 

administration. The use of such media and agents for pharmaceutically active substances is 

well known in the art. The compositions may also contain other active compounds providing 
supplemental, additional, or enhanced therapeutic functions. 

[0022] 'Individual," "patient," or "subject" are used interchangeably and include any 

animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine, 

cattle, sheep, horses, or primates, and most preferably humans. The compounds of the 
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invention can be administered to a mammal, such as a human, but can also be administered to 

other mammals such as an animal in need of veterinary treatment, e.g., domestic animals (e.g., 

dogs, cats, and the like), farm animals (e.g., cows, sheep, pigs, horses, and the like) and 

laboratory animals (e.g., rats, mice, guinea pigs, and the like). The mammal treated in the 

methods of the invention is desirably a mammal in which treatment of obesity or weight loss is 

desired. "Modulation" includes antagonism (e.g., inhibition), agonism, partial antagonism 

and/or partial agonism. 

[0023] In the present specification, the term "therapeutically effective amount" means 

the amount of the subject compound that will elicit the biological or medical response of a 

tissue, system or animal, (e.g. mammal or human) that is being sought by the researcher, 

veterinarian, medical doctor or other clinician. The compounds of the invention are 

administered in therapeutically effective amounts to treat a disease. Alternatively, a 

therapeutically effective amount of a compound is the quantity required to achieve a desired 

therapeutic arid/or prophylactic effect, such as an amount that results in weight loss. 

[00241 The term "pharmaceutically acceptable salt(s)" as used herein refers to salts of 

acidic or basic groups that may be present in compounds used in the compositions. 

Compounds included in the present compositions that are basic in nature are capable of forming 

a wide variety of salts with various inorganic and organic acids. The acids that may be used to 

prepare pharmaceutically acceptable acid addition salts of such basic compounds are those that 

form non-toxic acid addition salts, i.e., salts containing pharmacologically acceptable anions, 

including, but not limited to, malate, oxalate, chloride, bromide, iodide, nitrate, sulfate, 

bisulfate, phosphate, acid phosphate, isonicotinate, acetate, lactate, salicylate, citrate, tartrate, 

oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, 

gluconate, glucaronate, saccharate, formate, benzoate, glutamate, methanesulfonate, 

ethanesulfonate, benzenesulfonate,/?-toluenesulfonate and pamoate (i.e., l,l!-methylene-6zs-(2-

hydroxy-3-naphthoate)) salts. Compounds included in the present compositions that are acidic 

in nature are capable of forming base salts with various pharmacologically acceptable cations. 

Examples of such salts include alkali metal or alkaline earth metal salts, particularly calcium, 

magnesium, sodium, lithium, zinc, potassium, and iron salts. Compounds included in the 

present compositions that include a basic or acidic moiety may also form pharmaceutically 

acceptable salts with various amino acids. The compounds of the disclosure may contain both 

acidic and basic groups; for example, one amino and one carboxylic acid group. In such a case, 

the compound can exist as an acid addition salt, a zwitterion, or a base salt. 
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[0025] The compounds of the disclosure may contain one or more chiral centers and, 

therefore, exist as stereoisomers. The term "stereoisomers" when used herein consist of all 

enantiomers or diastereomers. These compounds may be designated by -the symbols "(+)," "(-

)," "R" or "S." depending on the configuration of substituents around the stereogenic carbon 

atom, but the skilled artisan will recognize that a structure may denote a chiral center 

implicitly. The present invention encompasses various stereoisomers of these compounds and 

mixtures thereof. Mixtures of enantiomers or diastereomers may be designated "(±)" in 

nomenclature, but the skilled artisan will recognize that a structure may denote a chiral center 

implicitly. 

[0026] The compounds of the disclosure may contain one or more double bonds and, 

therefore, exist as geometric isomers resulting from the arrangement of substituents around a 

carbon-carbon double bond. The symbol denotes a bond that may be a single, double or 

triple bond as described herein. Substituents around a carbon-carbon double bond are 

designated as being in the "Z" or configuration wherein the terms "Z" and "is" are used in 

accordance with IUPAC standards. Unless otherwise specified, structures depicting double 

bonds encompass both the "E" and "Z" isomers. Substituents around a carbon-carbon double 

bond alternatively can be referred to as "cis" or "trans," where "cis" represents substituents on 

the same side of the double bond and "trans" represents substituents on opposite sides of the 

double bond. 

[0027] Compounds of the disclosure may contain a carbocyclic or heterocyclic ring 

and therefore, exist as geometric isomers resulting from the arrangement of substituents around 

the ring. The arrangement of substituents around a carbocyclic or heterocyclic ring are 

designated as being in the "Z" or "E " configuration wherein the terms "Z" and "E " are used 

in accordance with IUPAC standards. Unless otherwise specified, structures depicting 

carbocyclic or heterocyclic rings encompass both "Z" and "E" isomers. Substituents around a 

carbocyclic or heterocyclic rings may also be referred to as "cis" or "trans", where the term 

"cis" represents substituents on the same side of the plane of the ring'and the term "trans" 

represents substituents on opposite sides of the plane of the ring. Mixtures of compounds 

wherein the substituents are disposed on both the same and opposite sides of plane of the ring 

are designated "cis/trans." 

[0028] Individual enantiomers and diasteriomers of compounds of the present 

invention can be prepared, synthetically from commercially available starting materials that 

contain asymmetric or stereogenic centers, or by preparation of racemic mixtures followed by 
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resolution methods well known to those of ordinary skill in the art. These methods of 

resolution are exemplified by (1) attachment of a mixture of enantiomers to a chiral auxiliary, 

separation of the resulting mixture of diastereomers by recrystallization or chromatography and 

liberation of the optically pure product from the auxiliary, (2) salt formation employing an 

optically active resolving agent, (3) direct separation of the mixture of optical enantiomers on 

chiral liquid chromatographic columns or (4) kinetic resolution using stereoselective chemical 

or enzymatic reagents. Racemic mixtures can also be resolved into their component 

enantiomers by well known methods, such as chiral-phase liquid chromatography or 

crystallizing the compound in a chiral solvent. Stereoselective syntheses, a chemical or 

enzymatic reaction in which a single reactant forms an unequal mixture of stereoisomers during 

the creation of a new stereocenter or during the transformation of a pre-existing one, are well 

known in the art. Stereoselective syntheses encompass both enantio- and diastereoselective 

transformations, and may involve the use of chiral auxiliaries. For examples, see Carreira and 

Kvaenio, Classics in Stereoselective Synthesis, Wiiey-VCH: Weinheim, 2009. 

I. Uses 
[0029] The disclosure provides a use of compounds in the manufacture of a 

medicament for treating and/or substantially preventing liver fibrosis, in a patent by 

administering to a patient in need thereof a therapeutically effective amount of a disclosed 

compound. Contemplated patients include not only humans, but other animals such as 
companion animals (e.g., dogs, cats). 

[0030] The compounds of the invention may be administered to patients (animals 

and/or humans) in need of such treatment in dosages that will provide optimal pharmaceutical 

efficacy. It will be appreciated that the dose required for use in any particular application will 

vary from patient to patient, not only with the particular compound or composition selected, but 

also with the route of administration, the nature of the condition being treated, the age and. 

condition of the patient, concurrent medication or special diets then being followed by the 

patient, and other factors which those skilled in the art will recognize, with the appropriate 

dosage ultimately being at the discretion of the attendant physician. For treating clinical 

conditions and diseases noted above, a compound of this invention may be administered orally, 

subcutaneously, topically, parenterally, by inhalation spray or rectally in dosage unit 

formulations containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants 
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and vehicles. Parenteral administration may include subcutaneous injections, intravenous or 

intramuscular injections or infusion techniques. 

[0031] In certain embodiments, disclosed uses may include oral administration to a 

patient. For example, a disclosed use may comprise administering a dose to a patient (e.g. 

orally administering) of about 0.001 to about 10 mg/kg ( or about 0.001 to about 50 mg/kg, or 

e.g. less than or about 10 mg/kg) twice or once daily. 

[0032] Treatment can be continued for as long or as short a period as desired. The 

compositions may be administered on a regimen of, for example, one to four or more times per 

day. A suitable treatment period can be, for example, at least about one week, at least about 

two weeks, at least about one month, at least about six months, at least about 1 year, or 

indefinitely. A treatment period can terminate when a desired result, for example a weight loss 

target,and/or a targeted percentage reduction in liver fat or abdominal fat content is achieved. 

A treatment regimen can include a corrective phase, during which dose sufficient to provide 

reduction of weight is administered, and can be followed by a maintenance phase, during which 

a e.g. a lower dose sufficient to prevent weight gain is administered. A suitable maintenance 

dose is likely to be found in the lower parts of the dose ranges provided herein, but corrective 

and maintenance doses can readily be established for individual subjects by those of skill in the 

art without undue experimentation, based on the disclosure herein. Maintenance doses can be 

employed to maintain body weight in subjects whose body weight has been previously 

controlled by other means, including diet and exercise, bariatric procedures such as bypass or 
banding surgeries, or treatments employing other pharmacological agents. 

[0033] In some embodiments, disclosed, uses are directed to treatment of patients 

having a diabetic (e.g. type 2 diabetes) or pre-diabetic condition. Contemplated herein is 

treatment of patients that are not obese, or alternatively, are suffering from obesity. 

EXAMPLES 

[0034] The compounds described herein can be prepared in a number of ways based 

on the teachings contained herein and synthetic procedures known in the art. In the description 

of the synthetic methods described below, it is to be understood that all proposed reaction 

conditions, including choice of solvent, reaction atmosphere, reaction temperature, duration of 

the experiment and workup procedures, can be chosen to be the conditions standard for that 

reaction, unless otherwise indicated. It is understood by one skilled in the art of organic 

synthesis that the functionality present on various portions of the molecule should be 

compatible with the reagents and reactions proposed. Substituents not compatible with the 
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reaction conditions will be apparent to one skilled in the art, and alternate methods are therefore 

indicated. The starting materials for the examples are either commercially available or are 

readily prepared by standard methods from known materials. 

[ 0035] At least some of the compounds identified as "Intermediates" herein are 

contemplated as compounds of the invention. 

[0036] 3H NMR spectra were recorded at ambient temperature using a Varian Unity 

Inova (400MHz) spectrometer with a triple resonance 5mm probe for Example compounds, and 

either a Bruker Avance DRX (400MHz) spectrometer or a Bruker Avance DPX (300MHz) 

spectrometer for Intermediate compounds. Chemical shifts are expressed in ppm relative to 

tetramethylsilane. The following abbreviations have been used: br = broad signal, s - singlet, d 

- doublet, dd = double doublet, ddd = double double doublet, dt = double triplet, t - triplet, td = 

triple doublet, q = quartet, m = multiplet. 

[0037] Mass Spectrometry (LCMS) experiments to determine retention times and 

associated mass ions were performed using the following methods: 

[0038] Method A: Experiments were performed on a Waters ZMD LC quadrapole 

mass spectrometer linked to a Waters 1525 LC system with a diode array detector. The 

spectrometer has an electrospray source operating in positive and negative ion mode. 

Additional detection was achieved using a Sedex 85 evaporative light scattering detector. LC 

was carried out using a Luna 3micron 30 x 4.6mm CI 8 column and a 2mL/minute flow rate. 

The initial solvent system was 95% water containing 0.1% formic acid (solvent A) and 5% 

jicetonitrile containing 0.1% formic acid (solvent B) for the first 0.5 minute followed by a 

gradient up to 5% solvent A and 95% solvent B over the next 4 minutes. The final solvent 

system was held constant for a further I minute. 

[0039] Method B: Experiments were performed on a Waters V G Platform quadrupole 

spectrometer linked to a Hewlett Packard 1050 LC system with a diode array detector. The 

Spectrometer has an electrospray source operating in positive and negative ion mode. 

Additional detection was achieved using a Sedex 85 evaporative light scattering detector. LC 

was carried out using a Luna 3micron 30 x 4.6mm CI 8 column and a 2mL/'minute flow rate. 

The initial solvent system was 95% water containing 0.1% formic acid (solvent A) and 5% 

cicetonitrile containing 0.1% formic acid (solvent B) for the first 0.3 minute followed by a 

gradient up to 5% solvent A and 95% solvent B over the next 4 minutes. The final solvent 

system was held constant for a further 1 minute. 

[0040] Method C: Experiments were performed on a Waters Micromass ZQ2000 

quadrapole mass spectrometer linked to a Waters Acquity IJPLC system with a PDA UV 
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detector. The spectrometer has an electrospray source operating in positive and negative ion 

mode. LC was carried out using an Acquity BEH 1.7micron CI8 column, an Acquity BEH 

Shield 1.7micron RP18 column or an Acquity HSST l.Smicron column. Each column has 

dimensions of 100 x 2.1mm and was maintained at 40°C with a flow rate of 0.4mL/minute. The 

initial solvent system was 95% water containing 0.1% formic acid (solvent A) and 5% 

acetonitrile containing 0.1 % formic acid (solvent B) for the first 0.4 minute followed by a 

gradient up to 5% solvent A and 95% solvent B over the next 6 minutes. The final solvent 

system was held constant for a further 0.8 minutes. 

[0041] Method D: Experiments were performed on a Shimadzu LCMS-2020 

spectrometer with an electrospray source operating in positive ion mode. LC was carried out 

using a Shimadzu Shim-pack XR-ODS 2.2 micron 50x3.0mm column. The initial, solvent 

system was 95% water containing 0.05% trifluoroacetic acid (solvent A) and 5% acetonitrile 

(solvent B) for the first 0.01 minute then a gradient up to 100% solvent B over the next 1.3 

minutes. The final solvent system was held constant for a further 1 minute. 

[0042] Method E: Experiments were performed on a Waters ZMD LC quadrapole 

mass spectrometer linked to a Hewlett Packard HD 1100 system with a diode array detector. 

The spectrometer has an electrospray source operating in positive and negative ion mode. LC 

was carried out using a Luna 3micron 30 x 4.6mm CI 8 column and a 2mL/minute flow rate. 

The initial solvent system was 95% water containing 0.1% formic acid (solvent A) and 5% 

acetonitrile containing 0.1 % formic acid (solvent B) for the first 0.5 minute followed by a 

gradient up to 5% solvent A and 95% solvent B over the next 4 minutes. The final solvent 

system was held constant for a further 1 minute. 

[0043] Method F: Experiments were performed on a Waters V G Platform quadrapole 

spectrometer linked to a Hewlett Packard 1050 LC system with a diode array detector. The 

spectrometer has an electrospray source operating in positive and negative ion mode. 

Additional detection was achieved using a Sedex 85 evaporative light scattering detector. LC 

was carried out using a Luna 3micron 30 x 4.6mm CI 8 column and a 2mL/minute flow rate. 

The initial solvent system was 95% water containing 0.1% formic acid (solvent A) and 5% 

acetonitrile containing 0.1 % formic acid (solvent B) for the first 0.3 minute followed by a 

gradient up to 5% solvent A and 95% solvent B over the next 4 minutes. The final solvent 

system was held constant for a further 1 minute. Microwave experiments were carried out using 
a Biotage Initiator™, which uses a single-mode resonator and dynamic field tuning. 

Temperatures from 40-250 °C can be achieved, and pressures of up to 20 bars can be reached. 

A facility exists to apply air cooling during the irradiation. 
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[0044] Preparative HPLC purification was carried out using either a Ci8-reverse-

phase column from Genesis (CIS) or a C6-phenyl column from Phenoraenex (C6- phenyl) (100 

x 22.5 mm i.d. with 7 micron particle size, UV detection at 230 or 254 nni, flow 5-1.5mL/min), 

eluting with gradients from 100-0 to 0-100 % water/acetonitrile or water/methanol containing 

0.1% formic acid.. Fractions containing the required product (identified by LCMS analysis) 

were pooled, the organic fraction removed by evaporation, and the remaining aqueous fraction 

lyophilised, to give the product. 

[0045] Compounds which required column chromatography were purified manually 

or fully automatically using either a Biotage SP1™ Flash Purification system with Touch Logic 

Control™ or a Combiflash Companion® with pre-packed silica gel Isolute® SPE cartridge, 

Biotage SNAP cartridge or Redisep® Rf cartridge respectively. 

[0046] Compounds have been named using Autonom2000 within ISISDraw. 

[0047] Abbreviations: 

DCM Dichloromethane 

IMS Industrial methylated spirits 

DMF N,N-Dimethylformamide 

DMAP 4-Dimethylaminopyridine 

THF Tetrahydrofuran 

DMSO Dimethylsulfoxide 

NMP N-methylpyrrolidinone 

DCE 1.2-Dichloroethane 

H ATU 7 - Azabenzotriazol-1 -yl-N,N,N' ,N' ,tetramethyluronium 

hexafluorophosphate 

ED AC N-(3-DimethyIaminopropyl)-lNP ethylcarbodiimide hydrochloride 
IMS Industrial methylated spirit 

NMM N-methylmorpholine 

DBU l,S-Diazabicyclo[5.4.0]undec-7-ene 

[0048] Examples 1-9, 13-15 and 17-86 (and their corresponding intermediates and 

compounds in the biological examples) are provided for reference purposes. 

Example 1: Cis-(3aRS,9bRS)-7-(Benzenesulfonylamino)-l,3a,4,9b-tetrahydro-2H~furo[2,3-

c]chromene-6-carboxylic acid 



-II 

^ OH 

Mixture of cis enantiomers 

0 

H 

[0049] Lithium hydroxide (0.048g) was added to a. solution of methyl cis-

(3aRS,9bRS)-7-(beiizenesulfonylamino)-l,3a,4,9b-tetrahydro-2H-furo[2,3-c3chromene~6-

carboxylate (Intermediate 1, 0.08g) in amixture of dioxane (lOmL) and water (5mL) and the 

resultant mixture was irradiated in the microwave at 110°C with air cooling for 20 minutes. 

Further lithium hydroxide (0.2g) was added and the mixture was irradiated in the microwave at 

110°C with air cooling for a total of 80 minutes. After cooling, the solution was acidified by 

addition of aqueous formic acid solution (10%) and the resultant mixture was extracted with 

ethyl acetate, dried (MgSCU) and filtered. The filtrate was evaporated to dryness. The residue 

was dissolved in a mixture of methanol (1 OmL) and water (5mL) and treated with lithium 

hydroxide (0.2g) then irradiated in the microwave at 110°C with air cooling for 40 minutes. 

After cooling, the solution was acidified by addition of formic acid (10%) and the resultant 

mixture was extracted with ethyl acetate, dried (MgSC^) and filtered. The filtrate was 

evaporated to dryness and the residue was purified by preparative HPLC (CI 8) eluting with a 

mixture of acetonitrile and water, containing 0.1 % formic acid, with a gradient of 30-50% to 

give cis-(3aRS,9bRS)-7-(benzeaesUlfonylamino)-ls3as4s9b-tetrahydro-2H-furo[2,3-

cjchromene-6-carboxylic acid (0.019g) as a white solid. 

[0050] " 'H NMR (CD3OD) 6: 7.71 (2H, d), 7.54 (1H, t), 7.44 (2H, t), 7.24 (IH, d), 7.12 

(1H, d), 4.24 (1H, m), 4.09 (1H, dd), 3.92 (1H, dd), 3.8-3.65 (2H, m), 3.47 (1H, m), 2.45 (1H, 

m), 1.83 (1H, m). 

Example 2: Cis-(3aRS,9bRS)-7-[2-(3-Diethylaminopropyl)-4-fluorobenzenesuifonyl-amim) 

1,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid 

0051] LCMS (Method C) r/t 3.79 (M-H) 374. 

Mixture of cis enantiomers 
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[0052] A solution of 7-[2-((Z)-3-diethylaminoprop-l -enyl)-4-

fluorobenzenesuIfonylaminoJ-4H-ftiro[2,3-c3chromene-6-carboxylic acid (Intermediate 8, O.lg) 

in a mixture of IMS (2mL) and glacial acetic acid (3mL) was treated, under an atmosphere of 

nitrogen, with palladium hydroxide on carbon (10%, 0.02g). The nitrogen was rqriaced by 

hydrogen and the mixture was stirred under an atmosphere of hydrogen for 100 minutes. The 

mixture was filtered through Celite and the filtrate was evaporated to dryness. The residue was 

dissolved in toluene and the solution was re-evaporated. The residue was triturated with ether 

and the solid was collected by filtration and purified by preparative HPLC (C6-phenyl) eluting 

with a mixture of acetonitrile and water, containing 0.1% formic acid, with a gradient of 20-

40% to give cis-(3aRS,9bRS)-7-[2-(3-diethylaminopropyl-4-fluorobenzenesulfonyl-amino]-

l,3a.4,9b-tetrahydro-2H-furo[2,3-c3chromene-6-carboxy!ic acid (O.lg) as a white solid. 

[0053] !HNMR (CD3OD) 8: 7.94 (IH, dd), 7.18 (IH, d), 7.17 (IH, m), 7.06 (IH, d), 

6.99 (IH, dt), 4.21 (IH, m), 3.98 (IH, dd), 3.88 (IH, dd), 3.72 (2H, m), 3.42 (IH, m), 3.23 (6H, 

m), 3.10 (2H, m), 2.42 (lH,m), 1.98 (2H, m), 1.81 (lH,m), 1.31 (6H, t). 

[0054] LCMS (Method C) r/t 3.10 (M-H) 507. 

Example 3: Cis-(3aRS,9bRS)-7-[2-(3-{Pyrrolidin-l-yl}propyl)-4-fluorobenzene-

sulfonylamino3-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid 

Mixture of cis enantiomers 

[0055] Lithium hydroxide (0.028g) was added to a solution of methyl cis-

(3aRS,9bRS)-7-[2-(3-{pyrrolidin-l-yl}propyl)-4-fluorobenzenesulfonylamino]-l,3a,4,9b-

tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate (Intermediate 14, 0.06g) in dioxane (2mL) 

and water (ImL) and the mixture was stirred and heated at 80°C for 8 hours. After cooling, the 

mixture was acidified by addition of aqueous formic acid solution (10%) and extracted with 

DCM. The organic layer was dried (MgSCU) and filtered. The filtrate was evaporated to 

dryness and the residue was purified by chromatography on silica eluting with a mixture of 

ammonia in methanol (2M) and DCM with a gradient of 1-10%. The isolated solid was 

triturated with a mixture of ether and cyclohexane (50%) and the solid was collected by 

filtration. The solid was purified by preparative HPLC (C18) eluting with a mixture of 
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acetonitrile and water, containing 0.1% formic acid, with a gradient of 10-95%. The isolated 

product was triturated with ether and the solid was collected by filtration to give cis-

(3aRS,9bRS)-7-[2-(3-{pyrrolidin4~yl}propyl)-4-ftuorobenzenesulfonylarnino]-l,3a,4,9b-

tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid (0.006g) as a white solid. 

[0056] 'H NMR (CD3OD) 6; 7.93 (IH, dd), 7.21 (IH, d), 7.14 (IH, dd), 7.08 (IH, d), 

6.99 (IK dt), 4.21 (IH, m), 3.98 (IH, dd), 3.88 (IH, dd), 3.72 (2H, m), 3.43 (2H, m), 3.30 (4H, 

m), 3.13 (3H, m), 2.42 (lH,m), 2.07 (4H, m), 2.0(2H,m), 1.81 (IH, m). 

[0057] LCMS (Method C) r/t 3.11 (M+H) 505. 

Example 4: Cis-(3aRS,9bR.S)-7-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-fluoro-

benzenesulfonylammo]-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid 

f ^ O' "OH 

Mixture of cis enantiomers 

[0058] Prepared by proceeding in a similar manner to Example 3, starting from methyl 

cis~(3aRS,9bRS)-7-[2-((Z)-3-diethylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-

l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate (Intermediate 17) and heating at 
80°C overnight. 

[00591 !H NMR (DMSO-d6) 8: 7.65 (IH, dd), 7.30 (IH, d), 7.19 (2H, m), 7.02 (IH, 

d), 6.92 (IH, d), 6.10 (IH, m), 4.09 (IH, m), 3.82-3.64 (4H, m), 3.63-3.30 (3H, m), 3.03 (4H, 

q), 2.35 (IH, m), 1.68 (lH,m), 1.07 (6H, t). 

[0060] LCMS (Method C) r/t 3.05 (M+H) 505. 

Examples 5 and 6: Separation of enantiomers from Example 4. 

[0061] Sample from Example 4 was subjected to chiral separation using a ChiralPak 

IC column, 4.6mm x 250mm, particle size 5micron. Injection solvent DCE : absolute ethanol 

1:1, injection concentration lmg/100 fiL, injection volume 120j.iL. Eluting solvent absolute 

ethanol, flow rate 0.55mL/minute, temperature 21°C. 

Example 5: First eluting enantiomer: retention time 011 above column: 34.96 minutes, 93% de. 
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[0062] ]H NMR (DMSO-d6) 5: 7.64 (IH, dd), 7.29 (IH, d), 7.18 (2R m), 7.01 (IH, 

d), 6.92 (IH, d), 6.08 (IH, m), 4.09 (IH, m), 3.75 (2H, m), 3.59 (2H, m), 3.33 (3H, m), 3.03 

(4H, br),2.34 (lH,m), 1.68 (lH,m), 1.06 (6H, t). 

[0063] LCMS (Method C) r/t 3.07 (M+H) 505. 

Example 6: Second eluting enantiomer: retention time on above column 40.97 minutes, 65% 

de. 

[0064] NMR (DMSO-de) 6: 7.64 (IH, dd), 7.29 (IH, d), 7.18 (2H,m), 7.01 (IH, 

d), 6.92 (IH, d), 6.08 (IH, m), 4.09 (IH, m), 3.75 (2H, m), 3.59 (2H, m), 3.33 (3H, m), 3.03 

(4'H, br), 2.34 (IH, m), 1.68 (IH, m), 1.06 (6H, t), 

[0065] LCMS (Method C) r/t 3.06 (M+H) 505. 

Example 7: 7-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-fluorobenzenesulfonylami.no]-1,2-

dihydrofuro[2,3-c]quinoline-6-carboxylic acid formate salt 

F ^ O" OH 

[0066] Prepared by proceeding in a similar manner to Example 1, starting from methyl 

7-[N-{2-((Z)-3-diethylaminoprop~l-enyl)-4-fluorobenzenesulfonyl}-N-(methoxy-

carbonyl)amino]-l,2-dihydrofuro[2,3-c]quinoline-6-carboxylate (Intermediate 20) as a yellow 

solid. 

[0067] lH NMR (CD3OD) 6: 8.50 (IH, s), 8.47 (2H, s), 7.96 (IH, m), 7.91 (IH, d), 

7.79 (IH, d), 7.45 (IH, d), 7.11 (2H, m), 6.13 (IH, m), 3.79 (2H, d)s 3.59 (2H, t), 3.10 (6H, m), 

1.16 (6H, m). 

[0068] LCMS (Method C) r/t 2.84 (M+H) 500. 

Example 8: 7-(Benzenesulfonylamino)-l,2-dihydrofuro[2,3-c]quinoline-6-carboxylic acid 

formate salt 
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[0069] Prepared by proceeding in a similar manner to Example 1, starting from methyl 

7-(ben2enesulfonyiamino)-l,2-dihydrofuro[2,3-c]qumoline-6-carboxyIate (Intermediate 26). 

[00701 NMR (DMSO-d6) 5: 8.54 (IH, s), 8.25 (IH, s), 7.78 (3H, m), 7.66 (IH, d), 

7.44 (3H, m), 4.69 (2H, t), 3.46 (2H, t). 

[0071] LCMS (Method C) r/t 3.66 (M+H) 371. 

Example 9: Cis-(3aRS,9bRS)-7-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-l,2,3a,4,5,9b-hexahydrofuro[2,3-c3quinoline-6-carboxylic acid 

Mixture of cis enantiomers 

[0072] Lithium hydroxide (0.09g) was added to a solution of methyl cis-(3aRS,9bRS)-

5-acetyl-7-[2-((Z)-3-diethylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-l,2,3a,4,5,9b-

hexahydrofuro[2,3-c]quinoline~6-carboxylate (Intermediate 27, 0.06g) in a mixture of dioxane 

(5mL) and water (lmL) and the mixture was stirred and heated at 80°C overnight. The mixture 
was then irradiated in the microwave at 150°C for 30 minutes and then at 180°C for 30 minutes. 

After cooling, the mixture was filtered and the filtrate was acidified by addition of formic acid 

(lmL) and then evaporated to dryness. The residue was purified by preparative HPLC (CI 8) 

eluting with a mixture of acetonitrile and water, containing 0.1% formic acid, with a gradient of 

10-98%. The isolated product was dissolved in DCM and evaporated to dryness then dissolved 

in ether and evaporated to dryness to give cis-(3aRS,9bRS)-7-[2-((Z)-3-diethylaminoprop-l-

enyl)-4-fhiorobenzenesulfonylamino]-l,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinoline-6-

carboxylic acid (0.005g) as a white solid. 

[0073] !H NMR (CDCls) 8: 8.54 (IH, br s), 7.99 (IH, br s), 7.48 (IH, d), 7.04 (IH, 

m), 6.90 (IH, d), 6.76 (IH, d), 6.62 (IH, m), 6.11 (IH, m), 4.17 (IH, m), 3.82 (IH, m), 3.78-

3.59 (2H, m), 3.32-3.10 (4H, m), 3.04-2.86 (3H, m), 2.35 (IH, m), 1.79 (IH, m), 1.15 (6H, t). 

[0074] LCMS (Method C) r/t 3.31 (M+H) 504 

Example 10: (1 aRS,7bSR)-5-[2-((Z)-3~Diethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
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[0075J Methyl (laRS.7bSR)-5- [2-((Z)-3-diethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene~4-carboxylate 

(Intermediate 40, 0.185g) and lithium hydroxide monohydrate (0.159g) were suspended in 

dioxane (4mL) and water (lmL). The reaction mixture was irradiated in the microwave at 

135°C for 30 minutes. After cooling, the mixture was acidified to pH4 with formic acid, then 

ethanol and toluene were added and the mixture concentrated in vacuo. The residue was 

triturated with a mixture of methanol and DCM (10%) and the solid was filtered off and 

washed with a mixture of methanol and DCM. The filtrate was concentrated in vacuo and the 

residue was purified by chromatography on silica, eluting with a mixture of m ethanol and 

DCM with a gradient of 0-8%. The resultant product was triturated with ethyl acetate and dried 
in vacuo at 50°C to give (laRS,7bSR)-542^(Z)-3-diethylaminoprop-l-eiiyl)-4~ 

fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

(0.066g) as a white solid. 
[0076] !H NMR (DMSO~d6) 5: 7.64 (IH, dd), 7.35 (IH, d), 7.27-7.19 (2H, m), 7.10 

(IH, d), 6.93 (IH, d), 6.20-6.10 (IH, m), 4.17 (IH, d), 3.76 (2H, br, s), 3.57 (IH, d), 3.10 (4H, 

br, q), 1.92 (IH, td), 1.75-1.69 (IH, m), 1.13 (6H, t), 0.94 (IH, td), 0.74 (IH, m). 
[0077] LCMS (Method C) r/t 3.32 (M+H) 475 

Examples 11 and 12: Separation of enantiomers from Example 10. 

[0078] Sample from Example 10 was subjected to chiral separation using a ChiralPak 

IC column, 10mm x 250mm, particle size 5micron. Eluting solvent tert-huty] methyl ether : 

isopropanol: DCM (16:20:64). 

Example 11: First eluting enantiomer: r/t on analytical column (4.6mm x 250mm): 21.8 

minutes >99% ee: (laS,7bR)-5-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
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[0079] ]H NMR (CDC13) 5: 7.63 (IH, d), 7.43 (IH, m), 7.15-7.08 (2H, m), 6.85 (IH, 

dt), 6.72 (IH, dd), 5.93 (IH, m), 4.27 (IH, d), 3.98 (IH, br m), 3.68 (IH, m), 3.58 (IH, br), 

3.27-3.06 (4H, m), 1.87 (lH,m), 1.63 (lH,m), 1.23 (6H,t), 1.04 (IH, m), 0.91 (lH,m). 

LCMS (Method C) r/t 3.30 (M+H) 475 

Example 12: Second eluting enantiomer: r/t on analytical column (4.6mm x 250mm): 27.5 

minutes, >99% ee: (laR,7bS)-5-[2-((Z)~3-Diethylammoprop-I-enyl)-4-fluorobenzenesulfonyl-

amino3-l,la,2,7b-tetrahydrocyclopropa[c]cliromene-4-carhoxylic acid (Compound A) 

F' ^ O" 'OH 

'H NMR (CDCI3) 5: 7.63 (IH, d), 7.43 (IH, m), 7.15-7.08 (2H, m), 6.85 (IH, 

dt), 6.72 (IH, dd), 5.93 (IH, m), 4.27 (IH, d), 3.98 (IH, br m), 3.68 (IH, in), 3.58 (IH, br), 

3.27-3.06 (4H,m), 1.87 (lH,m), 1.63 (lH,m), 1.23 (6H, t), 1.04 (lH,m), 0.91 (lH,m). 

LCMS (Method C) r/t 3.32 (M+H) 475. 

[0081] Solubility ~0.1 mg/ml (atpH 7.4). Absolute configuration of Examples 11 and 

12 determined by X-ray crystal analysis of Example 12 with MetAP2. 

Example 13: (laRS,7bSR)-5-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-7b-methyl-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid 

F ^ 0' 'OH 

Prepared by proceeding in a similar manner to Example 3, starting from methyl 

(laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-7b-

methyl-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 48). 
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lH NMR (CDCI3) 5: 9.8-9.2 (IH, br s), 7.65 (IH, d), 7.39 (IH, m), 7.24 (IH, d), 7.18 (IH, d), 

6.83 (IH, dt), 6.72 (IH, dd), 5.91 (IH, m), 4.21 (IH, d), 3.98 (IH, br t), 3.71 (IH, d), 3.61 (IH, 

br s), 3.28-3.06 (4H, m), 1.41 (3H, s), 1.37 (lH,m)> 1.24 (6H, t), 1.14 (IH, t), 0.74 (IH, dd). 

LCMS (Method C) r/t 3.55 (M+H) 489. 

Example 14: (laRS,7bSR)-5-[2-((E)-3-Diethylaminoprop-l-enyl)-4-

fLuorohenzenesulfonylamino]-7b-methyl-Lla,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid 

o 

C ~OH 

Isolated as a minor by-product by preparative HPLC from the preparation of 

Example 13. 

NMR (CDCls) 5: 11.9 (IH, br s), 7.93 (IH, dd), 7.70 (IH, d), 7.25 (IH, d), 7.10 (IH, d), 

7.06 (IH, dd), 6.90 (IH, dt), 6.19 (IH, m), 4.23 (IH, d), 3.76 (IH, d), 3.68 (2H, m), 3.29 (4H, 

q), 1.36 (6H, t), 1.35 (3H, s), 1.31 (lH,m), 1.10 (lH,t), 1.67 (IH, dd). 

LCMS (Method C) r/t 3.66 (M+H) 489. 

Example 15: Cis-(3aRS,9bRS)-7-[2-(4~dimethylaminobutylarnmo)benzenesulfonylamino]-

1,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid 

Mixture of cis enantiomers 

[0084] 4-Dimethylaminohutylamine (0.348g) and triethylamine (0.2ml) were added to 

a suspension of cis-(3aRS,9bRS)-7-(2-fluorobenzenesulfonylamino)-l,3a,4,9b-tetrahydro-2H-

furo[2,3-c]chromene-6-carboxylic acid (Intermediate 57, 0.15g) in acetonitrile (1.5mL) and. the 

mixture was heated at 130°C in a sealed tube for 36 hours. The mixture was then diluted with 

water (2mL) and the solution was purified by preparative HPLC (C6-phenyl) eluting with a 

mixture of methanol, and water, containing 0.1% formic acid, with a gradient of 5-98%. The 



- 19-

isolated product was further purified by chromatography on silica eluting with a mixture of 

methanol and DCM with a gradient of 0-15% to give cis-(3aRS,9bRS)-7-[2-(4-

dimetiiylammobutylamino)-benzenesulfonylamino]-l,3a,4,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxylic acid (0.062g) as a glass foam. 

'H NMR (CDCl3) 6: 11.21 (IH, br s), 7.72 (IH, dd), 7.37 (1H, d), 7.26 (IH, m), 7.02 (IH, d), 

6.59 (IH, d), 6.56 (IH, t), 5.85 (IH, t), 4.29 (IH, dt), 4.05 (IH, dd), 3.85 (IH, m), 3.77 (2H, m), 

3.34 (IH, q), 3.21 (2H, m), 2.98 (2H, t), 2.80 (6Ii, s), 2.41 (lH,m), 2.05 (IH, m), 1.83 (IH, m), 

1.71 (2H, m). 

LCMS (Method C) r/t 3.18 (M+H) 490 

Eaxmple 16: (laR,7bS)-5-[2-(3-Diethylaminopropyl)~4-fluorobenzenesulfonyl-amino]-

1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

Prepared by proceeding in a similar manner to Example 2, starting from (1 aR,7bS)-5-[2-((Z)-3-

diethylaminoprop-l-enyl)-4:fluorobenzenesulfonylammo]-l,la,2,7b-tetrahydrocyclopropa[c]-

chromene-4-carboxylic acid (Example 12) 
!H NMR (CDCI3) 5: 7.81 (IH, dd), 7.31 (IH, d), 7.07 (IH, d), 6.82 (2H, m), 4.32 (IH, d), 3.74 

(IH, d), 3.42-3.32 (IH, m), 3.18 (4H, m), 3.14-2.94 (3H, m), 2.00 (2H, m), 1.84 (IH, m), 1.62 

(IH, m), 1.31 (6H, t), 1.04 (IH, m), 0.88 (IH, m). 

LCMS (Method C) r/t 3.36 (M+H) 477. 

Example 17: (laRS,7bSR)-5-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-fluorobenzene-

sulfonylamino]-!, 1 -difluoro-1,1 a.2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

methyl (1 aRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-l -enyl)-4-fluorobenzenesulfonylamino]-

[0085] 

[0086] Prepared by proceeding in a similar manner to Example 10, starting from 
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l,l~difluoro-l,la,2,7b~tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 59) as a 

white solid. 

"H NMR (CDCIj) 5: 10.0-9.6 (IH, br s), 7.64 (IH, d), 7.47 (IH, dd), 7.21 (IH, d),'7.13 (IH, d), 

6.87 (IH, dt), 6.73 (IH, dd), 5.95 (IH, m), 4.28 (IH, d), 3.96 (IH, no), 3.92-3.79 (IH, br s), 

3-78-3.67 (IH, br s), 3.17 (4H, q), 2.64 (IH, t), 2.23 (IH, m), 1.24 (6H, t). 
LCMS (Method C) r/t 3.38 (M+H) 511. 

Examples 18 and 19: Separation of enantiomers from Example 17. 

[0087] Sample from Example 17 was subjected to chiral separation using a ChiralPak 

IA column, 20mm x 250mm, particle size 5micron. Eluting solvent methanol: ethanol: 

heptane (12.5:12.5:75). 

Example 18: First eluting enantiomer: r/t on analytical column (4.6mm x 250mm): 14.7 

minutes >95% ee. 

[0088] 'H NMR (DMSO-d6) 8: 7.83 (IH, t), 7.27-7.17 (3H,m), 7.09 (IH, d), 6.85 

(IH, d), 5.98 (IH, m), 4,27 (IH, d), 3.76 (IH, m), 3.56'(1H, t), 2.90 (IH, t), 2.85 (IH, t), 2.77 
(4H, br s), 2.55 (IH, s), 0.97 (6H, br t). 

LCMS (Method C) r/t 3.39 (M+H) 511 

Example 19: Second eluting enantiomer: r/t on analytical column 19.0 minutes, >95% ee. 

[0089] *H NMR (DMSO-d6) 8: 7.72 (IH, dd), 7.36 (IH, d), 7.26 (IH, dt), 7.21 (IH, 

dd), 7.18 (IH, d), 6.99 (IH, d), 6.13 (IH, m), 4.29 (IH, d), 3.87-3.70 (3H, m), 3.10 (4H, m), 

2.96 (IH, t), 2.56 (IH, m), 1.11 (6H, t). 
LCMS (Method C) r/t 3.39 (M+H) 511. 

Example 20: (laRS,7bSR)-5-[2((Z)-3-Ethylaminoprop-l-enyl)-4-fluorobenzenesulfonyl-

ajnino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

A mixture of methyl (laRS,7bSR)-5-[2((Z)-3~ethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa[c] chromene-4-carboxylate 

(Intermediate 63, 0.09g) and lithium hydroxide monohydrate (0.047g) in a mixture of dioxane 

(jOmL) and water (5mL) was stirred and heated at 120°C for 32 hours. After cooling, the 

mixture was concentrated under vacuum and the residue was acidified to pH4 with formic acid. 
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The resultant solid was collected by filtration and washed with water to give (laRS,7bSR)-5-

[2((Z)-3-ethylaminoprop-l-enyl)-4-fluorobenzene-sulfonylamino]-i,la,2,7b-

tetra'hydrocyclopropa-[c3chromene-4-carboxylic acid (0.029g) as a grey solid. 
!H NMR (DMSO-d6) 8: 10.4-9.95 (IH, br s), 7.51 (IH, dd), 7.21 (IH, d), 7.17 (IH, dt), 7.11 

(IH, dd), 7.07 (IH, d), 6.99 (IH, d), 5.93 (IH, m), 4.11 (IH, d), 3.60 (2H, m), 3.51 (IH, d), 

2.92 (2H, q), 1.87 (lH,m), 1.67 (lH,m), 1.12 (3H, t), 0.89 (IH, m), 0.69 (lH,m). 

LCMS (Method C) r/t 3.32 (M+H) 447. 

Examples 21 and 22: Separation of enantiomers from Example 20. 

[0090] Sample from Example 20 was subjected to chiral separation using a ChiralPak 

IC column, 10mm x 250mm, particle size 5micron. Eluting solvent tert~buty\ methyl ether : 

isopropanol : DCM (15:20:65). 

[0091] Example 21: First eluting enantiomer: r/t on analytical column (4.6mm x 
250mm): 14.3 minutes >99% ee. 

[0092] !H NMR (DMSO-dft) 5: 10.16 (2H, br s), 7.56 (IH, dd), 7.26 (IH, d), 7.22 

(IH, dt), 7.17 (IH, dd), 7.12 (IH, d), 7.05 (IH, d), 5.99 (IH, m), 4.16 (IH, d), 3.65 (2H, m), 

3.57 (IH, d), 2.98 (2H, q), 1.93 (IH, m), 1,73 (IH, m), 1.17 (3H, t), 0.94 (IH, m), 0.78 (IH, q). 
LCMS (Method C) r/t 3.27(M+H) 447. 

Example 22: Second eluting enantiomer: r/t oil analytical column 20.6 minutes. >99% ee. 

[0093] 5H NMR (DMSO-do) 5: 10.16 (2H, br s), 7.56 (IH, dd), 7.26 (IH, d), 7.22 

(IH, dt), 7.17 (IH, dd), 7.12 (IH, d), 7.05 (IH, d), 5.99 (IH, m), 4.16 (IH, d), 3.65 (2H, m), 

3.57 (IH, d), 2.98 (2H, q), 1.93 (IH, dt), 1.73 (IH, m), 1.17 (3H, t), 0.94 (IH, dt), 0.75 (IH, q). 
LCMS (Method C) r/t 3.26(M+H) 447. 

Example 23: (laRS,7bSR)-5-{2[(Z)-3-(Pyrrolidin-l-yl)prop-l-enyl]-4-fluorobenzene-

sulfonylamino} -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

Prepared by proceeding in a similar manner to Example 20, starting from methyl (1 aRS,7bSR)-

5- {2[(Z)-3-(pyrrolidin-1 -yl)prop-1 -enyl]-4-fluorobenzene-sulfonylamino} -1,1 a,2,7b-

tetrahydrocyclopropa[c]cliromene-4-carboxylate (Intermediate 66) as a white solid. 
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]H NMR (DMSO"d6) 5: 12.2-11.6 (IH, br s), 7.49 (IH, dd), 7.30 (IH, d), 7.21-7.12 (2H, in), 

7.09 (IH, m), 6.97 (IH, d), 6.10 (IH, m), 4.12 (IH, d), 3.80 (2H, d), 3.51 (IH, d), 3.28 (4H, m), 

1.89 (IH, m), 1.85 (4H, m), 1.68 (IH, m), 0.90 (IH, m), 0.69 (IH, m). 

LCMS (Method C) r/t 3.39 (M+H) 473 

Examples 24 and 25: Separation of enantiomers from Example 23. 

[0094] Sample from Example 23 was subjected to chiral separation using a ChiralPak 

IC column, 10mm % 250mm, particle size 5micron. Eluting solvent tert-butyl methyl ether : 

ethanol (75:25). 
[0095] Example 24: First eluting enantiomer: r/t on analytical column (4.6mm x 

250mm): 17.5 minutes >99% ee 

[0096] !H NMR (DMSO-d6) 6: 7.55 (IH, dd), 7.35 (IH, d), 7.22 (2H, m), 7.14 (IH, 

d), 7.02 (IH, d), 6.14 (IH, m), 4.17 (IH, d), 3.84 (2H, br d), 3.57 (IH, d), 3.30 (4H, br), 1.97-

1.85 (5H, br m), 1.73 (lH,m), 0.95 (IH, dt), 0.74 (IH, q). 

LCMS (Method C) r/t 3.33(M+H) 473 

Example 25: Second eluting enantiomer: r/t on analytical column 21.4 minutes, >98% ee. 

[0097] ]H NMR (DMSO-d6) 5: 7.55 (IH, dd), 7.34 (IH, d), 7.24 (IH, dd), 7.19 (IH, 

dd), 7.14 (IH, d), 7.02 (IH, d), 6.1.4 (IH, dt), 4.17 (IH, d), 3.84 (2H, br d), 3.57 (IH, d), 3.29 

(4H, br), 1.97-1.85 (5H, brm), 1.73 (IH, m), 0.95 (IH, dt), 0.74 (IH, q). 

LCMS (Method C) r/t 3.34(M+H) 473. 

Example 26: (laRS,7bSR)-5-[2-(3-Dimethylaminopropylamino)benzenesulfonyl-aminoj-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[0098] A mixture of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intermediate 67, 0.15g), 3-

dimethylaminopropylamine (1.26g) and triethylamine (0.62g) in NMP (6mL) was stirred and 

heated at 140°C for 48 hours. After cooling, the mixture was concentrated under vacuum and 

the residue was purified by chromatography on silica, eluting with a mixture of methanol and 

DCM with, a gradient of 5-10%. The resultant product was repurified by preparative TLC, 
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eluting with a mixture of methanol and DCM (10%) to give (laRS,7bSR)-5-[2-(3-

dimethylaminopropylamino)-benzenesulfonylamino]-l,la,2,7b-

tetrahydrocycloprop a[c]chromene-4-carboxylic acid (0.08g) as an off white solid.. 
!H NMR (DMSO-d^) 5: 7.36 (IH, dd), 7.22 (IH, dt),7.02 (2H, s), 6.68 (IH, d), 6.44 (IH, t), 

6.24 (IH, br s), 4.11 (lH,d), 3.51 (IH, d), 3.30-3.10 (4H, m), 2.68 (6H, s), 1.83 (IH, m), 1.72-
1.52 (3H, m), 0.85 (IH, m), 0.65 (IH, m). 

LCMS (Method C) r/t 3.31 (M+H) 446. 

Examples 27 and 28: Separation of enantiomers from Example 26. 

[0099] Sample from Example 26 was subjected to chiral separation using a ChiralPak 

IB column 20mm x 250mm, particle size 5 micron. Eluting solvent hexane : ethanol: 

diethylamine (49.8:50:0.2), 

Example 27: First eluting enantiomer: r/t on analytical column (4.6mm x 250mm) 14.61 

minutes (>98% ee). 

[00100] ]H NMR (DMSO-d6) 5: 7.37 (IH, dd), 7.23 (IH, dt),7.02 (2H, s), 6.68 (IH, d), 

6.45 (IH, t), 6.24 (IH, br s), 4.11 (IH, d), 3.52 (IH, d), 3.35-3.02 (4H, m), 2.67 (6H, s), 1.84 
(IH, m), 1.74-1.52 (3H, m), 0.85 (IH, m), 0.66 (IH, m). 

LCMS (Method C) r/t 3.21 (M+H) 446. 

Example 28: Second eluting enantiomer: r/t on analytical column (4.6mm x 250mm) 18.16 

minutes (>98% ee). 

[00101] ]H NMR (DMSO-dfi) 5: 7.37 (IH, dd), 7.23 (IH, dt),7.02 (2H, s), 6.68 (IH, d), 

6.44 (IH, t), 6.25 (IH, br s), 4.11 (IH, d), 3.51 (IH, d), 3.41-3.05 (4H, m), 2.69 (6H, s), 1.84 
(IH, m), 1.74-1.52 (3H, m), 0.85 (IH, m), 0.66 (IH, m). 

LCMS (Method C) r/t 3.20 (M+H) 446. 

Example 29: (laRS,7bSR)-5-[2-(4-Dimethylaminobutylamino)benzenesulfonyl-amino]-

1,1 a?2,7b-tetrahydrocyclopropa[c3chromene-4-carboxylic acid 



Prepared by proceeding in a similar manner to Example 26, starting from (laRS,7bSR)-5-(2-

fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

(Intermediate 67) and 4-dimethylaminobutylamine. 
SH NMR (DMSO-dg) 5: 13.0-12.0 (IH, br s), 7.58 (IH, dd), 7.28 (IH, dt), 7.02 (2H, s), 6.69 

(IH, d), 6.55 (IH, t), 5.70 (IH, m),4.14 (IH, d), 3.53 (IH, d)s 3.15 (2H, m), 2.91 (2H, m), 2.67 

(6H, s), 1.83 (IH, m), 1.76 (2H, m), 1.66 (lH,m), 1.53 (2H, m), 0.84 (IH, m), 0.67 (IH, m). 

LCMS (Method C) r/t 3.43 (M+H) 460. 

Examples 30 and 31: Separation of enantiomers from Example 29. 

Sample from Example 29 was subjected to chiral separation using a ChiralPak IB column 

20mm x 250mm. particle size 5 micron. Eluting solvent hexane : ethanol : diethylamine 

(49.8:50:0.2). 

Example 30: First eluting enantiomer: r/t on analytical column (4.6mm x 250mm) 12.69 

minutes (>98% ee). 
}H NMR (DMSO-dg) 5: 13.0-12.2 (IH, br s), 7.58 (IH, dd), 7.28 (IH, dt), 7.02 (2H, m), 6.69 

(IH, d), 6.55 (IH, t), 5.71 (IH, m), 4.14 (IH, d), 3.53 (IH, d), 3.15 (2H, m), 2.89 (2H, m), 2.67 

(6H, s), 1.83 (IH, m), 1.76 (2H, m), 1.66 (IH, m), 1.54 (2H, m), 0.85 (IH, m), 0.68 (IH, m). 

LCMS (Method C) r/t 3.33 (M+H) 460. 

Example 31: Second eluting enantiomer: r/t on analytical column (4.6mm x 250mm) 16.82 

minutes (>98% ee). 
!H NMR (DMSO-ds) 5: 12.9-12.1 (IH, br s), 7.58 (IH, dd), 7.28 (IH, dt), 7.02 (2H, s), 6.70 

(IH, d), 6.55 (IH, t), 5.71 (IH, m), 4.14 (IH, d), 3.53 (IH, d), 3.15 (2H, m), 2.91 (2H, m), 2.68 

(6H, s), 1.83 (IH, m), 1.77 (2H, m), 1.66 (IH, m), 1.54 (2H, m), 0.85 (IH, m), 0.68 (IH, m). 

LCMS (Method C) r/t 3.33 (M+H) 460. 
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Example 32: QaRS,7bSR)-5-[2-(5-Dimethyiaminopentylamino)benzenesulfony]amino] 

l,la,2.7b-tetrahydrocycIopropa[c]chromene-4-carboxylic acid 

u un 

Prepared by proceeding in a similar manner to Example 26, starting from [00102] 

(laRS,7bSR)~5-(2~f]'uorobenzenesulfonylamino}-l,la,2,7b-tetrah.ydrocyclopropa[c]chromene~ 

4-carboxylic acid (Intermediate 67) and 5-dimethylaminopentylamine. 

'H NMR (DMSO-de) 5: 12.8-12.2(1H, br s), 7.67 (IH, dd), 730 (IH, dt), 6.98 (IH, d), 6.85 

(IH, d), 6.68 (IH, d), 6.60 (IH, t), 5.54 (IH, m), 4.14 (IH, d), 3.54 (IH, d), 3.05 (4H, m), 2.66 

(6H, s), 1.81 (IH, ni), 1.63 (5H, m), 1.51 (2H, m), 0.83 (IH, m), 0.67 (IH, m). 

LCMS (Method C) r/t 3.55 (M+H) 474. 

Example 33: (laRS,7bSR)-5-{2[(Z)-3-(Propan-2-yl)aminoprop-l-enyl]-4-fluorobenzene-

sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
LJ 

enyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate (Intermediate 69, 0.12g) and lithium hydroxide monohydrate (O.lg) in a mixture of 

dioxane (lOmL) and water (5mL) was stirred and heated at 100°C overnight. After cooling, the 

mixture was concentrated under vacuum and the residue was acidified to pH4 with formic acid 

then extracted with a mixture of ethyl acetate and THF (1:1). The organic phase was dried 

(Na2SC>4) and filtered. The filtrate was evaporated to dryness and the rsidue was dissolved in 

ethyl acetate (2mL) and hexane was added (1 OmL). The solid was collected by filtration and 

washed with ether to give (laRS,7bSR)-5-{2[(Z)-3-(propan-2-yl)aminoprop-l-enyl]-4-

fluorobenzene-sulfonylamino}-l,la,257b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

(0.04g) as an off white solid. 

[00103] A mixture of methyl (1 aRS,7bSR)-5- {2[(Z)-3-(propan-2-yl)ammoprop-l 
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'H NMR (DMSO-d6) 6: 10.5-9.8 (IH, br s), 7.54 (IH, dd), 7.23-7.08 (3H, m), 7.04 (IH, d), 

6.96 (IH, d), 5.91 (IH, m), 4.09 (IH, d), 3.63 (2H, m), 3.53 (IH, m), 3.49 (IH, d), 1.85 (IH, 

m), 1.67 (IH, m), 1.16 (6H, d), 0.86 (lH,m), 0.67 (IH, m). 

LCMS (Method C) r/t 3.37 (M+H) 461. 

Example 34: (laRS,7bSR)-5-{2[(Z)-3-((S)-3-Hydroxypynrolidin-l-yl)aminoprop-l-enyl]-4-

fluorobenzenesulfonyl amino} -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00104] Prepared by proceeding in a similar manner to Example 33, starting from 

methyl (laRSs7bSR)-5-{2[(Z)-3-((S)-3-hydroxypyrrolidin-l-yl)aminoprop-l-enyl]-4-

fhiorobenzenesulfonylamino}~l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 70). 
SH NMR (DMSO-dg) 5: 12.5-11.3 (IH, br s), 7.62 (IH, m), 7.32 (IH, d), 7.22 (2H, m), 7.13 

(IH, d), 6.98 (IH, d), 6.12 (IH, m), 5.26 (IH, m), 4.37 (IH, m), 4.19 (IH, d), 3.79 (2H, m), 

3.59 (IH, dd), 3.20-3.00 (3H, br s), 2.05 (IH, m), 1.94 (IH, m), 1.77 (2H, m), 0.96 (IH, m), 

0.76 (lH,m). 
LCMS (Method C) r/t 3.15 (M+H) 489. 

Example 35: (laRS,7bSR)-5-{2[(Z)-3-((R)-3-Hydroxypyrrohdin-l~yl)aminoprop-l-enyl]-4-

fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydro-cyclopropa[cjchromene~4~carboxylic acid 

[00105] Prepared by proceeding in a similar manner to Example 33, starting from 

methyl (laRS,7bSR)-5-{2[(Z)~3-((R)-3~hydroxypyrrolidin-l-yl)aminoprop-l-enyl]~4-

fluorobenzene-sulfonylamino}-Lla,2,7b-tetrahydrocyclopropa[c3chromene-4-carboxylate 

(Intermediate 71). 
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]H NMR (DMSO-d6) 5: 12.5-11.4 (IH, br s), 7.62 (IH, m), 7.33 (IH, d), 7.22 (2H, m), 7.13 

(IH, d), 6.98 (IH, d), 6.14 (IH, m), 5.26 (IH, m), 4.37 (IH, m), 4.19 (IH, d), 3.79 (2H, m), 

3.59 (IH, dd), 3.20-3.00 (3-H, br s), 2.05 (IH, m), 1.94 (1.H, m), 1.77 (2H, in), 0.96 (IH, m), 

0.76 (IH, m). 

LCMS (Method C) r/t 3.14 (M+H) 489. 

Example 36: (laRS,7bSR)-5-[2((Z)-4-Diethylaminobut-l-enyl)~4-fluorobenzenesulfonyl-
amino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

methyl (laRS,7bSR)-5-{N-(methoxycarbonyl)~N~[2((Z)-4-diethyIaminobut-l-enyl)-4-

fluorobenzenesulfonyl]amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylale 

(Intermediate 72). 
fH NMR (DMSO-d6) 5: 12.8-11.4 (IH, br s), 7.54 (IH, dd), 7.14-7.02 (4H, m), 6.83 (IH, d), 

5.66 (IH, m), 4,09 (IH, d), 3.51 (IH, d), 3.13 (2H, m), 2.92 (4H, m), 2.34 (2H, m), 1.84 (IH, 
m), 1.66 (IH, m), 1.06 (6H, t), 0.86 (IH, m), 0.67 (IH, m). 

LCMS (Method C) r/t 3.35 (M+H) 489. 

Examples 37 and 38: Separation of enantiomers from Example 36. 

[00107] Sample from Example 37 was subjected to chiral separation using a C-hiralPak 

IC column, 10mm x 250mm, particle size 5micron. Eluting solvent tert-butyl methyl ether: 
isopropanol: DCM (16:20:64). 

Example 37 : First eluting enantiomer: r/t on analytical column (4.6mm x 250mm): 25.8 
minutes >98% ee 

[00108] 'H NMR (DMSO-d6) 5: 7.61 (IH, dd), 7.20-7.09 (4H, m), 6.90 (1.H, d), 5.74 

(IH, m), 4.16 (IH, d), 3.58 (IH, d), 3.22-3.11 (2H, m), 2.99 (4H, m), 2.50 (2H, m), 1.92 (IH, 
dt), 1.72 (IH, m), 1.15 (6H, t), 0.93 (IH, m), 0.75 (IH, m). 

LCMS (Method C) r/t 3.36(M+H) 489 

Example 38: Second eluting enantiomer: r/t on analytical column 44.0 minutes, >98% ee. 

[00106] Prepared by proceeding in a manner similar to Example 33, starting from 
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[00109] ]H NMR (DMSO-dg) 5: 7.61 (IH, dd), 7.20-7.10 (4H, m). 6.90 (IH, d), 5.74 

(IH, m), 4.16 (IH, d), 3.58 (IH, d), 3.23-3.10 (2HS m), 2.99 (4H, q), 2.51 (2H, m), 1.92 (IH, 

dt), 1.72 (IH, m), 1.15 (6H, t), 0.93 (IH, m), 0.75 (IH, m). 

LCMS (Method C) r/t 3.36 (M+H) 489 

Example 39: (laRS,7bSR)-5-{2-[2-(4-Ethylpiperazin-l-yl)-ethyl]-4-fluorobenzenesulfonyl-

amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00110] A solution of (laRS,7bSR)-5-(4-Fluoro-2-vinylbenzenesulfonylamino)~ 

l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylic acid (Intermediate 74, 0.035g) and 3 

drops of N-ethyl piperazine in isopropanol (0.5mL) was irradiated in the microwave at 160 °C 

for 15 minutes then again at 170°C for 1 Sminutes. After cooling, the mixture was purified by 

preparative HPLC (CI 8) eluting with a mixture of methanol and water, containing 0.1% formic 

acid, with a gradient of 20-60%. The isolated product was further purified by chromatography 

on silica eluting with a mixture of methanol and DCM with a gradient of 0-10% to give 

(laS,7bR)-5-{2-[2-(4-ethylpiperazin-l-yl)-ethyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.018g) as an off white solid. 

'H NMR (CDC13) 5; 7.95 (IH, dd), 7.07 (2H, s), 6.95 (IH, dd), 6.91 (IH, dt), 4.38 (IH, d), 3.79 

(IH, d), 3.42 (2H, q), 3.35 (2H, q), 3.21-3.05 (4H, m), 3.04-2.88 (4H, m), 2.79 (2H, m), 1.86 
(IH, dt), 1.66 (IH, m), 1.22 (3H, t), 1.06 (IH, q), 0.93 (IH, m). 

LCMS (Method C) r/t 2.95 (M+H) 504 

Example 40: (laRS,7bSR)-5-{2[(Z)-3-(A.zetidin-l-yl)prop-l-enyl]-4-fluorobenzenesulfonyl-

amino} -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
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[00111] Prepared by proceeding in a manner similar to Example 33, starting from 

methyl (laRS57bSR)-5-{2~[(Z)~3-(azetidin-l-yl)prop-l-enyl]-4-fluorobenzenesulfonyl-amino}-

l,la,2,7b-tetrahydro-cycIopropa[c]chromene-4-carboxylaie (Intermediate 76). 
JH NMR (DMSO-d^) 5: 12.8-11.1 (IH, br s), 7.51 (IH, dd), 7.26 (IH, d), 7.17 (IH, dt), 7.10 

(2IT, m), 7.00 (IH, d), 5.90 (IH, m), 4.12 (IH, d), 3.96 (4H, m), 3.74 (2H, m), 3.52 (IH, d), 

2.27 (2H, m), 1.89 (IH, m), 1.69 (IH, m), 0.90 (IH, m), 0.69 (IH, m). 

LCMS (Method C) r/t 3.26 (M+H) 459. 

Example 41: (laRS,7bSR.)-5-{2[(Z)-3-(3-Hydroxyazetidin-l-\i)prop-l-enyl]-4-fluorobenzene-

sulfonylamino}-l,la.2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00112] Prepared by proceeding in a manner similar to Example 33, starting from 

methyl (laRS,7bSR)-5-{2-[(Z)~3-(3-h.ydroxyazetidin-l-yl)prop-l-enyl3-4~fluorobenzene~ 

sulfonylamino}-Lla,2,7b-tetrahydrocyclopropa[c]chromeiie-4-carboxylate (Intermediate 77). 

'H NMR (DMSO~d6) 8: 12.8-11.2 (IH, br s), 7.53 (IH, m), 7.22 (IH, d), 7.17 (IH, dt), 7.09 

(2H, m), 6.97 (HI, d), 5.90 (IH, m), 4.40 (IH, m), 4.18 (2R m), 4.12 (IH, d), 3.69 (4H, m), 

3.52 (IH, d), 1.87 (IH, m), 1.69 (IH, m), 0.89 (IH, m), 0.70 (IH, m). 

LCMS (Method C) r/t 3.18 (M+H) 475. 

Example 42: (laRS,7bSR)-5-{2[(Z)-3-(Azetidin-l-yl)propyl]-4-fluorobenzenesulfonylamino}-

1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

a 

[00113] A solution of (laRS,7bSR)-5~{2[(Z)-3-(azetidin~l-yl)prop-l-enyl]-4-

fluorobenzene-sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

(Example 40, 0.03g) in methanol was treated, under an atmosphere of nitrogen with palladium 

on carbon (10%. O.Olg). The nitrogen was replaced'by hydrogen and the mixture was stirred 
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under an atmosphere of hydrogen overnight. The mixture was filtered and the filtrate was 

evaporated to dryness. The residue was purified by HPLC (CI 8) to give (laRS,7bSR)-5-

{2[(Z)-3~(azetidin-l-yl)propyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.019g) as a white solid. 
EH NMR (DMSO-d6) 5: 7.76 (1HS dd), 7.20 (IH, dd), 7.09 (1H, dt), 7.05 (IH, d), 6.99 (IH, d) 

4.15 (IH, d), 3.97 (2H, m) 3.56 (1H, d), 3.14 (2H, m), 2.99 (4H, m), 2.29 (2H, m), 1.86 (IH, 

m), 1.81-1.64 (3H, m), 0.88 (IH, m), 0.69 (IH, m). 
lH LCMS (Method C) r/t 3.20 (M+H) 461. 

Example 43: (laRS,7bSR)-5-[2((Z)-4-Diethylaminobutyl)-4-fluorobenzenesulfonylamino]-

1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00114] Prepared by proceeding in a similar manner to Example 42, starting from 

(laRS,7bSR)-5-[2((Z)-4-diethylamiriobut-l-enyl)~4-fluorobenzene-sulfony}ammo]-l.,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxyKc acid (Example 36) as a white solid. 
lH NMR (DMSO-d6) 5: 13.0-11.6 (1H, br s), 7.82 (IH, dd), 7.21 (IH, dd), 7.08 (IH, dt), 7.02 

(IH, d), 6.96 (IH, d), 4.14 (IH, d), 3.55 (IH, d), 2.99 (8H, m)s 1.83 (IH, m), 1.65 (5H, m), 1.14 

(6H, t), 0.85 (IH, m), 0.69 (IH, m). 

LCMS (Method C) r/t 3.45 (M+H) 491. 

Example 44: (1 aRS,7bSR)-5- {2-[N-(4-Dimethylaminobutyl)-N-methylamino]-

benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00115] A mixture of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-I,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxyIic acid (Intermediate 67, O.lg), N-(4-

dimethylaminobutyl)-N-methyIamine (Intel-mediate 78, 1.07g) and triethylamine (0.42g) in 

NMP (6m.L) was stirred and heated in a sealed tube at 150°C for 3 days. After cooling, the 
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mixture was concetrated under vacuum and the residue was purified by chromatogrphy 011 

silica, eluting with a mixture of methanol and DCM (10%) followed by repurification by HPLC 

(C18) to give (laRS,7bSR)-5-{2-[N~(4~dimethylaminobutyl)-N-methylamino]-

benzenesulfonylamino}-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.03g) 

as a white solid. 
[H NMR (DMSO-dg) 5: 7.81 (IH, dd), 7.54 (IH, dt), 7.41 (IH, dd), 7.21 (IH, dt), 6.94 (IH, d), 

6.85 (IH, d), 4.12 (IH, d), 3.55 (IH, d), 2.96 (2H, t), 2.85 (2H, t), 2.64 (6H, s), 2.49 (3H, s), 

1.83 (1H, m), 1.74 (2H> m), 1.63 (3H, m), 0.87 (IH, m), 0.68 (IH, m). 

LCMS (Method C) r/t 3.37 (M+H) 474. 

Example 45: (laRS,7bSR)-5-{2-[((S)-l-Ethylpyrrolidin-3-ylcarbamoyl)methyl]-4-fluoro-

benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

ylcarbamoyl)methyl]-4-fluorobenzenesulfonylamino}-l,la.2,7b-

tetrahydrocyclopropa[c]chromene-4~carboxylate (Intermediate 80, 0.148g) and lithium 

hydroxide monohydrate (0.168g) in dioxane (3mL) and water (lmL) was irradiated in the 

microwave at 130°C for 40 minutes. After cooling, the mixture was diluted with methanol, 

acidified with formic acid and evaporated in vacuo. The residue was triturated with 10% 

methanol in DCM and filtered. The filtrate was evaporated in vacuo and the residue was 

purified by chromatography on silica, eluting with a mixture of methanol and DCM with a 

gradient of 0-20%. The resultant solid was triturated with ether and filtered off to give 

(laRS.7bSR)-5-{2-[((S)-l-ethylpyrroIidin-3-ylcarbamoyl)methyl]-4-fluorobenzenesulfonyl-

amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.091g) as a white 

solid. 

'H NMR (DMSO-dg) 5: 9.56 (0.5H, br, d), 9.48 (0.5H, br, d), 7.59 (IH, m), 7.34 (IH, m), 7.16 

(2H, m), 7.06 (IH, t), 4.46 (IH, br, q), 4.13 (IH, d), 3.92 (IH, dd), 3.70 (IH, m), 3.65 (IH, d), 

3.58 (lH,br,m), 2.95-3.25 (6H, m), 2.40 (IH, m), 1.95 (2H, m), 1.76 (IH, m), 1.20 (3H,t), 

0.97 (IH, m), 0.78 (IH, m). 

LCMS (Method C) r/t 3.04 (M+H) 518. 

[00116] A mixture of methyl (laRS,7bSR)-5-{2~[((S)-l-ethylpyrrolidin-3 
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Example 46: (laRS,7bSR)-5-[2-(l-Ethylazetidin-3-yl)-4-fluorobenzenesulfonylamino]-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00117] Prepared by proceeding in a similar manner to Example 45, starting from 

methyl (laRS,7bSR)-5-[2~(l~etbylazetidin-3-yl)-4-fluorobenzenesulfony3amino]-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylate (Intermediate 86) as a white solid. 

[00118] *H NMR (DMSO-d6) 8: 7.91 (IH, dd), 7.64 (IH, dd), 7.24 (lH,dt), 6.96 (IH, 

d), 6.66 (IH, d), 4.79 (IH, m), 4.21 (IH, d), 4.15 (2H, br, t), 3.89 (2H, br, m), 3.62 (IH, d), 

3.06 (2H, q), 1.83 (IH, m), 1.70 (IH, m), 1.05 (3H, t), 0.88 (IH, m), 0.72 (IH, m). 

LCMS (Method C) r/t 2.99 (M+H) 447. 

Example 47: (laRS,7bSR)-5-{2-[((R)-l-Ethylpyrrolidin-3-ylcarbamoyl)methyl]-4-flnoro-

benzenesulfonylamino} -1,1 a,2,7b-tetrahydrocyclopropa[c] chromene-4-carboxylic acid 

[00119] Prepared by proceeding in a similar manner to Example 45, starting from 

methyl (1 aRS,7bSR)~5~ {2-[((R)-l -ethylpyrrolidm-3-ylcarbainoyl)methyl]-4-

fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 92) as a white solid. 
lH NMR (CDCis) 8: 10.30 (0.5H, br, s), 10.25 (0.5H, br, s), 9.88 (IH, br, s), 7.52 (IH, in), 

7.18-7,41 (3H, m), 6.75 (IH, m), 4.83 (0.5H, m), 4.70 (0.5H, m), 4.17 (1.5H, m), 3.84-4.10 

(1.5H. m), 3.60-3.86 (3H, m), 3.45 (0.5H, d), 3.31 (0.5H, m), 3.13 (0.5H, m), 2.98 (0.5H, m), 

2.83 (2H, m), 2.46 (IH, m), 2.29 (IH, m), 1.93 (IH, m), 1.67 (IH, q), 1.40 (3H, t), 1.13 (0.5H, 

m), 1.07 (0.5H, m), 0.97 (IH, m). 

LCMS (Methos C) r/t 3.03 (M+H) 518. 
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Example48: (laRS,7bSR)-5-{2-[2-(Pyrrolidin-l-yl)-ethyl]-4~fluorobenzenesulfonylamino}-

i,ia,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00120] Prepared by proceeding in a similar manner to Example 39, starting from 

(laRS,7bSR)-5-(4-fluoro-2-vinylbenzenesulfonylamino)-l ,1a, 2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid (Intermediate 74) and pyrrolidine as a 

white solid; 
]H NMR (DMSO-d6) 5: 7.84 (IH, dd), 7.26 (IH, dd), 7.17 (3H, dt), 7.02 (IH, d), 6.74 (1H, d), 

4.16 (IH, d), 3.59 (IH, d), 3.36-3.20 (8H, m), 1.91 (4H, m), 1.85 (IH, m), 1.69 (IH, m), 0.89 
.(IH, m), 0.70 (IH, m). 

LCMS (Method C) r/t 3.12 (M+H) 461. 

Example 49: (laRS,7bSR)-5-[2-((R)-l-Ethylpyrrolidin-3~yImethyl)-4-fhiorobenzenesulfonyl-
amino]-l, 1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00121] Lithium hydroxide (0.11 lg) was added to a solution of methyl (iaRS,7bSR)-5-
[2-((R)-l-ethyI-pyrrolidin-3-ylmethyl)-4-fluorobenzenesuIfonylamino]-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxyl ate (Intermediate 95, 0.13g) in a mixture of 

dioxane (4mL) and water (lmL) and the mixture was stirred and heated at 85°C overnight. 

After cooling, the mixture was filtered and the filtrate was acidified by addition of 10% 

aqueous citric acid (lmL) and then extracted with DCM. The organic extract was dried 

(MgS04) and filtered. The filtrate was evaporated to dryness and the residue was triturated with 

diethyl ether and the solid was collected by filtration to give (laRS,7bSR)-5-[2-((R)-l-

ethylpyrrolidin-3-y3methyl.)-4-fluorobenzenesulfonylamino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.085g) as a white solid. 
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'H NMR (DMSO-d6) 6: 7.81 (IH, dd), 7.28 (IH, dd), 7.16 (IH, dt), 7.11 (IH, dd), 6.99 (IH, 

dd), 4.20 (1H, dd), 3.60 (IH, t), 3.48-2.98 (9H, br m), 2.25 (IH, m), 1.91 (1H, dt), 1.73 (2H, 

m), 1.23 (3H, t), 0.93 (IH, dt), 0.75 (IH, m). 

LCMS (Method C) r/t 3.21 (M+H) 475. 

Examples 50 and 51: Separation of enantiomers from Example 49. 

[00122] Sample from Example 49 was subjected to chiral separation using a ChiralPak 

IC column, 10mm x 250mm, particle size 5micron. Eluting solvent tert-butyl methyl ether: 

isopropanol: .DCM (10:15:75). 

Example 50: First eluting enantiomer: r/t on analytical column (4.6mm x 250mm): 30.0 

minutes >99% ee. 

[00123] ]H NMR (DMSO~d6) 5: 7.81 (IH, dd), 7.27 (IH, dd), 7.15 (IH, dt), 7.10 (IH, 

d), 7.01 (IH, d), 4.20 (IH, d), 3.58 (IH, d), 3.23-3.11 (6H, m), 3.11-3.06 (3H, m), 2.25 (IH, 

m), 1.91 (IH, dt), 1.73 (2H, m), 1.22 (3H, t), 0.92 (IH, dt), 0.73 (IH, m). 

LCMS (Method C) r/t 3.25 (M+H) 475. 

Example 51: Second eluting enantiomer: r/t on analytical column 40.0 minutes, >99% ee. 

[00124] 'H NMR (DMSO-d6) 8: 7.80 (IH, dd), 7.27 (IH, dd), 7.15 (IH, dt), 7.10 (IH, 

d), 7.03 (IH, d), 4.18 (IH, d), 3.61 (IH, d), 3.48-2.97 (9H, br m), 2.27 (IH, m), 1.91 (IH, dt), 

1.71 (2H, m), 1.23 (3H, t), 0.93 (1H, dt), 0.74 (1H, m). 

LCMS (Method C) r/t 3.23 (M+H) 475. 

Example 52: (1 aRS,7bSR)-5-{2-[((S)-l-Ethylpyrrolidin-2~yl)cabonylaminomethyI]-4-

fluorobenzenesulfonylamino}-l,la,257b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00125] A mixture of methyl (laRS,7bSR)-5~{2-[((S)-l-ethylpyrrolidin-2-

yl)cabonylaminomethyl]-4-fluorobenzenesulfonylamino}-1,1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate (Intermediate 101, 0.212g) and lithium hydroxide (0.05g) in 

dioxane (5.5mL) and water (2.5mL) was irradiated in the microwave at 150°C for 30 minutes. 

After cooling, the mixture was diluted with water, acidifed with formic acid to pH5 and 
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extracted with ethyl acetate. The organic layer was washed with, water, dried (MgS04) and 

filtered. The filtrate was evaporate to dryness and the residue was purifed by HPLC (CI 8) 

eluting with a mixture of methanol and water, containing 0.1% formic acid, with a gradient of. 

35-75% to give (laRS;7bSR)-5-{2-[((S)-l-ethylpyrrolidm-2-yl)cabonylaminomethyl]-4~ 

fluorobenzenesulfonylamino}-l ,1 a,2,7b-tetrahydrocyclopropa-[c]chromene~4-cafboxylic acid 

(0.064g) as a white solid. 
!H NMR (CDCls) 8: 10.8-9.6 (IH, br s), 8.90 (1H, brt), 7.71 (IH, m), 7.20 (3H, m), 6.86 (1H, 

m), 4.88 (2H, m), 4.37 (1H, dd), 3.85 (IH, dt), 3.61 (1H, m), 3.43 (IH, m), 2.97 (1H, m), 2.77 

(2H, m), 2.23 (2H, m), 2.03 (IH, m), 1,91 (2H, m), 1.69 (IH, m), 1.18 (3H, q), 1.01 (2H, m). 

LCMS (Method C) r/t 3.09 (M+H) 518. 

Example 53: (1 aRS,7bSR)-5-[2-(4-Dimethylaminobutyrylamino)-4-fluorobenzenesulfonyl-

ammo]~l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

fluorobenzenesulfonyl-amino]-1,1 a,2,7b-tetrahydrocyclopropa[c] chromene-4-carboxylate 

(Intermediate 108, 0.2g), potassium carbonate (0.22g), lH-pyrazole-3-amine (0.34g) and 

lithium iodide (1.07g) in DMF (lOmL) was irradiated in the microwave at 150°C for 1 hour. 

After cooling, the mixture was diluted with methanol and acidified to pH 3 with formic acid 

then concentrated under vacuum. The residue was purified by chromatography on silica, eluting 

with a mixture of methanol and DCM (5%). The resultant product was purified by HPLC (CI 8) 

to give (1 aRS,7bSR)-5-[2-(3-dimethylaminobutyryl)-4-fluorobenzenesulfonyl-amino]-

l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (0.03g) as a white solid. 
!H NMR (DMSO-d6) 5: 7.95 (IH, dd), 7.80 (IH, dd), 6.96 (IH, d), 6.95 (IH, dt), 6.79 (IH, d), 

4.13 (IH, d), 3.56 (IH, d), 3.04 (2H, t),2.68 (6H, s), 2.56 (2H, t), 1.94 (2H, m), 1.81 (IH, m), 

1.64 (IH, m), 0.84 (IH, m), 0.66 (IH, m). 

LCMS (Method C) r/t 3.12 (M+H) 492. 

O 

[00126] A mixture of methyl (laRS,7bSR)-5-[2~(4-dimethylaminobutyryl)-4-

Example 54: (1 aRS,7bSR)-5-[2-((S)-l-Ethylpyrrolidm-3-ylmethyl)-4-fluorobenzenesulfonyl-

amiiio]-l,la,2,7b-t.etrahydrocyclopropa[c]chromene-4-carboxylic acid 
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[00127] Prepared by proceeding in a similar manner to Example 49, starting from 

methyl (laRS,7bSR)-5-[2~((S)»l-ethylpyrrolidin-3-ylmethyI)~4~fruorobenzenesulfonyla:mino]-

l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 113). 
lH NMR (DMSO-d6) 5: 7.81 (1H, dd), 7.27 (IH, dd), 7.15 (IH, dt), 7.10 (IH, d), 7.02 (IH, dd), 

4.19 (IH,dd), 3.56 (lH,t), 3.23-3.11 (6H, m), 3.11-3.06 (3H, m), 2.25 (IH, m), 1.91 (IH, dt), 

173 (2H, m), 1.22 (3H, t), 0.92 (IH, dt), 0.73 (III, m). 

LCMS (Method C) r/t 3.21 (M+H) 475. 

Example 55: (laRS,7bSR)-5-[2-(3-Dimethylaminopropylcarbamoyl)benzenesulfonylamino]-

l,la,2;7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid 

[00128] A solution of fer/-butyl (laRS,7bSR)-5-{2-[N-(2,4-dimethoxybenzyl)-N-(3~ 

dimethylamino-propyl)carbamoyl]benzenesulfonylamino}~l5la,2,7b-tetrahydro~cyclopropa-

[c3chromene-4-carboxylate (Intermediate 119, 0.03g) in trifluoroacetic acid (5mL) was stirred 

and heated at 30°C overnight. The mixture was evaporated to dryness and the residue was 

purified by HPLC (C18) to give (laRS,7bSR)-5-[2-(3-

dimethylaminopropylcarbamoyl)benzenesulfonylamino]-l ,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.013g) as a white solid. 
lE NMR (DMSO~d6) 6: 8.61 (IH, br t), 7.73 (IH, d), 7.52 (IH, t), 7.43 (2H, m), 6.97 flH, d), 

6.82 (IH, d), 4.14 (IH, d), 3.58 (IH, d), 3.26 (2H, m), 3.04 (2H, t), 2.60 (6H, s), 1.85 (3H, m), 

1.67 (IH, m), 0.87 (IH, m), 0.68 (IH, m). 

LCMS (Method C) r/t 2.79 (M+H) 473. 

Example 56; (laRS,7bSR)-5-(2-{[N-((S)-l-Ethylpyrrolidin-3-yl)-N-

methylcarbamoyljmethyl} -4-fluorobenzenesulfonylamino)-1,1 a,2,7b-
tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
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F ^ CT OH 

[00129] A mixture ofmethyl (laRS,7bSR)-5-(2-{[N-((S)~l-ethy]pyrrolidin-3-yl)-N 
methylcarbamoyl]-methy3}-4-fluorobenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 126, 0.047g) and lithium 

hydroxide monohydrate (0.168g) in dioxane (3mL) and water (lmL) was irradiated in the 
microwave at 130°C for 40 minutes. After cooling, the mixture was diluted with methanol, 

: acidified with formic acid and evaporated in vacuo. The residue was triturated with 10% 

. methanol in DCM, filtered and the filtrate was evaporated in vacuo. The residue was purified 

by chromatography on silica, eluting with a mixture of methanol and DCM with a gradient of 

| 0-40%, The resultant solid was triturated with ethyl acetate and filtered off to give 

j (laRS,7bSR)-5-(2-{[N-((S)»l-ethylpyrrolidin-3-yl)-N-methylcarbamoyl]-methyl}-4-

; fluorobenzenesiilfonylamino)-1 ?3 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
(0.022g) as a white solid. 

NMR (DMSO~d6 at 80°C) 5: 7.83 (IH, t), 7.12 (IH, dt), 7.08 (IH, d), 7.01 (IH, d), 6.84 

(IH, m), 4.61 (IH, br, s), 4.19 (IH, d), 4.12 (2H, s), 3.73 (IH, d), 2.71-3.18 (7H, br, m), 2.94 

(3H, s), 1.85-2.15 (3H, m), 1.72 (IH, m), 1.17 (3H, t), 0.95 (IH, m), 0.78 (IH, m). 
LCMS (Method C) r/t 3.08 (M+H) 532. 

Example 57: (laRS,7bSR)-5-(2-{[N-((R)-l-Ethylpyrrolidin-3-yl)-N-

methylcarbamoyI]methyl}-4-fluorobenzenesulfony] amino)-1,1 a, 2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

yl)metliylcarb amoyl]-N-m ethyl} -4-fluorobenzenesulfonylamino)-l, 1 a, 2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxyIate (Intermediate 131, 0.076g) and lithium 

hydroxide monohydrate (0.168g) in dioxane (3mL) and water (lmL) was irradiated in the 

microwave at 130°C for 40 minutes. After cooling the mixture was diluted with methanol, 

[00130 A mixture ofmethyl (l.aRS,7bSR)-5-(2-{[N-((R)-l-ethylpyrrolidin~3-
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acidified with formic acid and evaporated in vacuo. The residue was triturated with 10% 

methanol in DCM, filtered and the filtrate was evaporated in vacuo. The residue was purified 

by chromatography on silica, eluting with a mixture of methanol and DCM wi th a gradient of 

0-40%. The resultant solid was triturated with ethyl acetate and filtered off to give 

(laRS,7bSR)-5-(2~{[N-((R)-l-ethylpyiTolidin-3-yl)-N-methylcai*bamoyl]-methyl}-4-fluoro-

benzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.028g) 

as a white solid. 

*HNMR (DMSO-da at 80°C) 5: 7.83 (1H, t), 7.12 (IH, dt), 7.08 (IH, d), 7.01 (IH, d), 6.84 

(1H, m), 4.61 (1H, br, s), 4.19 (IH, d), 4.12 (2H, s), 3.73 (IH, d), 2.71-3.18 (7H, br, m), 2.94 

(3H, s), 1.85-2.15 (3H, m), 1.72 (IH, m), 1.17 (3H, t), 0.95 (IH, m), 0.78 (IH, m). 

LCMS (Method C) r/t 3.08 (M+H) 532. 

Example 58: (laRS,7bSR)-5-{2-[2-((S)-l-Ethylpyrrolidin-2-yl)ethylamino]benzenesuifonyl-

amino}-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intermediate 67, O.lg), 2-((S)-l-

ethylpyrrolidin-2-yl)ethylamine (Intermediate 136, 0.5g) and triethylamine (0.5mL) was stirred 

and heated in a sealed tube at 140°C overnight. After cooloing, the mixture was concentrated 

under vacuum and the residue was purified by chromatography on silica, eluting with a mixture 

of methanol and DCM (10%). The product was repurified by HPLC (CI 8) to give 

(]&RS,7bSR)-5-{2-[2-((S)-l-ethylpyrroIidin-2-yl)ethylamino]benzenesuifonylanimo}-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4~carboxylic acid (0.022g) as a white solid. 

NMR (DMSO-d6) 6: 7.47 (IH, m), 7.25 (IH, t), 6.92 (IH, d), 6.89 (IH, m), 6.72 (IH, d), 6.53 

(IH, dt),6.0-5.3 (IH, br s), 4.11 (IH, dd), 3.53 (IH, t), 3.33-2.80 (7H, ni), 2.19 (2H, m), 1.92 

(2H, m), 1.82 (2H, m), 1.64 (2H, m), 1.17 (3H, t), 0.84 (IH, m), 0.67 (IK m). 

LCMS (Method C) r/t 3.34 (M+H) 486. 

(00 31] A mixture of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l ,1a,2,7b-
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Example 59: (laRS,7bSR)-5-{2-[2-((R)-l-EthylpyiroHdin-2-yI)ethylamino]benzenesulfonyl-

amino} -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00132] Prepared by proceeding in a similar manner to Example 58. starting from 

(laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-[c]chromene~ 

4-carboxylic acid (Intermediate 67) and 2-((R)-l-ethylpyrrolidin-2-yl)ethylamine (Intermediate 

141). 

'H NMR (DMSO-d6) 5: 7.47 (IH, m), 7.25 (IH, t), 6.97 (IH, d), 6.90 (IH, m), 6.72 (IH, d), 

6.53 (1H, dt), 6.0-5.4 (IH, br s)} 4.12 (IH, dd.), 3.53 (IH, t), 3.35-2.85 (7H, m), 2.20 (2H, m), 

1.93 (2H,m), 1.81 (2H,m), 1.65 (2H,m), 1.18 (3H,t),0.84 (IH, m), 0.67 (IH, m). 

LCMS (Method C) r/t 3.32 (M+H) 486. 

Example 60: (laRS JbSR)-5-[2-(3-N,N,-Diethylaminopropylamino)benzenesulfonylamino]-

1,1 a,2,7b-tetxahydrocyclopropa[c]chromene-4-carboxylic acid 

O" OH 

[00133] 3-DiethyIaminopropyl amine (0.975g) was added to a solution of 

(laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-

4-carboxylic acid (Intermediate 67, 0.09 Ig) in NMP (3mL) and the mixture was heated at 

140°C in a sealed tube for 36 hours. After cooling, the mixture was diluted with water (2mL) 

and the solution was purified by preparative HPLC (CI 8) eluting with a mixture of methanol 

and water, containing 0.1% formic acid, with a gradient of 10-98% to give (laRS,7bSR)-5-[2-
(3-diethylaminopropylamino)benzenesulfonylamino]-l, 1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.039g) as a white solid. 
lR NMR (DMSO-d6) 5: 7.45 (IH, dd), 7.28 (IH, dt), 7.04 (2H, m), 6.74 (IH, d), 6.51 (IH, t), 

6.17 (IH, br s), 4.16 (1H, d), 3.57 (IH, d), 3.54-2.97 (8H, br m), 1.87 (IH, dt), 1.81-1.63 (3H, 

m), 1.15 (6H, t), 0.89 (IH, m), 0.72 (IH, m). 
LCMS (Method C) r/t 3.31 (M+H) 474. 
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Example 61: (laRS,7bSR)-5-(2-{[((R)-l-Ethylpyrrolidine~2-yl)carbonylamino]methyl}-4-

fluorobenzenesulfonylamino)~l,la,2,7b~tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

F cr OH 

[00134] A mixture ofmethyl (laRS,7bSR)-5-(2-{[((R)-l-ethylpyrrolidine-2-

yl)carbonylammo]methyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 146, 0.120g) and lithium 

hydroxide monohydrate (0.095g) was suspended in dioxane (5mL) and water (lmL) and the 
mixture was stirred and heated at 110°C for 22.5 hours. After cooling, the volatiles were 

removed in vacuo and the residue was acidified by addition of aqueous citric acid solution 

(10%) and extracted with DCM. The organic layer was dried (NaoSO,*) and filtered and the 

filtrate was evaporated to dryness. The residue was purified by preparative HPLC (CI 8) eluting 

with a mixture of methanol and water, containing 0.1% formic acid, with-a gradient of 10-98% 

to give (laRS,7bSR)-5-(2-{[((R)-l-ethylpyrroIidine-2-yl)carbonylamino]methyl}-4-

fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid 

(0.043g) as a white solid. 
]HNMR (DMSO-dg) 5: 8.77 (IH, d), 7.83 (IH, dd), 7.22 (IH, td), 7.12 (1H, dd), 7.08 (IH, d), 

6.16 (IH, dd), 4.73 (2H, d), 4.24 (IH, d)> 3.67 (1H, d), 3.54 (IH, br s), 3.37-3.28 (IH, m), 2.93-

2.80 (IH, m), 2.80-2.61 (2H, m), 2.30-2.20 (IH, m), 1.95-1.70 (5H, m), 1.08 (3H> t), 0.95 (IH, 

dt), 0.76 (IH, q). 

LCMS (Method C) r/t 3.09 (M+H) 518. 

Example 62: (laRS,7bSR)-5-{2-[(l-Ethylazetidin-3-ylmethyl)amino]benzene-sulfonylamino}-

1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00135] A mixture of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic (Intermediate 67, 0.07g) and (1-ethylazetidin-
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3-yl)methylamine (Intermediate 14.9, O.lg) in DMSO (1.4raL) was divided evenly between 7 

microwave vials and each was irradiated in the microwave at 130°C for 4 hours. After cooling, 

the combined mixture was concentrated under vacuum and the residue was purified by 

chromatography on silica, eluting with a mixture of methanol and DCM (10%). The product 

was repurified by HPLC (CI8) to give (laRS,7bSR)-5-{2-[(l~ethylazetidin-3-

ylmethyl)amino]benzenesulfonylamino}-Lla,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxyiic acid (0.012g) as an off-white solid. 

'HNMR (DMSO-d6) 5: 7.34 (IH, d), 7.22 (1H, t), 7.04 (IH, d), 6.97 (IH, d), 6.74 (IH, d), 6.49 

(IH, t), 6.34 (IH, br s), 4.10 (IH, d), 3.75-3.55 (4H, m), 3.18 (IH, br m), 3.03 (1H, br m), 2.88 

(2H, m), 2.32 (IH, m), 1.85 (IH, m), 1.67 (1.H, m), 1.19 (IH, m), 0.98 (3H, t), 0.86 (1HS m), 

0.69 (IH, m) 
LCMS (Method C) r/t 3.21 (M+H) 457. 

Examples 63 and 64: (laR,7bS)-5-[2-((Z)-3-Diethylaminoprop-1-enyl)benzenesulfonyl-

ami.no]-U a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid and (laS,7bR)-5-[2-((Z)-

3-diethylaminoprop-]-enyl)benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

enyl)benzenesulfonylamino]-1,1 a.2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 153, 0.495g) and lithium hydroxide monohydrate (0.442g) was suspended in 

dioxane (20mL) and water (5mL) and the mixture was stirred and heated at 80°C for 12.5 

hours. After cooling, the volatiles were removed in vacuo and the residue was acidified by 

addition of aqueous citric acid solution (10%) and extracted with DCM. The organic layer was 

dried (Na2S04) and filtered. The filtrate was evaporated to dryness and the residue was purified, 

by preparative HPLC (C18) eluting with amixture of acetonitrile and water, containing 0,1% 

formic acid, with a gradient of 35-70% to give (laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-l-

enyl)benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

(0.147g) as a white solid. 

A mixture ofmethyl (laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-i-[00136 
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This material was subjected to chiral separation using a ChiralPak IC column, 4.6mm x 

250mm, particle size 5micron. Eluting solvent absolute ethanol, 

Example 63: First eluting enantiomer: retention time on above column: 25.71 minutes, >99% 

ee. 

[00137] NMR (DMSO-d6) 5: 7.65 (IH, dd), 7.60 (IH, td), 7.44-7.37 (2H, m), 7.28 

(IH, d), 7.08 (IH, d), 6.95 (IH, d), 6.15-6.05 (IH, m), 4.16 (IH, d), 3.77-3.67 (2H, m), 3.56 

(IH, d), 3.13-3.03 (4H, m), 1.90 (IH, dt), 1.71 (IH, q), 1.12 (6H, t), 0.92 (IH, dt), 0.72 (IH, q). 

LCMS (Method C) r/t 3.20 (M+H) 457. 

Example 64: Second eluting enantiomer: retention time on above column 35.51 minutes, >99% 

ee. 

[00138] !H NMR (DMSO-d6) 5: 7.65 (IH, dd), 7.60 (IH, td), 7.43-7.38 (2H, m), 7.28 

(IH, d), 7.08 (IH, d), 6.95 (IH, d), 6.16-6.07 (IH, m), 4.16 (IH, d), 3,77-3.67 (2H, m), 3.56 

(IH, d), 3..09 (4H, q), 1.91 (IH, dt), 1.71 (IH, q), 1.12 (6H, t), 0.93 (IH, dt), 0.72 (IH, q). 

LCMS (Method C) r/t 3.20 (M+H) 457. 

Example 65: (laRS,7bSR)-5-(2-{N-[((R)-3-Ethylpyrrolidine-2-yl)carbonyl]-N-methylamino-

methyl} -4-fluorobenzenesulfonylamino)-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-
carboxylic acid 

F ^ O^ OH 

[001.39] A mixture ofmethyl (1 aRS,7bSR)-5-(2-{N-[((R)-l-efchylpyrroIidine-2-

yl)carbonyl]-N-methyl-aminomethyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-

tetrafrydrocyclopropa[c]chromene-4-carboxylate (Intermediate 155, 0.177g) and lithium 

hydroxide monohydrate (0.136g) in dioxane (5m.L) and water (2mL) was stirred and heated at 

100°C for 19.5 hours. After cooling, the mixture was evaporated to dryness and the residue was 

acidified by addition of aqueous citric acid solution (10%). The resultant solid was collected by 

filtration, washed with water and dried under vacuum at 40°C. The solid was purified by 

preparative HPLC (C18) eluting with a mixture of methanol and water, containing 0.1 % formic 

acid, with a gradient of 10-98% to give (laRS,7bSR)-5-(2-{N-[((R)-l-ethylpyrrolidine-2-

yl)carbonyl]-N-methylaminomethyl}-4-fluoro-benzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.053g) as a white solid. 
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NMR (DMSO-d6) 5: 7.93-7.78 (IH, m), 7.17 (IH, m), 6.99 (0.5H, m), 6.95 (0.511, d), 6.90-

6.76 (1.5H, m), 6.69 (0.5H, dd), 5.02 (1.5H, m), 4.86 (0.5H, dd), 4.61-4.44 (lH,br s), 4.15 (IH, 

dd), 3.55 (3H, m), 3.11 (2H, m)s. 2.90 (3H, 2s), 2.06-1.54 (6H, m), 1.18-1.05 (4H, 0.84 

(IH, m), 0.68 (IH, m). 

LCMS (Method C) r/t 3.14 (M+H) 532. 

Example 66: (laRS,7bSR)-5-(2-{N-[((S)-l-Ethylpyrrolidine-2~yl)carbonyl]-N-methylamino-

methyl} -4-fluorobenzenesulfonylamino)-1,1 a.257b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid 

{00140] Prepared by proceeding in a similar manner to Example 65, starting from 

methyl (laRS,7bSR)-5-(2-{N-[((S)~l-ethylpyrroiidine-2-yl)carbonyl]-N-methylaminomethyl}-

4-fluorobenzene-sulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 160) as a white solid. 

*HNMR (DMSO-dg) 7.94-7.76 (IH, m), 7.18 (IH, m), 7.02-6.92 (IH, m), 6.92-6.76 (1.5H, m), 

6.68 (0.5H, m), 5.02 (1.5H, m), 4.86 (0.5H, dd), 4.65-4.49 (IH, br s), 4.15 (1H, dd), 3.55 (3H, 

m), 3.14 (2H, m), 2.91 (3H, 2s), 2.07-1.59 (6H,m), 1.13 (4H,m), 0.85 (lH,m), 0.68 (lH,m). 

LCMS (Method C) r/t 3.15 (M+H) 532. 

Example 67: (laRS,7bSR)-5-[2-(4-Dimethylaminobutylamino)-4-

fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00141] A mixture of methyl (laRS,7bSR)-5-[2-(4-dimethylaminobutylamino)-4-

fluorobenzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 161, 0.485g) and lithium hydroxide monohydrate (G.505g) in dioxane (9mL) and 

water (3mL) was irradiated in the microwave at 130°C for 45 minutes. After cooling, the 

mixture was diluted with methanol, acidified with formic acid and evaporated in vacuo. The 
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residue was triturated with 20% methanol in DCM, filtered and the filtrate was evaporated in 

vacuo. The residue was purified by chromatography on silica, eluting with a mixture of 

methanol and DCM with a gradient of 0-20%). The resultant solid was triturated with ethyl 

acetate and filtered off to give (laRS,7bSR)~5-[2-(4-dimethylaminobutylamino)-4-

fluorobenzenesulfoiiylamino]-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid 

(0.215g) as a white solid. 
JHNMR (DMSO-dfi) 5: 12.52 (2H, br, s), 7.65 (IH, dd), 7.08 (2H, q), 6.56 (1H, dd), 6.39 (IH, 

dt), 5.98 (IH, m), 4,20 (IH, d), 3.59 (1H, d), 3.22 (2H, q), 2.98 (2H, m), 2.75 (6H, s), 1.91 (IH, 

m), 1.81 (2H, m), 1,72 (IH, m), 1.58 (2H, m), 0.92 (IH, m), 0.76 (IH, m). 

LCMS (Method C) r/t 3.43 (M+H) 478. 

Example 68: (laRS,7bSR)-5-{2-[((R)-l-Ethylpyrrolidin-3-ylmethyl)amino]benzene-

sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

tetrahydrocyclopropa-[c]chromene-4-carboxy!ic acid (Intermediate 67, 0.105g), ((R)-l-

ethyIpyrrolidin-3-yl)methyl-amine (Intermediate 163, 0.5g) and triethylamine (0.5g) in DMSO 

(lmL) was stirred and heated at 140°C overnight. After cooling, the mixture was concentrated 

under vacuum and the residue was purified by chromatogrpahy on silica, eluting with a mixture 

of methanol and DCM (5%). The product was purified by HPLC (CI 8) to give (laRS,7bSR)-5-

{2-[((R)-l-ethylpyrrolidin-3-ylmethyl)amino]benzene-sulfonylamino}-l,la,2,7b-

tetrahydrocyclopropa[c]-chromene-4-carboxylic acid (0.03g) as a white solid, 

'H NMR (DMSO-d6) 5: 7.38 (IH, dd), 7.24 (IH, t), 7.06 (2H, s), 6.81 (IH, d), 6.49 (IH, t), 

6.14 (IH, br s), 4.13 (IH, dd), 3.54 (2H, m), 3.25 (2H, m) 3.07 (4H, m), 2.82 (IH, m), 2.63 

(IH, m), 1.96 (IH, m), 1.86 (IH, m), 1.71-1.46 (2H, m), 1.19 (3H, m), 0.87 (IH, m), 0.70 (IH, 

m). 

LCMS (Method C) r/t 3.31 (M+H) 472. 

O OH 

[00142] A solution of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)~l,la,2,7b-

Example 69: (laRS,7bSR)-5-{2-[((S)-l-Ethylpyn-olidin-3-ylmethyl)amino]benzene-

sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 
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00143] A solution of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-
; tetrahydrocyclopropa-[c]chromene-4~carboxy]ic (Intermediate 67, 0.08g), and ((S)-l-

ethylpyrrolidin-3-yl)methylamine (Intermediate 169, 0.8g) in DMSO (0.2mL) was stirred and 

heated at 120°C for 24 hours. After cooling, the mixture was diluted with methanol and 

concnetrated under vacuum. The residue was purified by HPLC (CI 8) to give (laRS,7bSR)-5-
{2"[((S)-l-ethylpyrrolidin-3-ylmethyl)amino]benzene-sulfonylamino}-l,la52,7b-
tetrahydrocyclopropa[c]-chromene-4-carboxylic acid (0.03g) as a white solid. 
!H NMR (DMSO-dg) 5: 7.37 (IH, dd), 7.24 (IH, t), 7.05 (2H, s), 6.80 (IH, d), 6.48 (IH, t), 

6.13 (IH, br s), 4.13 (1H, dd), 3.54 (2H, m), 3.24 (2H, m), 3.05 (4H, m), 2.82 (IH, m), 2.62 

(IH, m), 1.95 (IH, m), 1.85 (IH, m), 1.71-1.46 (2H,m), 1.18 (3H, m), 0.86 (lH,m), 0.69 (IH, 

m). 
LCMS (Method C) r/t 3.25 (M+H) 472. 

Example 70: (laRS,7bSR)-5-[2-(4-Ethyl-2-oxopiperazin-l-ylmethyl)-4-fluorobenzene-

sulfonylamino]-l,la,2,7b-tetrah.ydrocyclopropa[c]chromene-4-carboxylic acid 

4-fluorobenzenesulfonyl amino]-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intennediate 173, 0.28g) and lithium hydroxide monohydrate (0.126g) in dioxane (9mL) and 

water (3mL) was iiTadiated in the microwave at 130°C for 30 minutes. After cooling, the 

mixture was diluted with methanol, acidified with formic acid and. evaporated in vacuo. The 

residue was triturated with 20% methanol in DCM, filtered and the filtrate was evaporated in 
vacuo. The residue was purified by chromatography on silica, eluting with a mixture of 

methanol and DCM with a gradient of 0-20%. The resultant solid was triturated with ether and 
filtered to give (laRS,7bSR)-5-[2-(4-ethyl-2~oxo-piperazin-l-ylmethyl)-4-

[00144] A mixture of methyl (laRS,7bSR)-5-[2-(4-ethyl-2~oxopiperazin-l-ylmethyl)-
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fluorobenzenesulfonylamino3-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid. 
(0.176g) as a white solid. 
!HNMR (CDCla) 5: 11.28 (IH, br, s), 8.02 (1H, dd), 7.31 (IH, d), 7.23 (1H, d), 6.98 (2H, m), 

4-98 (2H, q), 4.57 (1IL d), 4.04 (1H, d), 3.36 (2H, t), 3.30 (2H, s), 2.72 (2H, t), 2.51 (2H, q), 

1.96 (IH, m), 1.80 (lH,m), 1.11 (4H, m), 1.03 (lH,m). 

LCMS (Method C) r/t 2.96 (M+H) 504. 

Example 71: (laRS,7bSR)- 5-[2-( 1 -Ethylpiperidin-4-ylmethyl)-4-

fluorobenzenesulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa[c3 chromene-4-carboxylic acid 

fluorobenzenesulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 177, 0.279g) and lithium hydroxide monohydrate (0.233g) were suspended in 
dioxane (7mL) and water (3mL) and the mixture was stirred and heated at 80°C for 25 hours. 

Further lithium hydroxide monohydrate (0.116g) was added and the mixture heating was 

continued for 18 hours. After cooling, the volatiles were removed in vacuo, the residue was 

acidified by addition of aqueous citric acid solution (10%) arid saturated with sodium, chloride. 

The mixture was extracted with DCM and the organic layer was dried (Na2S04) and filtered. 

The filtrate was evaporated to dryness and the residue was purified by preparative HPLC 

(CI 8), eluting with a mixture of methanol and water, containing 0.1% formic acid, with a 

gradient of 10-98% to give (laRS,7bSR)-5-[2~(l~ethylpiperidin-4-ylmethyl)-4-

fluoroben2enesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

(0.117g) as a white solid. 
htt NMR (DMSO-d6) 6: 7.99 (IH, dd), 7.22-7.14 (2H, m), 6.99 (IH, d), 6.76 (IH, d), 4.20 (IH, 

d), 3.60 (IH, d), 3.34 (2H, d), 3.02-2.88 (4H, m), 2.71 (2H, br s), 1.99 (1H, br s), 1.84 (IH, dt), 

1.74-1.62 (3H, m), 1.56-1.40 (2HS m), 1.18 (3H, t), 0.89 (IH, dt), 0.73 (IH, q). 

LCMS (Method C) r/t 3.22 (M+H) 489. 

[00145J Methyl (1 aRS,7bSR)-5-[2-(l -ethylpiperidin-4-ylmethyl)-4-
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Example 72: (laRS,7bSR)-5-{2-[2-(l-Ethylazetidin-3-yl)ethyl]-4-f!uorobenzene-

sulfonylammo}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00146] A mixture of methyl (laRS,7bSR)-5-{2-[2-(l-ethylazetidin-3-yl)ethyl]-4-

fluorobenzene-sulfonylamino}-l,la.2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(intermediate 183, 0.306g) and lithium hydroxide monohydrate (0.421g) in dioxane (7.5mL) 

and water (2.5mL) was irradiated in the microwave at 130°C for 45 minutes. After cooling, the 

mixture was diluted with methanol, acidified with formic acid and evaporated in vacuo. The 

residue was triturated with 20% methanol in DCM, filtered and the filtrate was evaporated in 
vacuo. The residue was purified by chromatography on silica, eluting with a mixture of 

methanol and DCM with a gradient of 0-30%. The resultant solid was triturated with ether and 
filtered to give (laRS,7bSR)-5-{2-[2-(l~ethyl-azetidin~3-yI)ethyl]~4~ 
fluorbenzenesulfonylamino} 1,1 a,2,7b-tetrahydrocycIopropa[c]chromene-4-carboxylic acid 

(0.241 g) as a white solid. 
lR NMR (DMSO-d6) 6: 7.92 (IH, br, s), 7.35 (1H, dd), 7.22 (1H, dt), 7.17 (lH,.d), 6.78 (IH, 

br, s), 4.27 (Hi, d), 4.05 (2H, m), 3.78 (2H, br, s), 3.70 (1H, d), 3.17 (2H, q), 2.86 (2H, br, s), 

2.70 (IH, br, s), 1.95 (lH,m), 1.84 (2H, m), 1.75 (lH, in), 1.11 (3H, t)f 0.98 (lH,m),0.76 

(IH, m). 
LCMS (Method C) r/t 3.36 (M+H) 475. 

Example 73: (laRS,7bSR)-5- {2-[((S)-l-Azabicyclo[2.2.2]oct-3-yl)amino]benzenesulfonyl-

amino} -1,1 a,2,7b-tetrah ydrocyclopropa[c] chromene-4-carboxylic acid 

[00147] A solution of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intermediate 67, 0.6g) and (S)-l-
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azabicyclo[2.2.2]oct-3-ylamine (6.0g) in DMSO (6mL) was stirred and heated in a selaed 

vessel at 140°C for 22 hours. After cooling, the mixture was diluted with methanol and 

concentrated under vacuum. The residue was purified by HPLC (CI 8) to give (1 aRS,7bSR)-5-

{2-[((S)-l-azabicyclo[2.2.2]oct-3-yl)amino]benzenesulfonylamino}-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.107g) as a white solid. 
!H NMR (DMSO-dg) S: 7.58 (1H, ddd), 7.25 (IH, t), 6.94 (IH, dd), 6.76 (2H, t), 6.62 (2H, m), 

6.06 (IH, d), 4.14 (lHj t), 3.86 (IH, br s), 3.57 (3H, m), 3.16-2.87 (4H, m), 2.12 (lH,'m), 2.01 

(IH, m), 1.82 (3H, m), 1.65 (2H, m), 0.83 (IH, m), 0.67 (IH, m). 

LCMS (Method C) r/t 3.16 (M+H) 470). 

Example 74: (laRS,7bSR)-5-{2-[((R)-l-Azabicyclo[2.2.2]oct-3-yl)amino]benzenesulfonyl-

amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4~carboxylic acid 

(laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-

4-carboxylic acid (Intermediate 67) and (R)-l-azabicyclo[2.2.2]oct-3-ylamine. 
!H NMR (DMSO-d6) 5: 7.58 (IH, ddd), 7.25 (IH, t), 6.94 (IH, dd), 6.76 (2H, t), 6.62 (2H, m), 

6.07 (IH, d), 4.13 (IH, t), 3.86 (IH, br s), 3.57 (3H, m)s 3.16-2.87 (4H, m), 2.12 (IH, m), 2.01 

(IH, m), 1.83 (3H, m), 1.64 (2H, m), 0.83 (IH, m), 0.67 (IH, m). 

LCMS (Method C) r/t 3.15 (M.+H) 470 

Example 75: (1 aRS,7bSR)-5-(2-{[((S)-l-ethylpyrrolidine-3-carbonyl)amino]methyl}~4-fluoro-

henzenesulfonylamino)-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00148J Prepared by proceeding in a similar manner to Example 73, starting from 

[00149] Methyl (laRS,7bSR)-5-(2-{[((S)-l-ethylpyrrolidine-3~ 

carbonyI)amino]methyl}-4-fluoro-benzenesulfonylamino)-l ,1a,2,7b-
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tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 188, 0.190g) and lithium 

hydroxide monohydrate (0.150g) were suspended in dioxane (5mL) and water (5mL) and the 

mixture was stirred and heated at 100°C for 18.5 hours. After cooling, the volatiles were 

removed in vacuo and the residue was acidified by addition of aqueous citric acid solution 

(10%) and extracted with DCM. The organic layer was dried (Na2S04) and filtered. The filtrate 

was evaporated to dryness and the residue was purified by preparative HPLC (CIS) eluting 

with a mixture of acetonitrile and water, containing 0.1% formic acid, with a gradient of 25-

60% to give (laRS,7bSR)-5-(2-{[((S)-l-ethylpyrroHdine~3-carbonyl)amino]methyl}-4-

fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

(0.092g) as a white solid. 
!H NMR (DMSO-d6) 5: 8.78 (1H, q), 7.89-7.82 (IH, m), 7.19 (IH, td), 7.12 (IH, dt), 7.02 (IH, 

dd), 6.75 (IH, dd), 4.74 (2H, d), 4.19 (IH, d), 3.62 (IH, dt), 3.50-3.15 (5H, m), 3.10 (2H, q), 

2.35-2.23 (IH, m), 2.10-1.99 (IH, m), 1.86 (IH, dt), 1.75-1.67 (IH, m), 1.20 (3H, t), 0.90 (1H; 

dt), 0.73 (IH, q) 

LCMS (Method C) r/t 3.01 (M+H) 518 

Example 76: (laRS,7bSR)-5-{2-[2-((R)-l-Ethylpyrrolidin-3-yiamino)ethyl]-4-fluoro-

benzenesulfonylammo}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

Lla,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylic acid (Intermediate 74, 0.150g) and 
(R)-l-ethylpyrrolidin-3-ylamine (Intermediate 193, 0.25g) in ethylene glycol (1ml) was 
irradiated in the microwave at 200 °C for 30 minutes. After cooling, the mixture was diluted 

with water and loaded onto a SCX-2 SPE cartridge then washed with water, methanol and 2M 

ammonia in methanol. The basic fractions were combined and evaporated to dryness. The 

residue was purified by preparative HPLC (CI 8) eluting with a mixture of methanol and water, 

containing 0.1% ammonia, with a gradient of 10-98%. Then further purified by preparative 

HPLC (C18) eluting with a mixture of acetonitrile and water, containing 0.1% formic acid, 

with a gradient of 10-60% to give (laRS,7bSR)-5-{2-[2~((R)-l~ethylpyrrolidin-3-

001501 A solution of (laRS,7bSR)-5-(4-fluoro-2-vinylbenzenesulfonylamino)-
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ylamino)ethy]]-4-fluorobenzenesulfonylamino} -1,1 a,2,7b-tetrahydro-cyclopropa[c]ch.romene-

4-carboxylic acid (0.005g) as a white solid. 
]HNMR (CDC13) 6: 7.86 (IH, dd), 7.43 (IH, dd), 7.31 (IH, dt), 7.27 (IH, d), 6.59 (IH, d), 4.31 

(IH, d), 4.18-3.97 (1.5H, br), 3.82-3.64 (1.5H, br), 3.79 (1H, d), 3.33-3.20 (8H, br), 2.31 (IH, 

br s), 2.04 (IH, in), 1.84 (IH, q), 1.26 (4H, t), 1.07 (IH, m), 0.86 (IH, q). 

LCMS (Method C) r/t 2.60 (M+H) 503.9 

Example 77: (laRS JbSR)-5-{2-[((R)-l-Ethylpyrrolidin-3-yl)amino]benzenesulfonylamino}-

1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intermediate 67, 0.13g) and (R)-l-

ethylpyrrolidin-3-ylaniine (Intermediate 193, 1.22g) in DMSO (0.7mL) was stirred and heated 

in a selaed vessel at 120°C for 22 hours. After cooling, the mixture was diluted with methanol 

and concentrated under vacuum.. The residue was purified by HPLC (CI 8) to give 

(iaRS,7bSR)-5-{2-[((S)-l-ethylpyrrolidin-3-yl)amino3benzeiiesulfonylamino}-l,la,2,7b-

tetrah.ydrocyclopropa[c]chromene-4-carboxylic acid (0.107g). as. a white solid. 

'H NMR (DMSO-d6) 5: 7.32 (2H, m), 7.04 (IH, d), 6.98 (IH, m), 6.72'(1H, d), 6.60 (1H, t), 

5.55 (IH, br s), 4.18 (IH, br s), 4.11 (IH, t), 3.78 (IH, br s), 3.66-3.48 (2H, m), 3.18-2.94 (4H, 

m), 2.54 (IH, m), 1.86 (2H, m), 1.66 (IH, m), 1.22 (3H, t), 0.86 (IH, m), 0.68 (IH, m). 
LCMS (Method C) r/t 3.40 (M+H) 458. 

[00151] A solution of (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-

Example 78: (laRS57bSR)-5-{2-[((S)-l-Ethylpyrrolidin-3-yl)amino]benzenesulfonylamino}-
l,la,2,7b-tetrah.ydrocyclopropa[c]chromene-4-carboxylic acid 
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[00152] Prepared by proceeding in a similar manner to Example 77, starting from 

(laRS,7bSR)-5-(2-fluorobenzenesulfonylainino)-l,la52,7b~tetrabydrocyclopropa-[c]chromene-

4-carboxylic acid (Intermediate 67) and (S)-l-ethylpyrrolidin-3-ylamine (Intermediate 194). 
]H NMR (DMSO-d6) S; 7.32 (2H, m), 7.05 (IH, d), 6.98 (1H, m), 6.72 (IH, d), 6.60 (1H, t), 

5.54 (1H, br s), 4.20 (1H, br s), 4.11 (IH, t), 3.80 (IH, br s), 3.69-3.48 (2H, m), 3.19-2.96 (4H, 

m), 2.56 (IH, m), 1.86 (2H, m), 1.66 (IH, m), 1.22 (3H, t), 0.87 (IH, m), 0.68 (IH, m). 

LCMS (Method C) r/t 3.40 (M+H) 458. 

Example 79: (laRS,7bSR)-5-(2-{[((R)-l-Ethylpyrrolidine-3-ylcarbonyl)amino]methyl}-4-

fluoro-benzenesulfonylamino)-1,1 a,2,7b-tetrahydrocyciopropa[c]chromene-4~carboxylic acid 

[00153] A mixture ofmethyl (1 aRS,7bSR)-5-(2- {[((R)-l -ethylpyrrolidine-3-

ylcarbonyl)amino]methyl}-4-fIuoro-benzenesulfonylamino)-l,la,2,7b-

tetrabydrocyclopropa[c]chromene-4-carboxylate (Intermediate 195, 0.215g) and lithium 

hydroxide monohydrate (0.170g) was suspended in dioxane (5mL) and water (5mL) and the 
mixture was stirred and heated at 80°C for 21 hours. The temperature was raised to 100°C and 

the mixture was stirred and heated at that temperature for 2:5 hours. Further lithium hydroxide 

monohydrate (0.05g) was added and the mixture was stirred and heated at 100°C for 2 hours. 

After cooling, the volatiles were removed in vacuo and the residue was acidified by addition of 

aqueous citric acid solution (10%) and extracted with DCM. The organic layer was dried 

(Na2SC>4) and filtered. The filtrate was evaporated to dryness and the residue was purified by 

preparative HPLC (CI 8) eluting with a mixture of acetonitrile and water, containing 0.1 % 

formic acid, with a gradient of 25-60% to give (laRS,7bSR)-5-(2-{[((R)-l-ethylpyrrolidine~3~ 

ylcarbonyl)-amino]methyl}-4-fiuorobenzenesulfonylamino)-l ,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.103g) as a white solid. 
!H NMR (DMSO-dg) 5: 8.78 (IH, q), 7.89-7.83 (IH, m), 7.18 (IH, td), 7.11 (IH, dt), 7.01 (IH, 

dd), 6.76 (IH, dd), 4.74 (2H, d), 4.19 (IH, d), 3.61 (IH, dt), 3.46-3.12 (5H, m), 3.07 (2H, q), 

2.34-2.22 (IH, m), 2.10-1.98 (lH,m), 1.86 (lH,dt), 1.70 (IH, q), 1.19 (3H, t), 0.90 (IH, dt), 

0.73 (lH,q). 

LCMS (Method C) r/t 3.04 (M+H) 518. 
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ExampSe 80: (laRS,7bSR)5-[2-((Z)-3-Diethylamino-2-methylprop-l-envl)-4-fluoro-

benzenesulfonylamino]-!, 1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxyIic acid 

[00154] A mixture of methyl (laRS,7bSR)-5- {N-[2-((Z)-3-diethylaraino-2-methylprop-

l-enyl)-4-fluoroberrzenesulfonyl]-N-methoxycarbonyIamino]-l,la.2,7b-tetrahydrocyclopropa-

[c]chromene~4~carboxylate (Intermediate 200, 0.264g) and lithium hydroxide monohydrate 

(0.505g) in dioxane (9mL) and water (3mL) was irradiated in the microwave at 130°C for 40 

minutes. After cooling, the mixture was diluted with methanol, acidified with fonnic acid and 

evaporated in vacuo then azeotroped with a mixture of ethanol and toluene. The residue was 

triturated with 15% methanol in DCM, filtered and. the filtrate was evaporated in vacuo. The 

residue was purified by chromatography on silica, eluting with a mixture of methanol and 

DCM with a gradient of 0-40%. The resultant solid was triturated with ether and filtered to give 

(laRS,7bSR)-5-[2-((Z)-3-diethylamino-2-methylprop-l~enyl)-4-fluorobenzene-sulfonylamino]-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.202g) as a white solid. 
!H NMR (DMSO-dg) 5: 7.95 (IH, dd), 7.28 (IH, dt), 7.14 (IH, dd), 7.06 (IH, d), 6.92 (IH, s), 

6.64 (IH, d), 4.25 (IH, d), 3.64 (IH, d), 3.36 (2H, hr, s), 2.63 (4H, q), 1.96 (3H, s), 1.90 (IH, 

m), 1.74 (IH, m), 0.93 (IH, m), 0.86 (6H, t), 0.75 (IH, m). 

LCMS (Method C) r/t 3.27 (M+H) 489 

Example 81: (laRS,7bSR)-5-{2-[2-((R)-l-Ethylpyrrolidin-3-yl)ethylamino]benzene-

sulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylicacid 

[00155] A mixture of (laRS,7bSR)-5-(2~fluorobenzenesulfonylamino)-l,l.a,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intermediate 67, 0.2g) and 2~((R)~1~ 

etliylpyrrolidin-3-yl)ethylamine (Intermediate 203, 2.0g) in DMSO (2mL) was divided between 

two sealed vials and each was stirred and heated at 130°C for 24 hours. After cooling, the 
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combined mixture was diluted with methanol and then .concentrated under vacuum. The residue 

was purified by HPLC (CIS) to give (laRS,7bSR)-5~{2-[2-((R)-l-ethylpyrrolidm-3-

yI)ethylamino]-benzenesulfonyl-amino} -1.1 a.2,7b-tetrahydrocyclopropa[c]chromene-4-

oarboxylic acid (0.125g) as a white solid. 
lH NMR (DMSO-d6)-5: 7.62 (IH, dt), 7.29 (IH, dt), 7.02 (2H, 2s), 6.70 (IH, d), 6.58 (IH, t), 

5.84 (IH, br in), 4.14 (IH, d), 3.54 (IH, d), 3.36 (IH m), 3.18 (3H, m), 3.06 (4H, m), 2.59 (IH, 

in), 2.01 (IH. m), 1.83 (lH,m), 1.80-1.49 (4H, m)} 1.19 (3H, q), 0.85 (lH,m), 0.69 (lH,m). 

LCMS (Method C) r/t 3.35 (M+H) 486. 

Example' 82: (laRS,7bSR)-5-{2-[2-((S)-l~Ethylpyrrolidin-3-yl)ethylamino]benzenesulfonyl-

axnino}-l,la,2)7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

(laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-[c]chrom.ene-

4-carboxylic acid (Intermediate 67) and 2-((S)-l-ethylpyrrolidin-3-yI)ethylamine (Intermediate 

208). 

*H NMR (DMSO-d6) 5: 7.62 (IH, dt), 7.29 (IH, dt), 7.02 (2H, 2s), 6.70 (IH, d), 6.57 (IH, t), 

5.84 (IH, br m), 4.14 (1HS d), 3.54 (IH, d), 3.36 (IH m), 3.17 (3H, m), 3.06 (4H, m), 2.57 (IH, 

m), 2.01 (IH, m), 1.83 (IH, m), 1.80-1.49 (4H, m), 1.19 (3H, q), 0.85 (IH, ml 0.68 (1H; m). 

LCMS (Method C) r/t 3.34 (M+H) 486. 

[00156] Prepared by proceeding in a similar manner to Example 58, starting from 

Example 83: (laR,7bS)-5-{2-((S)-l-Ethy]pyrrolidin-3-yloxymethyl)-4-fhiorobenzene-

sulfonylaxnino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxyiic acid 

( 
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[00157] A mixture of methyl (laR,7bS)-5-[2-((S)-l-ethylpyrrolidin-3-yioxymethyl)-4-

fluorobenzene-sulfonylamiiio]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 213, 0.217g) and lithium hydroxide monohydrate (0.168g) in dioxane (3mL) and 

water (lmL) was irradiated in the microwave at 130°C for 40 minutes. After cooling, the 

mixture was diluted with methanol, acidified with formic acid, evaporated in vacuo and 

azeotroped with a mixture of toluene and ethanol. The residue was triturated with 15% 

methanol in DCM, filtered and the filtrate was evaporated in vacuo. The residue was purified 

by chromatography on silica, eluting with a mixture of methanol and DCM with a gradient of 

0-20%. The resultant gum was triturated with ether and ethyl acetate and filtered to give 

(laR,7bS)-5-[2-((S)-l-ethylpyrrolidin-3-yloxymethyl)-4-fluorobenzenesulfonylamino]-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.136g) as a white solid. 

NMR (CDC13) 6: 7.35 (1H, dd), 7.23 (1H, d), 7.19 (IH, dd), 7.01 (IH, d), 6.83 (IH, dt), 

4.87 (IH, br, d), 4.73 (IH, br, d), 4.36 (2H, br, m), 4.19 (IH, d), 3.88 (IH, m), 3.84 (IH, d), 

3.38 (IH, m), 2.94 (IH, m). 2.86 (IH, m), 2.75 (IH, m), 2.26-2.45 (2H, m), 1.81 (IH, m), 1.60 

(IH, m), 1.39 (3H, t), 0.90 (2H, m). 

LCMS (Method C) r/t 3.25 (M+H) 491 

Example 84: (1 aR,7bS)-5~[2-((R)-'l -Ethylpyrrolidm-3-yloxyrnethyl)-4-fluorobenzene-
sulfonylamino]-l,l a,2,7b-tetrahydrocycl.opropa[c]chromene-4-carboxylic acid 

( 

[00158] Prepared by proceeding in a similar manner to Example 83, starting from 

methyl (1 aR,7bS)-5-[2-((R)-l -ethylpyrrolidin-3-yloxymethyl)-4-fluorobenzenesulfonylamino]-

l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 217). 

'H NMR (DMSO-d6) 5: 7.83 (IH, dd), 7.44 (IH, dd), 7.20 (IH, dt), 7.07 (IH, d), 7.03 (IH, d), 

4.99 (IH, d), 4,49 (2H, d), 4.19 (2H, d), 3.57 (2H, d), 2.93-3.30 (4H, m), 2.34 (IH, m), 2.13 
(IH, m), 1.88 (IH, m), 1.72 (IH, m), 1.29 (3H, t), 0.92 (IH, m), 0.75 (IH, m). 

LCMS (Method C) r/t 3.25 (M+H) 491. 
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Example 85: (laR,7bS) -5-[2-(l-Ethylpiperidin-3-ylme£hyl)-4-fluorobenzenesulfonylamino]-

1,1 a,2,7b-tetrahydrocyclopropa[c] chromene-4-carboxylic acid 

100159J A mixture ofmethyl (laR,7bS) )-5-[2-(l-ethyipiperidin-3-ylmethyl)-4-

fluorobeiizenesulfonyl-ami.no]-l,la,2.7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 221, 0.071 g) and lithium hydroxide monohydrate (0.059g) was suspended in 

dioxane (5mL) and water (2mL) and the mixture was stirred and heated at 100°C for 25 hours. 

Further lithium, hydroxide monohydrate (0.116g) was added and the mixture was heated at 

100°C for a further 18 hours. After cooling, the volatiles were removed in vacuo and the 

residue was acidified by addition of aqueous citric acid solution (10%) and saturated with 

sodium chloride, The mixture was extracted with DCM and the organic layer was dried 

(Na2SC>4) and. filtered. The filtrate was evaporated to dryness and the residue was purified by 

preparative HPLC (C18), eluting with a mixture of acetonitrile and water, containing 0.1% 

formic acid, with a gradient of 25-60% to give (laR,7bS)-5-[2-(l-ethyI~piperidin-3~ylmethyl)-

4-fluorobenzenesulfonylamino3-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylic acid 

(0.032g) as a white solid. 

'HNMR (DMSO-dg) 8: 8.01-7.91 (IH, m), 7.26-7.18 (2H, m), 7.10-7.00 (2H, m), 4.22-4.17 

(1H, m), 3.61 (IH, d), 3.45-2.92 (5H, m), 3.02-2.88 (4H, m), 1.944.85 (IH, m), 1.80-1.65 

(3H, m), 1.65-1.50 (IH, m), 1.30-1.14 (4H, m), 0.97-0.87 (1H, m), 0.77-0.68 (IH, m). 

LCMS (Method C) r/t 3.21 (M+H) 489. 

Example 86: (l<iR,7bS)-5~{2-[2-((R)-l~Ethylpyrrolidin-2-yl)ethyl]-4-fluorobenzenesulfonyI-

amino} -1,1 a.2,7b-tetrahydrocyclopropa[c3chromene-4-carboxylic acid 

O-^OH 

[00160] Lithium hydroxide (0.22g) was added to a solution of methyl (laR,7bS)-5-{2-

[2-((R.)-l-ethyl-pyrrolidin-2-yl)ethyl]-4-fluorobenzenesulfonylammo}~l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylate (Intermediate 229, 0.26g) in a mixture of 

dioxane (12mL) and water (4mL) and the mixture was irradiated in a microwave at 150°C for 
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20 minutes. After cooling, the mixture was evaporated to dryness and the residue was acidified 

by addition of 10% aqueous citric acid (3mL) and then extracted with DCM. The organic layer 

was dried (MgS04) and filtered and the filtrate was evaporated to dryness. The residue was 

purified by preparative HPLC (CI 8) eluting with a mixture of acetonitrile and water, containing 

0.1 % formic acid, with a gradient of 25-35% to give (1aR,7bS)~5-{2-{2~((RH~ethylpyrrolidin-

2-yl)ethy]]-4-fluoro-benzenesulfonylamino} -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid (0.1 lg) as a white solid. 
lR NMR (DMSO-d6) 8: 7.88 (IH, dd), 7.33 (1H: dd), 7.15 (IH, dt), 7.08 (IH, d), 6.98 (IH, d), 

4,18 (IH, d), 3.68 (IH, br m), 3.58 (IH, d), 3.56 (IH, m), 3.22-2.96 (5H, m), 2.23 (IH, m), 2.03 

(4H, m), 1.87 (2H, m), 1.72 (IH, q), 1.31 (3H,t),0.91 (IH, m), 0.72 (IH, q). 

LCMS (Method C) r/t 3.24 (M+H) 489. 

Intermediate 1: Methyl cis-(3aRS,9bRS)-7-(benzenesulfonylamino)~l,3a,4,9b-tetrahydro-2H-

furo[2,3-c]chromene-6-carboxylate 

Mixture of cis enantiomers 

[00161] Formic acid (5mL) was added to methyl cis~(3aRS,9bRS)-7-[to'-(re?t~ 

butoxycarbonyl)ammo]-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate 

(Intermediate 2, 0.15g) and the mixture was stirred at room temperature for 1 hour. The 

resultant mixture was evaporated to dryness and the residue was redissolved in toluene and 

evaporated to dryness three times. The residue was dissolved in DCM (2mL) and pyridine 

(lmL) was added followed by benzenesulfonyl chloride (0.07g). The resultant mixture was 

stirred at room temperature for 90 minutes then diluted with DCM and washed with sodium 

hydroxide (1M) and brine. The sodium hydroxide washing was saturated with salt and then 

extracted with ethyl acetate, dried (MgSCU) and filtered. The filtrate was evaporated to dryness 

to give methyl cis-(3aRS,9bRS)-7-(benzenesulfonylamino)-l,3a54,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxylate (0.082g) as a gum. 

[00162] !H NMR (CDC13) 6: 7.73 (2H, dd), 7.53 (IH, t), 7.42 (2H, t), 7.25 (IH, d), 7.21 

(1H, d), 4.29 (IH, m), 4.03 (IH, dd), 3.93 (IH, dd), 3.82 (2H, t), 3.70 (3H, s), 3.45 (IH, m), 

2.48 (IH, m), 1.87 (IH, m). 
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Intermediate 2: Methyl cis-(3aRS,9bRS)-7-[fris-(terr-butoxycarbonyl)amino]-l,3a.4,9b-

tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate 

cr o 
i 

Mixture of cis enantiomers 

[00163] A solution ofmethyl 7-[6LV-(fert-butoxycarbonyl)amino]-4H-furo[2,3-c]-

chromene-6-carboxylate (Intermediate 3, 0.15g) in a mixture of dioxane (15mL) and acetic acid 

(1,5mL) was treated under an atmosphere of nitrogen with palladium on carbon (10%, 0.02g). 

The mixture was stirred and the nitrogen was replaced by hydrogen then the mixture was 

stirred under an atmosphere of hydrogen for 3 hours. The mixture was filtered through Celite, 

the pad was washed thoroughly with dioxane and the filtrate was evaporated to dryness to give 

methyl cis-(3aRS.9bRS)-7-[&w-(ferf-butoxycarhonyl)armno]-l,3M>9b-tetrahydro~2H-furo[2,3~ 

cjchromene-6-carboxylate (0.15g) as a gum. 

[00164] 'H NMR (CDCI3) 5: 7.22 (IH, dd), 6.80 (IH, d), 4.36 (IH, m), 4.07 (2H, d), 

3.86 (2H, t), 3.84 (3H, s), 3.53 (IH, m)( 2.50 (IH, m), 1.94 (IH, m), 1.40 (18H, s). 

Intermediate 3: Methyl 7-[tfzWfcT/-butoxycarbonyl)amino]~4H-furo[2,3-c]-chromene-6-

carboxylate 

[00165] Carbon tetrabromide (2.66g) was added to a solution ofmethyl 6-[bis-(lcrt-

butoxycarbonyl)amino]-2-hydroxy-3-(2-hydroxymethylfuran-3-yl)-benzoate (Intermediate 4, 

2.65g) and triphenyl phosphine (2.1g) in DCM (40mL) and the resultant solution was stirred at 

room temperature for 1 hour. The mixture was evaporated to dryness and DMF (60mL) and 

cesium carbonate (5.59g) were added to the residue. The resultant mixture was stirred for 1 

hour, then partitioned between ethyl acetate and water. The organic layer was separated, dried 

(Na2S04) and filtered. The filtrate was evaporated to dryness and the residue was purified by 

chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane with a 
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gradient of 5-25% to give methyl 7-[i>w-(tert-butoxycarbonyl)amino]-4H-furo[2,3-c]-

chromene-6-carboxylate (0.735g) as a gum which crystallised on standing. 

[00166] 'H NMR (CDC13) • 5: 7.45 (IH, m), 7.26 (1H, s), 6.79 (IH, d), 6.65 (IH, d), 

5.44 (2H, s), 3.87 (3H, s), 1.42 (18H, s). 

Intermediate 4: Methyl 6-[fas-(terr-butoxycarbonyl)amino]-2-hydroxy-3-(2-

hydroxym ethylfaran-3 -yl)benzoate 

[00167] 1M aqueous sodium hydroxide (50mL) was added to a solution of methyl 6-

[£z's-(fc^butoxycarbonyl)amino]~3-(2-hydroxyme1hylfiiran-3-yl)-2-(4-methylbenzene-

sulfonyloxy)benzoate (Intermediate 5. 3.82g) in methanol (1 OOmL) and the mixture was stirred 

and heated at 45°C for 1.5 hours. The mixture was evaporated to dryness and the residue was 

dissolved in ethyl acetate and acidified with acetic acid. The organic layer was separated, dried 

(Na2S04) and filtered. The filtrate was evaporated to dryness and the residue was purified by 

chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane with a 

gradient of 10-50% to give methyl 6-[/>z.s,-(^rr-butoxycarbonyl)amino]-2-hydroxy-3-(2-

hydroxymethylfuran-3-yl)benzoate (2.65g) as a white foam. 

[00168] !H NMR (CDCI3) 8: 11.91 (IH, s), 7.50 (2H, m), 6.80 (IH, d), 6.57 (IH, d), 
4,58 (2H, s), 3.97 (3H, s), 1.43 (18H, s). 

Intermediate 5: Methyl 6-[fo's-(ter^butoxycarbonyl)aminoj~3-(2-hydroxymethyl-furan-3-yl.)-

2'(4-methylbenzenesulfonyloxy)benzoate 
OH 

[00169] Sodium borohydride (0.304g) was added to a solution of methyl 6-[bis-(tert-
butoxycarbonyl)amiiio]~3~(2-formylfuran-3-yl)-2-(4-methyIbenzenesulfonyloxy)-benzoate 
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(Intermediate 6, 3.9g) in ethanol (50mL) and the mixture was stirred for 15 minutes. The 

mixture was evaporated to dryness and the residue was partitioned between ethyl acetate and 

water. The organic layer was separated, dried (Na2S04) and filtered. The filtrate was 

evaporated to dryness to give methyl 6-[6w-(?erzL-butoxycarbonyl)amino]-3-(2-

hydroxymethylfuran-3-yl)-2-(4-methylbenzene-sulfonyloxy)benzoate (3.82g) as a white solid. 

[00179] !H NMR (CDC13) 8: 7.40 (IH, d), 7.38 (2H, d), 7.30 (IH, d), 7.18 (IH, d), 7.11 

(2H, d), 6.28 (IH, d), 4.33 (2H, s), 3.82 (3H, s), 2.40 (3H, s), 1.42 (18H, s). 

Intermediate 6: Methyl 6-[&/j,-(terr-butoxycarbonyl)amino]-3-(2-formylfuran-3-yl)-2-(4-

methylbenzenesulfonyloxy)benzoate 

[00171] Triethylamine (0.848g) was added to a stirred solution of methyl 6-amino-3-(2-

formylfuran-3-yl)-2-hydroxybenzoate (Intermediate 7, 1.72g), 4-methylbenzenesulfonyl 

chloride (1.25g) and DMAP (0.804g) in DCM (30mL) and the resultant mixture was stirred for 

1 hour. The mixture was diluted with water and the organic layer was separated, dried 

(Na2SC>4) and filtered. The filtrate was evaporated to dryness and the residue was dissolved in 

acetonitrile (30mL) and DMAP (0.804g) and di-ferf-butyl dicarboante (3.16g) were added. The 

mixture was stirred for 2 hours then diluted with ethyl acetate and water. The organic layer was 

separated, dried (Na2SC>4) and filtered. The filtrate was evaporated to dryness and the residue 

was purified by chromatography on silica, eluting with a mixture of ethyl acetate and 

cyclohexane with a gradient of 10-50% to give methyl 6-[£zs-(/m-butoxycarbonyl)amino]-3-

(2-formylfuran-3-yl)-2-(4-methylbenzenesulfonyloxy)~benzoate (3.91 g) as a white foam. 

[001721 !H NMR (CDCI3) S: 9.13 (IH, d), 7.54 (1H, dd), 7.38 (IH, d), 7.31 (2H, d), 

7.23 (IH, d), 7.05 (2H, d), 6.75 (IH, d), 3.94 (3H, s), 2.37 (3H, s), 1.45 (18H, s). 

Intermediate 7: Methyl 6-amino-3-(2-formylfuran-3-yl)-2-hydroxybenzoate 
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[00173] A mixture of methyl 6-amino-3-bromo-2-hydroxybenzoate (prepared 

according to Wang el al, Bioorg Med Chem Lett, 2007, 17, 2817; 1.84g), 2-formylfuran-3-

boronic acid pinacol ester (1.99g), tri-ter^butylphosphonium tetrafluoroborate (0.218g), cesium 

carbonate (7.33g) and /m-(dibenzylideneacetone)dipalladium (0.343g) in dioxane (75mL) and 

water (9.4mL) was heated at 65°C, under nitrogen, for 1 hour. After cooling, the mixture was 

diluted with ethyl acetate and water and the organic layer was separated, dried (Na2S04) and 

filtered. The filtrate was evaporated to dryness and the residue was purified by chromatography 

on silica, eluting with a mixture of ethyl acetate and cyclohexane with a gradient of 10-50% to 

give methyl 6-amino-3-(2-formylfuran-3-yl)-2-hydroxybenzoate (1.72g) as a yellow solid. The 

material was used without further characterisation. 

Intermediate 8: 7-[2-((Z)-3-Diethylaminoprop-l -enyl)-4-fluorobenzene-sulfonylamino]-4H-

furo[2,3-c]chromene-6-carboxylic acid 

F ^ cr OH 

[00174] Methyl 7-[2-((Z)-3-diethylaminoprop-l-enyl)-4-fIuorobenzenesulfonylamino] 

4H-furo[2,3-c]chromene-6-carboxylate (Intermediate 9, 0.129g) was added to a solution of 

lithium hydroxide monohydrate (0.42g) in water (2mL) and dioxane (8mL), and the mixture 

was irradiated in the microwave at 130°C for 1 hour. After cooling, the mixture was acidified 

with formic acid, and evaporated to dryness. The residue was triturated with 10% methanol in 

DCM, filtered and the filtrate was evaporated to dryness. The residue was purified by 

chromatography on silica, eluting with a mixture of methanol and DCM with a gradient of 0-

10%. The isolated product was triturated with ethyl acetate and the solid was collected by 

filtration and dried in vacuo to give 7~[2~((Z)-3-diethylaminoprop-l-enyl)-4-

f]uorobenzenesulfonylamino]-4H-furo[2,3-clchromene-6-carboxylic acid (0.056 g) as a white 

solid. 
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[00175] !H NMR (DMSO-de) 8: 7.71 (1H, d), 7.68 (IH, d), 7.38 (1H, d), 7.28 (IH, dd), 

7.26-7.19 (2H, m), 7.02 (IH, d), 6.86 (IH, d), 6.20-6.11 (IH, m), 5.28 (2H, s), 3.79 (2H, d), 

3.12 (4H, q), 1.14 (6H, t). 

[00176] LCMS (Method C) r/t 3.48 (M+H) 501. 

Intermediate 9: Methyl 7-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-fluorobenzene-

sulfonylammo]-4H-furo[2,3-c]chromene-6-carboxylate 

[00177] A mixture of methyl 7-(2-bromo-4-fluorobenzenesulfonylamino)-4H-furo[2,3-

c]chromene-6-carboxylate (Intermediate 10, 2.04g), N,N-diethyl-N-((Z)-l-

tributylstannanyl.prop~l-en-3-yl)amine (Intermediate 11, 3.4g), tri-fert-butylphosphonium 

tetrafluoroborate (0.246g), /m-(dibenzylideneacetone)dipalladium (0.0.388g) in dioxane 

(35mL) was degassed and purged with argon then heated at 100°C for 3.5 hours. After cooling, 

the mixture was diluted with ethyl acetate and filtered. The filtrate was washed, with water, 

dried (Na2SC>4) and filtered. The filtrate was evaporated to dryness and the residue was purified 

by chromatography on silica, eluting with a mixture of ammonia in methanol (2M) and DCM 

with a gradient of 0-10%. The product was triturated with ether and the solid was collected by 

filtration to give methyl 7-[2-((Z)~3-diethylammoprop-l-en-l-yl)-4-fluorobenzenesulfonyl-

amino]-4H-furo[2,3-c]chromene-6-carboxyla.te (1.47g) as a pale orange solid. 

[00178] *HNMR (CDC13) 8: 8.06 (IH, dd), 7.40 (IH, m), 7.17 (IH, d), 7.14-6.98 (2H, 

m), 7.0-6.9 (2H, m), 6.56 (IH, d), 6.06 (IH, m), 5.37 (2H, s), 3.87 (3H, s), 3.17 (2H, m), 2.55 

(4H, m), 0.97 (6H, t). 

Intermediate 10: Methyl 7-(2-bromo-4-fluorobenzenesulfonylamino)-4H-furo[2,3-

c]chromene-6-carboxylate 
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[00179] Methyl 7-[£>w-(te^butoxycarbonyl)amino]-4H-furo[2,3-c]-chromene-6-

carboxylate (Intermediate 3, 2.66g) was dissolved in formic acid (50mL) and the mixture was 

stirred at room temperature for 90 minutes. The mixture was evaporated to dryness and the 

crude residue was partitioned between ethyl acetate and aqueous potassium carbonate solution 

(10%). The organic layer was separated, dried (MgSCU) and filtered. The filtrate was 

evaporated to dryness and the residue was dissolved in DCM (20mL) and pyridine (lOmL) and 

2-bromo-4-fluorobenzenesulfonyl chloride (1.95g) was added.. The resultant mixture was 

stirred for 3.5 hours then evaporated to dryness. The residue was dissolved in DCM washed 

with, water and filtered through a phase separator. The filtrate was evaporated to dryness and 

the residue was purified by chromatography on silica, eluting with a mixture of ethyl acetate 

and cyclohexane with a gradient of 0-60% to give methyl 7-(2-bromo-4-fluorobenzenesulfonyl~ 

amino)-4H-ftiro[2,3-c]chromene-6-carboxylate (0.47g) as a pale yellow solid. 

[00180] 'H NMR (CDCi3) S: 9.25 (IH, br s), 8.14 (IH, dd), 7.40 (2H, m), 7.16 (2H, m), 

7.12 (IH, m), 6.55 (IH, d), 5.36 (2H, s), 3.92 (3H, s). 

Intermediate 11: N?N-Diethy]-N-((Z)-l-tributylstannanylprop-l-en-3-yl)-amine 

SnBu3 

[00181] Diethylamine (19mL) was added to a solution of ((Z)-3-bromoprop-l -enyl)-

tributyl-stannane (Intermediate 12, 7.52g) in THF (60mL) and the mixture was stirred for 3 

hours. The reaction mixture was evaporated to dryness and the residue was purified by 

chromatography on a silica column which had been pre-washed with 20% triethylamine in 

acetonitrile. The column was eluted with a mixture of ethyl acetate and pentane with a gradient 

of 0-10% to give N,N-diethyl-N-((Z)-l-tributylstannanylprop-l-eii-3-yl)amine (4.75 g) as an 

orange oil. 
[00182] ]H NMR (CDCk) 5: 6.59 (IH, dt), 5.97 (IH, dt), 3.08 (2H, dd), 2.53 (4H, q), 

149 (6H, m), 1.37-1.24 (6H, m)s 1.04 (6H, t), 0.92-0.89 (15H, m). 

Intermediate 12: ((Z)-3-Bromoprop-l-enyl)-tributylstannane 

SnBu3 

[00183] A solution of triphenylphosphine (5.32g) in DCM (60mL) was added to a 

solution of (Z)-3-tributylstannanylprop-2-en-l-ol (Intermediate 13, 6.4g) and carbon 
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tetrabromide (9.18g) in DCM (60mL) and the mixture was stirred for 2.5 hours. The mixture 

was evaporated to low volume and pentane was added. The solids were removed by filtration 

and the filtrate was evaporated to dryness. Pentane was added and the solids were again 

removed by filtration and the filtrate was evaporated to dryness to give ((Z)-3-bromoprop~l-

enyl)-tributylstannane (12.14 g) as an oil. 

[00184] • !HNMR (CDC13) 5: 6.71 (IH, dt), 6.11 (IH, d), 3.88 (2H, d), 1.52-1.50 (6H, 

m), 1.37-1.27 (6H, m), 0.99-0.97 (6H, m), 0.90 (9H, t). 

Intermediate 13; (Z)-3-Tributylstannanylprop-2-en-l.~ol 

SnBu3 

[00185] Propargyl alcohol (5mL) was added to a solution of lithium aluminum hydride 

(1M in THF, 43mL) in THF (70mL) at -78°C. The resultant mixture was warmed to room 

temperature and stirred for 18 hours. It was re-cooled to -78°C and a solution of tri-n-butyl tin 

chloride (8.32mL) in diethyl ether (50mL) was added and the mixture was stirred for 3 hours 

whilst gradually warming to room temperature. The reaction mixture was cooled to -5°C and 

quenched by addition of water and 15% aqueous sodium hydroxide solution then warmed to 

room temperature. Ethyl acetate was added and the mixture was stirred for 1 hour. The mixture 

was filtered through Celite and the filtrate was evaporated to dryness. The residue was purified 

by chromatography on a silica column which had been pre-washed with 20% triethylamine in 

acetonitrile. The column was eluted with a mixture of ethyl acetate and pentane with a gradient 

of 0-10% to give (Z)-3~tributylstannanyl-prop-2-en-l-ol (5.06 g) as a clear oil. 

[00186] -1H NMR (CDCh) 5: 6.70 (IH, dt), 6.08 (IH, dt), 4.12 (2H, dd), 1.49 (6H, m), 
1.31 (6H, m), 0.98-0.84 (15H, m). 

Intermediate 14: Methyl cis-(3aRS,9bRS)-7-[2-(3-{pyrrolidin-l-yl}propyl)-4-

fluorobenzenesulfonylamino]-l,3a,459b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate 

F" ^ O^ O 

Mixture of cis enantiomers 

[00187] A solution ofmethyl 7-[2-((Z)-3-{pyrrohdm-l-yI}prop-l-enyl)-4-

fluorobenzene-sulfonylamino]-4H-furo[2,3-c]chromene-6-carboxylate (Intermediate 15, 0.06g) 
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in IMS (4mL) and formic acid (2 drops) was treated under an atmosphere of nitrogen with 

palladium hydroxide on carbon (10%, 0.02g). The nitrogen was replaced by hydrogen and the 

mixture was stirred under an atmosphere of hydrogen for 1 hour. The mixture was filtered 

through Celite and the filtrate was evaporated to dryness to give methyl cis-(3aRS,9bRS)-7-[2-

(3-{pyiTolidin-l-yl}propyl)-4-fluorobenzene-sulfonylamino]~l,3a,4,9b-tetrahydro-2H-fLiro[2,3-

c]chromene-6-carboxylate (0.06g) which was used without further characterisation. 

Intermediate 15: Methyl 7-[2-((Z)-3-{pyrrolidin-1 -yl jprop-1 -enylM-fiuorobenzene-

sulfonylamino]-4H-furo[2,3-c]chromene-6-carboxylate 

methyl 7-(2-bromo-4-fluorobenzenesulfonylammo)-4H-furo[2,3-c]chromene-6-carboxylate 

(Intermediate 10) and l-((Z)-3-tributylstannanylallyl)pyrrolidine (Intermediate 16). 

[00189] !H NMR (CD3OD) 5: 8.02 (IH, dd), 7.51 (IH, m), 7.16 (2H, d), 7.11-7.01 

(2H, m), 6.76 (lH,d), 6.69 (IH, d), 5.93-5.83 (IH, m), 5.31 (2H, s), 3.80 (3H, s), 3.37-3.33 
(2H, m), 2.69 (4H, m), 1.78 (4H, m). 

Intermediate 16: l~((Z)-3~tributylstannanylallyl)pyrrolidine 

[00188] Prepared by proceeding in a similar manner to Intermediate 9, starting from 

SnBtig 

[00190] Prepared by proceeding in a similar manner to Intermediate 11 starting from 

((Z)-3-bromoprop-l-enyl)tributylstannane (Intermediate 12) and pyrrolidine. 

[00191] iH NMR (CDCI3) 5: 6.64 (IH, dt), 5.96 (IH, dt), 3.10 (2H, dd), 2.51 (4H, m), 

1.79-1.78 (4H,m), 1.54-1.45 (6H, m), 1.36-1.26 (6H,m), 0.91-0.88 (15H, t). 

Intermediate 17: Methyl cis-(3aRS,9bRS)-7-[2-((Z)-3-diethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-l,3a,4,9b4etrahydro-2H-furo[2,3-c]chromene-6-carboxylate 
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F' ^ O O 

Mixture of cis enantiomers 

[001921 Prepared by proceeding in a similar manner to Intermediate 9, starting from 

methyl cis-(3aRS,9bRS)-7-(2-bromo-4-fluorobenzenesulfonylammo)~l,3a,4,9b-tetrahydro-2H-

furo[2,3-c]chromene-6-carboxylate (Intermediate 18) and N,N~diethyl-N~((Z)-l-

tributylstannanylprop-l-en-3-yl)-amine (Intel-mediate 11) and. beating at 80°C for 2 hours. 

[001931 LCMS (Method A) r/t 2.25 (M+H) 519. 

Intermediate 18: Methyl cis-(3aRS,9bRS)-7-(2-bromo-4-fluorobenzenesulfonyl-amino)-

1. ,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate 

Mixture of cis enantiomers 

[00194] 2-Bromo-4-fluorobenzenesulfonyl chloride (0.335g) was added to a solution of 

methyl cis-(3aRS,9bRS)-7~amino-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]cb.romene-6-carboxylate 

(Intermediate 19, 0.255g) in DCM (4mL) and pyridine (2mL) and the resultant mixture was 

stirred, at room temperature overnight. The mixture was evaporated to dryness and the residue 

was purified by chromatography on silica eluting with a mixture of ethyl acetate and 

cyclohexane with a gradient of 0-100% to give methyl cis-(3aRS,9bRS)-7-(2-bromo-4~ 

fluorobcnzenesulfonylamino)-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate 

(0.486g) as a yellow gum. 
[00195] 'HNMR (CDC13) 8: 9.47 (IH, s), 8.17 (IH, m), 7.42 (IH, dd), 7.12 (lH,dt), 

7.11 (2H, s), 4.28 (IH, m), 4.06 (IH, dd), 3.96 (IH, dd), 3.91 (3H, s), 3.82 (2H, m), 3.41 (IH, 

m), 2.45 (IH, m), 1.84 (IH, m). 

Intermediate 19: Methyl cis-(3aRS,9bRS)-7-amino-l,3a,4,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxylate 
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Mixture of cis enantiomers 

[00196] Trifluoroacetic acid (7mL) was added to a solution of methyl cis-(3aRS,9bRS)-

7-[Z>/.^terZ-butoxycarbonyl)amino]-L3a,4,9b-tetrahydro-2H-furo[2,3~c]chromene-6-

carboxylate (Intermediate 2, 0.66g) in DCM (15mL) and the mixture was stirred at room 

temperature for 1 hour. The mixture was evaporated to dryness and the residue was treated with 

aqueous sodium bicarbonate and extracted with DCM, dried (MgS04) and filtered. The filtrate 

was evaporated to dryness to give methyl cis-(3aRS,9bRS)-7-amino-l,3a,4,9b-tetrahydro-2H-

furo[2,3-c]chromene-6-carboxylate (0.255g) as a gum. 

[00197] !HNMR (CDCI3) 6: 7.0 (IH, dd), 6.31 (1H, d), 4.32 (IH, m), 4.01 (2H,m), 

3.88 (3H, s), 3.84 (2H, m), 3.39 (IH, m), 2.41 (IH, m), 1.86 (1H, m). 

intermediate 2ft: Methyl 7-[N-{2-((Z)-3-Diethylaminoprop-l-enyl)-4-fluoro-

benzenesulfonyl}-N-(methoxycarbonyl)amino]-l,2-dihydrofuro[23-c]quinoline-6-carboxylate 

[00198] Prepared by proceeding in a similar manner to Intermediate 9, starting from 

methyl 7-[N-(2-bromo-4-fluorobenzenesulfonyl)-N-(methoxycarbon.yl)amino]-l,2-dihydro-

furo[2,3-c]quinoline-6-carboxylate (Intermediate 21) and N,N-diethyl-N-((Z)-1 -

tributyIstannanylprop-l-en-3-yl)amine (Intermediate 11) and heating at 60°C for 1 hour. 

[00199] 5H NMR (CDCI3) 5: 8.72 (IH, s), 8.32 (lH,dd), 7.76 (IH, d), 7.62 (IH, d), 

7.22-7.08 (3H, m), 6.03 (IH, m), 4.87 (2H, t), 3.93 (3H, s), 3.62 (3H, s), 3.56 (2H, t), 3.20 (2H, 

m), 2.52 (4H, m), 0.97 (6H, t). 

Intermediate 21: Methyl 7-[N-(2-bromo-4-fluorobenzenesulfonyl)-N-(methoxy-

carbonyl)amino3-l,2-dihydrofuro[2,3-c]qumoline-6-carboxylate 
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[00200] A solution of methyl 7-(2-bromo-4-£luorobenzenesulfonyIamino)-l. ,2-dihydro-

furo[2,3-c]quinoline-6-carboxy!ate (Intermediate 22, 0.29g) in THF (5mL) was added slowly to 

a suspension of sodium hydride (40% oil dispersion, 0.048g) in THF (15mL). Once the . 

evolution of hydrogen had ceased, methyl chloroformate (0.147g) was added and the mixture 

was stirred at room temperature for 1 hour. The mixture was diluted with ethyl acetate, washed 

with saturated sodium bicarbonate solution, dried (MgS04) and filtered. The filtrate was 

evaporated to dryness and the residue was triturated with a mixture of ether and cyclohexane 
(1:1) and the solid was collected by filtration to give methyl 7-[N-(2-bromo-4-

fluorobenzenesulfonyl)-N-(methoxy-carbonyl)amino]-l,2-dihydrofuro[2,3-c]quinoline-6-

carboxylate (0.3g) as a pale orange solid. 

[00201] ]H NMR (CDC13) 5: 8.73 (IH, s), 8.48 (IH, dd), 7.76 (2H, s), 7.51 (IH, dd), 

7.25 (IH, m), 4.86 (2H, t), 4.01 (3H, s), 3.66 (3H, s), 3.56 (2H, t). 

Intermediate 22: Methyl 7-(2-bromo-4-fluorobenzenesulfonylamino)-l,2~dihydro-furo[2,3-
c] quinoline-6-carboxylate 

[00202] Prepared by proceeding in a similar manner to Intermediate 18, starting from 

methyl 7-amirio-l,2-dihydrofuro[2,3-c]quinoline-6-carboxylate (Intermediate 23) and 2-bromo-

4-fluorobenzenesulfonyl chloride and stirring at room temperature for 3 days. 

[00203] 3H NMR (CDC13) 5: 8.60 (IH, s), 8.07 (IH, dd), 7.84 (IH, d), 7.62 (1H, d), 

7.43 (IH, dd), 7.06 (IH, m), 4.79 (2H, t), 4.02 (3H, s), 3.48 (2H, t). 

Intermediate 23: Methyl 7-amino-l,2-dihydrofuro[2,3-c]quinoline-6-carboxylate 
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[00204] A solution of methyl 7-aminofuro[2,3-c]quinoline-6-carboxy]ate (Intermediate 

24, 1.13g) in a mixture of dioxane (5mL) and acetic acid (5mL) was treated under an 

atmosphere of nitrogen with palladium hydroxide on carbon (10%, O.lg). The nitrogen was 

replaced by hydrogen and the mixture was stirred under an atmosphere of hydrogen for 24 

hours. The mixture was diluted with ethyl acetate and filtered through Celite and the filtrate 

was washed with 1M aqueous sodium hydroxide solution, dried (MgSO^ and filtered. The 

filtrate was evaporated to dryness and the residue was purified by chromatography on silica 

eluting with a mixture of methanol and ethyl acetate with a gradient of 0-10%. The isolated 

product was triturated with a mixture of ether and cyclohexane and the solid was collected by 

filtration to give methyl 7-amino-l ,2-dihydrofuro[2,3-c]quinoline-6-carboxylate (0.666g) as a 

yellow solid. 
[00205] LH NMR (CDC13) S: 8.56 (IH, s), 7.51 (IH, d), 6.95 (IH, d), 5.16 (2H, br s), 
4.74 (2H, t), 4.05 (3H, s), 3.46 (2H, t). 

Intermediate 24: Methyl 7-aminofuro[2.3-c]quinoline-6-carboxylate 

[00206] A mixture of methyl 3-bromo-2,6-diaminobenzoate (Intermediate 25, 1.34g), 

2-formyifuran-3-boronic acid pinacol ester (1.46g), tri-ter/-butylphosphonium tetrafluoroborate 

(0.305g), cesium carbonate (5.15g) and /r«-(dibenzylideneacetone)dipalladium (0.49g) in a 

mixture of dioxane (80mL) and water (30mL) was degassed and purged with argon then heated 
at 60°C for 1 hour. After cooling, the mixture was filtered through Celite and the pad was 

washed thoroughly with ethyl acetate. The filtrate was washed with water, dried (MgSCU) and 

filtered. The filtrate was evaporated to dryness and the residue was purified by chromatography 

on silica eluting with a mixture of ethyl acetate and cyclohexane with a gradient of 0-100% to 

give methyl 7-aminofuro[2,3-c]quinoline-6-carboxylate (1.13g) as a brown gum. 
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[00207] *H NMR (CDCb) 8: 9.11 (IH, s), 7.95 (IH, d), 7.82 (IH, d), 7.14 (IH, dd), 
7.05 (IH, d), 5.05 (2H, br s), 4.08 (3H, s). 

Intermediate 25: Methyl 3-bromo-2,6-diaminobenzoate 
-Br r T xU. i-l 

H,N 

[00208] Iron powder (4.07g) was added slowly with stirring and cooling to a solution 

ofmethyl 6-amino-3-bromo-2-nitrobenzoate (prepared according to Brock et al, Tetrahedron, 

1963, 19, 1911; 2.0g) in a mixture of absolute ethanol (49mL), acetic acid (5mL), formic acid 

(0.7mL) and water (15mL). On completion of the addition, the mixture was stirred at room 

temperature for 2 hours. The mixture was diluted with DCM and water (1:1) then filtered 

through Celite. The layers were separated and the aqueous layer was extracted with DCM. The 

combined organic layers were washed with 1M aqueous sodium hydroxide solution, dried 

(MgS04) and filtered. The filtrate was evaporated to dryness and the residue was triturated with 

ether and cyclohexane (1:1) and the solid was collected by filtration to give methyl 3-bromo-
2,6-diaminohenzoate (1.34g) as a pale yellow solid. 

[00209] !H NMR (CDC13) 8: 7.21 (IH, d), 6.11 (2H, br s), 5.88 (IH, d), 5.46 (2H, br s), 
3.93 (3H, s). 

Intermediate 26: Methyl 7-(benzenesulfonylamino)-l,2-dihydro[furo[2.3-c]quinoli.ne-6-
carboxylate 

[00210] Prepared by proceeding in a similar manner to Intermediate 18, starting from 

methyl 7-amino-l,2-dihydrofuro[2,3-c]quinoli.ne-6-carboxylate (Intermediate 23) and 
benzenesulfonyl chloride and stirring at room temperature overnight. 

[00211] lH NMR (CDCI3) 6: 8.59 (IH, s), 7.94 (IH, d), 7.70 (IH, d), 7.50 (IH, m), 

7.40 (2H, t), 7.21 (2H, m), 4.81 (2H, t), 3.75 (3H, s), 3.51 (2H, t). 
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Intermediate 27: Methyl cis-(3aRS,9bRS)-5-acctyl-7-[2-((Z)-3-diethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-l,2,3a,4,5,9b-hexahydrofuro[2,3~c]quinoline-6-carboxylatc 

Mixture of cis enantiomers 

|00212] Prepared by proceeding in a similar manner to Intermediate 9, starting from 

methyl cis-(3aRS,9bRS)~5-acetyl-7-(2-bromo-4-fl.uorobenzenesulfonyiammo)-l,2,3a54,5,9b-

hexahydroftiro[2,3-c]quinoline-6-carboxylate (Intermediate 28) and heating at 80°C for 2 

hours. 

[00213] LCMS (Method B) r/t 2.29 (M+H) 560. 

Intermediate 28: Methyl cis-(3aRS,9bRS)-5-acetyl-7-(2-bromo-4-fluorobenzene-

sulfonylamino)-l,2.3a?4,5,9b-hexahydrofuro[2.3-c]quinoline-6-carboxylate 

Mixture of cis enantiomers 

[00214] Prepared by proceeding in a similar manner to Intermediate 18, starting from 

methyl eis-(3aRS,9bRS)-5-acetyl-7-amino-l,2,3a,4,5,9b-hexahydrofuro[2.3-cjquinoline-6~ 

carboxylate (Intermediate 29) and 2-bromo-4~fluorobenzenesulfonyl chloride. 
[00215] 3H NMR (CDCh) 5: 9.51 (IH, br s), 8.16 (IH, m), 7.42 (IH, dd), 7.34 (IH, d), 

7.18 (IH, d)f 7.12 (IH, dt), 4.46 (IH, d), 3.84 (2H, m), 3.81 (3H, s), 3.67 (IH, m), 3.49 (IH, 

m), 3.38-3.19 (IH, m), 2.41-2.30 (IH, m), 2.25 (3H, s), 1.57 (1H, m). 

Intermediate 29: Methyl cis-(3aRS,9bRS)~5-acetyl-7-ammo-l,2,3a,4,5,9b-hexahydrofuro[2,3~ 

c]quinoline-6-carboxylate 

Mixture of cis enantiomers 
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[00216] Concentrated sulfuric acid (5 drops) was added to a solution of methyl cis-

(3aRS,9bRS)-5-acetyl~7-(2,2-dimethyIpropionylamino)-l,2,3a,4,j,9b-hexahydro-furo[2,3~ 

c]quinoline-6-carboxylate (Intermediate 30, 0.15g) in methanol (5mL) and the solution was 

stirred and heated at reflux for 48 hours. After cooling, the mixture was evaporated to low 

volume and the residue was dissolved in ethyl acetate and carefully washed with saturated 

aqueous sodium bicarbonate solution. The organic layer was filtered through a phase separator 

and the filtrate was evaporated to dryness to give methyl cis-(3aRS,9bRS)-5-acetyl-7-amino-

1,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinoline-6-carboxylate (0.09g) as a brown gum. 

100217] ]H NMR (CDC13) 5: 7.04 (IH, d), 6.53 (1H, d), 4.97 (2H, br s), 4.47 (IH, m), 

3.90 (2H, m). 3.79 (3H, s), 3.67 (IH, m), 3.45 (IH, m), 3.30 (IH, m), 2.4-2.32 (IH, m), 2.27 

(3H, s), 1.68-1.54 (IH, m). 

Intermediate 30: Methyl cis-(3aRS,9bRS)-5-acetyl-7-(2,2-dimetbylpropionylamino)~ 

l,2,3a,4,5,9b-hexahydrofuro[2,3-c3quinoline-6-carboxylate 

Mixture of cis enantiomers 

[00218] Sodium hydride (60% oil dispersion, 0.02g) was added to a solution ofmethyl 
2-acetylammo-6-(2,2-dimethylpropionylamino)-3-[cis-(2RS,3RS)-2-(methanesulfonyl-
0xymethyI)tetrahydrofuran-3-yl]benzoate (Intermediate 31, 0.166g) in THF (3mL) and the 
mixture was stirred at room temperature for 20 minutes. A saturated aqueous solution of 

ammonium chloride was added and the mixture was extracted with DCM, dried (MgS04) and 

filtered. The filtrate was evaporated to dryness to give methyl cis-(3aRS,9bRS)-5-acetyl-7-(2,2-

dimethylpropiony]amino)-l,2,3a,4,5>9b-hexahydrofuro[2,3-c]quinoline-6-carboxylate (0.15g) 

as a tan coloured solid. 
[00219] ]H NMR (CDCI3) 5: 9.92 (IH, s), 8.29 (IH, d), 7.30 (IH, d), 4.51 (IH, d), 3.82 

(3H, s), 3.75 (2H, m), 3.69 (IH, m), 3.56 (IH, m), 3.37-3.27 (IH, br m), 2.44-2.34 (IH, br m), 

2.29 (3H, s), 1.68-1.58 (IH, br m), 1.29 (9H, s). 

Intermediate 31: Methyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-[cis-(2RS,3RS)-2-

(methanesulfonyloxymethyl)tetrahydrofuran-3-yl]benzoate 
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Mixture of cis enantiomers 

[00220] Methanesulfonyl chloride (0.042mL) was added to a mixture of methyl 2-

acetylamino-6-(2,2-dimethylpropionylammo)-3-[cis-(2RS,3RS)-2-(hydroxymethyl)-

tetrahydrofuran-3-yl]benzoate (Intermediate 32, O.I4g) and triethylamine (0.15mL) in DCM 

(5mL) and the resultant mixture was stirred at room temperature for 30 minutes. The mixture 

was washed with IM hydrochloric acid, dried (MgSC>4) and filtered. The filtrate was 

evaporated to dryness to give methyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-[cis-

(2RS,3RS)-2-(methanesulfonyloxymethyl)-tetrahydrofuxan-3-yl3benzoate (0.166g) as a gum. 

[00221] LCMS (Method B) r/t 2.57 (M+Na) 493. 

Intermediate 32: Methyl 2-acetylamino~6-(2,2-dimethylpropionylamino)-3-[cis-(2RS,3RS)-2-

(hydroxymethyl)-tetrahydrofuran-3-yl]benzoate 

K / \ 

Mixture of cis enantiomers 

[00222] A solution of methyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-(2-

hydroxymethylfuran-3-yl)benzoate (Intel-mediate 38, 0.2g) in dioxane (4mL) and acetic acid 

(lmL) was treated under an atmosphere of nitrogen with palladium hydroxide on carbon (10%, 

0.03g). The nitrogen was replaced by hydrogen and the mixture was stirred under an 

atmosphere of hydrogen overnight. The mixture was filtered through Celite and th e pad was 

washed thoroughly with ethyl acetate. The filtrate was evaporated to dryness and the residue 

was purified by chromatography on silica eluting with a mixture of methanol and ethyl acetate 

with a gradient of 0-10% to give methyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-[cis-

(2RS,3RS)-2~(hydroxymethyl)tetrahydrofuran-3-yl]benzoate (0.14g) as a white solid. 

[00223] ]H NMR (CDCk) 5: 9.70 (IH, br s), 8.29 (1H, d), 8.25 (IH, br s), 7.36 (IH, d), 

4.22 (IH, m), 4.10 (1H, m), 3.91 (IH, m), 3.90 (3H, s), 3.64 (2Ii, m), 3.24 (IH, m), 2.41 (1H, 
m), 2.16 (3H, s), 2.11 (IH, m), 1.30 (9H, s). 
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Intermediate 33: Methyl 2-acetylammo-6-(2,2-dimethylpropionylam.ino}-3-(2-

hydroxymethylfuran-3-yi)benzoaie 

[00224] Tetrabutylainmonium fluoride (1M solution in THF, l.lmL) was added to a 

stirred, cooled solution of methyl 2-acetylamino-3-[2-(tert-butyldimethylsilanyloxymethyl)-

furan-3-yl]-6~(2,2-dimethylpropionylamino)benzoate (Intermediate 34, 0.43g) in THF (lOmL) 

at 0°C and the mixture was stirred at 0°C for 40 minutes then evaporated to dryness. The 

residue was partitioned between ethyl acetate and water and the organic layer was washed with 

brine, dried (MgS04) and filtered. The filtrate was evaporated to dryness and the residue was 

purified by chromatography on silica eluting with a mixture of methanol and ethyl acetate with 

a gradient of 0-2% to give methyl 2-acetylamino-6-(2,2-dimethyipropionylamino)-3-(2-
hydroxym ethylfuran-3 -yl)benzoate (0.2g) as a gum. 

[00225] lH NMR (CDC 13) 6: 9.95 (IH, br s), 8.36 (IH, d), 8.00 (IH, br s), 7.46 (IH, s), 

7.36 (IH, d), 6.32 (IH, s), 4.54 (2H, d)s 3.90 (3H, s), 2.45 (IH, t), 1.99 (3H, s), 1.32 (9H, s). 

Intermediate 34: Methyl 2-acetylamino-3-[2-(tert-butyldimethylsilanyloxymethyl)~furan-3-

yl]-6-(2,2-dimethylpropionylamino)benzoate 

[00226] Acetyl chloride (0.09mL) was added to a stirred solution of methyl 2~amino-3-

[2-(£67^butyldimethyLsilanyloxymethyl)furan-3-yl]-6-(2,2-dimethylpropionylamino)-benzoate 

(Intermediate 35, 0.47g) in DCM (5mL) and pyridine (0.16mL) and the mixture was stirred at 

room temperature for 1 hour. The mixture was diluted with DCM and washed with water and 

brine, dried (MgS04) and filtered. The filtrate was evaporated to dryness and the residue was 

purified by chromatography on silica eluting with a mixture of ethyl acetate and cyclohexane 

with a gradient of 20-50% to give methyl 2-acetylamino-3-[2-(rerr-

butyldimethylsilanyloxymethyl)-furan-3-yl]-6-(2,2-dimethylpropionylamino)benzoate (0.442g) 

as a colourless foam. 
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[00227] !H NMR (CDC13) 8: 10.08 (IH, br s), 8.34 (1H, d), 8.15 (IH, br s), 7.46 (IH, 

s), 7.36 (IH, d), 6.32 (IH, s), 4.51 (2H, s), 3.93 (3H, s), 1.98 (3H, s), 1.32 (9H, s), 0.93 (9H, s), 

0.13 (6H, s). 

Intermediate 35: Methyl 2-amino-3-[2-(ter/-butyldimetbylsilanyloxymethyl)furaii-3-yl3-6-

(2,2~dimethylpropionylamino)-benzoate 

[00228] Pivaloyl chloride (0.353g) was added to a stirred, cooled mixture ofmethyl 

2,6-diamino-3-[2-(ter^butyldimethylsilanyloxymethyl)furan-3-yl]benzoate (Intermediate 36, 

1.0g) and sodium bicarbonate (0.268g) in ethyl acetate (20mL) and water (7mL) at 0°C. The 

mixture was allowed to warm to room temperature and stirred for 1.5 hours. Further pivaloyl 

chloride (0.048g) was added and the mixture was stirred for 1 hour. Ethyl acetate was added 

and the layers were separated. The organic layer was washed with aqueous sodium bicarbonate 

solution dried (MgSCU) and filtered. The filtrate was evaporated to dryness and the residue was 

purified by chromatography on silica eluting with a mixture of ethyl acetate and cyclohexane 
with a gradient of 5-20% to give methyl 2-amino-3-[2-(fe7t-

hutyldimethylsilanyloxymethyl)furan-3-yl]-6-(2,2-dimethylpropionylamino)benzoate (0.744g) 
as an oil. 

[00229] NMR (CDCI3) 5: 10.81 (IH, br s), 7.97 (IH, d), 7.48 (IH, s), 7.18 (IH, d), 

6.41 (IH, s), 5.67 (2FI, s), 4.51 (2H, s), 3.98 (3H, s), 1.33 (9H, s), 0.87 (9H, s), 0.05 (6H, s). 

Intermediate 36: Methyl 2,6-diamino-3-[2-(ten'-butyldimethylsilanyloxymethyl)-furan-3-

yl]benzoate 

[00230] A mixture of methyl 3-bromo-2,6-diaminobenzoate (Intennediate 25, 2.6g), 2-

(/e;7-butyldimethylsilanyloxymethyl)furan-3-boronic acid (Intennediate 37, 3.5g), cesium 

carbonate (11.35g), tri-/er/-butylphosphonium tetrafluoroborate (0.334g) and tris-
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(dibenzylideneacetone)dipalladium (0.529g) in dioxane (72mL) and water (18mL) was 

degassed and purged with nitrogen then heated at 70°C for 75 minutes. After cooling, ethyl 

acetate and water were added and the mixture was filtered through Celite. The filtrate was 

separated and the organic layer was washed with brine, dried (MgSC^)' and filtered. The filtrate 

was evaporated to dryness and the residue was purified by chromatography on silica eluting 

with a mixture of ethyl acetate and cyclohexane with a gradient of 5-20% to give methyl 2,6-

diamino-3-[2-(^r/-butyldimethylsilanyloxymethyl)furan-3-yl]benzoate (2.39g) as a viscous oil 

which was used without further characterization. 

Intermediate 37: 2-(£m-Butyldimethylsilanyloxymethyl)furan-3-boroni.c acid 

HCVV° \. 
I \ _Si 

OH *—O \ 

[002311 n-Butyllithium (2.5M inhexanes, 11.25mL) was added slowly to a stirred, 

cooled solution of 3~bromo-2-(fer?-butyldimethylsilanyloxymethyl)furan (Intermediate 38, 
7.5g) in dry ether (150niL) while maintaining the temperature below -70°C. The mixture was 

stirred at -78°C for 2.5 hours. Tri-isopropyl borate (6.75g) was added and the mixture was 

allowed to warm to room temperature and stirred for 1.75 hours. Ethyl acetate and aqueous 

ammonium chloride solution were added and the layers were separated. The organic layer was 

washed with aqueous ammonium chloride solution, dried (MgSCU) and filtered. The filtrate 

was evaporated, to dryness and the residue was purified by chromatography on silica eluting 

with a mixture of ethyl acetate and cyclohexane with a gradient of 10-35% to give 2-(tert-
butyldimethylsiianyloxymethyi)furan-3-boronic acid (3.6g) which was used directly without 

further characterization. 

Intermediate 38: 3-Bromo-2-(fcrf-butyldimethylsilanyloxymethyl)furan 

[00232] fert-Butyldimethylsilanyl triflate (17.13g) was added slowly to a stirred, cooled 
solution of 3-bromo-2-hydroxymethylfuran (Intermediate 39, 10.lg) in DCM (160mL) and 

pyridine (9.57g) while maintaining the temperature at 0°C. The mixture was allowed to warm 

to room temperature and stirred for 1 hour. The mixture was washed with aqueous citric acid 

solution, brine, dried (Na2S04) and filtered. The filtrate was evaporated to dryness to give 3-

bromo-2-(?er/-butyldimethylsilanyloxymethyl)furan (17.lg). 
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(6H, s). 
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JHNMR (CDCI3) 8; 7.35 (IH, d), 6.38 (1H, d), 4.65 (2H, s), 0.90 (9H, s), 0.09 

Intermediate 39: 3-Bromo-2-hydroxymethylfuran 

Br 

OH 

[00234] Sodium borohydride (1.14g) was added slowly to a stirred,, cooled solution of 

3-bromo-2-formyifuran (5g) in a mixture of THF (50mL) and methanol (25mL) while 

maintaining the temperature around 0°C. The mixture was allowed to warm to room 

temperature and stirred for 1 hour. The mixture was evaporated to dryness and the residue was 

partitioned between ethyl acetate and water. The aqueous layer was extracted with ethyl acetate 

and the combined organic layers were washed with brine, dried (Na2SC>4) and filtered. The 

filtrate was evaporated to dryness to give 3-bromo~2-hydroxymethylfuran (5.3 lg) as a 

colourless oil. 

[00235] 'H NMR (CDCI3) 6-. 7.37 (IH. d), 6.42 (IH, d), 4.65 (2H, d), 1.71 (IH, t). 

Intermediate 40: Methyl (laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-l-enyl)-4-

fluorobenzene-sulfonylamino]~l.la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00236] A solution of methyl (1 aRS,7bSR)-5-(2-bromo-4-

fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydi-ocyclopropa[c]chromene-4-carboxylate 

(Intermediate 41, 0.208g) and N,N-diethyl-N-((Z)-l-tributylstannanylprop-l-en-3-yl)-amine 

(Intermediate 11, 0.367g) in dioxane (5mL) and DMSO (0.5mL) was de-gassed and flushed 

with nitrogen. 7Vw-(dibenzyiideneacetone)-dipalladium (0.021 g) and tri-terf-butylphosphonium 

tetrafluoroborate (0.013g) were added and the mixture was again de-gassed and flushed with 
nitrogen. The resultant mixture was heated at 95°C for 45 minutes. After cooling, the mixture 
was partitioned between ethyl acetate and water and the organic layer was dried (MgS04) and 

filtered. The filtrate was concentrated in vacuo and the residue was purified by chromatography 

on silica, eluting with a mixture of methanol and DCM, with a gradient of 0-12% to give 



-77-

methyl (laRS.57bSR)~5-[2-((Z)-3-diethylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]~ 

1,1 a,2,7b-teti-ahydrocyclopropa[c]chromene-4-carboxyIate (0.188g) as, a yellow/brown oil. 

[00237] ]HNMR (CDC13) 5: 8.06 (1H, dd), 7.16 (IH, d), 7.09-7.03 (2H, m), 6.94 (IH, 

d), 6.86 (IH, d), 6.10-6.02 (IH, m), 4.33 (IH, d), 3.84 (3H, s), 3.78 (IH, d), 3.13 (2HS br, d), 

2.54 (4H, br, q), 1.88 (lH,m), 1.71 (lH,m), 1.03-0.92 (8H, m). 

Intermediate 41: Methyl (laRS,7bSR)-5-(2-hromo-4-fluorobenzenesulfonylamino)-l,l a,2,7b-

tetraliydrocyclopropa[c]chromene-4-carboxylate 

[00238] Methyl (laRS,7bSR)-5-amino-l,la,2»7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate (Intermediate 42, 0.120g) was suspended in DCM (5mL). Pyridine (0.885mL) and 

2-bromo-4~fluorohenzenesufonyl chloride (0.180g) were added. The mixture was stirred at 

room temperature for 5 hours then concentrated in vacuo. The residue was dissolved in ethyl 

acetate and washed with 0.5M aqueous hydrochloric acid solution, dried (MgSCU) and filtered. 

The filtrate was concentrated in vacuo and the residue was purified by chromatography on 

silica, eluting with a mixture of ethyl acetate and cyclohexane, with a gradient of 5-10% to give 

methyl (laRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (0.208g) as a colourless oil. 

[00239] SH NMR (CDC13) S: 9.31 (lH,br, s), 8.14 (1H, dd), 7.41 (IH, dd), 7.17 (IH, 

d), 7.11 (IH, ddd), 7.06 (IH, d), 4.34 (IH, dd), 3.90 (3H, s), 3.80 (IH, dd), 1.94-1.85 (IH, m), 

1.75-1.67 (lH,m), 1.01 (2H, m). 

Intermediate 42: Methyl (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-

4-carboxylate 

[00240] Methyl (laRS,7bSR)-5-(2,2-dimethylpropionylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 43, 0.31 Og) was suspended in 
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methanol (7.5mL) and concentrated sulphuric acid (4 drops) was added. The reaction mixture 

was heated to reflux, under an atmosphere of nitrogen, for 36 hours. A further 2 drops of 

concentrated sulphuric acid was added and heating was continued for a further 24 hours. After 

cooling, the mixture was concentrated in vacuo and the residue was partitioned between ethyl 

acetate and saturated aqueous potassium carbonate solution. The aqueous layer was extracted 

with ethyl acetate and the combined organic layers were dried (Na2S04) and filtered; The 

filtrate was concentrated in vacuo and the residue was purified by chromatography on silica, 

eluting with a mixture of ethyl acetate and cyclohexane, with a. gradient of 5-20% to give 

methyl (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(0.120g) as an off-white solid. 

[00241] ]H NMR (CDC13) 5: 7.06 (1H, d), 6.26 (IH, d), 4.33 (IH, d), 3.87 (3H, s), 3.85 
(1H, d), 1.83 (IH, td), 1.64 (lH,m), 0.99-0.89 (2H,m). 

Intermediate42A: Methyl (laR,7bS)-5-amino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-
carboxylate 

[00242] Sample from Intermediate 42 was subjected to chiral SFC separation using a 

Lux C-3 column, 50mm x 250mm, particle size 5micron. Eluting with 5% methanol (+0.1% 

diethylamine) in CCh 

Absolute configuration of Intermediate 42A was confirmed by conversion of a sample to 

Example 12 and comparison with the analytical chiral HPLC. 

Intermediate 43: Methyl (laRS,7bSR)-5-(2,2-dimethylpropionylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00243] Methyl (1 aRS,7bSR)-1,1 ~dibromo-5-(2,2-dimethylpropionylamino)-1,1 a,2,7b-

tetraliydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 44,1.13g) was suspended in 

ethanol (30mL). Zinc dust (1.17g), followed by ammonium chloride (1.31g) were added and 
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the reaction mixture was heated to reflux, under an atmosphere of nitrogen, for 6 hours. After 

cooling, the solid was filtered off and washed with ethyl acetate. The filtrate was concentrated 

in vacuo and the residue was purified by chromatography on silica, eluting with a mixture of 

ether and cyclohexane, with a gradient of 5-12.5% to give methyl (laRS,7bSR)-5-(2,2-

dimethylpropionylamino)-1,1 a,2,7b-tetrahydrocyclopropa[c] chromene-4-carboxylate (0.31 Og) 

as a colourless oil. 

[00244] !H NMR (COCI3) 6: 9.72 (IH, br, s), 7.98 (IH, d), 7.30 (IH, d), 4.36 (IH, dd), 

3.91 (3H, s), 3.84 (IH, dd), 1.95 (IH, td), 1.73 (IH, m), 1.28 (9H, s), 1.03 (2H, m). 

Intermediate 44: Methyl (laRS,7bSR)-l,l~dibromo-5-(2,2-dimethylpropionylamino)-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
Br 

[00245] Methyl 7-(2,2-dimethylpropionylamino)-2H-chromene-8-carboxylate 

(Intermediate 45, 2.372g) and benzyl triethyl ammonium chloride (0.373g) were suspended in 

bromoform (6.45mL) and aqueous sodium hydroxide solution (50%, 3.64mL) was added 

dropwise. The resultant black suspension was heated to 60°C for 2 hours. After cooling, the 

mixture was partitioned between water and ethyl acetate. The emulsion formed was filtered 

through a pad of Celite and the organic layer was decanted off. The aqueous was re-extracted 

with ethyl acetate and the combined organic layers were dried (MgS04) and filtered. The 

filtrate was concentrated in vacuo and the residue was purified by chromatography on silica, 

eluting with amixture of ethyl acetate and cyclohexane, with a gradient of 2.5-15% to give 

methyl 1,1 -dibromo-5-(2,2-dimethylpropionylamino)-1,1 a, 2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxyiate (1.557g) as an off-white solid. 

[00246] !H NMR (CDC13) 8: 9.89 (1H, br, s), 8.13 (1H; d), 7,43 (IH, d), 4.47 (IH, dd), 

4.32 (IH, dd), 3.91 (3H, s), 2.89 (IH, d), 2.45 (IH, ddd), 1.30 (9H, s). 

Intermediate 45: Methyl 7-(2,2-dimethylpropionylamino)-2H-chromene-8-carboxylate 
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[00247] A solution ofmethyl 2-(2,2-dimethylpropionylamino)-6-(prop-2-

ynyloxy)benzoate (Intermediate 46, 4.74g) and [&iy(trifluoromethanesulfbnyl)imidate]-

(triphenylphosphine)gold (2:1) toluene adduct (0.060g) in toluene (70mL) was heated to 85°C, 

under an atmosphere of nitrogen for 3 hours. After cooling, the mixture was concentrated in 

vacuo and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetate and cyclohexane, with a gradient of 0-20% to give methyl 7-(2,2-

diinethylpropionylamino)-2H-chromene-8-carboxylate (3.59g) as a colourless oil. 

[00248] 'H NMR (CDC13) 6: 10.02 (1H, br, s), 8.05 (1H, d), 7.05 (IH, d), 6.39 (IH, 

ddd), 5.76 (1H, dt), 4.83 (2H, dd), 3.93 (314, s), 1.30 (9H, s). 

Intermediate 46: Methyl 2-(2,2-dimethylpropionylamino)-6-(prop~2-ynyloxy)benzoate 

O 

I H J 

[00249] A mixture ofmethyl 2-(2,2-dimethylpropionylamino)-6-hydoxybenzoate 

(Intermediate 47, 4.5-7g), propargyl bromide (80% solution in toluene, 2.03mL) and potassium 

carbonate (3.74g) in acetone (35mL) was heated at reflux for 8 hours. After cooling, the 

mixture was filtered and the filtrate, was concentrated, in vacuo. The residue was purified by 

chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane, with a 

gradient of 5-20% to give methyl 2-(2,2-dimethyIpropionylamino)-6-(prop-2-ynyloxy)benzoate 

(4.74g) as an oil which crystallised 011 standing to give a white solid. 

[00250] *H NMR (CDC13) 5: 9.89 (IH, br, s), 8.16 (IH, dd), 7.41 (IH, t), 6.83 (IH, dd), 
4.74 (2H, d), 3.95 (3H, s), 2.53 (1H, t), 1.31 (9H, s). 

Intermediate 47: Methyl 2-(2,2-dimethylpropionylainino)-6-hydoxybenzoate 
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[00251] Trimethylacetyl chloride (3.69g) was added to a mixture of methyl 2-amino-6-

hydoxybenzoate (prepared according to Comess et al, US2004 0167128, 3.99g) and sodium 

bicarbonate (2.57g) in ethyl acetate (77mL) and water (18mL). The reaction mixture was 

stirred at room temperature for 1 hour. A further amount of trimethylacetyl chloride (1.85g) 

was added and the mixture was stirred for 1 hour. A further amount of trimethylacetyl chloride 

(0.920g) was added and the mixture was stirred for 30 minutes. The mixture was diluted with 

ethyl acetate, the layers were separated and the organic layer was dried (Na2SC>4) and filtered. 

The filtrate was concentrated in vacuo and the residue was purified by chromatography on 

silica, eluting with a mixture of ethyl acetate and cyclohexane, with a gradient of 5-25% to give 

methyl 2-(2,2-dimethylpropionylamino)-6-hydoxybenzoate (5.79g) as a white solid. 

[00252] 'H NMR (CDC13) 5: 10.32 (IH, br, s), 8.22 (1H, dd), 7.41 (IH, t), 6.71 (IH, 

dd), 4.08 (3H, s), 1.33 (9H, s). 

Intermediate 48; Methyl (laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop~l~enyl)-4-

fluorobenzenesulfonylamino]-7b-methyl-l,la,2,7b-tetrahyd.rocyclopropa[c]chromene-4-

carboxylate 

i 

[00253] Prepared by proceeding in a similar manner to Intermediate 40, starting from 

methyl (laRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-7b-methyl-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 49) and N,N-diethyl-N-((Z)~l-

tributylstannanylprop-l-en-3-yl)amine (Intermediate 11). 
TH NMR (CDC13) 8: 8.07 (IH, dd), 7.28 (1H, d), 7.05 (2H, m), 6.95 (1H, d), 6.88 (IH, d), 6.06 

(IH, m), 4.28 (IH, d), 3.85 (3H, s), 3.83 (1H, d), 3.14 (2H, br d), 2.53 (4H, q), 1.41 (3H, s), 

1.12 (IH, m), 1.07 (IH, t), 0.93 (6H, t), 0.84 (IH, dd). 

Intermediate 49: Methyl (laRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-7b-
methyl-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-cai-boxylate 
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[00254} Prepared by proceeding in a similar manner to Intermediate 41, starting from 

methyl (laRS,7bSR)~5-amino-7b-methyl-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate (Intermediate 50) and 2-bromo-4-fluorobenzenesulfonyI chloride. 
JHNMR (CDC13) 5: 9.18 (lH,br s), 8.14 (IH, dd), 7.41 (IH, dd), 7.29 (IH, d), 7.11 (1H, m), 

7.08 (IH, d), 4.28 (IH, d), 3.89 (3H, s), 3.84 (IH, d), 1.44 (IH, m), 1.42 (3H, s), 1.10 (IH, t), 

0.83 (1H, dd). 

Intermediate 50: Methyl (laRS,7bSR)-5-amino-7b-methyl-l,la,2,7b-tetrah.ydrocyclopropa-

[c]chromene-4-carboxylate 

[00255] Trifluoroacetic acid (4mL) was added to a solution of methyl (!aRS,7bSR)-5-

(fert-butoxycarbonylaniino)-7b-methyl-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-

carboxylate (Intermediate 51, 0.6g) in dicliloromethane (4mL) and the resultant dark solution 

was stirred at room temperature for 1 hour. The solution was evaporated to dryness and the 

residue was partitioned between water and ethyl acetate and treated with a small amount of 

solid sodium bicarbonate until the pH of the aqueous layer was >7. The layers were separated 

and the aqueous layer was extracted with ethyl acetate. The combined organic layers were 

washed with water, dried (MgS04) and filtered. The filtrate was evaporated to dryness to give 

methyl (laRS,7bSR)-5-amino~7b-methyl-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-

carboxylate (0.402g) as a red/orange solid. 

*H NMR (CDCI3) 6: 7-20 (IH, d), 6.30 (IH, d), 4.27 (IH, d), 3.90 (IH, d), 3.88 (3H, s), 1.42 

(3H, s), 1.37 (IH, m), 1.06 (IH, t), 0.78 (IH, dd). 

Intermediate 51: Methyl (laRS,7bSR)-5-(terf-butoxycarbonylamino)-7b-methyl-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxyla.te 
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[00256] Prepared by proceeding in a similar manner to Intennediate 43, starting from 

methyl (laRS.7bSR)-5-(ter^butoxycarbonylamino)-l,l-dibromo-7b-methyl-l,la,2,7b-

tetrahydro-cyclopropa-[c3chromene-4-carboxylate (Intermediate 52). 
lH NMR (CDClj) 6: 8.27 (IH, br s), 7.72 (IH, d), 7.38 (IH, d), 4.29 (IH, d), 3.91 (3H, s), 3.88 

(IH, d), 1.50 (9H, s), 1.46 (3H> s), 1.44 (lH,m), 1.13 (IH, t), 0.84 (IH, dd). 

Intermediate 52: Methyl (laRS,7bSR)-l.l-dibromo-5-(tert-butoxycarbonylamino)-7b-methyl-

1,1 a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate 

Br 

i o 

H i 
0^0 

[00257] Prepared by proceeding in a similar manner to Intermediate 44, starting from 

methyl 4-methyl-7~(ter/-butoxycarbonylamino)-2H-chromene~8-carboxylate (Intermediate 53). 

"H NMR (CDC13) 5; 8.55 (IH, br s), 7.87 (IH, d), 7.42 (IH, d), 4.75 (IH, dd), 4.13 (IH, dd), 

3.92 (3H, s), 2.05 (lH,dd), 1.79 (3H, s), 1.50 (9H, s). 

Intermediate 53: Methyl 4-methyl-7-(fer/-butoxycarbonylamino)-2H-chromene-8-carboxylate 

H 

O^O 
! 

[00258] Prepared by proceeding in a similar manner to Intermediate 45, starting from 

methyl 2-[to-(fcrf-butyoxycarbonyl)amino]~6-(but-2-ynyloxy)benzoate (Intermediate 54). 

'H NMR (CDCI3) 8: 8.66 (IH, br s), 7.77 (IH, d), 7.18 (IH, dd), 5.53 (IH, m), 4.73 (2H, m), 

3.93 (3H, s), 1-99 (3H, q), 1.51 (9H, s). 
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Intermediate 54: Methyl 2-[Ms-(ter/-butyoxycarbonyl)amino]-6-(but-2-ynyloxy)benzoate 

[00259] Prepared by proceeding in a similar manner to Intennediate 46, starting from 

methyl 2-[6w-(ter^butyoxycarbonyl)amino]-6-hydroxybenzoate (Intennediate 55) and 1-

bromobut-2-yne 

NMR (CDCls) 5: 7.36 (IH, t), 7.08 (1H, dd), 6.82 (IH, dd), 4.70 (2H, q), 3.84 (3H, s), 1.84 

(311, t), 1.39(18H, s). 

Intermediate 55: Methyl 2-[fe-(fcr?-butyoxycarbonyl)amino]-6-hydroxybenzoate 

Prepared by proceeding in a similar manner to Intennediate 4, starting from methyl 2-[bis-(tert-
butoxycarbonyl)amino]-6-(4-methylbenzenesulfonyloxy)benzoate (Intermediate 56) 

'HNMR (CDC13) 5: 11.17 (IH, s), 7.40 (IH, t)t 6.99 (IH, dd), 6.69 (IH, dd), 3.92 (3H, s), 1.37 

(18H, s). 

Intermediate 56: Methyl 2-[6/'.s",-(rer/1-butoxycarbonyl)amino]-6-(4-

m ethylb en.zenesuifonyl oxy) -b enzoate 

[00260] Prepared by proceeding in a similar manner to Intermediate 6, starting from 

methyl 2-amino-6-hydroxybenzoate (prepared according to Comess et al, US2004 0167128) 
5HNMR(CDC13) 5: 7.72 (2H, d), 7.40 (IH, t), 7.31 (2H, d), 7.22 (IH, dd), 7.11 (IH, dd), 3.71 

(3H, s), 2.44 (3PI, s), 1.33(18H,s). 
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Intermeidate 57: Cis-(3aRS,9bRS)-7-(2-fluorobenzenesulfonylarnino)-l,3a,4,9b-tetrahydro-

2H-fiiro[2,3-c]cliromene-6~carboxylic acid 

o OH 

Mixture of cis enantiomers 

[00261] A mixture of lithium hydroxide (0.5g) and methyl cis-(3aRS,9bRS)-7-(2-

fluorobenzenesulfonyl-ammo)-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxy]ate 

(Intermediate 58, 0.217g) in amixture of dioxane (13mL) and water (4mL) was divided 
between two microwave vials and the mixtures were irradiated in the microwave at 150°C for 

10 minutes. After cooling, the combined mixture was acidified by addition of 10% aqueous 

citric acid (2mL), extracted with DCM, dried (MgSCU) and filtered. The filtrate was evaporated 

to dryness to give cis-(3aRS,9bRS)-7-(2-fluorobenzenesulfonylamino)-l,3a54,9b-tetrahydro-

2H-furo[2,3-c]chromene-6~carboxylic acid (0.518g) as a glass, 
NMR (CDCI3) 5: 12.00 (IH, br s), 11.57 (IH, br s), 7.97 (1H, dt), 7.55 (IH, m), 7.43 (IH, 

d), 7.26 (2H, m), 7.15 (IH, t), 4.43 (IH, dd), 4.37 (IH, m), 4.14 (IH, dd), 3.83 (2H, m), 3.50 

(IH, m), 2.50 (IH, m), 1.87 (IH, m). 

Intermediate 58: Methyl cis-(3aRS,9bRS)-7-(2-fluorobenzenesulfonylamino)-l,3a,4,9b-

tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate 

Mixture of cis enantiomers 

[00262] 2-Fluorobenzenesulfonyl chloride (0.5g) was added to a solution of methyl cis-

(3aRS,9bRS)-7-amino-l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate 

(Intermediate 19, 0.53g) in DCM (lOmL) and pyridine (20mL) and the resultant mixture was 

stin-ed at room temperature for 48 hours. The mixture was evaporated to dryness and the 

residue was treated with water, extracted with DCM, dried (MgSQ,*) and filtered. The filtrate 

was evaporated to dryness and the residue was purified by chromatography on silica, eluting 

with a mixture of ethyl acetate and cyclohexane with a gradient of 0-60% to give methyl cis-
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(3aRSj9bRS)-7-f2-fluorobenzen'esiilfonyl:amino)-l,3a,4,9b-tetrahydro-2H-fui-o[2,3-

c]chromeile-6-carboxylate.(0.574g) as apale yellow solid. 

5HNMR (CDCI3) 5: 9.11 (IH, s), 7.85 (1H, dt), 7.53 (IH, m), 7.23 (IH, d), 7.21 (IH, dt), 7.15 

(IH, d), 7.13 (IH, dd), 4.28 (IH, m), 4.04 (IH, dd), 3.95 (IH, dd), 3.87 (3H, s), 3.82 (2H, m), 

I 3.41 (IH, m), 2.45 (IH, m), 1.84 (IH, m). 

Intermediate 59: Methyl (laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-l-enyl)-4-
1 fluorobenzenesulfonylamino]-l,l~difluoro-l,la,2,7b-tetrahydro-cyclopropa[c]chroraene-4~ 

carboxylate 

[00263] Prepared by proceeding in a similar manner to Intermediate 9, starting from 

methyl (1 aRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-1,1 -difluoro-1,1 a,2,7b-

tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 60) and N,N-diethyl-N-((Z)-l-

tributylstannanylprop-l-en-3-yl)amine (Intermediate 11) as a pale yellow gum. 
[H NMR (CDCI3) 5: 8.11 (IH, dd), 7.18 (IH, d), 7.13-7.04 (2H, m), 6.98 (IH, d), 6.93 (IH, d), 

6.08 (IH, m), 4.38 (IH, d), 4.02 (IH, m), 3.87 (3H, s), 3.23-3.04 (2H, br s), 2.67 (IH, t)} 2.60-
2.43 (4H, br s), 3.32 (IH, m),.0.94 (6H, t). 

Intermediate 60: Methyl (1 aRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylaniino)-l ,1-

[00264] Prepared by proceeding in a similar manner to Intermediate 18, starting from 

methyl (1 aRS,7bSR)-5-amino-l, 1-difluoro-1,1 a,2,7b-tetrahydrocyclopro.pa[c]chromene-4-

carboxylate (Intermediate 61) and 2-bromo-4-fluorobenzene sulfonyl chloride, as a colourless 

foam. 
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lR NMR (CDCI3) 6: 9.58 (IH, s), 8.18 (lH, dd), 7.42 (1H, dd), 7.20 (IH, d), 7.13 (IH, d), 7.16-

7.08 (IH, m), 4.38 (IH, d), 4.03 (IH, m), 3.91 (3H, s), 2.67 (IH, t), 2.32 (IH, m). 

Intermediate 61: Methyl (laRS,7bSR)-5-amino-l,l-difluoro-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate 

[00265] Prepared by proceeding in a similar manner to Intermediate 42, starting from 

methyl (laRS,7bSR)~5-(2,2-dimethylpropionylamino)-l,l-difluoro-l,la,2,7b-tetrahydro-

cyclopropa[c]chromene-4-carboxylate (Intennediate 62) as an off white solid. 
]H' NMR (CDCI3) 5: 7.07 (IH, d), 6.30 (IH, d), 5.19-4.95 (2H, br s), 4.32 (IH, d), 4.11 (1H, 

m), 3.87 (3H, s), 2.60 (III, t), 2.27 (IH, m). 

Intermediate - 62: Methyl (1 aRS,7bSR)-5-(2,2-dimethylpropionylamino)-1,1 -difluoro-

1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00266] Methyl 7-(2,2-dimethylpropionylamino)-2H-chromene-8-carboxylate 

(Intennediate 45, 1.0g) was dissolved in diglyme (30mL) and the solution was heated to 160°C. 

Sodium chlorodifluoroacetate (4.27g) was added in portions over 15 minutes with the final 

portion being washed in with diglyme (15mL). On completion of the addition the mixture was 
heated at 180°C for 15 minutes. After cooling, the mixture was poured into water and extracted, 
with ethyl acetate, washed with water, dried (MgSCU) and filtered. The filtrate was evaporated 

to dryness and the residue was purified by chromatography on silica, eluting with a mixture of 

ethyl acetate and pentane with a gradient of 2.5-15% to give methyl (laRS,7bSR)-5-(2,2-

dimethylpropionylamino)-1,1 -difluoro-1,1 a,2,7b-tetrahydro-cyclopropa[c]chromene-4-
carboxylate (0.66g) as a colourless oil. 
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!NMR (CDCI3) 5: 9.86 (IH, br s), 8.12 (IH, d), 7.33 (IH, d), 4.41 (IH, d), 4.07 (IH, m), 3.92 

(3H, s), 2.74 (IH, t), 2.34 (IH, m), 1.29 (9H, s). 

Intermediate 63: Methyl (laRS,7bSR)-5-[2-((Z).-3-ethylaminoprop-l-enyl)-4-

fluorobenzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00267] Methane sulfonic anhydride (0.09g) was added to a stirred, cooled mixture of 

methyl (laRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-((Z)-3-h.ydroxyprop-l-enyl)-4-

fluorobenzenesulfonyl]ammo}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxyla.te 

' (Intermediate 64, 0.17g) and N,N-di-isopropyl-N-ethylamine (0.134g) in DCM (lOmL) at 0°C. 

The temperature was allowed, to rise to room temperature and the mixture was stirred for 2 

hours. A solution of ethylamine (2M in toluene, 2mL) was added and the resultant mixture was 

stirred at room temperature for 3 hours then diluted with water. The organic layer was 

separated, dried (Na2S04) and filtered. The filtrate was evaporated to dryness to give methyl 
(laRS;7bSR)"5-[2((Z)-3~ethylaminoprop-l~enyl)-4~fiuorobenzenesulfonyl-amino]-l,la,2,7b-
tetrahydro-cyclopropa[c]chromene-4-carboxylate (0.09g) as a white solid. 
1|H NMR (DMSO-dg) 5: 7.89 (IH, dd), 7.35 (3H, d), 7.16 (IH, m), 7.08 (IH, d), 6.83 (lH, d), 

6.58 (IH, d), 5.69 (IH, m), 4.17 (IH, d), 3.84-3.04 (2H, br s), 3.67 (3H, s), 3.58 (IH, d), 2.78 

(2H, 111), 1.83 (IH, m), 1.66 (IH, m), 1.04 (3H, t), 0.88 (IH, 111), 0.64 (IH, rn). 

Intermediate 64: Methyl (laRS,7bSR)-5-{N-[2-((Z)-3-hydroxyprop-l-enyl)-4-fluorobenzene-

sulfonyl]-N-[methoxycarbony!]amino}-I,la,2,7b-tetrahydrocycIopropa-[c]chromene-4-

carboxylate 

[00268] A mixture of methyl (1 aRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyl)-

N-(methoxycarbonyl)amino]-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate 

(Intennediate 65, 0.6g), (Z)-3-tributylstannanylprop-2-en-1 -ol (Intermediate 12, 0.8lg), iris-
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(dibenzylideneacetone)dipalladium (O.lg) and tri-^-butylphosphonium tetrafluoroborate 

(0,07g) in dioxane (18mL) and DMSO (2mL) was stirred at room temperature for 30 minutes. 

The resultant mixture was diluted with ethyl acetate and washed with water, dried (Na2S04) 

and filtered. The filtrate was evaporated to dryness and the residue was purified by 

chromatography on silica, eluting with a mixture of ethyl acetate and petroleum ether with a 

gradient of 30-50% to give methyl (laRS,7bSR)-5-{N-[2-((Z)-3-hydroxyprop-l-euyl)-4-

f!uorobenzenesuIfonyl]-N-[methoxycarbonyl]amino}-l,la,2,7b-tetrahydrocyclopropa-

[cJchromene-4-carboxylate (0.55g) as an off-white solid. 
ltt NMR (CDC13) S: 8.19 (IH, m), 7.39 (IH, d), 7.16 (IH, m), 7.02 (IH, m), 6.96 (2H, m), 6.03 

(IH, m), 4.41 (IH, m), 4.23 (2H, m), 3.88 (IH, dd), 3.71 (3H, 2s), 3.65 (3H, 2s), 2.06 (IH, m), 

1.82 (1R, m), 1.25 (IH, m), 1.14 (lH,m). 

Intermediate 65: Methyl (laRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyl)-N-

(m.ethoxycarbonyl)amino]-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate 

fluorobenzenesulfonylami.no)-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 41, 1.7g) in THF (20mL) was added to a suspension of sodium hydride (70% oil 

dispersion, 0.2g) in THF (IOmL). The resultant solution was stirred for 30 minutes then methyl 

chloroform ate (0.53g) was added. The resultant mixture was stirred at room temperature 

overnight. Saturated aqueous sodium bicarbonate was added, and the mixture was extracted 

with ethyl acetate, dried (Na2S04) and filtered. The filtrate was evaporated to dryness and the 

residue was purified by chromatography on silica, eluting with a mixture of ethyl acetate and 

petroleum ether (30%) to give methyl (laRS JbSR)-5-[N-(2-bromo-4-fluorobenzenesuIfonyl)-

N-(inethoxycarbonyl)amino]-1,1 a,2.7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (1.6g) 

as a white solid. , 
3H NMR (CDCI3) 5: 8.42 (1H, m), 7.48 (IH, dd), 7.37 (1H, d), 7.19 (2H, m), 4.42 (IH, m), 

3.95 (IH, dd), 3.86 (3H, s,), 3.69 (3FI, s), 2.06 (1H, m), 1.84 (IH, m), 1.16 (2H, m). 

O 

[00269], A solution of methyl (laRS,7bSR)-5-(2-bromo-4-

Intermediate 66: Methyl (1 aRS,7bSR)-5- {2[(Z)-3-(pyrrolidin-1 -yl)prop-1 -enyl] -4-

fiuorobenzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
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[00270] Prepared by proceeding in a similar manner to Intermediate 63, starting from 

methyl (laRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-l-enyl)-4-

fluorobenzenesulfonyl]amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 64) and pyrrolidine as a brown oil. 

LCMS (Method D) r/t 1.28 (M+H) 4B7 

Intermediate 67: (laRS,7bSR)-5-(2-Fluorobenzenesulfonylamino)-l,la,2,7b~tetrahydro-

[00271] A mixture of methyl (1 aRS,7bSR)-5-(2-Fluorobenzenesulfonylamino)-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 68, 0.6g) and lithium 

hydroxide monohydrate (1.5g) in dioxane (45mL) and water (13.8mL) was stirred and heated at 

100°C overnight. After cooling, the mixture was concentrated under vacuum and the residue 

was diluted with water and acidified to pPI3 with 1M hydrochloric acid. The precipitated solid 

was collected by filtration to give (laRS,7bSR)~5-(2-fluorobenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid (0.58g) as a white solid. 
!H NMR (DMSO-dfi) 6: 13.05 (IH, br s), 9.96 (IH, s), 7.73 (2H, m), 7.45-7.31 (2H, m), 7.23 

(IH, d), 6.64 (IH, d), 4.29 (IH, d), 3.74 (1H, d), 2.01 (IH, m), 1.80 (IH, m), 1.02 (1H, m); 0.81 

(IH, m). 

Intermediate 68: Methyl (laRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-l,la.2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate 
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[00272] Prepared by proceeding in a similar manner to Intermediate 41, starting from 

methyl (laR.S,7bSR)-5-amino-l>la?2?7b-tetraliydrocyclopropa[c]chromene-4-carboxylate 

(Intennediate 42) and 2-fluorobenzenesulfonyl chloride. 
3HNMR (CDC13) 5: 8.90 (IH, s), 7.84 (1H, dt), 7.53 (IH, m), 7.24-7.11 (4H, m), 4.34<1H, d), 

3.88 (3H, s), 3.80 (IH, dd), 1.91 (lH,m), 1.74 (IH, m), 1.02 (2H, m). 

intermediate 69: Methyl (IaRS,7bSR)-5-{2[(Z)-3-(propan-2-yI)aminoprop-l-enyI]-4-

fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00273] Prepared by proceeding in a similar manner to Intermediate 63, starting from 

methyl (laRS,7bSR)-5-{N~[methoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-l-enyl)~4-

fluorobenzene-sulfonyl]amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 64) and 2-aminopropane. 

LCMS (Method D) r/t 1.17 (M+H) 475. 

Intermediate 70: Methyl (laRS,7bSR)-5-{2[(Z)-3-((S)-3-hydroxypyrrolidin-l-yl)aminoprop-

1 ~enylj-4~fluorobenzenesulfonylami.no}-1,1 a,2,7b-tetrahydrocyclopropa[c] chromene-4-

carboxylate 

[00274] . Prepared by proceeding in a similar manner to Intermediate 63, stalling from 
methyl "(laRS,7bSR)-5~{N-[methoxycarbonyl]~N-[2-((Z)-3-hydroxyprop-l-enyl)-4-
fluorobenzene-sulfonyl]amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 64) and (S)-3-hydroxypyrrolidine. 

LCMS (Method D) r/t 1.14 (M+H) 503. 
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Intermediate 71: Methyl (laRS,7bSR)-5~{2[(Z)-3-((R)-3-hycfroxypyrrolidin-l-yl)ammoprop-

1 -enyI]-4-fluorobenzenesulfbnylammo}-1,1 a,2,7b-tetrahydro 1 cyclopropa[c]chromene-4-

carboxylate 

[00275] Prepared by proceeding in a similar manner to Intermediate 63, starting from 

methyl (laRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-l-enyI)-4-

fluorobenzene-sulfonyljamino} -1,1 a,2,7b-tetrahydrocycIopropa[c]chromene-4-carboxylate 

(Intennediate 64) and (R)-3-hydroxypyrrolidine and used without further characterisation. 

Intermediate 72: Methyl (laRS,7bSR)-5-{N-(methoxycarbonly)-N-[2((Z)-4-diethylaminobut-

1 -enyl)-4-fluorobenzenesulfonyl]amino} -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate. 

[00276] Methyl sulfonic anhydride (0.062g) was added to a stirred, cooled mixture of 
methyl (1 aRS,7bSR)-5- {N-[methoxycarbonyl]-N-[2-((Z)-4-hydroxybut-l -enyl)-4-

fluorobenzene~sulfonyl]amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene~4-carboxylate 

(Intermediate 73, 0.12g) and N,'N-di-isopropyi-N-ethylamine (0.046g) in DCM (35mL) at 0°C. 

The resultant mixture was stirred at 0°C for 20 minutes. Diethylamine (0.026g) was added and 

the mixture was then stirred at room temperature for 24 hours. The mixture was diluted with 

water and extracted with DCM, dried (Na^SC)^ and filtered. The filtrate was evaporated to 

dryness and the residue was purified by chromatography on silica, eluting with a mixture of 

methanol and DCM with a gradient of 2-10% to give methyl (laRS,7bSR)-5-{N-

(methoxycarbonly)-N-[2((Z)-4-diethylaminobut-l-enyl)-4-fluorobenzenesulfonyl]amino}-

l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (0.08g) as alight yellow soiid. 

LCMS (Method D) r/tl.22 (M+H) 561. 
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Intermediate 73: Methyl (laRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-((Z)-4-hydroxybut-l-

enyl)-4-fluorobenzenesul.fonyl]amino}-l,la,2,7b~tetrahydrocyclopropa[c]chromene-4-

carboxylate 

[00277] Prepared by proceeding in a similar manner to Intermediate 64. starting from 

methyl (laRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyI)-N~(methoxycarbonyl)amino]~ 

IJ a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (Intermediate 65) and (Z)-4-

tributylstannanylprop-3-en-l-ol (prepared according to Miura et al. Organic Letters, 2005. 7(3) 

503). 

*H NMR (CDC13) 5: 8.18 (IH, m), 7.38 (IH, d), 7.13 (3H, m), 6.96 (IH, d), 5.91 (IH, m), 4.44 

(IH, m), 3.98 (IH, dd), 3.79 (3H, s), 3.75 (2H, m), 3.65 (3H, s), 2.49 (2H, m), 2.07 (IH, m), 

1.81 (IH, m), 1.27 (1H, m), 1.15 (lH,m). 

Intermediate74: (laRS,7bSR)-5-(4-Fluoro-2-vinylbenzenesulfonylamino)-l,la,2,7b-

ietrahydrocyclopropa[c]chromene-4-carboxylic acid 

[00278] Lithium hydroxide (O.lOIg) was added to a solution of methyl (laRS,7bSR)-5-

(4~fluoro-2-vinylbenzenesulfonylamino)-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate (Intermediate 75, 0.150g) in a mixture of dioxane (3mL) and water (0.6mL) and 

the mixture was irradiated in the microwave at 130°C for 30 minutes. After cooling, the 

mixture evaporated to dryness and. the residue was acidified by addition of 10% aqueous citric 

acid (2mL), extracted with DCM, dried (MgSC>4) and filtered.. The filtrate was evaporated to 

dryness and the residue was purified by chromatography on silica eluting with a mixture of 

methanol and DCM with a gradient of 0-10% to give (laRS,7bSR)-5-(4-fluoro-2-

vmylbenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxyIic acid 

(0.0.35g) as a glass. 
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JH NMR (CDCI3) 5: 11.69 (1H, br s), 8.10 (IH, dd), 7.50 (IH, dd), 7.31-7.17 (3H, m), 7.03 

(IH, dt), 5.60 (IH, d), 5.50 (IH, d), 4.60 (1H, d), 4.04 (IH, d), 1.97 (IH, m), 1.81 (1H, m), 

1.20 (IH, m), 0.99 (IH, m). 

Intermediate 75: Methyl (laRS»7bSR)-5-(4-fluoro-2-vinylbenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00279] A mixture of methyl (1 aRS,7bSR)-5-(2-bromo-4-

fluorobenzenesulfonylamino)-1,1 a,2,7b-tetrahydrocydopropa[c]chromene-4-carboxylate 

(Intennediate 41, O.lg), vinyl boronic acid pinacol ester (0.073g), 

6is(triphenylphospine)palladium (II) chloride (0.G34g) and cesium carbonate (0.215g) in 

dioxane (5mL) and water (1ml) was degassed and purged with argon then irradiated in a 

microwave at 130°C for 20 minutes. After cooling, the mixture was partitioned between 1M 

hydrochloric acid and ethyl acetate. The organic layer was dried (MgS04) and filtered and the 

filtrate evaporated to dryness to give methyl (laRS,7bSR)-5-(4-fluoro-2-vinylbenzenesulfonyl-

amino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (0.15g) as a yellow glass. 
lH NMR (CDCI3) 8: 8.99 (IH, br s), 7.97 (IH, dd), 7.38 (IH, dd), 7.21 (IH, dd), 7.18 (IH, d), 

7.05 (IH, d), 7.00 (IH, m), 5.59 (IH, d), 5.38 (IH, d), 4.32 (1H, d), 3.77 (4H, m), 1.90 (IH, dt), 

1.71 (IH, m), 1.00 (2H,m). 

Intermediate 76: Methyl (laRS,7bSR)-5-{2-[(Z)-3-(azetidin-l-yl)prop-l-enyl]-4-fluoro-

benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00280] Prepared by proceeding in a similar manner to Intermediate 63, starting from 

methyl (1 aRS,7bSR)-5- {N-[methoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-l -enyl)-4-

fluorobenzene-sulfonyl] amino} -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 64) and azetidine as a yellow oil. 
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LCMS (Method D) r/t 1.17 (M+H) 473. 

Intermediate 77: Methyl (laRS,7bSR)~5~(2-[(Z)-3-(3-hydroxyazetidm-l-yl)prop-l-enyl]-4-

fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00281] Prepared by proceeding in a similar manner to Intermediate 63, starting from 

methyl (laRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-l-enyl)-4-

fluorobenzene-sulfonyl]amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 64) and 3-hydroxyazetid.ine as a yellow oil. 

LCMS (Method D) r/t 1.15 (M+H) 489. 

Intermediate 78: N-(4-Dimethylaminobutyl)-N-methylamine 

[00282] A solution of lithium aluminium hydride in THF (1M, 28mL) was added 

dropwise to a stirred, cooled solution of N-(4-dimethylaminobutyl)fonnamide (Intennediate 79, 

2.1 g) in THF (60mL) while maintaining the temperature at 0°C under an atmosphere of 

nitrogen. On completion of the addition, the mixture was stirred and heated at 75°C for 2 hours. 

The reaction mixture was cooled to 0°C and ethanol was added then the mixture was 

evaporated to dryness. The residue was diluted with a mixture of diethyl ether and DCM (30%) 
and the solid was filtered off. The filtrate was evaporated to dryness to give N-(4-
dimethylaminobutyl)-N-methylamine (1.5g) as a yellow oil. 

'H NMR (CDC13) 8: 2.56 (2H, m), 2.41 (3H, s), 2.25 (2H, m), 2.20 (6H, s), 1.47 (4H, m). 

Intermediate 79: N-(4-Dimethylaminobutyl)formamide 

CHO 

[00283] A solution of 4-dimethylaminobutvlamine (3.0g) in ethyl foraiate (30mL) was 

stirred and heated at reflux under an atmosphere of nitrogen for 3 hours. After cooling, the 
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mixture was evaporated to dryness and the residue was purified by chromatography on silica, 

eluting with a mixture of methanol and DCM (20%) to give N-(4-

dimethylaminobutyl)formamide (2.7g) as a pale yellow oil. 

'H NMR (CDCI3) 5: 8.14 (1H, s), 6.80 (IH, s), 3.50 (2H, m), 2.28 (2H, m), 2.20 (6H, s), 1.61 

(4H, m). 

Intermediate 80: Methyl*(laRS,7bSR)-5-{2-[((S)-l-ethylpyrrolidin-3-ylcarbamoyl)methyl]-4-

fluorobenzenesulfonylammo}-l,la,257b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

x ^ N > 

H (rV8^ 

[00284] A solution of methyl (1 aRS ,7b SR)- 5-(2-carboxymethyl-4-

fluorobenzenesulfonylamino)-l,la.2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 83, 0.180g), (S)-l-ethylpyrrolidin-3-ylamine ditrifluoroacetic acid salt 

(Intermediate 81, 0.171g), EDAC (0.144g) and triethylamine (0.202g) in DCM (5mL) was 

allowed to stand at room temperature for 6 days then washed with water and filtered through a 
phase separator. The filtrate was directly purified by chromatography on silica, eluting with a 

mixture of methanol and DCM with a gradient of 0-20% to give methyl (laRS,7bSR)-5-{2-

[((S)-l-ethylpyrrolidin-3-ylcarbanioyl)methyl]-4-fluoroben2enesulfonylamino}-l,la,2J7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (0.178g) as an off-white foam, 
LCMS (Method E) r/t 2.57 (M+H) 532 

Intermediate 81: (S)-l-Ethylpyrrolidin-3-ylamine ditrifluoroacetic acid salt 
NH2 

.2TFA 

[00285] A solution of tert-butyl ((S)-l-ethylpyn-olidin-3-yl)carbamate (Intennediate 82, 

0.107g) in a solution of trifluoroacetic acid (2mL) and DCM(2mL) was left to stand at room 

temperature for 30 minutes then concentrated in vacuo. The residue was azeotroped with 

toluene to give (S)-l-ethy!pyrrolidin-3-yIamine ditrifluoroacetic acid salt (0.231g) as a light 

brown gum which was used without further characterisation. 



-97-

Intermediate 82: tert-Butyl ((S)-l-ethylpyrrolidin-3-yl)carbamate 

[00286] A mixture of tert butyl (S)-pyrrolidin-3-ylcarbamate (1.048g), iodoethaiie 

(0.90g) and potassium carbonate (1.55g) in acetonitrile (15mL) was stirred at room temperature 

for 17 hours then filtered. The filtrate was concentrated in vacuo and the residue was triturated 

with DCM and filtered. The filtrate was concentrated in vacuo and the residue was purified by 

chromatography on silica, eluting with a mixture of methanol and DCM with a gradient of 0-

35% to give ter/-butyl ((S)-l-ethylpyrrolidin-3-yl)carbamate (0.891g) as a light coloured gum. 

NMR (CDC13) 5: 5.11 (1H, br, s), 4.29 (1H, br, s), 3.88 (IH, br, s), 3.18 (IH, br, s), 2.90 

(2H, br, m), 2.76 (2H, br, m), 2.62 (IH, br, q), 2.38 (IH, m), 1.44 (9H, s), 1.28 (3H, t). 

Intermediate 83: Methyl (laRS,7bSR.)-5-(2-carboxymethyl-4~fluorobenzenesulfonylamino)-

1,1 a,2,7b-tetrahydrocyclopropa[c] chromene-4-carboxylate 

[00287] 1M Sodium hydroxide solution (3mL) was added to a solution ofmethyl 

(1 aRS,7bSR)~5-(4-fluoro-2-methoxycarbonylmethylbenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylate (Intermediate 84, 0.438g) in methanol (6mL) 

and the mixture was heated at 50°C for 2 hours. After cooling, the mixture was evaporated to 

dryness and the residue was dissolved in ethyl acetate and water and acidified with 

concentrated hydrochloric acid. The organic layer was dried (Na2S04) and filtered and the 

filtrate was concentrated in vacuo, the residue was dissolved in toluene and re-evaporated to 

give methyl (laRS,7bSR)-5-(2-carboxymethyl-4-fluorobenzene-sulfonylamino)-l,la,2,7b-

tetraliydrocyclopropa[c]chromene-4-carboxylate (0.422g) as a white solid. 
]R NMR (CDCI3) 5: 8.83 (IH, br, s), 7.86 (IH, dd), 7.22 (IH, d), 7.01 (3H, m), 4.32 (IH, d), 

4.00 (2H„ m), 3.76 (IH, d), 3.73 (3H, s), 1.94 (IH, m), 1.73 (IH, m), 1.02 (2H, m). 
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Intermediale 84: Methyl (laRS,7bSR)-5-[4-fluoro-2-(methoxycarbonylmethyl)bcnzene-

sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
0 

[00288] A solution of methyl (2-chlorosulfonyl-5-fluorophenyl)acetate (Intermediate 

85, 0.293g) and methyl (1 aRS,7bSR)-5-ammo-1,1 a,2,7b-tetrahydro-cyclopropa[c]chromene-4-

carboxylate (Intermediate 42, 0.2I9g) in pyridine (lmL) and DCM (3mL) was left to stand at 

room temperature for 4 days. The mixture was diluted with DCM, washed with 2M 

hydrochloric acid and filtered through a phase separator. The filtrate was concentrated in vacuo 
and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetate and cyclohexane with a gradient of 0-40% to give methyl (laRS,7bSR)-5-[4~fluoro-2-

(methoxycarbonylmethyl)-benzenesulfonylamino]-1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (0.438g) as a colourless gum. 
]H NMR (CDC13) 5: 8.77 (1H, br, s), 7.84 (IH, dd), 7.22 (IH, d), 7.01 (3H, m), 4.33 (IH, d), 

4.01 (2H, s), 3.79 (1H, d), 3.76 (3H, s), 3.69 (3H, s), 1.93 (IH, m), 1.73 (IH, m), 1.03 (2H, m). 

Intermediate 85: Methyl (2-Chlorosulfonyl-5-fluorophenyl)acetate 
O 

[00289] Methyl (3-fluorophenyl)acetate (1.51 g) was added dropwise to 

chlorosulphonic acid (7mL) with stirring and. ice cooling. The cooling bath, was removed and 

the mixture was allowed to stand at room temperature for 16 hours before being carefully 

added to a mixture of ice and ethyl acetate. The organic layer was separated, washed with 

water, dried (MgSO.4) and filtered. The filtrate was concentrated in vacuo and the residue was 
purified by chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane 

with a gradient of 0-20% to give methyl (2-chlorosulfonyl-5-fIuorophenyl)acetate (1.42g) as a 

white solid. 

*H NM.R (CDCI3) 5: 8.16 (IH, dd), 7.21 (2H, m), 4.19 (2H, s), 3.76 (3H, s). 
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Intermediate 86: Methyl (laR.S,7bSR)-5-[2-(l-ethylazetidin-3-yl)-4-fluorobenzene-

sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00290] A mixture ofmethyl (laRS,7bSR)-5-[2-(azetidin~3-yl)-4-

fluorobenzenesulfonylammo]-l?la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 87, 0.216g), iodoethane (0.078g) and potassium carbonate (0.138g) in acetonitrile 

(5mL) was stirred at room temperature for 18 hours. The mixture was evaporated to dryness 

and the residue was purified by chromatography on silica, eluting with a mixture of methanol 

and DCM with a gradient of 0-15% to give methyl (laRS57bSR)-5-[2~(l-ethylazetidm-3-yl)-4-

fluorobenzenesulfonylammo]-Lla,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate 

(0.051g). 
JH NMR (CDCls) 5: 7.97 (IH, dd), 7.62 (1H, dd), 7.24 (l.H,d), 6.99 (IH, dt), 6.96 (1H, d), 

4.35 (IH, d), 4.31 (IH, m), 3.79 (3H, s), 3.77 (IH, d), 3.58 (2H, m), 3.22 (2H, br, m), 2.53 (2H, 

q), 1.93 (IH, m), 1.74 (IH, q), 0.99 (5H, m). 

Intermediate 87: Methyl (laRS?7bSR)-5-[2-(azetidin-3-yl)-4-ftuorobenzenesulfonylamino]-

1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00291] A mixture ofmethyl (laRS,7bSR)-5-{4-fluoro-2-[l-(272,2-

trifluoroacetyl)azetidin-3-yl]benzene-sulfonylamino}-l,la.2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (Intennediate 88, 0.294g) and potassium 

carbonate (0.155g) in methanol (5mL) and water (0.5mL) was stirred at room temperature for 

45 minutes. The mixture was concentrated in vacuo and the residue was triturated with 10% 

m ethanol in DCM and filtered. The filtrate was concentrated in vacuo and the residue was 

purified by chromatography on silica, eluting with a mixture of methanol and DCM with a 

gradient of 0-40% to give methyl (1 aRS,7bSR)-5-[2-(azetidin-3-yl)-4-fluoro-
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benzenesulfonylamino)-l,la.,2,7b~tetrahydrocyclopropa[c]chromeiie-4-carboxylate (0.216g) as 

a pale yellow foam. 

*HNMR (CDCI3) 5: 5: 7.94 (IH, dd), 7.54 (IH, dd), 7.27 (lH,d), 7.09 (IH, dt), 6.99 (IH, d), 

4.87 (IH, m), 4.32 (3H, m), 4.12 (2H, t), 3.78 (IH, m), 3.73 (3H, s), 1.94 (1H, m), 1.73 (IH, 

m), 0.99 (2H, m). 

Intermediate 88: Methyl (laRS,7bSR)-5-{4-fluoro-2-[l-(2,232-trifluoroacetyl)azetidin-3-

yl]benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

yljbenzenesulfonyl chloride (Intennediate 89, 0.192g) and methyl (laRS,7bSR)-5-amino-

l,la,2,7b-tetrahydrocyclopropa-[c]chromene~4-carboxylate (Intermediate 42, 0.122g) in 

pyridine (lmL) and DCM (3mL) was left to stand at room temperature for 18 hours. The 

mixture was diluted with DCM. washed with 1M hydrochloric acid and filtered through a phase 

separator. The filtrate was concentrated in vacuo and the residue was purified by 

chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane with a 

gradient of 0-30% to give methyl (laRS,7bSR)-5-{4-fluoro-2-[l-(2,2,2-trifiuoro-

acetyl)azetidin-3-yl]benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-

carboxylate (0.294g) as a colourless gum. 
]H NMR (CDCI3) 8: 8.99 (IH, br, s), 7.99 (IH, m), 7.81 (2H, m), 7.06 (2H, m), 4,68 (2H, m), 

4.41 (IH, m), 4.34 (IH, d), 4.19 (IH, m), 4.08 (IH, m), 3.79 (IH, m), 3.72 (3H, s), 1.94 (IH, 

m), 1.75 (lH,m), 1.02 (2H, m). 

Intermediate 89: 4-Fluoro-2-[l-(2,2,2-trifluoroacetyl)-azetidin-3-yl]benzenesulfonyl chloride 

N 

F 

[00292] A solution ofmethyl 4-fluoro-2-[l-(2,2>2-trifluoroacetyl)azetidin-3-

I o^_^o 



[00293] Chlorosulphonic acid (5mL) was added to 2,2,2-trifluoro-l-[3-(3-

fIuorophenyl)azetidin-l-yl]ethanone (Intermediate 90, 1.15g) with stirring and ice cooling. The 

mixture was stirred'for 1 hour then poured carefully onto a mixture of ice and ethyl acetate. The 

organic layer was washed with water and concentrated in vacuo. The residue was purified by 

chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane with a 

gradient of 0-20% to give 4-fIuoro-2-[l-(2,2,2-trifluoroacetyl)azetidin-3-yl]benzenesulfonyl 

chloride (0.91 Og) as a white solid. 

'HNMR (CDC13) 5: 8.22 (1H, m), 7.51 (IH, dd), 7.26 (1H, m), 4.95 (2H, m), 4.70 (IH, t), 

4.42 (lH,m), 4.31 (1H, m). 

Intermediate 90: 2,2,2-TrifIuoro-l-[3-(3-fluorophenyl)azetidin-l-yl]ethanone 

(Intermediate 92, 2.51 g) in trifluoroacetic acid (15mL) and DCM (15mL) was left to stand at 

room temperature for 30 minutes. The mixture was concentrated in vacuo and the residue was 

azeotroped with toluene. The residue was dissolved in DCM (15mL) and pyridine (5mL) and 

trifluoroacetic anhydride (3.15g) was added. The mixture was left to stand at room temperature 

for 30 minutes, then washed with 1M hydrochloric acid and filtered through' a phase separator. 

The filtrate was concentrated in vacuo and the residue was purified by chromatography on 

silica, eluting with a mixture of ethyl acetate and cyclohexane with a gradient of 0-20% to give 

2,2,2-trifluoro-l-[3-(3-fluorophenyl)azetidin-l~yl]ethanone (2.31 g) as alight brown oil. 
]HNMR (CDCI3) 5: 7.36 (1H, m), 7.10 (IH, d), 7.02 (2H, m), 4.81 (IH, t), 4.57 (IH, t), 4.44 

(IH, dd), 4.20 (IH, dd), 3.96 (IH, m). 

,N 

F ^ 

[00294] A solution of ten-butyl 3-(3-fluorophenyl)azetidine-l-carboxylate 

Intermediate 91: tert-Butyl 3-(3-fluorophenyl)azetidine~l-carboxylate 
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[00295] A solution of 1,2-dibromoethane (0.30g) in anhydrous DMF (25ml) was stirred 

with zinc dust (1.39g) at 70°C for 10 minutes then cooled to room temperature and 

chlorotrimethylsilane was (0.155g) added. The resultant mixture was stirred at room 

temperature for 45 minutes, tert-Butyl 3-iodoazetidine-l -carboxylate (5g) added and stirring 

was continued at 40°C for 45 minutes then a solution of 3-fluoroiodobenzene (4.08g), 

?rzs(dibenzylideneacetone)dipanadium(0) (0.325g) and te(2-furyl)phosphine (0.165g) in DMF 

(15mL) was added and the mixture was stirred at 70°C for 3 hours. After cooling, the mixture 

was diluted with water and ethyl acetate and filtered through celite. The organic layer was 

washed twice with water, dried (H&2SO4) and filtered. The filtrate was concentrated in vacuo 
and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetate and cyclohexane with a gradient of 0-10%. The crude product was further purified by 

chromatography on silica, eluting with a mixture of DCM and cyclohexane with a gradient of 

0-100% to give tert-butyl 3-(3-fl.uorophenyl)azetidine-l-carboxylate (2.52g) as a colourless oil. 

'H NMR (CDCI3) 5: 7.32 (IH, m), 6.90-7.11 (3H, m), 4.34 (2H, t), 3.95 (2H, dd), 3.72 (IH, 

m), 148 (9H, s). 

Intermediate 92: Methyl (laRS,7bSR)-5-{2-[((R)-l-ethylpyrrolidin-3-ylcarbamoyl)rnethyl]-4-

fluorobenzenesulfonyiamino}-i,la,2,7h-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00296] Prepared by proceeding in a similar manner to Intermediate 80, starting from 

methyl (laRS,7bSR)-5-(2~carboxymethyl-4-fluorobenzenesulfonylamino)-l,la,2,7b-

tetrahydro~cyclopropa[c]chromene-4-carboxylate (Intermediate 83) and (R)-1 -ethylpyrrolidm-

3-ylamine ditrifluoroacetic acid salt (Intermediate 93) as a light brown foam. 
LCMS (Method E) r/t 2.57 (M+H) 532. 
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Intermediate 93: (R)-l-Ethylpyrrolidin-3-ylamine ditrifluoroacetic acid salt 
NH, 

N 
.2TFA 

{00297] Prepared by proceeding in a similar manner to Intermediate 81, starting from 

tert-butyl ((R)-l-ethylpyrrolidin-3-yl)carbamate as a light brown gum which was used without 

further characterisation. 

Intermediate 94: tert-Butyl ((R)-l-ethylpyrrolidin-3-yl)carbamate 

u o 

0 

[00298] Prepared by proceeding in a similar manner to Intermediate 82, starting from 

tert butyl (R)-pyrrolidin-3-yl-carbamate and iodoethane as a light coloured gum. 
lH NMR (CDC 13) 8: 5.09 (2H, br, s), 4.25 (IH, br, s), 3.08 (IH, br, s), 2.82 (2H, br, m), 2.69 

(2H, br, q), 2.52 (1H, br, q), 2.35 (IH, m), 1.44 (9H, s), 1.21 (3H, t). 

Intermediate 95: Methyl (1 aS,7bR)-5-[2-((R)-l-ethylpyrrolidin-3-ylmethyI)-4-fluoro-

benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00299] A solution ofmethyl (laRS,7bSR)-5-amino-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 42, 0.257g) in DCM (lOmL) 

and pyridine (5mL) was treated with a solution of 2-((R.)-l -ethylpyrroIidin-3-ylmethyl)-4-

fluorobenzenesulfonyl chloride (Intermediate 96, 0.36g) in DCM (lOmL) and the mixture was 

stirred at room temperature overnight. The resultant mixture was evaporated to dryness and the 

residue was re-dissolved in DCM, washed with water, dried (MgS04) and filtered. The filtrate 

was evaporated to dryness and the residue was purified by chromatography on silica, eluting 

with a mixture of methanol and DCM with a gradient of 0-10%, then flushed with 100% 
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methanol to give methyl (laS,7bR)-5-[2-((R)-l-ethylpyrrolidin-3-ylmethyl)-4-

fluorobenzenesulfonylamino]-!, 1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(0.13g) as a gum.. 

NMR (CDCla) • 6: 7.88 (IH, br t), 7.23 (1H, d), 7.13(1H, br d), 6.98 (2H, m), 4.33 (IH, d), 

3.79 (jH. d), 3.77 (3H, s), 3.20-2.90 (6H, m) 2.24 (IH, br s), 2.04-1.18 (3H, br s), 1.93 (2H, dt), 

1.74 (IH, q), 1.45 (3H, t), 1.02 (2H, m). 

Intermediate 96: 2-((R)-l-Ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl chloride 

r 
[00300] A solution of (R)-l-ethyl-3-(3-fluorobenzyl)pyrrolidine (Intermediate 97, 

0.24g) in DCE (1.2mL) was added carefully to chlorosulfonic acid and. the mixture was stirred 

at room temperature for 2 hours. The mixture was carefully poured into iced water and 

extracted with DCM, dried (MgS04) and filtered. The filtrate was evaporated to dryness to give 

2-((R)-l-ethyl-pyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl chloride (0.36g) as an oil which 

was used without further charactersiation. 

Intermediate 97: (R)-l-Ethyl-3-(3-f!uorobenzyl)-pyrrolidine 

F' 

[00301] Ethyl bromide (0.22g) was added to a suspension of 3-(R)-(3-

fluorobenzyl)pyrrolidine (Intermediate 98, 0.36g) and potassium carbonate (0.55g) in 

acetonitrile and the mixture was stirred at room temperature for 2.5 hours. The mixture was 

diluted with ethyl acetate, filtered and the filtrate was evaporated to dryness. The residue was 

triturated with DCM, the solvent was decanted off and evaporated to dryness to give (R)-l-

ethyl-3-(3-fluorobenzyl)pyrrolidine (0.24g) as an oil. 

''HNiMR (CDCI3) • 8: 7.22 (IH, m), 6.95 (IH, d), 6.88 (2H, m), 2.73-2.60 (4H, m), 2.52-2.38 

(4H, m), 2.17 (IH, dd), 1.97 (IH, m), 1.49 (IH, m), 1.09 (3H, t). 

Intermediate 98: 3-(R)-(3-Fluorobenzyl)pyrroiidine 
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HN 

[00302] Trifluoroacetic acid (lOmL) was added to a solution of tert butyl (R)-3-(3-

fluorobenzyl)-pyrrolidine-l-carboxylate (Intermediate 99, 0.515g) in DCM (lOmL) and the 

mixture was stirred for 1 hour at room temperature. The mixture was evaporated to dryness and 

the residue was partitioned between DCM and saturated aqueous NaHC03. The organic extract 

was separated, dried (MgSO,*) and filtered. The filtrate was evaporated to dryness to give 3~(R)~ 

(3-fluoro-benzyl.)pyrrolidine (0.402g) as an oil. 

*H NMR (CDC13) • 5: 7.30-7.23 (2H, m), 6.94 (1H, d), 6.88 (IH, dt), 3.45-3.16 (3H, br m), 

2.90 (IH, m), 2.76 (2H, d), 2.63 (1H, m), 2.12 (1H, m), 1.74 (IH, m). 

intermediate 99: tert-Buiy\ (R)-3-(3-fluorobenzyl)pyrrolidine-l-carboxylate 

fluorobenzene boronic acid (0.78g) and sodium hexamethyldisilazide (0.208g) were placed in a 

sealed tube and degassed and purged with argon. Isopropanol (8mL) was added and the mixture 

was stirred at 40°C for 5 minutes. A solution of tert-buiyl (R)-3-iodomethylpyrrolidine-l-

carboxylate (Intermediate 100, 1.44g) in isopropanol (8mL) was added and the mixture was 

stirred and heated at 70°C overnight. After cooling, the mixture was diluted with ethyl acetate, 

filtered through Celite and the filtrate was evaporated to dryness. The residue was purified by 

chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane with a 

gradient of 0-60% to give tert-butyl (R)-3-(3-fluorobenzyl)pyrrolidine-l-carboxylate (0.515g) 

as an oil. 
lH NMR (CDC13) • 6: 7.27-7.21 (2H, m), 6.95-6.84 (2H, m), 3.46 (2H, m), 3.26 (IH, m), 2.98 

(IH, dd), 2.67 (2H, m), 2.40 (IH, m), 1.92 (IH, m), 1.58 (IH, m), 1.46 (9H, s). 

F' 

[00303] Nickel Iodide (0.147g), trans-2-aminocyclohexanol HC1 salt (0.74g), 3-

Intermediate 100: tert-Butyl (R)-3-iodomethylpyiTolidine-l -carboxylate 
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[00304] Iodine (1.91g) was added in portions to a vigorously stirred, ice cooled 

suspension of imidazole (0.681g) and triphenylphosphine (1.97g) in diethyl ether (12mL). The 

mixture was then stirred for 10 minutes before a solution of tert butyl (R)-3-

hydroxyinethylpyrrolidine-1-carboxylate (lg) in dioxane (6mL) was added dropwise. The 

resulting mixture was stirred at room temperature overnight, then diluted with diethyl ether and 

filtered. The solid was washed with diethyl ether and the combined filtrate was evaporated to 

dryness. The residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetate and pentane with a gradient of 0-20% to give tert-butyl (R)-3-iodomethylpyrrolidine-l-

carboxylate (1.44 g) as an oil. 
]H NMR (CDC13) • 8: 3.64-3.46 (2H, m), 3.33 (IH, m), 3.19 (2H, d), 3.02 (IH, dd), 2.49 (IH, 

m), 2.07 (IH, m), 1.65 (IH, m), 1.46 (9H, s). 

Intermediate 101: Methyl (laRS,7bSR)-5-{2-[((S)-l-ethylpyrroHdin-2-yl)cabonyl-
aminomethyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-
carboxylate 

[00305] A mixture of methyl (laRS,7bSR)-5-(2-aminomethyl-4-

fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intennediate 102, 0.515g), HATU (0.483g), (S)-N-ethylpynx)lidme-2-carboxylic acid 

(Intermediate 106, 0.182g) and N,N-di-isopropyl-N-ethylamine (0.328g) in dry DMF (25mL) 

was stirred at room temperature for 2 hours. The mixture was concentrated under vacuum and 

the residue was diluted with water and extracted with ethyl acetate, washed with water, dried 

(MgSCU) and filtered. The filtrate was evaporated to dryness and the residue was purified by 

chromatography on silica, eluting with a mixture of methanol and DCM, with a graident of 1 -

2% to give methyl (laRS,7bSR)-5-{2"[((S)~l~ethylpyrrolidin-2-yl)cabonyl-aininomethyl]-4-
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fluorobenzenesulfonylaniino}-! ,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate 

(0.505g) as a glassy solid. 
!H NMR (CPCI3) 8: 9.2-8.9 (1H, br s), 7.82 (2H, m), 7.24 (2H, m), 7.00 (IH, dt), 6.95 (IH, 

dd), 4.75 (2H, m), 4.33 (1H, d), 3.99 (1H, br s), 3.79 (1H, m), 3.77 (3H, s), 3.67 (IH, m), 3.15-

2.87 (3H, m), 2.48 (IH, m), 2.02 (2H, m), 1.93 (2H, m), 1.74 (IH, m), 1.20 (3H, m), 1.02 (2H, 

m). 

Intermediate 102: Methyl (laRS,7bSR)-5-(2-aminomethyl)-4-fluorobenzenesulfonylamino)-

1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

methyl (laRS,7bSR)-5-(4-fliioro-2-trifliioroacetylaminomefliyl)benzenesulfonylamino)-

l,la,2,7b-tetrahydrocyelopropa[c]chromene-4-carboxylate (Intennediate 103, 1.53g) in 

methanol (50mL) and the resultant mixture was stirred and heated, at 45°C for 4 hours. After 

cooling, the mixture was concentrated under vacuum and the residue was diluted with water 

and saturated with salt. The resultant solid was collected by filtration, washed with water and 

ethyl acetate then dried under vacuum at 50°C to give methyl (laRS,7bSR)-5-(2-amin.omethyl)-

4-fluoro-benzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(1.06g) as a white solid. 
lH NMR (DMSO-d6) 8: 8.52 (IH, br s), 7.99 (IH, dd), 7.32 (2H, m), 6.89 (IH, d), 6.74 (IH, d), 

4.32 (2H, s), 4.17 (IH, d), 3.70 (3H, s), 3.64 (IH, d), 1.82 (IH, m), 1.65 (IH, m), 0.89 (IH, m), 

0.61 (IH, m). 

[00306] A solution of potassium carbonate (2.1 g) in water was added to a solution of 

intermediate 103: Methyl (laRS,7bSR)-5-(4~fluoro-2-trifluoroacetylaminometh.yl) 

benzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene~4-carboxylate 
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[00307] Methyl (laRS,7bSR)-5amino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate (Intennediate 42, 0.972g) was added to a solution of 4-fluoro-2-

(trifluoroacetylaminomethyl)-benzenesulfonyl chloride (Intermediate 104, 1.53g) in DCM 

(25mL) and pyridine (6mL). The resultant mixture was stirred at room temperature for 2 hours. 

The mixture was diluted with DCM, washed with water, HC1 (1M), water, dried (MgSO^O and 

filtered. The filtrate was evaporated to dryness and the residue was purified by chromatography 

on silica, eluting with a mixture of ethyl acetate and pentane with a gradient of 5-30% to give 

methyl (laRS,7bSR)-5-(2-trif]uoroacetylaminomethyl)-4-fIuorobenzenesulfonylamino)-

l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (1.76g) as a glassy foam. 
!H NMR (CDC13) 5: 9.04 (1H, br s), 7.83 (IH, dd), 7.49 (IH, br t), 7.30 (IH, dd), 7.29 (IH, d), 

7.09 (IH, d), 7.06 (IH, dt), 4.61 (2H, d), 4.34 (IH, d), 3.78 (IH, dd), 3.73 (3H, s), 1.95 (IH, 

m), 1.75 (IH, m), 1.04 (2H, m). 

Intermediate 104: 4-Fluoro-2-(trifluoroacetylaminomethyl)benzenesulfonyl chloride 

[00308] 3-Fluoro-N-trifluoroacetylbenzylamine (Intermediate 105, 1.1 lg) was added 

portionwise to chlorosulfonic acid (5mL), while stirring and cooling in an ice bath. On 

completion of the addition, the ice bath was removed and the mixture was allowed to come to 

room temperature then heated to 70°C for 3 hours. After cooling, the mixture was slowly added 

to ice and the resultant suspension was extracted with ethyl acetate, washed with water, dried 

(MgS04) and filtered. The filtrate was evaporated to dryness to give 4-fluoro-2-

(trifluoroacetylaminomethyl)benzenesulfonyl chloride (1.53g) as a brown solid. 

>H NMR (CDCI3) 5: 8.18 (IH, dd), 7.47 (IH, m), 7.29 (IH, m), 7.18 (IH, br s), 4.92 (2H, d). 

Intermediate 105: 3-Fluoro-N-trifluoroacetylbenzylamine 

F' 

[00309] Trifluoroacetic anhydride (5.05g) was added dropwise to an ice-cooled 

solution of 3-fluorobenzylamine (2.5g) and triethylamine (2.22g) in ethyl acetate (75mL) while 
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maintaining the temperature below 10°C. The mixture was stirred at 0-5°C for 1 hour then 

allowed to warm to room temperature and stirred for 2 hours. Water was added and the layers 

were separated. The organic layer was washed with water, dried (MgSCU) and filtered. The 

filtrate was evaporated to dryness to give 3-fiuoro-N-trifluoroacetylbenzylamine (4.58g) as an 

oil which crystallised on standing to a white solid. 
]H NMR (CDC13) 5: 7.34 (IH, m), 7.03 (3H, m), 6.72 (1H, br s), 4.53 (2H, d). 

Intermediate 106: (S)-N-Ethylpyrrolidine-2-carboxylic acid 

ethylpyrrolidine-2-carboxyIate (Intermediate 107. 0.603g) under an atmosphere of nitrogen. 

The mixture was then hydrogenated at 4Bar for 3 hours. The mixture was filtered through 

Celite and the filtrate was evaporated to dryness to give (S)-N-ethylpyrrolidine-2-carboxylic 

acid (0.378g) as a straw coloured gummy solid. 

NMR (CDOh) 5: 4.01 (1H, m), 3.78 (IH, m), 3.31 (IH, m), 3.18 (IH, m), 2.87 (IH, m), 

2.38 (IH, m), 2.27 (IH, m), 2.02 (2H m), 1.39 (3R, t). 

Intermediate 107: Benzyl (S)-N-ethylpyrrolidine-2-carboxylate hydrochloride 

carboxylate (1.0g) and potassium carbonate (1.11%) in dry DMF (7mL) and the resultant 

mixture was stirred at room temperature for 3 days. The mixture was diluted with water, 

extracted with ethyl acetate, washed with water, dried (MgSCU) and filtered. The filtrate was 

evaporated to dryness and the residue was purified by chromatography on silica, eluting with a 

mixture of ethyl acetate and pentane with a gradient of 10-20% to give benzyl (S)-N-

ethylpyrrolidine-2-carboxylate (0.643g) as a pale straw coloured oil. 

NMR (CDC13) 6: 7.35 (5H, m), 5.17 (2H, s), 3.19 (2H, m), 2.74 (IH, m), 2.45 (IH, m), 2.34 

(IH, m), 2.12 (IH, m) 1.93 (2H,m), 1.81 (IH, m), 1.10 (3H, t). 

[00310] Palladium on carbon (10%, 0.2g) was added to a solution of benzyl (S)-N-

[00311] lodoethane (1.34g) was added to a mixture of benzyl (S)-pyrrolidine-2-
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Intermediate 108: Methyl (laRS,7bSR)-5-[2-(4-dimethylammobutyrylamino)-4-

fluorobenzene-sulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxyIate 

[00312] A mixture ofmethyl (laRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2~(4-

chlorobutyry].-amino)-4-fluorobenzenesulfony]]amino}-l ,la,2,7b-tetrahydrocyclopropa-

[c3chromene-4-carboxylate (Intermediate 109, 0.15g) and dimethylamine (30% aqueous 

solution, 5mL) in acetonitrile (30mL) was stirred and heated at 40°C for 10 hours. After 

cooling, the mixture was concentrated under vacuum and the residue was extracted with a 

mixture of ethyl acetate and THF (50%), dried (Na2SC>4) and filtered. The filtrate was 

evaporated to dryness and the residue was purified by thick layer chromatography on silica, 

eluting with a mixture of methanol and DCM (10%) to give methyl (laRS,7bSR)-5-[2-(4-

dimethylaminobutyrylamino)-4-fluorobenzenesulfbnyl-amino]-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxyl.ate (0.14g) as a yellow oil. 

LCMS (Method D) r/t 1.24 (M+H) 506. 

Intermediate 109: Methyl (laRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-(4-chlorobutyryI-

amino)-4-fluorobenzenesulfonyl]amino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-
carboxylate 

[00313] 4-Chlorobutyryl chloride (3.0g) was added to a stirred, cooled solution of 

methyl (laRS,7bSR)-5-[N-(methoxycarbonyl)-N-(2-amino-4-fluorobenzenesulfonyl]amino}-

l,la,2,7b~tetrahydrocyclopropa-[c]chromene-4-carboxylate (Intermediate 110, 0.135g) and 

triethylamine (1 .Og) in THF (1 OmL) at 0°C. On completion of the addition, the mixture was 

stirred at room temperature for 4 hours.Saturated aqueous sodium bicarbonate was added and 

the mixture was extracted with ethyl acetate, dried (Na2S04) and filtered. The filtrate was 

evaporated to dryness and the residue was purified by chromatography on silica, eluting with a 

mixture of ethyl acetate and petroleum ether, with a gradient of 20-25% to give methyl 



- Ill -

(laRS,7bSR)-5-{N-[methoxycarbonyl3~N-[2-(4-ch.lorobutyrylammo)-4-fluoro~ 

benzenesulfonyl]amino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (0.15g) as 

a yellow oil. 

LCMS' (Method D) r/t 1.72 (M+H) 555. 

Intermediate 110: Methyl (laRS,7bSR)-5-[N-(methoxycarbonyl)-N-(2-amino-4-

fluorobenzene-sulfonyl)amino]-l.la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00314] A mixture of methyl (laRS,7bSR)-5-[N-(methoxycarbonyl)-N-(4-fluoro-2-

nitrobenzene-sulfonyl)amino]-l,la,2,7b-tetrahydro~cyclopropa[c]chromene-4-carboxylate 

(Intermediate 111, 0.2g), zinc (0.54g) and acetic acid (0.5g) in ethanol (20mL) was stirred and 

heated at reflux for 1 hour. After cooling, the solid was filtered off and the filtrate was 

evaporated to dryness. The residue was treated with saturated aqueous sodium bicarbonate and 

extracted with ethyl acetate, dried (Na2SC>4) and filtered. The filtrate was evaporated to dryness 

and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetate and petroleum ether with a gradient of 30-50% to give methyl (1 aRS,7bSR)-5-[N-

(methoxycarbonyl)-N-(2-amino-4-fluorobenzenesulfonyl)ammo]~l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (0.15g) as a white solid. 
[H NMR (CDC13) 8: 7.74 (IH, m), 7.36 (IH, d), 6.95 (IH, d), 6.47 (IH, m), 6.39 (IH, d), 5.37 

(2H, m), 4.42 (IH, m), 3.91 (IH, d), 3.74 (3H, 2s), 3.70 (3H, 2s), 2.06 (IH, m), 1.84 (IH, m)s 

1.28 (IH, m), 1.15 (IH, m). 

Intermediate 111: Methyl (laRS,7bSR)-5-[N-(methoxycarbonyl)-N-(4-fluoro-2-nitrobenzene-

sulfonyl)amino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00315] A solution of methyl (laRS,7bSR)-5-(4-fluoro-2-nitrobenzenesulfonylaniino)-

l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 112, 0.25g) in THF 
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(lOmL) was added dropwise with stirring to a cooled suspension of sodium hydride (O.lg) in 

THF (5mL) at 0°C. On completion of the addition, the mixture was stirred at room temperature 

for 30 minutes. Methyl chloroformate (0.3g) was added dropwise and the mixture was stirred at 

room temperature for 1.5 hours. Saturated aqueous sodium bicarbonate was added and the 

mixture was extracted with ethyl acetate, dried (Na2S04) and filtered. The filtrate was 

evaporated to dryness and the residue was purified by chromatography on silica, eluting with a 

mixture of ethyl acetate and petroleum, ether to give methyl (1 aRS,7bSR)-5-[N-

(methoxycarbonyl)-N-(4-fluoro-2-nitrobenzenesuifonyl)amino]-l, la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylate (0.2g) as a white solid. 

LCMS (Method D) r/t 1.58 (M+H) 481.. 

Intermediate 112: Methyl (1 aRS,7bSR)-5-(4-fluoro-2-nitrobenzenesulfonylam.mo)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00316] A mixture of methyl (laRS.7bSR)-5-amino-l,!a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate (Intermediate 42, 0.1 g), 4-fluoro-2-nitrobenzenesulfonyl chloride 

(0.115g) and pyridine (2mL) in DCM (5mL) was stirred at room temperature overnight. The 

mixture was concentrated under vacuum and the residue was partitioned between ethyl acetate 

and water. The organic layer was dried (Na2S04) and filtered and the filtrate was evaporated to 

dryness. The residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetate and petroleum ether (20%) to give methyl (laRS,7bSR)-5-(4-fluoro-2-

nitrobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chroraene-4-carboxylate (0.1 lg) 

as a yellow oil. 
!H NMR (CDClj) 6: 8.56 (IH, br s), 7.92 (IH, m), 7.55 (IH, dd), 7.31 (2H, m), 7.24 (IH, m), 

4.34 (IH, d), 3.85 (3H, s), 3.82 (IH, d), 1.98 (IH, m), 1.74 (IH, m), 1.08 (2H, m). 

Intermediate 113: Methyl (laS,7bR)-5-[2-((S)-l-ethyl-pyrrolidin-3-ylmethyl)-4-fluoro-

benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c3chromene-4-carboxylate 
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[003171 A solution ofmethyl 5-amino-l,la;2,7b-tetrahydrocyciopropa[c]chromene-4-

carboxylate (Intennediate 42, 0.19g) in DCM (lOmL) and pyridine (3.5mL) was treated with a 

solution of 2-((S)-l-ethylpyrrolidin-3-ylmethyl)~4-fluorobenzenesulfonyl chloride 

(Intermediate 114, 0.26g) in DCM (5mL) and the mixture was stirred and heated at 40°C for 1 

hour. The resultant mixture was evaporated to dryness and the residue was purified by 

chromatography on silica, eluting with a mixture of DCM and methanol with a gradient of 0-

25%, then flushed with 100%) methanol to give methyl (laS,7bR)-5-[2-((S)-l-ethylpyrrolidin-

3-ylmethyl)-4-fluoro-benzenesuifonylamino]-l,la,2,7b-tetrahiydrocyclopropa[c]chromene-4-

carboxylate (0.107g) as a gum. 

LCMS (Method A) r/t 2.29 (M+H) 489. 

Intermediate 114: 2-((S)-l-Ethylpynolidin-3-ylmethy!)-4~fhiorobenzenesulfonyl chloride 

[00318] Prepared by proceeding in a similar manner to Intermediate 96, starting from 

(S)-l-ethyl-3-(3-fluorobenzyl)pyrrolidine (Intermediate 115). 

LCMS (Method A) r/t 1.95 (M+H) 308. 

Intermediate 115: (S)-l-Ethyl~3-(3~fluorobenzyl)pyrrolidine 

F 

[00319] Prepared by proceeding in a similar manner to Intermediate 97 starting with 3-

(S)-(3-fluoro-benzyi)pyrrolidine (Intermediate 116). 
!H NMR (CDC13) 5: 7.22 (IH, m), 6.95 (IH, d), 6.88 (2H, m), 2.81-2.62 (4H, br m), 2.61-2.39 

(4H, brm), 2.21 (!H,brs), 1.99 (IH, m), 1.52 (IH, m), 1.11 (3H,t). 
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Intermediate 116: 3-(S)-(3-Fluorobenzyl)-pyrrolidine 

[00320] Prepared by proceeding in a similar manner to Intennediate 98 starting with 

ten-butyl (S)-3-(3-fluorobenzyl)-pyiTolidine-l-carboxylate (intennediate 117). 
]H NMR (CDC13) 5: 7.27 (IH, m), 6.96-6.84 (3H, m), 3.32 (IH, m), 3.25 (IH, dd), 3.16 (IH, 

m), 2.83 (IH, m), 2.73 (2H, d), 2.58 (1H, m), 2.08 (IH, m), 1.68 (IH, m). 

Intermediate 117: tert-Butyl (S)-3-(3~fluorobenzyl)~pyrrolidine-l-carboxylate 

[00321] Prepared by proceeding in a similar manner to Intermediate 99 starting with 

lert-ku\y\ (S)-3-iodomethylpyrrolidine-l-carboxylate (Intennediate 118). 

'H NMR (CDCU) 5: 7.27 (IH, m), 6.97-6.83 (3R m), 3.46 (2H, m), 3.25 (IH, m), 2.98 (IH, 

m), 2.67 (2H, m), 2.40 (IH, m), 1.91 (IH, m), 1.58 (IH, m), 1.45 (9H, s). 

| Intermediate 118: ferf-Butyl (S)-3-iodomethylpyrrolidine-l-carboxylate 

[00322] Prepared by proceeding in a similar manner to Intermediate 100 starting with 
tert-butyl (S)-3-hydroxyniethylpyrrolidine-l -carboxylate. 
LH NMR (CDCI3) 6: 3.59 (IH, dd), 3.51 (IH, m), 3.33 (1H, m), 3.19 (2H, d), 3.02 (IH, dd), 
2.49 (lH,m), 2.07 (lH,m), 1.65 (lH,m), 1.46 (9H, s). 

Intermediate 119:. /m-Butyl (laRS.7bSR)-5-{2-[N-(2,4-dimethoxybenzyl)-N-(3-dimethyl-

aminopropyl)carbamoyl]benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-
4-carboxylate 
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[00323] A solution ofN-(2,4-dimethoxybenzyl)-N-(3-dimethylaminopropyl)amine 

(Intermediate 120, 0.179g) in DCM (2mL) was added dropwise with stirring to a cooled 

solution of 2-chlorosulfonylbenzoyl chloride (Intermediate 121, 0.17g) in DCM (20mL) at 0°C. 

The mixture was stirred at 0°C for 1 hour then a solution of tert-butyl (1 aRS,7bSR)-5-ammo-

l.la,2,7b-tetrahydro-cvclopropa-[c]chromene-4-carboxylate (Intermediate 122, 0.185g) in 

DCM (2mL) was added. The resultant mixture was stirred and heated at 30-35°C overnight. 

After cooling, the mixture was concentrated under vacuum and the residue was purified by 

HPLC (CIS) to give tert-butyl (laR.S,7bSR)-5-{2-[N-(2,4~dim.ethoxybenzyi)-N-(3-

dimethyiarninopropyl)carbamoyl]-benzenesulfonylamino}-l,la,2,7b-tetrahydro~cyclopropa-

[c]chromene-4-carboxylate (0.03g) as a yellow oil. 

LCMS (Method. D) r/t 3.16 (M+H) 680. 

Intermediate 120: N-(2,4~Dimethoxybenzyl)-N-(3-dimethylaminopropyl)amine 

dimethoxybenzaldehyde (6.0g) and sodium triacetoxyborohydride (9.54g) in methanol (20mL) 

was stirred at room temperature for 10 hours. The mixture was concentrated under vacuum and 

the residue was dissolved in ethyl acetate and washed, with water and brine, dried (Na2S04) and 

filtered. The filtrate was evaporated to dryness to give N-(2,4-dimethoxybenzyl)-N-(3-

dimethylaminopropyl)amine (7.2g) as a brown oil which was used directly without farther 

characterisation. 

[00324] A mixture of 3-dimethylaminopropylamine (3.06g), 2,4-

Intermediate 121: 2-Chlorosulfonylbenzoyl chloride 
Ck .0 
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[00325] A mixture of l,l-dioxo-lH~llambda*6*benzo[c][l,2]oxathiol-3-one (4.5g) and 

phosphorous pentachloride (15g) was stirred and heated, at 60°C overnight. After cooling, a 

mixture of ice and water was added and the solution was extracted with DCM, dried (Na2SC>4) 

and filtered. The filtrate was evaporated to dryness to give 2-chlorosulfonylbenzoyl chloride 

(5g) as a yellow solid which was used without further characterisation. 

Intermediate 122: tarf-Butyl (laRS,7bSR)-5-ammo-l,la,2,7b~tetrahydrocyclopropa-

[c] chromene-4-carboxyl ate 

[00326] Sodium borohydride (0.32g) was added in portions to a stirred solution of tert-
butyl (laRS,7bSR)-5-(trifluoroacetylamino)-l,la,2,7b-tetrabydro-cyclopropa-[c]chromene-4-

carboxylate (Intemediate 123, 0.5g) in ethanol (20mL). The resultant mixture was stirred at 

room temperature for 1 hour then concentrated under vacuum. The residue was purified by 

chromatography on silica, eluting with a mixture of ethyl acetate and petroleum ether with a 

gradient of 2-4% to give ter/-butyl (laRS,7bSR)-5-ammo-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate (0.2g) as a white solid. 

*H NMR (CDC13) 5: 7.04 (IH, d), 6.25 (IH, d), 4.57 (2H, br s), 4.32 (IH, d), 3.87 (1H, d), 1.86 

(IH, m), 1.65 (1.H, m), 1.60 (9R s), 0.95 (2H, m). 

Intermediate 123: tert-BuXy\ (laRS,7bSR)-5~(trifluoroacetylamino)-lJa,2,7b-tetrabydro~ 

cyclopropa[c]chromene-4-carboxylate 

[00327] A mixture of (laRS,7bSR)-5-(trifluoroacetylamino)-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intermediate 124, 0.97g), DMAP (0.2g), 

dicyclohexj-'l carbodiimide (1.33g) and di-tert-butyl dicarbonate (3.51g) in tert-butanol (20mL) 

was stirred and heated at reflux for 7 hours. After cooling, the mixture was concentrated under 
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vacuum and the residue was purified by chromatography on silica, eluting with a mixture of 

ethyl acetate and petroleum ether (2%) to give tert-butyl (laRS,7bSR.)-5-

(trifluoroacetylamino)-l,l.a?2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (0.5g) as a 

yellow oil. 
lH NMR (CDCI3) 5: 10.47 (IH, br s), 7.89 (IH, d), 7.34 (IH, d), 4.39 (1H, d), 3.88 (1H, d), 

2.02 (IH, m), 1.77 (IH, m), 1.60 (9H, s), 1.09 (2H, m). 

Intermediate 124: (laRS,7bSR)-5-(Trifluoroacetylamino)-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

[00328] Trifluoroacetic anhydride (2.98g) was added dropwise to a stirred, cooled 

solution of (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydro-cyclopropa-[c]chromene-4-carboxylic 

acid (Intennediate 125, 0.97g) and triethylamine (2.39g) in THF (20mL). The resultant mixture 

was stirred at room temperature for 30 minutes. Water was added and the mixture was 

extracted with ethyl acetate, dried (NaiSO.*) and filtered. The filtrate was evaporated to dryness 

and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetate and petroleum ether (2%) to give (laRS,7bSR)-5-(trifluoroacetylamino)-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (0.97g) as a white solid. 
5H NMR (DMSO-d6) 8: 7.92 (IH, d), 7.28 (IH, d), 4.54 (IH, d), 3.94 (IH, d), 2.27 (IH, m), 

• 2.02 (IH, m), 1.21 (!H, m), 0.95 (IH, m). 

Intermediate 125: (laRS,7bSR)-5-Amino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid 

[00329] A mixture of methyl (laRS,7bSR)-5-amino-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermedaite 42, l.Og) and lithium hydroxide 

monohydrate (0.96g) in dioxane (16mL) and water (14mL) was stiiTed and heated at 90°C for 1 

hour. After cooling, the mixture was concentrated under vacuum and the residue was diluted 
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with water and neutralised to pH7 with formic acid. The mixture was then extracted with ethyl 

acetate, dried (Na2S04) and filtered and the filtrate was evaporated to dryness to give 

(iaRS,7bSR)-5-amino-l,la,2,7b-tetrahydro-cyclopropa-[c3chromene~4-carboxylic acid (0.97g) 

as a yellow oil. 
LCMS (Method D) r/t 2.13 (M+H) 206. 

Intermediate 126: Methyl (laRS,7bSR)-5-(2-{[N-((S)-l-ethylpyrrolidin-3-yl)-N-methyl-

carbamoyl]-methyl} -4-fluorobenzenesulfonylamino)-1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate 

carboxymethyl-4-fluorobenzenesulfonylamino)-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate (Intermediate 83, 0.109g) in DCM (3mL) and the mixture was stirred at room 

temperature for 10 minutes. A solution of N-((S)-l-ethylpyrrolidin-3-yl)-N-metliylamine 

dihydrochloride (Intermediate 127, 0.102g) and triethylamine (0.15lg) in DCM (3mL) was 

added and the mixture stirred for 17 hours. The mixture was evaporated in vacuo and the 

residue was dissolved in dioxane (4mL) and the mixture was heated at 75°C for 20 hours. After 

cooling, the mixture was diluted with DCM and water and filtered through a phase separator. 

The filtrate was evaporated in vacuo and the residue was combined with an identical reaction 

carried out earlier. The material was purified'by chromatography on silica, eluting with a 

mixture of methanol and DCM with a gradient of 0-50% to give methyl (laRS,7bSR)-5-(2~ 

{[((S)-l-ethylpyrrolidin-3-yl)methylcarbamoyI]methyl}-4-fluoro-benzenesulfonylamino)-

l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylate (0.48g) as alight brown foam. 

LCMS (Method E) r/t 2.65 (M+H) 546. 

Intermediate 127: N~((S)-l-Ethylpyrrolidin-3-y])-N-methylamine dihydrochloride 

\ 
,NH 

[00330] ED AC (0.058g) was added to a stirred solution of methyl (laRS,7bSR)-5-(2-

.2HCI 
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[00331] A mixture of benzyl N-((S)-l-ethylpyrrolidin~3-yl)-N-methylcarbamate 

(Intermediate 128, 0.682g) and 10% palladium on carbon (0.1 Og) in ethanol (20mL) was stirred 

at room temperature under an atmosphere of hydrogen for 3 hours. The mixture was filtered, 

and concentrated hydrochloric acid (2mL) was added. The solution was evaporated in vacuo 
then redissolved in a mixture of toluene and ethanol then re-evaporated to give N-((S)-1-

ethylpyiTolidin-3-yl)-N-methylamine dihydrochloride (0.53lg) as a light coloured, viscous oil 

which was used without further characterisation. 

Intermediate 128: Benzyl N-((S)-l-ethylpyrrolidin-3-yl)-N-methylcarbamate 

[00332] A mixture of benzyl N-methyl-(S)-pyrrolidin-3-ylcarbamate (Intermediate 129, 

1.28g), iodoethane (0.853g), and potassium carbonate (1.51g) in acetonitrile (12mL) was stirred 

at room temperature for 4 hours. The mixture was evaporated in vacuo and the residue was 

basified with 5M sodium hydroxide and filtered through a phase separator. The filtrate was 

concentrated in vacuo and the residue was purified by chromatography on silica, eluting with a 

mixture of methanol and DCM with a gradient of 0-30% to give benzyl N-((S)-1-

ethylpyrrolidin-3~yl)~N~methylcarbamate (0.686g) as a colourless oil. 
]H NMR (CDC 13) 5: 7.35 (5H, m), 5.13 (2H, s), 4,84 (IH, br, s), 2.91 (3H, s), 2.30-2.82 (6H, 

m), 2.12 (IH, br, m), 1.79 (IH, m), 1.10 (3H, t). 

Intermediate 129: Benzyl N-methyl-(S)-pyrrolidin-3-ylcarbamate 

[00333] A solution of terf-butyl (S)-3-(N-benzyloxycarbonyl-N-

methylammo)pyrrolidine-l-carboxylate (Intermediate 130, 1.81 g) in trifluoroacetic acid (8mL) 

and DCM (8mL) was left to stand at room temperature for 30 minutes. The resultant mixture 

was concentrated in vacuo and the residue was dissolved in DCM and brine, basified with 2M 



- 120 -

sodium hydroxide and filtered through a phase separator. The filtrate was concentrated in vacuo 

to give benzyl N-methyl-(S)-pyrrolidin-3-ylcarbamate (1.46g) as a light coloured oil. 
lU NMR (CDC13) 8: 7.35 (5H, m), 5.14 (2H, s), 4.68 (IH, br, m), 3.08 (2H, m), 2.88 (3H, s), 

2.76-2.95 (3H, m), 2.01 (IH, m), 1.75 (IH, m). 

Intermediate 130: tert-Butyl (S)-3-(N-benzyloxycarbonyl-N-methylamino)pyrrolidine-l-

carboxylate 

[00334J Sodium hydride (60% oil dispersion, 0.32g) was added to a stirred solution of 

tert-butyl (S)-3-benzyloxycarbonylaminopyrrolidine~l-carboxylate (prepared according to 

Cheng et al, W02007 142585, 1.73g) in THF (20mL) and the mixture was stirred for 15 

minutes. Iodomethane (1.85g) was added and the mixture was stirred at room temperature for 1 

hour. Methanol was carefully added to destroy the excess sodium hydride then ethyl, acetate 

and water were added and the organic layer was washed with brine, dried (Na2SC>4), filtered. 

The filtrate was concentrated in vacuo to give tart-butyl (S)-3-(N-benzyl.oxycarbonyl~N-

metliylamino)pyiTolidine-l-carboxylate (1.66g) as a pale coloured oil. 

*H NMR (CDC13) 8: 7.36 (5H, m), 5.15 (2H, s), 4.79 (IH, br, s), 3.54 (2H, br, m), 3.H-3.38 

(2H, br, m), 2.86 (3H, s), 1.98 (2H, m), 1.46 (9H, s). 

Intermediate 131: Methyl (laRS,7bSR)-5-(2-{[N-((R)-l-ethylpyrrolidin-3-yl)-N-methyl-

carbamoyl]methyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate 

[00335] Prepared by proceeding in a similar manner to Intermediate 126, stalling from, 

methyl (1 aRS,7bSR)-5-(2-carboxymethyl-4-fluorobenzenesulfonylamino)-1,1 a,2,7b-
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tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 83) and N-((R)-1-

ethyipyrroIidin-3-yI)~N-methylamine dihydrochloride (Intermediate 132) as a light brown 

foam, 

LCMS (Method E) r/t 2.63 (M+H) 546 

Intermediate 132: N-((R)-l-Ethylpyrrolidin-3-yl)-N-methyIamine dihydrochloride 

\ 
NH 

.2HCI 

[00336] Prepared by proceeding in a similar manner to Intermediate 127, starting from 

benzyl N~((R)-l-ethylpyrrolidin-3-y3)-N-methylcarhamate (Intermediate 133) as a light 

coloured viscous oil, which was used without further characterization. 

Intermediate 133: Benzyl N-((R)-l-ethylpyrrolidi.n-3-yl)-N-methylcarbamate 

[00337] Prepared by proceeding in a similar manner to Intermediate 128, starting from 

benzyl N-methyl-(R)-pyrrolidin-3-ylcarbamate (1 including bridged or fused rings, and 

ntermediate 134) and iodoethane, as a light coloured oil. 

'H NMR (CDC13) 5: 7.35 (5H, m), 5.13 (2H, s)s 4.84 (IH, br, s), 2.91 (3H, s)s 2.30-2.87 (6H; 

m), 2.12 (IH, br, m), 1.80 (IH, m), 1.10 (3H, t). 

Intermediate 134: Benzyl N-methyl-(R)-pyrrol.idin-3-ylcarbamate 
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[00338] Prepared by proceeding in a similar manner to Intel-mediate 129, starting from 

tert-butyl (R)-3-(N-benzyloxycarbonyl-N-methylamino)-pyrrolidine-1 -carboxylate 

(Intermediate 135) as a pale coloured oil. 

'H NMR (CDCl3) 5: 7.35 (5H, m), 5.14 (2H, s), 4,79 (1H, br, s), 3.08 (2H, m), 2.BB (3H, s), 

2.76-2.95 (3H, m), 2.01 (1HS m), 1.75 (IH, m). 

Intermediate 135: tert-Butyl (R)-3-(N-benzyloxycarbonyl.-N-methylamino)pyrrolidine-l-

carboxylate 

[00339] Prepared by proceeding in a similar manner to Intermediate 130, starting from 

tert-butyl (R)-3-beiizyloxycarbonylaminopyrrolidine-] -carboxylate (prepared according to 

Zhou et al, US 2008 0293771) and iodomethane, as a pale coloured oil. 

*H NMR (CDCI3) 5: 7.35 (5H, m), 5.15 (2H, s), 4.69 (1H, br, s), 3.54 (2H, br, m), 3.11-3.38 

(2H, br, m), 2.86 (3H, s), 1.98 (2H, m), 1.46 (9H, s). 

Intermediate 136: 2((S)-l-Ethylpyrrolidm-2-yl)ethylamine 

[00340] ((S)-l-Acetylpyrrolidin~2-yI)acetonitrile (Intennediate 137, l.Og) was added 

portionwise to a stirred, cooled solution of lithium aluminium hydride (0.36g) in THF (30mL) 

under an atmosphere of nitrogen while maintaining the temperature at 0°C. The mixture was 

allowed to warm to room temperature then heated at reflux for 2 hours. After cooling, ethanol 
(4mL) was added dropwise and the resultant solid was filtered off. The filtrate was evaporated 

to dryness to give 2((S)-l-ethylpyrrolidin-2-yl)ethylamin.e (0.6g) as a colourless oil. 
]H NMR (D20) 8: 3.59 (IH, m), 3.37 (2H, m), 3.01 (4H, m), 2.24 (2H, m), 1.98 (3H, m), 1.65 

(IH, m), 1.21 (3H, t). 

Intermediate 137: ((S)-3-Acetylpyirolidin-2-y])acetonitrile 
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[00341] Acetyl chloride (8.6g) was added dropwise to a stirred, cooled solution of ((S)-

pyrrolidin»2-yl)acetonitrile hydrochloride (Intermediate 138, 8.0g) and triethylamine (16.5g) in 

DCM (80mL) while maintaining tlie temperature at 0°C. The resultant solution was stirred at 

0°C for 30 minutes. Water was added and the layers were separated. The aqueous layer was 

further extracted with DCM and the combined organic layers were washed with brine, dried 

(Na2SC>4) and filtered. The filtrate was evaporated to dryness and the residue was purified by 

HPLC (CI 8) to give ((S)-l-acetylpyrrolidin~2~yl)acetomtril.e (5.0g) as a light yellow oil which 

was used directly without further characterisation. 

Intermediate 138: ((S)-Pyrrolidin-2-yl)acetonitrile hydrochloride 

O 
H 

HCi 

[00342] A. solution of tert-bvXyl (S)-2-cyanomethylpyrrolidine-l-carboxylate 

(Intennediate 139, 13.0g) in methanol (130mL) and concentrated hydrochloric acid (13mL) 

was stirred and heated at 40°C overnight. After cooling, the mixture was concentrated under 

vacuum and the residue was diluted with toluene and reconcentrated. Ethanol (20mL) was 

added and the resultant solid was collected by filtration and washed with hexane to give ((S)-

pyrrolidin-2-yl)acetonitrile hydrochloride (8,0g) as a white solid. 

LCMS (Method D) r/t 0.50 (M+H) 111. 

Intermediate 139: tert-Butyl (S)-2-cyanomethylpyrrolidine-l-carboxylate 

[00343] Sodium cyanide (8.2g) was added to a solution of tert-bv&yl (S)-2-(4-

methylbenzenesulfonyloxymethyl)pyrrolidine-l-carboxylate (Intermediate 140, 29.6g) in 

DMSO (300mL) and the resultant mixture was stirred and heated at 90°C for 5.5 hours. After 

cooling, the mixture was treated with saturated aqueous iron (II) sulphate solution and the 
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mixture was stirred for a further 5 hours then extracted with ethyl acetate. The organic layer 

was washed with brine, dried (Na2S04) and filtered. The filtrate was evaporated to dryness and 

the residue was purified by chromatography on silica, eluting with a mixture of ethyl acetate 

and petroleum ether (5%) to give /erf-butyl (S)-2-cyanomethyIpyrroIidine-l -carboxylate 

(13.0g) as a light yellow oil which was used without further characterisation. 

Intermediate 140: tert- Butyl (S)-2-(4-methylbenzenesulfonyloxymethyl)pyrrolidine-l-

carboxylate 

[00344] 4~Methylbenzenesulfonyl chloride (22.7g) was added portionwise to a stirred, 

cooled solution of tart-butyl (S)-2-hydroxyoxymethylpyrrolidine-l-carboxylate (20.0g) in 

pyridine (70mL) while maintaining the temperature at 0°C. The resultant mixture was stirred at 

room temperature overnight. The mixture was concentrated under vacuum and the residue was 

dissolved in DCM and washed with saturated aqueous sodium bicarbonate solution and brine, 

dried (Na2SC>4) and filtered. The filtrate was evaporated to dryness to give tart-butyl (S)-2~(4~ 

methylbenzenesulfonyl-oxymethyl)pyrrolidine-l-carboxylate (34g) as a yellow oil which was 

used without further characterisation. 

Intermediate 141: 2-((R)-l-Ethylpyrrolidin-2-yl)ethylamine 

[00345] Prepared by proceeding in a similar manner to Intermediate 1.36, starting from 

((S)-l-acetylpyrrolidin-2-yl)acetonitrile (Intermediate 142) and used without further 

characterisation. 

Intermediate 142: ((R)~l-AcetylpyrroIidin-2-yl)acetonitrile 



-125 -

[00346] Prepared by proceeding in a similar manner to Intennediate 137, starting from 

((R)-pyrrolidin-2-yl)acetonitrile hydrochloride (Intermediate 143) and used without further 

characterisation. 

Intermediate 143: ((R)-Pyrrolidin-2-yl)acetonitrile hydrochloride 

0 
H 

HCi 

[00347] Prepared by proceeding in a similar manner to Intermediate 138, starting from 

tert-butyl (R)-2-cyanomethylpyrrolidine-l-carboxylate (Intermediate 144) and used without 

further characterisation. 

Intermediate 144: tert-Butyl (R)-2-cyanomethyIpyrrolidine-l-carboxylate 

[00348] Prepared by proceeding in a similar manner to Intermediate 139, starting from 

rer/-butyl (R)-2-(4-methylbenzenesulfonyloxymethyl)pyrrolidine-1 -carboxylate (Intermediate 

145) and used without further characterisation. 

Intermediate 145: tot-Butyl (R)-2-(4-methyIbenzenesulfonyloxymethyl)pyrrolidine-l-

carboxylate 

[00349] Prepared by proceeding in a similar manner to Intermediate 140, starting from 

tert-butyl (R)-2-hydroxymethylpyrrolidine-l-carboxylate and used without further 

characterisation. 
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Intermediate 146: Methyl (1 aRS,7bSR)-5-(2- {[((R)-l -ethylpyrrolidine-2-yl)carbonylamino]-

metiiyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate 

[00350] .Prepared by proceeding in a similar manner to Intermediate 101, starting from 

methyl (laRS,7bSR)-5-(2-aminomethyl-4-fluorobenzenesulfonylamino)-l>la,2,7b-tetrahydro-

cyclopropa[c]chromene~4-carboxylate (Intermediate 102) and (R)~l-ethylpyrrolidine-2-

carboxylic acid (Intermediate 147) as a solid. 

LCMS (Method B) r/t 2,37 (M+H) 532 

Intermediate 147: (R)- l-Ethyl-pyrrolidine-2-carboxylic acid 

N °H 

^ 0 

[00351] Prepared by proceeding in a similar manner to Intermediate 106. starting from 
tert-butyl (R.)-l-ethylpyrrolidineT2-carboxylate (Intermediate 148) as a solid. 

*H NMR (CDC13) 8; 3.99 (IH, m), 3.76 (IH, dd), 3.37-3.23 (IH, m), 3.21-3.08 (IH, m), 2.8' 

(IH, dt), 2.45-2.21 (2H, m), 2.07-1.94 (2H, m), 1.39 (3H, t). 

Intermediate 148: Benzyl (R)-1 -ethylpyrrolidine -2-carboxylate 

[00352] Prepared by proceeding in a similar manner to Intermediate 107, starting from 

benzyl (R)-pyrrolidine-2-carboxylate as a colourless oil. 
]H NMR (CDCI3) 8: 7.34 (5H, m), 5.17 (2H, s), 3.19 (2H, m), 2.75 (IH, m), 2.45 (IH, m), 2.33 

(1 H,ra),2.12 (IH, m), 1.93 (2H, m), 1.81 (IH, m), 1.09 (3H, t). 

Intermediate 149: (1 -Ethylazetidin-3-yl)methylamine 
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ry^m2 

[00353] A solution of 3-[£w-(ter^butoxycarbonylamino)methyl]-l -ethylazetidine 

(Intermediate 150, 0.83g) in a mixture of methanol (6mL) and concentrated hydrochloric acid 

(1 mL) was stirred and heated at 50°C for 3 hours. After cooling, the mixture was concentrated 

under vacuum and the residue was dissolved in isopropanol and treated with potassium 

carbonate (3g). The mixture was stirred at room temperature for 48 hours, then the solid was 

filtered off and the filtrate was evaporated to dryness to give (1 -ethylazetidin-3-yl)methylamine 

(0.18g) as a light sticky gum which was used without further characterisation. 

Intermediate 150: 3-[6is-(ter£-Butoxycarbonylaimno)methyI]-l-ethylazetidine 

[00354] A mixture of acetaldehyde (1.5g) and 3-[fc«-(ter^butoxycarbonyl-

amino)methyl]azetidine (Intermediate 151,1.0g) in ethanol (20mL) was stirred at room 

temperature for 30 minutes and then 10% palladium on carbon (0.3 g) was added. The mixture 

was stirred under an atmosphere of hydrogen overnight. The solid was filtered off and the 

filtrate was evaporated to dryness. The residue was purified by chromatography on silica, 

eluting with a mixture of methanol, and DCM (10%) to give 3-[bis-(tert-
butoxycarbonylamino)methyl]-l -ethylazetidine (0.83g) as a colourless liquid, which was used 

without further characterization. 

Intermediate 151: 3-[bis-( ter/-ButoxycarbonyIamino)methyl]azetidine 

[00355] A mixture of 3~[&zs-(ter^butoxycarbonylamino)methyl]-l -

(diphenylmethyl)azetidine (Intermediate 152, 6.4g) and 10% palladium on carbon (3g) in 
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ethanol (lOOmL) and acetic acid (2mL) was stirred under an atmosphere of hydrogen overnight. 

The solid was filtered off and the filtrate was evaporated to dryness. The residue was dissolved 

in ethyl acetate and washed with saturated aqueous sodium carbonate, dried (Na2S(>4) and 

filtered. The filtrate was evaporated to dryness and the residue was purified by chromatography 

on silica, eluting with a mixture of methanol and DCM (10%) to give 3-j[bis-(tert-
butoxycarbonylamino)methyl]azetidine (4.0g) as a colourless liquid, which was used without 

further characterisation. 

Intermediate 152: 3-[6w-(Jm-Butoxycarbonylammo)methy!]-l-(diphenylmetby])-azetidme 

(diphenylmetliyl)azetidin-3-ylmethylamine (5g), DMAP (0.5g) and triethylamine (12g) in THF 

(150mL) and the resultant solution was stirred and heated at 60°C for 5 hours. After cooling, 

the mixture was added to brine solution and extracted with ethyl acetate, washed with brine, 

dried (Na2S04) and filtered. The filtrate was evaporated to dryness and the residue was purified 

by chromatography on silica, eluting with a mixture of ethyl acetate and petroleum ether (10%>) 

to give 3-[6w-(/erZ-butoxycarbonylamino)methyl]-l-(diphenylmethyl)azetidine (6.4g) as a 

white solid, which was used without further characterisation. 

Intermediate 153: Methyl (laRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-l-enyl)benzene-

sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00356] Di-tert-butyl dicarbonate (22g) was added to a solution of 1-

[00357] A mixture of methyl (laRS,7bSR)-5-(2-bromobenzenesulfonylamino)-

1, la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intennediate 154, 0.612g),N,N-

diethyl-N-((Z)-l-tributylstannanylprop-l-en-3-yl)amine (Intermediate 11, 1.13g), tri-tert-
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butylphosphonium tetrafluoroborate (0.04lg), ?ra-(dibenzylideneacetone)dipalladium (0.064g) 

in dioxane (12mL) and DMSO (0.4mL) was degassed and purged with nitrogen then heated at 

100°C for 1.5 hours. After cooling, the mixture was diluted with brine and extracted with ethyl 

acetate. The organic layer was washed with water, dried (Na2S04) and filtered. The filtrate was 

evaporated to dryness and the residue was purified, by chromatography on silica, eluting with a 

mixture of methanol and DCM with a gradient of 0-15% to give methyl (laRS,7bSR)-5-[2-
((Z)-3-diethylamino-prop-l -enyl)benzenesulfonylamino] -1,1 a,2,7b-

tetrahydrocyclopropa[e]chromene-4-carboxylate (0.495g) as a solid. 

*H NMR (CDC13) 5: 8.06 (IH, dd), 7.52 (IH, m), 7.40 (IH, m), 7.30 (IH, m), 7.14 (IH, d), 

7.01 (IH, m), 6.86 (IH, d), 6.02 (IH, m), 4.33 (IH, d), 3.84 (3H, s), 3.77 (IH, d), 3.12 (2H, br 

s), 2.51 (4H, br s), 1.87 (IH, m), 1.70 (IH, m), 1.05-0.85 (8H,m). 

Intermediate 154: Methyl (laRS,7bSR)-5-(2-bromobenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyc3opropa[c]chromene-4-carboxylate 

[00358] 2- Bromobenzenesulfonyl chloride (0.559g) was added to a solution ofmethyl 

(laRS,7bSR)-5-aminO'l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intennediate 42, 0.40g) in DCM (12mL) and pyridine (4mL) and the resultant mixture was 

stirred at room temperature for 1 hour. The mixture was evaporated to dryness and the residue 

was dissolved in DCM and washed with 2N HC1, dried (Na2S04) and filtered. The filtrate was 

evaporated to dryness and the residue was purified by chromatography on silica, eluting with a 

mixture of ethyl acetate and cyclohexane with a gradient of 0-35% to give methyl 

(laRS,7bSR)-5-(2-bromo-benzenesulfonylamino)-i,la,2,7b-tetrahydrocyclopropa[c]chromene-

4-carboxylate (0.6'12g) as a solid. 
lR NMR (CDC13) 5: 9,85 (IH, s), 7.89 (IH, dd), 7.85 (IH, dd), 7.57-7.49 (2H, m), 7.26 (IH, d), 

6.64 (IH, d), 4.27 (IH, d), 3.72 (IH, d), 3.66 (3H, s), 2.05-1.95 (IH, m), 1.86-1.76 (IH, m), 

1.08-0.98 (IH, m), 0.84-0.76 (IH, m). 

Intermediate 155: Methyl (1 aRS,7bSR)-5-(2- (N-[((R)-1 -ethylpyrroHdine-2-yl)carbonyl]-N-

methylaminomethyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene~4-carboxy!ate 
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[00359] HATU (0.136g) was added to a mixture ofmethyl (laRS,7bSR)-5-(4-fhioro-2-

methylaminomethylbenzenesulfonylamino)-l,la,2,7b-tetrah.ydrocyclopropa[c]chromene-4-

carboxylate (Intennediate 156, 0.150g), (R)-l-ethylpyrrolidine-2-carboxylic acid (Intermediate 

147, 0.061 g) and N,N-diisopropyl-N-ethylamine (0.124mL) in DMF (5mL) and the mixture 
was stirred for 3 days at room temperature. The volatiles were removed in vacuo and the 

residue was extracted with ethyl acetate (50mL). The organic layer was washed with water 

(50mL), brine, dried (Na2SC>4) and filtered. The filtrate was evaporated to dryness and the 

residue was purified by chromatography on silica eluting with a mixture of methanol and DCM 

with agradient of0-10% to give methyl (laRS,7bSR)-5-(2-{N-[((R)-l-ethylpyrrolidine-2-

yl)carbonyl]methylamino]-methyl}-4-fluorobenzenesulfonylamino)-l.la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (0.177g) as a solid. 
LCMS (Method F) r/t 2.33 (M+H) 546. 

Intermediate 156: Methyl (laRS,7bSR)-5-(4-fluoro-2-methylaminomethylbenzeiiesulfonyl-

amino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00360] A solution of potassium carbonate (0.345g) in water (2mL) was added to a 

solution of methyl (laRS,7bSR)-5-(4-fluoro-2-[N~methyl-N-(2,2,2-trifluoroacetyl)-

aminomethyl]-benzenesulfonyl-amino)-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate (Intennediate 157, 0.257g) in methanol (12mL) and the mixture was heated at 

45°C for 3 hours. After cooling, the volatiles were removed in vacuo and the residue was 

treated with water (30mL) and saturated with sodium chloride and extracted with ethyl acetate 

(50mL). The organic layer was dried (Na2S04) and filtered and the filtrate was evaporated to 

dryness to give methyl (laRS,7bSR)-5-(4-fluoro-2-metbylaminomethylbenzenesulfonylamino)~ 

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (0.156g) as a solid. 

LCMS (Method B) r/t 2.14 (M+H) 421. 
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Intermediate 157: Methyl (laRS,7bSR)-5-(4-fluoro-2-[N-methyl-N-(2,2,2-trifluoroacetyl)-

aminomethyI]benzenesulfonylamirio)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate 

trifluoroacetyl)aminomethyl]benzenesulfonyl chloride (Intermediate 158, 0.182g) was added to 

a solution of methyl (laRS,7bSR)-5-amino-l,la,2>7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate (Intermediate 42, 0.1 OOg) in DCM (3mL) and pyridine (lmL) and the resultant 

mixture was stirred at room temperature for 1 hour. The mixture was evaporated to dryness and 

the residue was purified by chromatography on silica eluting with a mixture of ethyl acetate 

and cyclohexane with a gradient of 0-40% to give methyl (laRS,7bSR)-5-(4-fluoro-2-[N-

methyl-N-(2,2,2-trifluoroacetyl)aminomethyl]benzenesulfonyl-amino)-l, 1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carbox.yiate (0.257g) as a solid. 

LCMS (Method F) r/t 3.77 (M+H) 517. 

Intermediate 158: 4- Fhioro-2-[N-methyl-N-(2,2,2~trifluoroacetyl)aminomethyrjbenzene-

sulfonyl chloride 

159, 0.497g) in DCE (0.5xnL) was added to stirred, cooled chlorosulfonic acid (3mL). The 

mixture was allowed to come up to room temperature and then heated at 70°C for 3 hours. 

After cooling, the mixture was added carefully to a mixture of ice and water, then extracted 

with ethyl acetate, washed with, water, dried (MgSCU) and filtered. The filtrate was evaporated 

to dryness and the residue was. purified by chromatography on silica, eluting with a mixture of 

ethyl acetate and pentane with a gradient of 2.5-10%) to give 4-fIuoro-2-[N-methyI-N-(2,2,2-

trifluoroacetyl)aminomethyl]-benzenesulfonyl chloride (0.21g) as a clear oil. 

[00361] A mixture of 4- fluoro-2-[N-methyl-N-(2.2,2-

A solution of 3-fluoro-N-methyl-N-(trifluoroacetyl)benzylamine (Intermediate [00362] 
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*H NMR (CDC13) 5: 8.20 (IH, m), 7.24 (IH, m), 7.01 (1H; d), 5.21 (2H, s), 3.24 (2H, s), 3.13 

(IH, s). 

Intermediate 159: 3-Fluoro-N-methyl-N-(trifluoroacetyl)benzylamine 

[00363] A solution of 3-fluoro-N-(trifluoroacetyl)benzylamine (Intermediate 105, 

0.508g) in THF (5mL) was added to a stirred suspension of sodium hydride (60% oil 

dispersion, 0.096g) in THF (5mL). The resultant mixture was stirred at room temperature for 

30 minutes. Iodomethane (0.653g) was added and the mixture was stirred at room temperature 

overnight. The mixture was poured into water and extracted with ethyl acetate, washed with 

water, dried (MgSCX?) and filtered. The filtrate was evaporated to dryness to give 3-fluoro-N-

methyl-N-(tri'fluoroacetyl)benzylamine (0.497g) as a white solid. 

'HNMR (CDCIJ) 5: 7.34 (IH, m), 7.10-6.90 (3H, m), 4.63 (2H, s), 3.07 (2H, q), 2.94 (IH, s). 

Intermediate 160: Methyl (laRS,7bSR)-5-(2-[N-((S)-l-ethylpyrrolidine-2-yl)carbonyl-N-

methylaminomethyl]-4-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate 

[00364] Prepared by proceeding in a similar manner to Intermediate 155, starting from 
methyl (laRS,7bSR)~5-(4-fluoro-2-methylaminomethylbenzenesulfonylamino)-l,la,2,7b-

tetrahydro-cyclopropa[c]chromene-4-earboxylate (intermediate 156) and (S)-l-

ethylpyrrolidine-2-carboxylic acid (Intermediate 106) as a solid/ 
LCMS (Method B) r/t 2.47 (M+FI) 546. 

Intermediate 161: Methyl (laRS,7bSR)-5-[2-(4-dimethylaminobutylamino)-4-fluoro-

benzenesulfonylamino]-l.,la,2,7b-tetrahydrocyclopropa[c]chromene-4carboxylate 
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[00365] A solution ofmethyl (laRS,7bSR)-5-(2,4-difluorobenzenesulfon3'lamino)-

l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 162, 0.675g) and 

N,N-dimethyIbutane~diamine (0.496g) in dioxane (20mL) was stirred and heated at 80°C for 17 

hours then left at room temperature for 3 days. The solution was diluted with ethyl acetate, 

washed with potassium carbonate solution and water then dried (Na2S04) and filtered. The 

filtrate was concentrated in vacuo and the residue was purified by chromatography on silica, 

eluting with a mixture of methanol and DCM with a gradient of 0-40% to give methyl 

(laRS,7bSR)-5-[2-(4-dimethyl-aminobutylamino)-4-fluorobenzene-sulfonylamino]-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4carbox,ylate (0.499g) as a colourless gum. 
lll NMR (CDC13) 8: 7.51 (1H, dd), 7.26 (IH, d), 7.12 (1H, d), 6.29 (214, m), 6.00 (IH, br, s), 

4.31 (IH, d), 3.75 (IH, d), 3.50 (3H, s), 3.01 (2H, m), 2.25 (6H, s), 2.11 (2H, t), 1.94 (IH, m), 

1.73 (IH, m), 1.58 (4H, m), 1.03 (2H, m). 

Intermediate 162: Methyl (laRS,7bSR)-5-(2,4-difluorobenzenesulfonylamino)-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00366] 2,4-Difluorobenzenesulphonyl chloride (0.468g) was added to a solution of 

methyl (laRS,7bSR)-5-amino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylater 

(Intermediate 42, 0.438g) in pyridine (2mL) and DCM (4mL) and tlie solution was left at room 

temperature for 2 hours. The mixture was diluted with DCM. washed with 2M hydrochloric 

acid, dried (Na2S04)and filtered. The filtrate was concentrated in vacuo and the residue was 

purified by chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane 

with agradient of 0-30% to give methyl (laRS,7bSR)-5-(2,4-difIuorobenzenesulfonylamino)-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (0.761 g) as a light coloured gum. 

*H INiMR (CDCI3) 8: 8.90 (IH, br, s), 7.82 (IH, m), 7.22 (IH, d), 7.13 (IH, d), 6.88 (2H, m), 

4.32 (IH, d), 3.89 (3H, s), 3.79 (IH, d), 1.90 (IH, an), 1.71 (IH, m), 1.01 (2H, m). 
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Intermediate 163: ((R)-l-Ethylpyrrolidin-3-yhnethyl)amine 

[00367] Lithium aluminium hydride was added to a stirred solution of ((R)-l-

acetylpyrrolidin-3~ylmethyl)amine (Intermediate 164, 1.5g) in THF (50mL) and the resulting 

mixture was stirred and heated at reflux for 2 hours. After cooling, ethanol was slowly added 

and the mixture was concentrated under vacuum. The residue was diluted with DCM and the 

solid was filtered off. The filtrate was evaporated to dryness to give ((R)-l -ethylpyrrolidin-3-

ylmethyl)amine (0.9g) as a yellow solid. 

LCMS (Method D) r/t 0.396 (M+H) 129. 

Intermediate 164: ((R)-1 -Acetvlpyrrolidin~3~yhnethyl)amine 

O V-J 

[00368] A mixture of benzyl N-((S)-1-acetylpyrrolidin-3-ylmethyl)-N-benzyl carbamate 

(Intermediate 165, 4.2g) and palladium hydroxide on carbon (0.4g) in methanol (42mL) was 

stirred under an atmosphere of hydrogen at 60°C for 48 hours. The mixture was filtered and the 

filtrate was evaporated to dryness to give ((R)-l-acetylpyrrolidin-3-ylmethyl)amine (1.5g) as a 

light yellow oil. 

LCMS (Method D) r/t 0.49 (M+H) 143. 

Intermediate 165: Benzyl N-((S)-l-acetylpyrrolidin-3-yimethyl)-N-benzy]carbamate 

[00369] Acetyl chloride (2.86g) was added to a stirred solution of benzyl N-((S)-

pyrrolidin-3-ylmethyl)-N-benzylcarbamate (Intermediate 166, 5.9g) and triethylamine (3.68g) 

in DCM (80mL) with ice cooling. The resultant mixture was stirred at room temperature for 2 

hours then concentrated under vacuum. The residue was treated with saturated aqueous sodium 

bicarbonate and extracted with ethyl acetate, dried (Na2S04) and filtered. The filtrate was 

evaporated to dryness and the residue was purified by chromatography on silica, eluting with 
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ethyl acetate to give benzyl N-((S)-l-acetylpyrrolidin-3-ylmethyl)~N-benzylcarbamate (4.2g) as 

a yellow oil. 

LCMS (Method D) r/t 1.65 (M+H) 367. 

Intermediate 166: Benzyl N-((S)-pyrrolidin-3-ylmethyl)-N-benzylcarbamate 

ten-Butyl (S)-3-[N-benzyl-N-(henzyloxycarbonyl)aminomethyl]pyrrolidine-l-carboxylate 

(Intermediate 167, 11 g) was added dropwise to a solution of acetyl chloride (15g) in methanol 

(50mL) and the resultant mixture was stirred at room temperature overnight. The mixture was 

concentrated under vacuum and the residue was purified by HPLC (CI 8) to give benzyl N-((S)-

pyiTolidin-3-ylmethyl)-N-benzylcarbamate (8.0g) as an off white solid which was used without 

further characterisation. 

Intermediate 167: tert- Butyl (S)-3-[N-benzyl-N-(benzyloxycarbonyl)aminomethyl]-

pyrrolidine-1 -carboxylate 

[00370] A solution of tert-butyl (R)-3-(N-benzyloxycarbonyl)aminomethylpyrrolidine-

1-carboxylate (Intennediate 168, 19g) in DMF (90mL) was added dropwise to a suspension of 

sodium hydride (60%, 4.55g) in DMF (lOOmL) After stirring for 30 minutes, benzyl bromide 

(11.7g) was added dropwise. Hie resultant mixture was stirred and heated at 70°C overnight. 

After cooling, saturated aqueous sodium bicarbonate was added and the mixture was extracted 

with ethyl acetate, dried (NaaSCU) and filtered. The filtrate was purified by chromatography on 

silica, eluting with a mixture of ethyl acetate and petroleum ether (10%>) to give tert-butyl (S)-

3-[N-benzyl-N-(benzyloxycarbonyl)aminomethyl]-pyrrolidine-l-carboxylate (1 l.Og) as a light 

yellow oil, which was used without farther characterisation. 
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Intermediate 168: tot-Butyl (R)-3-(N-benzyloxycarbonyl)aminomethylpyrrolidine-l -

carboxylate 

[00371] Benzyl chloroformate (14.1 g) was added dropwise to a cooled solution of tert-
butyl (R)-3-aminomethylpyrrolidine-l-carboxylate (15g) in. THF (150mL) while maintaining 

the temperature below 0°C. On completion of the addition, triethylamine (15.2g) was added 

dropwise. The resultant mixture was stirred at -5°C for 30 minutes then at room temperature 

overnight. Brine was added and the mixture was extracted with ethyl acetate, washed with 

brine, dried (Na2S04) and filtered. The filtrate was evaporated to dryness to give tor-butyl (R)-

3-(N-benzyloxycarbonyl)aminomethylpyn'olidine-l-carboxylate (23g) as a colourless sticky 

gum, which was used without further characterisation. 

Intermediate 169: ((S)-l-Ethylpyrrolidin-3-yl)methylamine 

[00372] Palladium on carbon (10%, 0.3g) was added to asolution of benzyl N-((S)-1-

ethylpyrrolidin-3-ylmethyl)cai*bamate (Intermediate 170, 1.8g) in methanol (20mL) and the 

resultant mixture was stirred under an atmosphere of hydrogen for 24 hours. The mixture was 

filtered and the filtrate was evaporated to dryness to give ((S)-l-ethylpyrrolidin-3-

yl)methylamine (0.8g) as a colourless oil, which was used without further characterisation. 

Intermediate 170: Benzyl N-((S)-l-ethylpyrrolidin-3-ylmethyl)carbamate 
0 

[00373] Iodoethane (4.1g) was added to a cooled mixture of benzyl N-((R)-pyrroIidin-

3-ylmethyl)carbamate trifluoroacetate salt (Intermediate 171, 7.6g) and potassium carbonate 

(12.2g) in DMF (lOmL) while maintaining the temperature at 0°C. The mixture was then stirred 

at room temperature for 4 hours. Water was added and the mixture was extracted with ethyl 

acetate, washed with brine, dried (Na2S04) and filtered. The filtrate was evaporated to dryness 

to give benzyl N-((S)-l-ethylpyrrolidin-3-ylmethyl)carbamate (1.8g) as a colourless oil, which 

was used without further characterisation. 
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Intermediate 171: Benzyl N-((R)-pyrrolidm-3-ylmethyl)carbamate trifiuoroacetate salt 
CF3CO?H O 

[00374] A mixture of tert-butyl (S)-3~(N-beiizyloxycarbonyl)aminomethylpyrrolidine-

1-carboxylate (Intermediate 172, 8.0g) in trifluoroacetic acid (lOmL) was stirred at room 

temperature for 5 hours. The mixture was concentrated under vacuum to give crude benzyl N-

((R)-pyrrolidin-3-ylmethyl)carbamate trifiuoroacetate salt (7.6g) as a light brown oil which was 

used without farther purification or characterisation. 

Intermediate 172: tert- Butyl (S)-3-(N-benzyloxycarbonyl)aminomethylpyrrolidine-l-

carboxylate 

[00375] Prepared by proceeding in a similar manner to Intermediate 168, starting form 

tert-butyl (S)-3-aminomethylpyrrolidine~ 1 -carboxylate and used without further 

characterisation. 

Intermediate 173: Methyl (1 aRS,7bSR)-5-[2-(4-Ethy!-2-oxopiperazin-l -ylmethyI)-4-

fluorobenzene-sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00376] A solution of 2-(4-ethyl-2-oxopiperazin-l-ylmethyl)-4-fluorobenzenesulfonyl 

chloride (Intennediate 174, 0.368g) and methyl (1 aRS,7bSR)-5 -amino-1,1 a,2,7b-tetrahydro-

cyclopropa[c]chromene-4-carboxylate (Intermediate 42, 0.219g) in pyridine (3mL) and DCM 

(3mL) was left to stand at room temperature for 17 hours. The mixture was evaporated in vacuo 
and the residue was dissolved in water and DCM and the organic layer was dried (Na2S04) and 

filtered. The filtrate was concentrated in vacuo and the residue was purified by chromatography 

on silica, eluting with a mixture of ethyl acetate and cyclohexane with a gradient of 50-100% to 
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give a gum which, was triturated with ether and filtered to give methyl (laRS,7bSR)-5-[2-(4-

ethyI-2-oxopiperazin-1 -ylmethyi)-4~fluorobenzenesulfonyiamino ]-1,1 a,2,7b-tetrahydro-

cyclopropa[c]chromene~4-carboxylate (0.312g) as a white solid. 
]H NMR (DMSO-d6) 5: 9.95 (IH, br, s), 7.81 (IH, dd), 7.26 (2H, m), 6.89 (IH, dd), 6.59 (IH, 

d), 4.75 (2H, s), 4.29 (IH, d), 3.71 (1H, d), 3.62 (3H, s), 3.15 (4H, m), 2.70 (2H, t), 2.45 (2H, 

q), 2.02 (IH, m), 1.72 (IH, m), 1.06 (IH, m), 1.02 (3H, t), 0.80 (IH, q). 

Intermediate 174: 2-(4-Ethyl-2-oxopiperazin-l-ylmethyl)-4-fluorobenzenesulfonyl chloride 

[00377] Chlorosulphonic acid (2mL) was added to 4-ethyl-l-(3-fluorobenzyl)-

piperazin-2-one (Intennediate 175, 0.59g) with stirring and cooling in ice. The cooling was 

removed and the solution was stirred at room temperature for 4 hours before being carefully 

added, to a mixture of ethyl acetate, ice and sodium bicarbonate. The organic layer was dried 

(Na2SC>4) and filtered and the filtrate was concentrated in vacuo to give 2-(4-ethyl-2-

oxopiperazin-l-ylmethyl)-4-fluoro-benzenesulfonyl chloride (0.37g) as a colourless gum. 

LCMS (Method E) r/t 1.99 (M-H) 335, 337 

Intermediate 175: 4-Ethyl-l-(3-fluoro-benzyl)-piperazin-2-one 

[00378] Sodium hydride (60% oil dispersion, 0.176g) was added to a stirred solution of 

4-ethyl-piperazin-2-one (Intermediate 176, 0.512g) in anhydrous THF (lOmL) and the mixture 

was stirred at room temperature for 10 minutes. 3-Fluorobenzyl bromide (0.827g) was added 

and stirring was continued for 2 hours. The solution was diluted with water and ethyl acetate 

and the organic layer was dried (Na2S04) and filtered. The filtrate was concentrated in vacuo 
and the residue was purified by chromatography on silica, eluting with a mixture of methanol 
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and DCM with a gradient of 0-5% to give 4-ethyl-l-(3-fluorobenzyl)piperazin-2-one (0.595g) 

as a colourless oil. 

'HNMR (CDCI3) 5: 7.26 (IH, m), 6.91- 7.10 (3H, m), 4.61 (2H, s), 3.27 (2H, t), 3.23 (2H, s), 

2.65 (2H, t), 2.48 (2H, q), 1.09 (3H, t). ;. 

Intermediate 176: 4-Ethylpiperazin-2-one 

-NH 

o 

[00379] A mixture of 2-oxopiperazine (1.07g), iodoethane (1.72g) and potassium 

carbonate (2.76g) in acetonitrile (50mL) was stirred at 55°C for 3 hours. After cooling, the 

mixture was filtered and the filtrate was concentrated in vacuo. The residue was triturated with 

DCM and filtered and the filtrate was concentrated in vacuo. The residue was purified by 

chromatography on silica, eluting with a mixture of methanol and DCM with a gradient of 0-

40%o to give 4-ethylpiperazin-2-one (0.991g) as a colourless oil. 
]H NMR (CDCU) 5: 6.81 (IH, br, s), 3.37 (2H, m), 3.14 (2H, s), 2.66 (2H, t), 2.50 (2H, q), 1.11 

(3H, t). 

Intermediate 177: Methyl (laRS7bSR)-5-[2-(l-ethylpiperidin-4-ylmeth.yl)-4-fiuorobenzene-

sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene~4-carboxylate 

[00380] 2-(l-Ethylpiperidine-4-ylmethyl)-4~ftuorobenzenesulfonyl chloride 

(Intermediate 178, 0.165g) was added to a solution ofmethyl (laRS,7bSR)-5-amino-l,la,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylate (Intermediate 42, 0.290g) in DCM (5mL) and 

pyridine (lmL) and the resultant mixture was stirred at room temperature for 21 hours. The 

mixture was evaporated to dryness and the residue was purified by chromatography on silica 

eluting with a mixture of 2M NH3 in methanol and DCM with a gradient of 0-20% to give 

methyl (laRS,7bSR)-5-[2-(l-ethyl-piperidin-4-ylmethyl)-4-fluorobenzenesulfonylamino]-

l,la,27b~tetrahydrocyciopropa-[c]chromene-4-carboxylate (0.200g) as a solid. 

LCMS (Method F) r/t 2.34 (M+H) 503 
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Intermediate 178: 2~(l-Ethylpiperidin-4-yImethyl)-4-fluorobenzenesulfonyl chloride 

[00381] A solution of 1-ethyl ~4-(3~fluorobenzyl)piperidine (Intennediate 179, 0.210g) 

in DCE (lmL) was added to chlorosulfonic acid (2mL) at 0°C. The mixture was allowed to 

warm to room temperature and stirred for 2 hours. The resultant mixture was added caefully to 

ice/water and extracted with DCM. The organic layer was dried (Na2SC>4) and filtered and the 

filtrate was evaporated to dryness to give 2-(l-ethylpiperidin-4-ylmethyl)-4-

fluorobenzenesulfonyl chloride (0.290g) as a solid. 
[U NMR (CDC13) 5: B.17 (IH, dd), 7.17 (IH, m), 7.08 (IH, dd), 3.59 (2H, d), 3.13-2.99 (4H, 

m), 2.57 (2H. m), 2.24 (2H,m), 1.95-1.77 (3H, m), 1.47 (3H, t). 

Intermediate 179: l-Ethyl-4-(3-fluorobenzyl)piperidine 

[00382] Bromoethane (O.lmL) was added to a mixture of 4-(3-fluorobenzyl)piperidine 

(Intermediate 180, 0.259g) and potassium carbonate (0.204g) in acetonitrile (lOmL). The 

mixture was stirred for 20 hours then filtered. The filtrate acidified by addition, of few drops of 

2M HC1 and the solution was passed through a SCX-2 column (lOg). The product was eluted 

with 2M ammonia in methanol and the residue after evaporation was triturated with diethyl 

ether. The solid was filtered off and the filtrated was concentrated in vacuo to give l-ethyl-4-

(3-fluorobenzyl)piperidine (0.21 Og) 
SH NMR (CDCI3) 8: 7.24-7.16 (1H, m), 6.94-6.79 (3H, m), 2.91 (2H, dt), 2.52 (2H, d), 2.36 

(2H, q), 1.82 (2H, td), 1.68-1.57 (2H, m)5 1.56-1.44 (lH,m), 1.30 (2H, m), 1.06 (3H, t). 

Intermediate 180: 4-(3-Fluorobenzyl)piperidine 
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[00383] A mixture ofbenzyl 4-(3-fluorobenzylidene)piperidine-l-carboxylate 

(Intermediate 181, 1.05g), 20% palladium hydroxide on carbon (0.227g), IMS (30mL) and 

acetic acid (lOmL) was degassed by nitrogen/vacuum purging. The mixture was placed under 

an atmosphere of hydrogen with rapid stirring. After 2 hours the mixture was filtered and the 

filtrate was diluted with water (40mL) and neutralized with Na2C03. The solution was 

saturated with sodium chloride, extracted with ethyl acetate dried (MgSO,*) and filtered. The 

filtrate was concentrated in vacuo and the residue was dissolved in a mixture of methanol and 

water (20mL, 1:1) and passed down a SCX-2 column. The product was eluted with 2M 

ammonia to give 4-(3-fluorobenzyl)piperidine (0.532g) 
!H NMR (CDCJ3) 5: 7.24-7.16 (IH, m), 6.95-6.77 (3H, m), 3.04 (2H, dt), 2.56 (2H, dd), 2.51 

(2H, d), 1.71-1.54 (3H,m), 1.42 (IH, s), 1.14 (2H, m) 

Intermediate 181: Benzyl 4-(3-fluorobenzylidene)piperidine-l-carboxylate 
o 

[00384] Sodium hydride (0.245g) was added portionwise to a solution of diethyl (3-

fluorobenzyl)phosphonate (Intennediate 182, lg) in THF (40mL) at 0°C. The mixture was 

stirred for 30 minutes then benzyl 4-oxopiperidine-l-carboxylate (0.947g) was added at 0°C. 

The mixture was allowed to warm to room temperature and stirred for 21.5 hours. The mixture 

was partitioned between water and ethyl acetate and the organic layer was washed with brine, 

dried (Na2SC>4) and filtered. The filtrate was evaporated to dryness and the residue was purified 

by chromatography on silica eluting with a mixture of ethyl acetate and cyclohexane with a 

gradient of 0-25%o to give benzyl 4-(3-fluorobenzylidene)piperidine-l-carboxylate (1.05g) 
lHNMR (CDCls) 5: 7.39-7.22 (6H, m), 6.98-6.83 (3FI, m), 6.33 (IH, s), 5.15 (2HS s), 3.54 (4H, 

dt), 2.41 (4H, dt). 

Intermediate 182: Diethyl (3- fluorobenzyl)phosphonate 
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[00385] A mixture of 3-fluorobenzyl bromide (2g) and triethyl phosphite (2.2mL) was 

heated at 160°C under nitrogen for 4 hours. After cooling, the were volatiles removed in vacuo 

and the residue was purified by chromatography on silica eluting with a mixture of ethyl 

acetate and cyclohexane with a gradient of 0-100% to give diethyl (3-

fluorobenzyI)phosphonate (2.46g) 
!H NMR (CDCls) 5: 7.31-7.22 (1H, m), 7.11-6.89 (3H, m), 4.09-3.97 (4H, m), 3.13 (2H, d), 

1.25 (6H, t). 

Intermediate 183: Methyl (laRS,7bSR)-5-{2-[2-(l-ethylazetidin-3-yl)ethyl]-4-fluorobenzene-

sulfonylamino}-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00386] A solution of terf-butyl (laRS,7bSR)-3-{2-[5-fluoro-2-(4-methoxycarbonyl-

l,la,2,7b-tetrahydrocyclopropa[c]chromen-5-ylsulfamoyl)phenyl]ethyl}azetidine-l-

carboxylate (Intermediate 184, 0.397g) in DCM (5mL) and trifluoroacetic acid (5mL) was left 

at room temperature for 30 minutes then evaporated in vacuo and. the residue was dissolved in 

toluene and re-evaporated. The residue was dissolved in DCM (15mL) and acetaldehyde 

(0.063g) was added followed by sodium triacetoxyborohydride (0.301g). The mixture was 

stirred at room temperature for 2 hours then diluted with, ethyl acetate and water and the 

organic layer was dried (Na2S04) and filtered. The filtrate was concentrated in vacuo and the 

residue was purified by chromatography on silica, eluting with a mixture of methanol and 

DCM with a gradient of 0-25% to give methyl (laRS,7bSR)-5-{2-[2-(l-ethylazetidin-3-

yl)ethyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate (0.312g) as a white foam. 

LCMS (Method E) r/t 2.75 (M+H) 489. 
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Intermediate 184: tert-butyl (laRS,7bSR)-3-{2-[5-fluoro-2-(4-niethoxycarbonyl-l,la,2,7b-

tetrahydro-Gyclopropa[c]chromen-5-ylsuIfauioyl)phenyl]ethyl} azetidine-1 -carboxylate 

[00387] A mixture of fert-butyl (laRS,7bSR)-3-{(E/Z)-2-[5-fluoro-2-(4-

methoxycarbonyl-1,1 a,2,7b-tetrahydrocyclopropa[c] chromen-5-

ylsulfamoyl)phenyl]vinyl}azetidine-l-carboxylate (Intermediate 185, 0.502g) and 10% 

palladium on carbon (0.05g) in ethanol (25mL) was stirred under an atmosphere of hydrogen 

for 30 minutes. The suspension was filtered and the filtrate was concentrated in vacuo. The 

residue was purified by chromatography on silica, eluting with a mixture of ethyl acetate and 

cyclohexane with a gradient of 0-40% to give tert-butyl (laRS57bSR)-3-{2-[5-fluoro~2~(4-

methoxycarbonyl-l,la,2,7b-tetrahydrocyclopropa[c]chromen-5-ylsulfamoyl)phenyl3-

ethylj-azetidine-1 -carboxylate (0.401 g) as a colourless gum. 

*H NMR (CDC13) 6: 9.01 (IH, br, s), 7.90 (1H, dd), 7.21 (IH, d), 7.02 (IH, d), 6.94 (2H, m), 

4.32 (IH, d), 4.00 (2H, t), 3.79 (1R d), 3.77 (3H, s), 3.56 (2H, dd), 2.79 (2H, dd), 2.56 (IH, 

m), 1.89 (3H, m), 1.72 (IH, m), 1.45 (9H, s), 0.99 (2H, m). 

Intermediate 185: tert-Butyl (laRS,7bSR)-3-{(E/Z)-2-[5-fluoro-2-(4-methoxycarbonyl-

l.la,2,7b-tetrahydro-cyclopropa[c]chi-omen-5-ylsulfamoyl)phenyl]vinyI}azetidine-l-

carboxylate 

[00388] A mixture of methyl (1 aRS,7bSR}-5-(2-bromo-4-

fluorobenzenesulfonylamino)-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 41, 0.456g), tert-butyl 3-((E/Z)-2-trimethylstannanylvinyl)azetidine-l-

carboxylate (Intermediate 186, 0.433g), ?m(dibenzylideneacetoiie)dipalladium(0) (0.046g) and 

tri-terZ-butylphosphonium tetrafluoroborate (0.029g) in dioxane (15mL) and DMSO (1.5mL) 

was stored and heated at 90°C under nitrogen for 1 hour. After cooling, the solution was diluted 

with ethyl acetate, washed with water, dried (Na^SO^ and filtered. The filtrate was 

concentrated in vacuo and the residue was purified by chromatography on silica, eluting with a 

mixture of ethyl acetate and cyclohexane with a gradient of 0-40%o to give tot-butyl 
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(laRS,7bSR)-3-{(E/Z)-2-[5~fluoro-2-(4-methoxycarbonyl-Lla,2,7b-

tetrahydrocyclopropa[c]chromen-5-ylsulfamoyl)phenyl]vinyl}-azetidine-l-carboxylate 

(0.508g) as a colourless gum. 

LCMS (Method E) r/t"4.47 (M-H) 557 

Intermediate 186: tert-Butyl 3~((E/Z)-2-triraethylstannanylvinyl)azetidine-l-carboxylate 

[00389] A solution of tert-butyl 3-((E/Z)-2-iodovinyI)azetidine~l-carboxylate 

(Intennediate 187,1.39g), hexamethylditin (2.95g), and 

tora/ds'(triphenylphosphine)palladmm(0) (0.52g) in anhydrous THF (40mL) was stirred and 

heated at 50°C under nitrogen for 2 hours. After cooling, the mixture was evaporated in vacuo 
and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetate and cyclohexane with a gradient of 0-10% to give tot-butyl 3-((E/Z)-2-

trimethylstannanylvinyl)azetidine-l-carboxylate (0.601g) as a pale yellow oil. 

*H NMR (CDCU) 5: 5.79-6.5 (2H, m), 3.95 (2H, m), 3.62 (2H, m), 2.88-3.12 (IH, m), 1.32 

(9H, s), 0.0 (9H, s). 

Intermediate 187: tert-Butyl 3-((E/Z)-2-iodovinyl)azetidine-l-carboxylate 

[00390] A solution of tot-butyl 3 -formylazetidine-1 -carboxylate (1.97g) and iodoform 

(8.37g) in anhydrous THF (25mL) was added to a stirred suspension of anhydrous 

chromium(II) chloride in anhydrous THF (lOOmL) under nitrogen and the mixture was stirred 

at room temperature for 4 hours. The resulting mixture was diluted with water and ethyl acetate 

and the organic layer was dried (t^SCU) and filtered. The filtrate was concentrated in vacuo 

and the residue was purified by chromatography on silica, eluting with a mixture of ethyl 

acetate and cyclohexane with a gradient of 0-15% to give tot-butyl 3-((E/Z)-2~ 

iodovinyl)azetidine-l-carboxylate (2.01 g) as a pale yellow oil. 
]H NMR (CDCIs) 5: 6.71 (0.8H, dd), 6.55 (0.2H, t), 6.33 (0.2H, d), 6.18 (0.8H, d), 4.20 (0.4H, 

t), 4.08 (1.6H, t), 3.76 (2H, m), 3.45 (0.2H, m), 3.19 (0.8H, m), 1.44 (9H, s). 
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Intermediate 188: Methyl (laRS,7bSR)-5-(2-{[((S)~l-ethylpyrrolidine-3-carbonyl)aniino]-

methyl}-4-fluorobenzenesulfbnylamino)-l,la,2,7b-tetrahydrocyciopropa[c]chromene-4-

carboxylate . 

[00391] HATU (0.234g) was added to a mixture of (S)-l-ethylpyrrolidine-3-carboxylic 

acid (Intennediate 189, 0.0B9g) and NMM (0.068mL) in DMF (4mL) and the mixture was 

stirred for 15 minutes. Methyl (laRS,7bSR)-5-(2-aminomethyl-4-

fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 102, 0.250g) was added and the mixture was stirred for 20 hours. The mixture 

was diluted with water and extracted with ethyl acetate. The organic layer was washed with 

saturated NaHCC>3 solution, dried (Na2SC>4) and filtered. The filtrate was evaporated to dryness 

and the residue was purified by chromatography on silica eluting with a mixture of 2M 

ammonia in methanol and DCM with a gradient of 0-15% to give methyl (laRS,7bSR)-5-(2-

{[((S)-l-ethylpyiTolidine-3-carbonyl)amino]methyl}-4-fiuoro-benzenesulfonylammo)-
l,la.2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (0.190g) as a solid. 

*H NMR (CDC13) 8: 7.81 (IH, dd), 7.46-7.38 (IH, m), 7.30-7.20 (3H, m), 7.06-6.93 (2H, m), 

4.58 (2H, d), 4.32 (IH, dd), 3.79 (IH, dd), 3.76 (3H, s), 2.93-2.78 (3H, m), 2.70-2.49 (4H, m), 

2.24-2.08 (IH, m), 2.00-1.87 (2H, m), 1.78-1.68 (IH, m), 1.15 (3H, t), 1.06-0.98 (2H, m) 

Intermediate 189: (S)- l-Eth.yl-pyrrolidine-3-carboxylic acid 

o 

[00392] A mixture of benzyl (S )-1 -ethylpyrrolidine-3 -carboxylate (Intermediate 190, 

0.563g), 20%palladium hydroxide on carbon (0.056g), ethyl acetate (9mL) and IMS (lmL) was 

degassed and hydrogenated for 4 hours. The catalyst was removed by filtration, washed with 

ethyl acetate and the filtrate was concentrated in vacuo to give (S)-l-etbylpyrrolidine-3-

carboxylic acid (0.318g) as a solid. 

'H NMR (CDCI3) S: 12.46-10.55 (IH, br s), 3.84-3.57 (IH, br s), 3.49-3.26 (IH, br s), 3.26-

2.93 (5H, in), 2.50-2.33 (IH, m), 2.28-2.11 (IH, m), 1.35 (3H, t). 
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Iniermediate 190; Benzyl (S)-l -ethylpyn'olidine-3-carboxyi; 

' - r0' o 
[00393] Ethyl bromide (0.21mL) was added to a mixture of benzyl (S)-pyrrolidine-3-

carboxylate trifluoroacetic acid salt (Intermediate 191, 0.897g), potassium carbonate (0.971g) 

and DMF (lOmL) at room tempertaure and the mixture was stirred for 25 hours. Further ethyl 

bromide (0.1 lmL) was added and stirring was continued for 24 hours. Further ethyl bromide 

(0.05mL) was added and stirring was continued for 22 hours. The resultant mixture was diluted 

with water and extracted with diethyl ether, washed with brine, dried (IN^SCU) and filtered. 

The filtrate was concentrated in vacuo to give benzyl (S)-l-ethy]pyrrolidine-3-carboxylate 

(0.563g). 
5H NMR (CDCU) 5: 7.38-7.30 (5H, m), 5.13 (2H, s), 3.09 (IH, m), 2.93 (IH, t), 2.76-2.66 (IH, 

m), 2.63 (IH, dd), 2.56-2.41 (3H, m), 2.16-2.05 (2H, m), 1.10 (3H, t). 

Intermediate 191: Benzyl (S)-pyrrolidine-3-carboxylate trifluoroacetic acid salt 

o 
[00394] Trifluoroacetic acid (2.5mL) was added to a solution of benzyl (S )-l-tert-
butoxycarbonylpyrrolidine-3-carboxylate (Intermediate 192, 0.859g) and DCM (lOmL) at room 

tempertaure. The mixture was stirred for 4 hours then concentrated in vacuo. The residue was 

azetroped with toluene then ethyl acetate to give benzyl (S)-pyrrolidine-3-carboxylate 

trifluoroacetic acid salt (lg). 
*H NMR (CDCU) 6: 7.41-7.29 (5H, m), 5.16 (2H, dd), 3.64-3.45 (2H, m)s 3.44-3.23 (3H, m), 

2.42-2.20 (2H, m). 

Intermediate 192; Benzyl (S)-1 -rt'rr-butoxycarbonylpvrrolidine-3-carboxylate 

-0 
N , 

O 

[00395] DBU (0.764mL) was added to a mixture of benzyl bromide (0.61mL), (S)-l-

tert-butoxycarbonyl-pyrrolidine-3-carboxylic acid (lg) in anhydrous toluene (lOmL) and the 
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mixture was stirred at room temperature for 24 hours. The mixture was filtered, and the filtrate 

was concentrated in vacuo. The residue was purified by chromatography on silica eluting with 

a mixture of ethyl acetate and cyclohexane with a gradient of 0-35% to give benzyl (S)-l-ferf-

butoxycarbonylpyrrolidine-3-carboxylate (0.859g) 
lH NMR (CDCU) 5: 7.39-7:29 (5H, m), 5.14 (2H, s), 3.70-3,41 (3H, m), 3.41-3.27 (IH, m), 

3.08 (IH, m), 2.13 (2H, q), 1.45 (9H, s). 

Intermediate 193: (R)-1 -Ethylpyrrolidin-3-vlamine 

[00396J Acetyl chloride (15mL) was added to methanol (120mL) and the resultant 

solution was stirred for 20 minutes. A solution of tert-butyl N-((R)-1 -ethylpyrrolidin-3-

yl)carbamate (Intennediate 94, 8.4g) in methanol (30mL) was then added and the mixture was 

stirred and heated at 80°C overnight. After cooling, the mixture was concentrated under 

vacuum and the residue was redissolved in methanol (150mL) and potassium carbonate (25.8g) 

was added. The mixture was stirred and heated at 30°C- for 30 hours. After cooling, the solid 

was filtered off and the filtrate was distilled, collecting the product at 100°C to give (R)-l-

ethylpyrrolidin-3-ylamine (2.10g) as a yellow oil, which was used without further 

characterisation. 

Intermediate 194: (S)-l-Ethylpyrrolidin-3 -yiamine 
NH2 

Prepared by proceeding in a similar manner to Intermediate 193, starting from tot-butyl N-

((S)-l-ethylpyrrolidin-3~yl)carbamate (Intermediate 82) and used without further 

characterisation. 

Intermediate 195: Methyl (laRS,7bSR)-5-(2-{[((R)-l-ethylpyrrolidine-3-carbonyl)amino]-

methyl}-4-fluorobenzenesulfonylamino)-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylate 



-148-

[00397] Prepared by proceeding in a similar manner to Intermediate 188, starting from 

methyl (laRS,7bSR)-5-(2-aminomethyl-4-fluorobenzenesulfony].a.mino)-l,l a,2,7b-tetraliydro-

cyclopropa[c]chromene-4-carboxylate (intermediate 102) and (R)-l-ethylpyrrolidine-3-

carboxylic acid (Intermediate 196). 
!H NMR (CDC13) 8: 7.81 (1H, dd), 7.43-7.34 (1H, m), 7.30-7.20 (3H, m), 7.05-6.93 (2H, m), 

4.59 (2H, d), 4.32 (IH, dd), 3.79 (IH, dd), 3.76 (3H, s), 2.99-2.S4 (3H, m), 2.81-2.73 (IH, m), 

2.73-2.60 (3H, m), 2.27-2.12 (1H, m), 2.01-1.88 (2H, m), 1.78-1.67 (IH, m), 1.17 (3H, s), 1.08-

0.98 (2H, m). 

Intermediate 196: (R)-l-Ethylpyrrolidine-3-carboxylic acid 

0 

[00398] Prepared by proceeding in a similar manner to Intennediate 189, starting from 

benzyl (R)-l-ethylpyrrolidine-3-carboxylate (Intermediate 197). 
lH NMR (CDCb) 5: 11.05^9.55 (IH, br s), 3.71 (IH, br s), 3.37 (IH, br s), 3.27-2.94 (5H, m)5 

2.49-2.32 (IH, m), 2.29-2.13 (IH, m), 1.35 (3H, t). 

intermediate 197: Benzyl (R)-l-ethylpyrrolidine-3-carboxylate 

o 

Prepared by proceeding in a simialr manner to Intermedaite 190, starting from benzyl (R)-
pyrrolidine-3-carboxylate trifluoroacetic acid salt (Intermediate 198). 
JH NMR (CDCI3) 5: 7.38-7.30 (5H, m), 5.13 (2H, s), 3.09 (IH, m), 2.93 (IH, t), 2.76-2.66 (IH, 
m), 2.63 (IH, dd), 2.52-2.42 (3H,m), 2.16-2.06 (2H,m), 1.11 (3H, t). 

Intermediate 198: Benzyl (R)-pyrrolidine-3-carboxylic trifluoroacetic acid salt 
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o 

[00399] Prepared by proceeding in a similar manner to Intermediate 191, starting from 

benzyl (R)-l-terf-butoxycarbonylpyrrolidine-3-carboxylate (Intermediate 199). 

*H NMR (CDCh) 5: 7.41-7.29 (5H, m), 5.16 (2H, dd), 3.64-3.45 (2H, m), 3.42-3.23 (3H, m), 

2.41-2.20 (2H, m). 

Intermediate 199: Benzyl (R)-l-jfer?-butoxycarbonylpyrrolidine-3-carboxylate 

o. 

[00400] Prepared by proceeding in a similar manner to Intennediate 192, starting from 

(R)-l-ter?-butoxycarbonyl-pyrrolidine-3-carboxylic acid. 
lH NMR (CDCls) 5: 7.42-7.29 (5R, m), 5.15 (2H, s), 3.72-3.42 (3H, m), 3.42-3.26 (IH, m), 

3.08 (IH, m), 2.13 (2H, q), 1.45 (9H, s). 

Intermediate 200: Methyl (laRS,7bSR)-5-{N-[2-((Z)-3-diethylamino-2-methylprop-l-enyl)-

4-fluorobenzenesulfonyl]-N-(methoxycarbonyi)amino}-l,ia,2,7b-tetrah.ydrocyclopropa-

[c]chromene-4-carboxylate 

[00401] Methanesulphonic anhydride (0.159g) was added to a solution of methyl 

(laRS,7bSR)-5-{N-[4~fhioro~2-((Z)-3-hydroxy-2-methylprop-l-enyI)benzenesulfonyl]-N-

(methoxycarbonyl)amino}-l,la,2,7b-tetraihydrocyclopropa[c3clirom.ene-4-carboxylate 

(Intermediate 201, 0.3lOg) and N,N-diisopropyl-N-ethylamine (0.118g) in DCM (lOmL) and 

the mixture was left at room temperature for 1 hour. Diethylamine (lmL) was added and the 

solution was left for a further 16 hours. The mixture was washed with water and filtered 

through a phase separator. The filtrate was concentrated in vacuo and the residue was purified 

by chromatography on silica, eluting with a. mixture of methanol and DCM with a gradient of 

0-8% to give methyl (laRS,7bSR)-5-{N-[2-((Z)-3-diethylamino-2-methylprop~l-enyl)-4-
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fluorobenzene-sulfony]]-N-methoxy-carbonylamino}-l,la,2,7b-

tetrahydrocycIopropa[cjchromene-4-carboxyIate (0.268g) as a white foam. 

LCMS (Method E) r/t 2.79 (M+H) 561. 

Intermediate 201: Methyl (laRS,7bSR)-5-{N-[4-fluoro-2-((Z)-3-hydroxy-2-methylprop-l-

enyl)benzenesulfonyl]-N-(methoxycarbonyl)ammo}-l5] a,2,7b-tetrahydrocyclopropa-

[c] chromene-4-carboxylate 

[00402] Concentrated hydrochloric acid (lmL) was added to a solution of methyl 

(laRS,7bSR.)-5~(N- {2-[(Z)-3-(ter^butyldimethylsilanyloxy)-2-methylprop-l-enyl]~4-

fluorobenzenesulfonyl]-N-methoxycarbonyl-amino} -1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (Intennediate 202, 0.385g) in methanol 

(20mL) and the mixture was left at room temperature for 45 minutes. The solution was 

concentrated in vacuo and the residue was purified by chromatography on silica, eluting with a. 

mixture of ethyl acetate and cyclohexane with a gradient of 0-60% to give methyl 

(laRS,7bSR)-5-{N-[4-fluoro-2-((Z)-3-hydroxy-2-methylprop-l-enyl)benzenesulfonyl]-N-

methoxycarbonylamino}-l,la,2,7b-tetrahydrocyclopropa-[c]chromene-4~carboxylate (0.314g) 

as a white foam. 
XH NMR (CDCI3) S: 8.18 (IH, dd), 7.35 (IH, d), 7.11 (IH, dt), 6.94 (IK, d), 6.89 (IH, d), 6.74 

(IH, s), 4.39 (IH, d), 3.82-4.17 (3H, m), 3.76 (1.5H, s), 3.72 (1.5H, s), 3.64 (3H, s), 1.98 (4H, 

m), 1.82 (IH, q), 1.14 (2H, m). 

Intermediate 202: Methyl (laRS,7bSR)-5-(N-{2-[(Z)-3-(ter?-butyldimethylsilanyloxy)-2-

methylprop-l-enyl]-4-fluorobenzenesulfonyl]-N-(methoxycarbonyl)amino}-l,la,2,7b-
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[00403} A mixture of methyl (1 aRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyl)-

N-(methoxy-carbonyI)amino]-i,ia,2,7b-tetrahydrocyciopropa-[c]chromene-4-carboxylate 

(Intermediate 65, 0.257g), fert-butyl-dimethyl-((Z)-2-methyl-3-tributylstaimanyIal]yloxy)silane 

(G.475g), fra(dibenzylideneacetone)dipalladium(0) (0.023g) and tri-te/Y-butylphosphonium 

tetrafluoroborate (0.015g) in dioxane (8mL) and DMSO (O.SmL) was stirred and heated at 

90°C under nitrogen for 1 hour. Further fm(dibenzylideneacetone)dipalladium(0) (0.023g) and 

tri-/er/-butylphosphonium tetrafluoroborate (0.015g) were added and heating was continued for 

a further 40 minutes. After cooling, the mixture was diluted with ethyl acetate, washed with 

water, dried (Na2SC>4) and filtered. The filtrate was concentrated in vacuo and the residue was 

purified by chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane 

with a gradient of 0-20% to give methyl (laRS,7bSR)-5-(N-{2-[(Z)-3-(tert-

butyldimethylsilanyloxy)-2-methylprop-l-enyl]-4-fluorobenzenesulfonyl]-N-methoxycarbonyl-

amino}-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (0.231 g) as a colourless 

gum. 
LCMS (Method E) r/t 5.22 (M+Na) 642. 

Intermediate 203: 2-((R)~ 1 -Ethylpyrrolidin-3-yl)ethylamine 

[00404] Lithium aluminium hydride (l.Og) was added in portions to a stirred, cooled 

solution of 2-((S)-I-ethyIpyrrolidin-3-yl)acetonitrile (Intermediate 204, 3,8g) in THF (20mL) at 

0°C. On completion of the addition, the mixture was stirred at room temperature for 4 hours. 

Water was added cautiously, followed by addition of 15% aqueous sodium hydroxide solution 

and more water. The solid was filtered off and the filtrate was evaporated to dryness. The 

residue was dissolved, in DCM, dried (Na2S04) and filtered. The filtrate was evaporated to 

dryness to give 2-((R)-l-ethylpyrrolidm-3-yl)ethylamme (2.0g) as a colourless oil, which was 

used without further characterisation. 

Intermediate 204: 2-((S)-l-Ethylpyrrolidin-3-yl)acetonitrile 
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[00405] lodoethane (10.lg) was added to a mixture of 2-((S)-pyrroiidin-3-

yl)acetonitrile hydrochloride (Intermediate 205, 7.9g) and potassium carbonate (29.7g) in DMF 

(20mL) and the resultant mixture was stirred at room temperature for 5 hours. Water was added 

and the mixture was extracted with ethyl acetate, washed with brine, dried (h^SCU) and 

filtered. The filtrate was evaporated to dryness to give 2-((S)-l-ethylpyrrolidin-3~yl)acetonitrile 

(3.8g) as a yellow oil which was used without further characterisation. 

Intermediate 205: 2-((S)-Pyrrolidin-3-yl)acetonitrile hydrochloride 
y—CN 

H HCi 

[00406] A solution of tert-butyl (S)-3-cyanomethylpyrrolidine-l-carboxyla.te 

(Intermediate 206, 12.3g) in methanol (150mL) and concentrated hydrochloric acid (12mL) 

was stirred and heated at 50°C overnight. After cooling, the mixture was concentrated under 

vacuum to give crude 2-((S)-pyrrolidin-3-yl)acetonitrile hydrochloride (9.0g) as a white solid 

which was used without further characterisation. 

Intermediate 206: tert-BxAyl (S)-3-cyanomethylpyrrolidine-l -carboxylate 
y~CN 

N 

[00407] A mixture of tert-butyl ((R)-3-(4-

methylbenzenesul.fonyloxymethyl)pyrrolidine-l -carboxylate (Intermediate 207, 22.3g) and 

sodium cyanide (6.13g) in DMSO (lOOmL) was stirred and heated at 100°C for 4 hours. After 

cooling, a saturated aqueous solution of iron (II) sulphate was added and the mixture was 

stirred at room temperature for 8 hours. The resultant mixture was extracted with ethyl acetate, 

washed with brine, dried (Na2SC>4) and filtered. The filtrate was evaporated to dryness and the 

residue was purified by chromatography on silica, eluting with an mixture of ethyl acetate and 

petroleum ether (20%) to give tert-butyl (S)-3-cyanomethylpyrrolidine-l-carboxylate (12.3g) 

as a white solid which was used without further characterisation. 

Intermediate 207: tert-Butyl ((R)-3-(4-methylbenzenesulfonyloxymethyl)-pyrrolidine-l-

; carboxylate 
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Prepared by proceeding in a similar manner to Intermediate 140, starting from terf-butyl (R)-3-

liydroxymethylpyrrolidine-1 -carboxylate and 4-metliylbenzenesulfonyl chloride and used, 

without further characterisation. 

Intermediate 208: 2-((S)-l-Ethylpyrrolidin-3-yl)ethylamine 
NH2 

[00408] Prepared by proceeding in a similar manner to Intermediate 203, starting from 

2-((R)-] -etliylpyrroIidin-3-yl)acetonitrile (Intermediate 209) and used without further 

characterisation. 

Intermediate 209: 2-((R)4-Ethylpyrrolidin-3--yl)acetonitrile 
CN 

[00409] Iodoethane (6.46g) was added in portions to a cooled mixture of 2-((R)-

pyrrolidin-3-yl)acetonitrile (Intermediate 210, 4.6g) and potassium carbonate (8.6g) in 

acetonitrile (30mL) at 0°C. The mixture was stirred for 3 hours at 0°C then concentrated under 

vacuum. The residue was partitioned between water and DCM. The organic layer was washed 

with brine, dried (Na2S04) and filtered. The filtrate was evaporated to dryness to give 2-((R)-l -

ethylpyrrolidin-3-yl)acetonitrile (2.1g) as a colourless liquid which was used without further 

characterisation. 

Intermediate 210: 2-((R)-Pyrrolidin-3-yl)acetonitrile hydrochloride 
-CN 

HCI 
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[00410} Prepared by proceeding in a similar manner to Intermediate 205, starting from 

tot-butyl (R)-3-cyanomethylpyrrolidine-l-carboxylate (Intermediate 211) and used without 

further characterisation. 

Intermediate 211: tert-Butyl (R)-3-cyanomethylpyrrolidine-1 -carboxylate 
CN 

N' 

o^o 

[00411] Prepared by proceeding in a similar manner to Intermediate 206, starting from 

tert-butyl ((S)-3-(4-methylbenzenesulfonyloxymethyl)pyrrolidine-1 -carboxylate (Intermediate 

212) and used without further characterisation. 

Intermediate 212: tert-Butyl ((S)-3-(4-methylbenzenesulfonyloxymethyl)-pyrrolidine-1 

carboxylate 

[00412] Prepar ed by proceeding in a similar manner to Intermediate 140, starting from 

/erf-butyl (S)-3-hydroxymethylpyrrolidine-1 -carboxylate and 4-methylbenzenesulfonyl 

chloride and used without further characterisation. 

Intermediate 213: Methyl (laRs7bS)-5-[2-((S)-l-et}iylpyrrolidin-3-yloxymethyl)-4-fluoro-

benzenesulfonylamino] -1,1 a.2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 
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[00413] A solution of tot-butyl (S)-3-[(laR,7bS)-5-fluoro-2-(4-methoxycarbonyl-

1,1 a,2,7b-tetrahydro-cyclopropa[c]chromen-5-ylsulfamoyl)benzyk>xy]pyrrolidine-l -

carboxylate (Intennediate 214, 0.284g) in trifluoroacetic acid (4mL) and DCM (4mL) was left 

at room temperature for 30 minutes. The mixture was evaporated in vacuo and the residue was 

azeotroped with toluene. The residue was dissolved in DCM (4mL) and acetaldehyde (0.044g) 

was added followed by sodium triacetoxyborobydride (0.212g). The mixture was stirred at 

room temperature for 1 hour. The resulting solution was diluted with DCM and 1M sodium 

hydroxide solution and the organic layer was dried (Na2S04) and filtered. The filtrate was 

evaporated in vacuo and the residue was purified by chromatography on silica, eluting with a 

mixture of methanol and DCM with a gradient of 0-20% to give methyl (laR,7bS)-5-[2-((S)-l-

ethylpyrrol.idin-3-yloxymethyl)-4-fiuorobenzenesulfonylammo]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene~4-carboxylate (0.221 g) as a white foam. 
!H NMR (CDC13) 6: 7.76 (1H, dd), 7.32 (IH, dd), 7.16 (IH, d), 6.94 (IH, dt), 6.87 (IH, d), 

4.86 (IH, d), 4.68 (IH, d), 4.32 (IH, d), 4.19 (IH, m), 3.79 (1H, d), 3.73 (3H, s), 3.13 (IH, d), 

2.92 (IH, q), 2.35-2.75 (4H, m), 2.10 (2H, m), 1.92 (IH, m), 1.72 (IH, m), 1.14 (3H, t), 1.03 

(2H, m). 

Intermediate 214; terZ-Butyl (S)-3-[(laR,7bS)- 5-fluoro-2-(4-methoxycarbonyl-1,1 a,2,7b-

tetrahydrocyclopropa[c]chromen-5-ylsulfamoyl)benzyloxy]pyrrolidine-l -carboxylate 

c \ 
"V H 

[00414] A solution of tot-butyl (S)-3-(2-chlorosulfonyl-5-

fluorobenzyloxy)pyrrolidine-l-carboxylate (Intermediate 215, 0.295g) in DCM (2mL) was 

added to a solution ofmethyl (laR,7bS)-5-amino-l,la,2,7b-tetrahydrocyclopropa[c]chromene-

4-carboxylate (Intermediate 42A, 0.11 g) in DCM (2mL) and the mixture was left at room 

temperature for 5 days. The mixture was diluted with DCM, washed with 1M. hydrochloric acid 

and filtered through a phase separator. The filtrate was evaporated in vacuo and the residue was 

purified by chromatography on silica, eluting with a mixture of ethyl acetate and cyclohexane 

with a gradient of 0-30%) to give /erf-butyl (S)-3-[5-fluoro-2.-((laR,7bS)-4~methoxycarbonyl-
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l,la,257b-tetrahydrocyclopropa-[c]chromen-5-ylsulfamoyl)benzyloxy]pyrrolidine-l-

carboxyiate (0.288g) as a white foam. 
JH NMR (CDC13) 6: 8.86 (IH, br, s), 7.76 (IH, dd), 7.41 (IH, dd), 7.25 (IH, d), 7.07 (IH, d), 

6.95 (IH, dt), 4.69-4.91 (2H, br, q), 4.32 (IH, d), 4.19 (IH, m), 3.77 (1H, d), 3.71 (3H, s), 3.49 

(4H, br, m), 1.89-2.18 (3H, m), 1.73 (IH, m), 1.47 (9H, s), 1.00 (2H, m). 

Intermediate 215: tert-Butyl (S)-3-(2~chlorosulfonyl-5-fluorobenzyloxy)pyrrolidine-l-
carboxylate 

F 

[00415] n-Butyllithium (1.6M in hexanes, 3.3mL) was added to a solution of tert-butyl 

(S)-3-(2~bromo-5-fluorobenzyloxy)pyrrolidine-l~carboxylate (Intennediate 216, 1.87g), in 

anhydrous THF (20mL) at -78°C under an atmosphere of nitrogen and. the mixture was stirred 

for 30 minutes. Sulphur dioxide was passed through the resulting solution for 30 minutes, then 

the cooling bath was removed and the mixture was allowed to warm to room temperature and 

stirred for 15 minutes. The solution was evaporated in vacuo and the residue was dissolve in 

DCM (20mL) and N-chlorosuccinimide (0.668g) was added. The mixture was stirred for 30 

minutes then diluted with ether and water. The organic layer was dried (MgS04) and filtered 

and the filtrate was evaporated in vacuo. The residue was purified by chromatography on silica, 

eluting with a mixture of ethyl acetate and cyclohexane with a gradient of 0-25% to give tert-
butyl (S)-3-(2-chlorosulfonyl-5-fluorobenzyloxy)pyrrolidine-l-carboxylate (l.Olg) as a 

colourless, viscous oil. 
lH NMR (CDCI.3) 5: 8.09 (IH, dd), 7.58 (IH, dd), 7.18 (IH, dt), 4.98 (2H, q), 4.28 (IH, m), 

3.40-3.61 (4H, m), 1.92-2.20 (2H, m), 1.47 (9H, s). 

Intermediate 216: fer/-Butyl (S)-3-(2-bromo-5-fluorobenzyloxy)pyrrolidine-l-carboxylate 
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[00416] Sodium hydride (60% oil dispersion, 0.24g) was added to a stirred solution of 

tert-butyl (S)-3-hydroxypyrrolidine-l-carboxylate (0.935g) in THF (15mL) and the mixture 

was stirred for 5 minutes. 2-Bromo-5-fluorobenzyl bromide (1.608g) was added and stirring 

was continued for 20 hours. The resultant suspension was filtered and the filtrate was 

evaporated to dryness. The residue was purified by chromatography on silica, eluting with a 

mixture of ethyl acetate and cyclohexane with a gradient of 0-15%> to give tert-butyl (S)-3-(2-

bromo-5-fluorobenzyloxy)-pyrrolidine-l-carboxylate (1.88g) as a colourless oil. 

'H NMR (CDC13) 6: 7.46 (IH, dd), 7.22 (IH, dd), 6.88 (IH, dt), 4.52 (2H, s), 4.19 (IH, m), 

3.40-3.65 (4H, br, m), 1.91-2.18 (2H, m), 1.49 (9H, s). 

Intermediate 217: Methyl (laR,7hS)-5-[2-((R)-l-ethylpyrrolidin-3-yloxymethyl)-4-fluoro-

benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

( 

[00417] Prepared by proceeding in a similar manner to Intermediate 213, starting from 

tert-butyl (R)-3-[(laR,7bS)-5-£hioro-2~(4-methoxycarbonyl-l,la,2,7b-

tetrahydrocyclopropa[c]chromen-5-ylsulfamoyl)benzyloxy]-pyrrolidine-l-carboxylate 

(Intennediate 218). 

'H NMR (CDCI3) 5: 7.76 (IH, dd), 7.32 (IH, dd), 7.17 (1H, d), 6.95 (IH, dt), 6.88 (IH, d), 

4.85 (IH, d), 4.68 (IH, d), 4.32 (IH, d), 4.18 (1H, m), 3.81 (IH, d), 3.72 (3H, s), 3.11 (IH, d), 

2.92 (IH, q), 2.25-2.75 (4H, m), 2.09 (2H, m), 1.91 (IH, m), 1.72 (IH, m), 1.14 (3H, t), 1.03 

(2H, m). 
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Lntermediate218: tert-Butyl (R)-3-[(laR,7bS)-5-fluoro-2-(4-methoxycarbonyl-l,la,2,7b-

tetrahydrocyclopropa[c]chromen-5-ylsulfamoyl)benzyloxy]pyrrolidine-l-carboxylate 

[00418] Prepared by proceeding in a similar manner to Intermediate 214, starting from 

tert-butyl (R)-3-(2-chlorosulfonyl-5-fiuorobenzyloxy)pyrrolidine-l-carboxylate (Intermediate 

219) and methyl (laR,7bS)-5-amino-l,la,2,7b~tetrahydrocyclopropa[c]chromene-4-carboxylate 

(Intennediate 42A). 

NMR (CDCI3) 5: 8.86 (1HS br, s), 7.76 (IH, dd), 7.41 (IH, dd), 7.25 (IH, d), 7.07 (IH, d), 

6.95 (IH, dt), 4.78 (2H, br, s), 4.32 (IH, d), 4.19 (1H, m), 3.77 (IH, d), 3.71 (3H, s), 3.49 (4H, 

br, m), 1.89-2.18 (3H,m), 1.73 (lH,m), 1.47 (9H, s), 1.00 (2H, m). 

Intermediate 219: tert-Butyl (R)-3-(2-chlorosulfonyl-5~fluorobenzyloxy)pyrrolidine-l-

carboxylate 

Prepared by proceeding in a similar manner to Intermediate 215, starting from tert-butyl (R)-3 -

(2-bromo-5-fluorobenzyloxy)pyrrolidine-l-carboxylate (Intennediate 220). 
!H NMR (CDCI3) 5: 8.10 (IH, dd), 7.58 (IH, dd), 7.17 (IH, dt), 4.99 (2H, q), 4.28 (IH, m), 

3.40-3.61 (4H, m), 1.92-2.20 (2H, m), 1.48 (9H, s). 

Intermediate 220: tert-Butyl (R)-3-(2-bromo-5-fluorobenzyloxy)pyrrolidine-l-carboxylate 
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[00419] Prepared by proceeding in a similar manner to Intermediate 216, starting from 

ferf-butyl(R)-3--hydroxy-pyrrolidine-l-carboxylate. 
!H NMR (CDC13) 5: 7.46 (IH, dd), 7.22 (IH. dd), 6.88 (IH, dt), 4.52 (2H, s), 4.19 (1H, m), 

3.40-3.65 (4H, br, m), 1.91-2.18 (2H, m), 1.49 (9H, s). 

Intermediate 221: Methyl (laR,7hS)-5-[2-(l-ethylpiperidin-3-ylmethyl)-4-fluorobenzene-

sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate 

[00420] 2-(l-Ethylpiperidin-3-ylmethyl)-4-f]uorobenzenesulfonyl chloride 

(Intermediate 222, 0.21 g) was added to a solution ofmethyl (laR,7bS)~5-amino~l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate (Intermediate 42A 0.290g) in DCM (lOmL) 

and pyridine (^m'L) and the resultant mixture was stirred at room temperature for 4 hours. The 

mixture was evaporated to dryness and the residue was partitioned between DCM and water. 

The organic layer was dried (Na2S04), filtered and the filtrate was concentrated in vacuo. The 

residue was purified, by chromatography on silica eluting with a mixture of 2M ammonia in 

methanol and DCM with a gradient of 0-15% to give methyl (1 aR,7bS)-5-[2-(l -ethylpiperidin-

3-ylmethyl)-4-fluoro-benzenesulfonylaminoj-l,la,2,7b~tetrahydrocyclopropa[c]chromene-4-

carboxylate (0.07lg). 
!H NMR (CDCh) 8: 7.95-7.88 (IH, m), 7.21-7.15 (IH, m), 7.03-6.86 (3H, m), 4.31 (IH, d), 

3.81-3.73 (4H, m), 2.89-2.63 (4H, m), 2.39-2.28 (2H, m), 2.09-2.08-1.95 (IH, m), 1.94-1.44 

(8H, m), 1.06-0.94 (6H, m). 

Intermediate 222: 2-(l-Ethylpiperidin-3-ylmethyI)-4-fluoro-benzenesulfonyl chloride 
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[00421] A solution of l-ethyl-3-(3-fluorobenzyl)piperidme (Intermediate 223, 0.214g) 

in DCE (lmL) was added to chlorosulfonic acid (2mL) at 0°C. The mixture was allowed to 

warm to room temperature and stirred for 2 hours. The mixture was added dropwise to a 

mixture of ice and brine and extracted with DCM. The organic layer was dried (Na2SC>4) and 

filtered and the filtrate was evaporated to dryness to give 2-(l -ethylpiperidin-4-ylmetbyI)-4-

fluorobenzene-sulfonyl chloride (0.44g) as a solid. 
!HNMR (CDCI3) 5: 8.17-8.11 (IH, m), 7.43-7.37 (1H; m), 7.19-7.12 (1H, m), 3.62-3.52 (IH, 

m), 3.42-3.32 (IH, m), 3.16 (2H, d), 3T 1-2.92 (3H, m), 2.64-2.29 (3H, m), 1.91 (2H, d), 1.43 

(3H, t), 1.39-1.23 (IH, m). 

Intermediate 223: l-Ethyl-3-(3-fluorobenzyl)-piperidine 

[00422] A solution of lithium aluminium hydride (2M in THF, 2.8mL) was added 

dropwise to a solution of l-[3-(3-fluorobenzyl)piperidin-l-yl]ethanone (Intermediate 224, 
0.66g) in anhydrous THF (20mL) at 0°C under argon. The mixture was stirred for 30 minutes 

then allowed to warm to room temperature and stirred for 2 hours. The mixture was recooled to 

0°C and water was added. The mixture was extracted with ether, washed with brine, dried 

(Na2S04) and filtered. The filtrate was evaporated to dryness to give l-ethyl-3-(3-

1 fluorobenzyl)piperidine (0.535g). 
!H NMR (CDClj) 5: 7.25-7.17 (IH, m), 6.95-6.80 (3H, m), 2.92-2.73 (2H, m), 2.58-2.42 (2H, 

m), 2.42-2.26 (2H,m), 1,96-1.76 (2H, m), 1.74-1.48 (4H,m), 1.04 (3H, t), 1.00-0.84 (IH, m). 

Intermediate 224: 1 -[3~(3~Fluorobenzyl)piperidin-l-vljethanone 
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[00423J A mixture of l-{3-[l-(3-fluorophenyl)methylidene]piperidin-l-yl}ethaiione 

(Intennediate 225, 0.7g), palladium hydroxide (20% on carbon. 0.07g) in ethyl acetate (20mL) 

and IMS (lmL) was degassed by nitrogen/vacuum purging. The mixture was stirred under an 

atmosphere of hydrogen for 21.5 hours. The mixture was filtered the filtrate was evaporated to 

dryness to give l-[3-(3-f]uorobenzyl)piperidin-l-yl]ethanone (0.66g). 

NMR {CDCh) 5: 7.31-7.17 (IH, m), 6.97-6.80 (3H, m), 4.52-4.43 (0.5H, m), 4.41-4.31 

(0.5H, m), 3.76-3.65 (0.5H, m), 3.65-3.55 (0.5H,m), 3.07-2.95 (0.5H, m), 2.82-2.62 (1.5H, m), 

2.60-2.49 (IH, m), 2.45-2.33 (IH, m), 2.08 (1.5H; s), 1.95 (1.5H, s), 1.83-1.63 (3H, m), 1.50-
1.32 (lH,m), 1.29-1.09 (IH, m). 

Intermediate 225: l-{3-[l-(3-Fluorophenyl)methylidene]piperidin-l-yl}ethanone 

[00424] Acetyl chloride (0.515mL) was added to amixture of 3-[l-(3-

fluorophenyl)jnethylidene]-piperidine hydrochloride (Intermediate 226, 1.5g) andN,N-di-

isopropyl-N-ethylamine (2.52mL) in anhydrous THF (50mL) at 0°C under nitrogen. The 

mixture was allowed to warm to room temperature and was stirred for 2 hours. The mixture 

was diluted with water (lOOmL) and extracted with ether, washed with brine, dried (Na2SC>4) 

and filtered. The filtrate was evaporated to dryness and the residue was purified by 

chromatography on silica eluting with a mixture of ethyl acetate and cyclohexane with a 

gradient of 75-100%) to give 1-(3-[1 -(3-fluorophenyl)-methylidene]piperidin~ 1 -yl}ethanone 

(l-38g). 
lE NMR (CDCI3) 6: 7.37-7.21 (IH, m), 7.04-6.82 (3H, m), 6.48-6.26 (IH, 4s), 4.39-4.00 (2H, 

m)s 3.72-3.48 (2H, m), 2.61-2.41 (2H, m), 2.18-2.02 (3I4,4s), 1.83-1.61 (2H, m). 
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Intermediate 226: 3-[J-(3-Fluorophenyl)methylidene]piperidine hydrochloride 

[00425] A solution of HCi in dioxane (4M. 30mL) was added to a solution of tert-b\ityl 

3-[l-(3-fluorophenyl)methylidene]piperidine-l-carboxylate (Intermediate 227, 2.38g) in ether 

(30mL) and the mixture was stirred at room temperature for 5 hours. The mixture was 

concentrated in vacuo and the residue was treated with ether. The solid was collected by 

filtration, washed with ether and dried under vacuum to give 3-[l-(3-

fluorophenyl)methylidene]piperidine hydrochloride (1.64g). 
!H NMR (CDCk) 3:2 ratio of E and Z isomers 5: 9.34 (2H, br s), 7.48-7.37 (IH, m), 7.22-7.00 

(3H, m), 6.59 (IH, s), 3.78-3.68 (2H, m), 3.13 (2H> m), 2.52 (1.2H, m), 2.43 (0.8H, m), 1.84 

(1.2H, m), 1.76 (0.8H, m). 

Intermediate 227: tert-Butyl 3-[l -(3-f]uorophenyl)methylidene]piperidine-l-carboxylate 

[00426] (3-Fluorobenzyltriphenylphosphomum bromide (Intermediate 228, 5.3g) was 

added in portions to a solution of sodium tert-butoxide (1.06g) in anhydrous THF (20mL) at 

room temperature and the mixture was stirred for 30 minutes. A solution of tert-butyl 3-

oxopiperidine-1-carboxylate (2g) in anhydrous THF (lOmL) was added dropwise at room 

temperature and the mixture was stirred for 24 hours. The mixture was diluted with water 

(lOOmL) and extracted with ether (lOOmL), washed with brine, dried (Na2S04) and filtered. 

The filtrate was concentrated in vacuo and the residue was purified by chromatography on 

silica eluting with a mixture of ethyl acetate and cyclohexane with a gradient of 0-20% to give 
tert-butyl 3-[l-(3-fluorophenyl)-methyiidene]piperidine-l-carboxylate (1.42g). 
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]H NMR (CDCh) 3:2 ratio of E and Z isomers 5: 7.33-7.21 (1H, m), 7.05-6.85 (3H, m), 6.37 

(0.6H, s), 6.28 (0.4H, s), 4.16 (0.8H, s), 4.00 (1.2H, s), 3.50 (2H, t), 2.50 (1.2H, m), 2.39 (0.8H, 

m), 1.72 (0.8H, m), 1.62 (1.2H, in), 1.48 (5.4H, s), 134 (3.6H, brs). 

Intermediate 228: (3-Fluorobenzyl)triphenyIpbosphonium bromide 

[004271 A mixture of 3-fluorobenzyl bromide (5g) and triphenyl phosphine (6.94g) in 

toluene (50mL) was heated at reflux for 3 hours. After cooling, the solid was collected by 

filtration, washed with toluene and dried under vacuum at 50°C to give (3-

fluorobenzyl)tripheny!phosphoniizm bromide (lO.lg). 

'H NMR (DMSO-d6) 6: 7.96-7.87 (3H, m), 7.81-7.64 (12H, m), 7.35-7.26 (IH, m), 7.20-7.11 

(1H, m), 6.88-6.82 (IH, m), 6.78-6.70 (IH, m), 5.21 (2H, d). 

Intermediate 229: Methyl (laR,7bS)-5-{2-[2-((R)-l-ethylpyrrolidin-2-yl)ethyl]~4-fluoro-

benzenesulfonyl amino} -1,1 a,2,7b-tetrahydrocyclopropa[c] chromene-4-carboxylate 

[00428] Prepared by proceeding in a similar manner to Intermediate 95, starting from 

2-[2-((R)-l-ethyl-pyrrolidin~2-yl)-ethyl]-4-fluorobenzenesulfonyl chloride (intermediate 230) 

and methyl (laR,7bS)-5-amino-l,la,2,7b-tetraliydrocyclopropa[c]chromene-4-carboxylate 

(Intermediate 42A). 
LCMS (Method A) r/t 2.30 (M+H) 503. 

Intermediate 230: 2-[2-((R)-l-Ethylpyrrolidin-2-yl)ethyl]-4-fluorobenzenesulfonyl chloride 
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[00429] Prepared by proceeding in a similar manner to intennediate 96, starting from 

(R)-l-ethyl-2-[2-(3-fluorophenyl)ethyl]pyrrolidine (intermediate 231). 

*HNMR (CDC13) 5: 8.11 (IH, dd), 7.42 (1H, dd), 7.14 (IH, t), 3.93 (1H, m), 3.46-3.21 (2H, 

m), 3.13 (IH, m), 2.91 (2H, m), 2.43 (2H, m), 2.32 (2H, m), 2.11 (3H, m), 1.50 (3H, t). 

Intermediate 231: (R)-l-Ethyl-2-[2-(3-fluorophenyl)ethvl]pyrrolidine 

[00430] A solution of l-{(R)-2-[2-(3-fluorophenyl)ethyl]pyrrolidin-l-yl}ethanone 

(Intermediate 232, 0.48g) in THF (20mL) was cooled to 0°C and treated with a solution of 

lithium aluminum hydride (2M in THF, 3.6mL) under an atmosphere of nitrogen. The resultant 

mixture was allowed to warm to room temperature before heating to 60°C overnight. The 

mixture was cooled to 0°C and treated with water (0.35ml), 4N sodium hydroxide solution 

(0.35ml) and further water (0.9ml). Sodium bisulphate powder was added to the suspension and 

the slurry was filtered through Celite and the filtrate was evaporated to dryness to give (R)-l-

ethyl-2-[2-(3-fluoro-phenyl)ethyl]pyrrolidine (0.41g) as an oil. 
]H NMR (CDCh) 8: 7.22 (IH, m), 6.96 (IH, d), 6.87 (2H, m), 3.18 (IH, dd), 2.87 (IH, m), 

2.69 (lH,m)? 2.55 (1H, m), 2.20 (1H, dq), 2.12-1.91 (4H, m), 1.75 (2H,m), 1.54 (2H, m), 1.10 

(3H, t). HNMR 205205 

Intermediate 232: l-{(R)-2-[2-(3-Fluorophenyl)ethyl]pyrrolidin-l-yl}ethanone 
o 

Acetyl chloride (0.29ml) was added to a solution of N,N-diisopropyl-N-ethylamine (0.71ml) 

and (R)-2-[2-(3-fluorophenyl)ethyl]-pyrrolidine (Intennediate 233, 0.39g) in DCM (30ml) and 



the mixture was stirred for 1.5 hours. The mixture was washed with 1M HC1, dried (MgS04) 

and filtered. The filtrate was evaporated to dryness to give l-{(R)-2-[2-(3-fiuorophenyl)ethyI]-

pyrrolidiii-l-yl}ethanone (0.48g) as an oil. 

NMR (d6-DMSO, 80°C) 5: 7.28 (IH, q), 7.02 (2H, t), 6.92 (IH, t), 3.93 (IH, br s), 3.41 (2H, 

m), 2.60 (2H, m), 2.05-1.54 (6H, m), 1.90 (3H, t). 

Intermediate 233: (R)-2~[2~(3-Fluorophenyl)ethyl]pyrrolidine 

F' 

[00431] Trifluoroacetic acid (5mL) was added to a solution of tot-butyl (R)-2-[2-(3-

fluorophenyl)ethyl]-pyrrolidine-l-carboxylate (Intel-mediate 234, 0.55g) in DCM (5mL) and 

the mixture was stirred at room temperature for 1.5 hours. The mixture was evaporated to 

dryness and the residue was dissolved in a small amount of methanol and loaded onto a 20g 

SCX-2 SPE cartridge, washed with methanol then eluted with 2M ammonia in methanol to give 
(R)-2-[2-(3-fluorophenyl)-ethyl]pyrrolidine (0.39g). 

NMR (CDC13) 5: 7.23 (IH, q), 6.97 (IH, d), 6.88 (2H, m), 2.99 (2H, m), 2.85 (lH,m), 2.69 

(2H,m), 1.91 (IH, m)s 1.75 (3H, m), 1.61 (lH,brs), 1.28(lH.,m). 

Intermediate 234: rm-Butyl (R)-2-[2-(3-fluorophenyl)ethyl]pyrrolidine-1 -carboxylate 
.0 

F 

[00432] A solution of tert-butyl (S)-2-(3-fluorophenylethynyl)pyiTolidine-l-

carboxylate (Intennediate 235. 1.26g) in IMS (70mL) was carefully added to 20% palladium on 

carbon (0.6g) under a carbon dioxide atmosphere. The mixture was degassed under vacuum 

and placed under an atmosphere of hydrogen. This was repeated three times then the mixture 

was stirred under an atmosphere of hydrogen for 18 hours. The mixture was filtered through 

Celite and the filtrate was evaporated to dryness. The residue was purified by chromatography 

on silica, eluting with a mixture of DCM and pentane with a gradient of 0-100% to give tert-
butyl (R)-2-[2-(3-fluoro-phenyl)ethyl]pyrrolidine-l-carboxylate (0.55g) as an oil. 



!H NMR (CDCI3) 5; 7.21 (IH, brm), 6.99-6.81 (3H, brm), 3.80 (IH, br d), 3.37 (2H, br d), 

2.61 (2H, brm),'1.97 (2H, brm), 1.83 (2H,m), 1.65 (2H,brm)f 1.45 (9H, s). 

Intermediate 235: tert-Butyl (S)-2~(3-fluorophenylethynyI)pyrrolidine-l-carboxylate 

[00433] A suspension of 3-fluorobromobenzene (0.62ml), frts'(dibenzylideneacetone) 

dipalladium(O) (0.276g), tri-tot-butylphosphonium tetrafluoroborate (0.165g) and tert-butyl 

(S)-2-tributyl-stannanylethynylpyrrolidine-l-carboxylate (Intermediate 236, 2.94g) in 

anhydrous toluene (40ml) was degassed under nitrogen and stirred at room temperature for 1.5 

hours. The mixture was evaporated to dryness and the residue, was purified by chromatography 

on silica, eluting with a mixture of DCM and pentane with a gradient of 0-100% to give tert-
butyl (S)-2-(3-fhioro-phenylethynyl)pyrrolidine-l-carboxylate (1.26g) as an oil. 

*H NMR (CDCI3) 5: 7.25 (IH, m), 7.16 (IH, br d), 7.08 (IH, br d), 6.99 (IH, br t), 4.69 (IH, br 

d), 3.51 (IH, br s), 3.37 (IH, br s), 2.11 (3H,brm), 1.94 (1H, br s), 1.49 (9H, s). 

Intermediate 236: tot-Butyl(S)-2-tributylstannanylethynylpyrrolidine-l -carboxylate 

o^° sn 
\ ^ \ 
N 

[00434] n-Butyl lithium (2.5M solution in hexanes. 1 lmL) was added dropwise to a 

cooled solution of tot-butyl (S)-2-etliynylpyrrolidine-l -carboxylate (prepared according A 

Paul et al, Tetrahedron, 2006, 62, S919, 4.49g) in dry THF (230ml) under an atmosphere of 

nitrogen while maintaining the temperature below -65°C. When the addition was completed, 

the mixture was stirred at -78°C for 1.5 minutes then allowed to warm to 0°C and stirred for 2.5 

hours. Tributyl tin chloride (7.7mL) was added dropwise over five minutes and the mixture was 
stirred at room temperature for 1.5 hours. The mixture was cooled to 0°C and saturated sodium 

bicarbonate was added while maintaining the temperature below 15°C. The layers were 

separated and the aqueous layer was extracted with ethyl acetate, washed with saturated sodium 

bicarbonate, water, dried (MgS04) and filtered. The filtrate was evaporated to dryness and the 
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residue was purified by chromatography on. silica, eluting with a mixture of pentane and ethyl 

acetate with a-gradient of 0-7.5% to give tert-butyl (S)-2*Mbutylstannanylethynylpyrrolidine-l-

carboxylate (0.'39g) as an oil. 
!H NMR (CDCI3)5: 4.41 (1.H, br s), 3.45 (IH, br m), 3.28 (IH, br s), 2.03 (3H, br m), 1.86 

(IH, br s), 1.54 (6H, m), 1.48 (9H, s), 1.33 (6H} q), 0.95 (6H, t), 0.90 (9H, t). 

Biological Example 1: 

[00435] Compounds are tested for their capacity to inhibit recombinant human MetAP2 

activity using the following assay. 

[00436] Human recombinant MetAP2 expressed in Sf9 cells followed by affinity 

purification and EDTA treatment to remove endogenous active site cation was dialysed against 

MnCl2to produce the manganese enzyme used in the assay. The assay was earned out for 30 

minutes at 25°C in 50mM HEPES buffer containing lOOmM NaCl, pH 7.5 the presence of 

0.75mM Methionine-Alanine-Serine (MAS) substrate arid 50p.g/ml amino acid oxidase using a 

dilution of purified MetAP2 giving > 3-fold signal: noise. Cleavage of the substrate by 

MetAP2 and oxidation of free methionine by amino acid oxidase was detected and quantified 

using fluorescence generated by Amplex red (10-acetyl-3,7-dihydroxyphenoxazine) in 

combination with horseradish peroxidase which detects H2O2 released during the oxidation 

step. The fluorescent signal was detected using a multiwell fluorimeter. Compounds were 

diluted in DMSO prior to addition to assay buffer, the final DMSO concentration in the assay 

being 1%. 

[00437] The 1C.50 is defined as the concentration at which a given compound achieves 

50% inhibition of control. IC50 values are calculated using the XLfit software package (version 

2.0.5), 

[00438] Compounds of the present disclosure demonstrated activity in the assay of this 

Example as indicated in the following table, wherein A represents < 0.05uM, B represents IC50 

between 0.05jiM and 0.5pM, and C represents ICso>0.5|iM. 

Compound name Activity 
. Cis-(3aRS,9bRS)-7-(Benzenesulfonylamino)-l,3a,4,9b-

tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid 
B 

Cis-(3aRS;9bRS)-7~[2-(3~Diethyiaminopropyl)-4-

fluorobenzenesulfony!-amino]-l,3a,4,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxylic acid 

B 



- 168-

Cis-(3aRS,9bRS)-7-[2-(3-{Pyrrolidin-l-yl}propyl)-4-

A 

fluorobenzene-sulfonylamino]-l,3a,4,9b-tetraliydro-2H-faro[2,3-

c]chromene-6-carboxylic acid 

Cis-(3aRS,9bRS)-7-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-

fluoro-benzenesulfonylamitto]-l,3a?4,9b-tetrahydro-2H-furo[2,3-

c]chromene-6-carboxylic acid 

A 

First eluting enantiomer of cis-(3aRS,9bRS)-7-[2-((Z)-3-

Diethylaminoprop-l-enyl)-4-fluoro-benzenesulfonylamino]~ 

l,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid 

A 

Second eluting enantiomer of cis-(3aRS,9bRS)-7~[2~((Z)~3~ 

Diethylaminoprop-l-enyl)-4"fluoro-benzenesulfonylamino]-

1,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid 

B 

7-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-fluorobenzenesulfonyl-

amino]-l,2-dihydrofuro[2,3-c]quinoline-6-carboxylic acid 

formate salt 

A 

7-(Benzenesulfonylamino))-L2-dihydrofuro[2,3-c]quinoline-6-

carboxylic acid formate salt 
A 

Cis-(3aRS,9bRS}-7-[2~((Z}~3-Diethy3aminoprop-l-enyl)~4-

fluorobenzenesulfonylamino]-l,2,3a,4,5,9b-hexahydrofai-o[2,3-

c]qumoiine-6-carboxy].ic acid 

A 

5-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-fluorobenzenesulfonyl-

amino]-1,1 a,2,7b-tetrahydrocyclopropa[c]chrom.ene-4-carboxylic 

acid 

A 

(1 aS,7bR) 5-[2-((Z)-3-Diethyiaminoprop~1 -enyI)-4-

fluorobenzenesulfonyl-amino]-1 1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laR,7bS) 5-[2-((Z)-3-Diethylaminoprop~l»enyl)-4-

fluorobenzenesulfonyl~amino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

A 

(laR.S,7bSR)-5-[2-(fZ)-3-Diethylaminoprop-l-eny]}-4-

fluorobenzenesulfonylamino]-7b-methyl-l ,1 a,2,7b-
A 
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tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

(laRS,7bSR)-5-[2-((E)-3-Diethylaminoprop-l-enyl)-4-

fluorobenzenesulfonyiamino]-7b-methyl-1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

Cis-(3aRS,9bRS)-7-[2-(4-dimethylammo-bu1ylamino)-

benzenesulfonylainino]-l,3a,4,9b-tetrahydro-2H-faro[2,3-

c]chromene-6-carboxylic acid 

B 

(laR,7bS)-5-[2-(3-Diethylaminopropyl)-4-fluorobenzenesulfonyl-

aniino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic 

acid 

A 

(laRS,7bSR)-5-[2-((Z)-3-Diethylaminoprop-l-enyl)-4-

fluorobenzene-sulfonylamino]-l ,1 -difluoro-1,1 a,2,7b-

tetrabydrocyclopropa[c]chromene-4-carboxylic acid 

A 

First eluting enantiomer of (laRS,7bSR)-5-[2-((Z)-3-

diethylaminoprop~l-enyl)-4-fluorobenzene-sulfonylamino]-l,l-

difluoro-1,1 a.2,7b-tetrahydrocyclopropa[c]chromene-4~ 

carboxylic acid 

B 

Second eluting enantiomer of (laRS,7bSR)-5-[2-((Z)-3-

diethylaminoprop-l-enyl)-4-fluorobenzene-sulfonylamino]-l,l-

difluoro-1,1 a.2,7b-tetraliydrocyclopropa[c] chromene-4-

carboxylic acid 

A 

(laRS,7bSR}-5-[2((Z)-3-Ethylaminoprop-l-enyl)-4-fluoro-

benzenesulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

A 

First eluting enantiomer of (1 aRS,7bSR)-5-[2((Z)-3-

ethylaminoprop-l-enyl)-4-fluorobenzenesulfonylamino]-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

A 

Second eluting enantiomer of (laRS,7bSR)-5-[2((Z)-3-

ethylaminoprop-l-enyl)-4-fluorobenzene-sulfonylamino]-

l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4~carboxylic acid 

B 

(laRS,7bSR)-5-{2[(Z)-3-(Pyrrolidin-l-yl)prop-l-enyl]-4-

fluorobenzenesulfonylamino} -1,1 a,2,7b-tetrahydro-
A 
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cyclopropa[c]cbromene-4-carboxylic acid 

First eluting enantiomer of (laRS,7bSR)-5-{2[(Z)-3-(pyrrotidin-

l-yl)prop-l-enyl]-4-fluorobenzenesulfonylammo}~l,la,2,7b-

tetraliydro-cyclopropa[c]chromene~4-carboxylic acid 

B 

Second eluting enantiomer of (laRS,7bSR)-5~{2[(Z)-3-

(pyrrolidin-1 -yl)prop-1 -enyl]-4-fluorobenzenesulfonylamino} -

1,1 a,2,7b-tetrahydro-cyclopropa[c] chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-[2-(3-Dimethylaminopropylamino)benzene-

sulfonyiamino]-l,la,2,7b-tetrahydrocyclopropa[c3chromene-4-

carboxylic acid 

A 

First . eluting enantiomer of (laRS,7bSR)-5-[2~(3-

dimethylaminopropylamino)benzene~su!fonylamino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

C 

Second eluting enantiomer of (laRS,7bSR)-5~[2-(3-

dimethylaminopropylamino)benzene-sulfonylamino]-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

A 

(laRS,7bSR)-5-[2-(4-Dimethylaminobutylamino)benzene-

sulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid 

A 

First eluting enantiomer of (laRS,7bSR)-5-[2-(4-

dimethylaminobutylamino)benzene-sulfonylammo]-l,la,2,7h~ 

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

Second eluting enantiomer of (laRS,7bSR)-5-[2-(4-

dimethylaminobutylamino)benzene-sulfonylamino]-l,la,2,7b-

tetrahydrocyclopropa[cjchromene-4-carboxyiic acid 

A 

(laRS,7bSR)-5-[2-(5-DimethylaminopentyIamino)benzene-

sulfonylamino]-l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid 

A 

1 (laRS;7bSR)-5-{2[(Z)-3-(propan-2-yl)aminoprop-l-enyl]-4-

fluorobenzene-sulfonylamino}-1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4~carboxylic acid 

B 

(laRS JbSR)-5-{2[(Z)-3-((S)-34iydroxypyrrolidm-l- B 



- 171 -

yl)aminoprop-l-enyl]-4-fluorobeiizenesulfonylamino}-l,la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxyiic acid 
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(laRSs7bSR)-5-{2[(Z)-3-((R)-3-Hydroxypyrrolidin-l-

yl)aminoprop-l~enyl]~4-fluorobenzeiie-sulfonylamino}-l,la,2,7b-

tetrahydro-cycl.opropa[c]chromene-4-carboxylic acid 
B 

(1 aRS,7bSR)-5-[2((Z)-4-Diethylarninobut-1 -enyl)-4-

fluorobenzenesul.fonyl -amino] -1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxyiic acid 

A 

First eluting enantiomer of (laRS,7bSR)~5~[2((Z)-4-

diethylaminobuM-enyl)-4-fluorobenzenesulfonyl-amino]-

1,1 a,2,7b-tetraliydrocyclopropa[c]chromene-4-carboxylic acid 

B 

Second eluting enantiomer of (laRS,7bSR)-5-[2((Z)-4-

diethylaminobut-l-enyl)-4-fluorobenzenesulfonyl-amino]-

l,la,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylicacid 

B 

(laRS,7bSR)-5-{2-[2-(4-Ethylpiperazin-l-yl)-ethyl]-4-

fluorobenzenesulfonylamino}-! ,1 a,2,7b~ 

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laRSf7bSR)-5-{2[(Z)-3-tAzetid.in-l-yl)prop-l-enyl]-4-

fluorobenzene-sulfonylamino}-l,la,2,7b-tetrahydro-

cyclopropajc]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2[(Z)-3-(3-Hydroxyazetidin-l-yl)prop-l-enyl]-

4-fluorobenzene-sulfonylamino) -1.1 a?2?7b-

teti*ahydrocyclopropa[c]ch.romene-4-carboxylic acid 

A 

(laRS/7bSR)-5-{2[(Z)~3-(Azetidin-l-yl)propyl]-4-

fluorobenzenesulfonylamino}-l ,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-f2((Z)-4-Dietliylaminobutyl)-4-

fluorobenzenesulfonylamino]-!, 1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laRS,7b$R)-5-{2~[N-(4-Dimethylaminobutyl)-N-methylamino]~ 

benzenesulfonyl-amino} -1,1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

C 

1 (laRS,7bSR)-5-{2-[((S)-l-Ethylpyrrolidin-3-ylcarbamoyl)~ 

methyl]-4-fluoro-benzenesulfonyl-amino}-l,la,2,7b-
B 
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tetra1iydrocyolopropa-[c]chromene-4-carboxylic acid 

(laRS,7bSR)-5~[2-(l-Ethylazetidin-3-yl)-4-fluorobenzene-

sulfonylammo]-l,la,2,7b-tetrahydro-cyclopropa[c]chromene-4-

carboxylic acid 

B 

(laRS,7bSR)-5-{2-[((R)-l-EthySpyrrolidin-3-ylcarbamoyl)-

methyl]-4-fluorobenzenesulfonyl-amino} -1,1 a,2,7b-tetrahydro-

cyciopropa[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)~5-{2-[2-(Pyrrolidin-l-yl)-ethyl]-4~flu.orobenzene-

sulfonyl amino} -1,1 a,2,7b-tetrahydrocyclopropa[c] chromene-4-

carboxylic acid 

B 

(laRSJbSR)-5-[2-((R)~l~Efhylpyrroiidin-3-ylmethyl}-4-

fluorobenzenesulfonyl-amino]-l ,1 a,2,7b-tetrahydro-

cyclopropa[c3chromene-4-carboxylic acid 

A 

First eluting enantiomer of (laRS,7bSR)-5~[2-((R)-l-ethyl-

pyrrolidin-3-ylmethy3)-4-fluorobenzenesulfonyiamino]-l,la52,7b-

tetrahydro-cyclopropa[c]chromene-4-carboxylic acid 

B 

Second eluting enantiomer of (laRS,7bSR)-5-[2-((R)-l-

Ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl-amino]-

1.} a,2,7b-tetrahydro-cyclopropa[c]cliromene-4-carboxylic acid 

A 

(laRS.7bSR)-5-{2-[((S)-l -Ethylpyrrolidin-2-yI)cabonyl-

aminomethyl]-4-fluorobenzenesulfonylamino}-l,la,2,7b-

tetrabydrocyclopropa[clchromene-4-carboxylic acid 

A 

(laRS,7bSR)"5-[2»(4-0imethylaminobutyryiamino)-4-

fluorobenzenesulfonyl-amino]-!, 1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

B 

(3 aRS,7bSR)-5-[2-((S)-l -Ethyl-pyn-olidin-3-ylmethyl)-4-

fluorobenzenesulfonyl-amino] -1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

. (laRS,7bSR)-5-[2-(3-Dimethylaminopropylcarbamoyl)benzene-

sulfonylamino]-l ,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid 

B 

(laRS,7bSR)"5-(2-{[N-((S)-l-Ethyl-pyrrolidin-3-yl)-N-methyl- B 
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carbamoyljmethyl} -4-fluoro-benzenesulfonylamino)-1,1 a,2,7b-

tetrahydrocyclopropa~[c]chromene-4-carboxylic acid 

(laRS,7bSR}-5-(2-{[N-((R)-l-EthylpyiTolidm-3-yl)-N-methyl-

carbamoyl]methyl}-4-fluoro-benzenesuifonylamino)-Lla,2,7b-

tetrahydrocyclopropa-[c]chromene-4~carboxylic acid 

B 

(1 aRS,7bSR)-5-{2-[2-((S)-l -Ethylpyrrolidin-2-yI)ethylamino]-

benzenesulfonyl-amino} -1,1 a,2 Jb-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

A 

(laRS,7bSR)-5-{2-[2~t(R)-l-Ethylpyrrolidm-2-yi)ethylaniino]-

benzenesulfonyl-amino} -1,1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

A 

(laRS,7bSR)-5-[2-(3-N,N,-Diethylaminopropylaniino)benzene-

sulfonylamino]-l,la,2,7b-tetraliydrocyclopropa[c]chromene-4-

carboxylic acid 

A 

(1 aRS,7bSR)-5-(2- {[((R)-l -EthylpyiToIidine-2-yl)carbonyl-

aminojmethyl} -4-fluorobenzenesulfonylamino)-1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)~5-{2-[(l-Ethylazetidin~3~ylmethyl)amino]benzene» 

sulfonylamino} -1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid 

B 

First eluting enantiomer of (laRS,7bSR)-5~[2-((Z}-3-

diethylaminoprop-1 -enyl)benzenesulfonylamino]-l, 1 a,2,7b-

tetraliydrocyclopropa[c]chromene-4~carboxylic acid 

B 

i 

Second eluting enantiomer of (laRS,7bSR)-5-[2~((Z)-3-

diethylaminoprop-1 -enyl)benzenesulfonylamino]-1,1 a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

A 

(laRS57bSR)-5~t2-{N-[((R)-l-Ethylpyrrolidine-2-yl)carbonyl]-N-

methylaminomethyl}-4-fluorobenzenesuIfonylamino)-l,la,2,7b-

tetrahydrocyclopropa[c] chromene-4-carboxylic acid 

B 

(1 aRS,7bSR)-5-(2-{N-[((S)-1 -Ethylpyrrolidme~2-yl)carbonyl]-N-

methylamino-methyl}-4-fluorobenzenesulfonylamino)-l5la,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

B 
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(laRSs7bSR)-5-[2-(4-Dimethylaminobutylamino)-4-fluoro-

beiizenesulfonyl-amino]-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene~4-carboxylic acid B 

tlaRS)7bSR)-5-{2-[((R)-l-Ethylpyrrolidin-3-ylmethyl)amino]-

benzenesulfonylamino} -1,1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2-[((S)-l-Ethylpyrrolidin-3-ylinethyl)amino]-

benzenesulfony!amino}-l, 1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

B 

(1 aRS,7bSR)-5-[2-(4-Ethyl-2-oxopiperazm-l -ylniethyl)-4-

fluorobenzene-sulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

B 

(i aRS,7bSR)-5-[2~(i -E%Ipiperidin-4~ylmethyl)-4~fluoro-

benzenesulfonylamino]-l .1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

A 

(1 aRSJbSR)-5-{2-[2~(l -Ethylazetidiii-3-yl)ethyl]-4-fluoro~ 

benzenesulfonyl-amino}-l,la,2,7b-tetrahydrocyclopropa~ 

[c] chromene-4-carboxylic acid 

B 

(laRS>7bSR)-5-{2-[((S)-l-Azabicyclo[2.2.2]oct-3-

yl)amino]benzenesulfonyl-amino}-l ,1a,2,7b-

tetxahydrocyclopropa[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2-[((R)-l-Azabicyclo[2.2.2]oct-3-

yl)amino]benzenesulfonyl-amino}-], la, 2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid 

A 

(1 aRS,7bSR)-5~(2- {[{(S)-l -ethylpyrrolidine-3-

carbonyl)amino]metliyl}-4-fluoro-benzenesu]foiiylamino)-

1,1 a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxyIic acid 

B 

(laRS,7bSR)-5-{2-[2-((R)-l-Ethylpyrrolidin-3-ylammo)ethyl]-4-

fluoro-benzenesulfonylainino}-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-{2-[((R)-l-EthylpyrTolidin-3-yl)amino]-

benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-
B 
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[c]chromene-4-carboxylic acid 

(laRS)7bSR)-5-{2-[((S)"l-Ethylpyrrolidin-3~yl)amino]-

benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

B 

(laRS,7bSR)-5-(2-{[((R)-l~Ethylpyrrolidirie-3-carbonyl)aramo]-

methyl} -4-fluoro-benzenesulfonylamino)-1,1 a,2,7b-tetrahydro-

cyclopropa[c]chromene-4-carhoxylic acid 

B 

(laRS,7bSR)-5-[2-((Z)-3-Diethylamino-2-methylprop-l-enyl)-4-

fluorobenzene-sulfonylamino]-1,1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

A 

(laRS,7bSR)-5-{2-[2-((R)-l-Ethylpyn-olidin-3-yl)ethylamino]~ 

benzenesulfonylamino}-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

B 

(laRS)7bSR)-5-{2-[2-((S)-l-Ethylpyrrolidin-3-yl)ethylamino]-

benzenesulfonyl-amino}-1,1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

B 

(laR,7bS)-5-[2-((S)-l-Ethylpyrrolidin-3-yloxymethyl)-4-fluoro-

benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

B 

(1 aR,7bS)-5-[2-((R)-1 -Ethylpym>lidin-3-yloxymethyl)~4-fluoro-

benzenesulfonylamino]-l,la,2,7b-tetrahydrocyclopropa-

{c]chromene-4-carboxyli c acid 

B 

(1 aR,7bS) ~5-[2-(l-Ethylpiperidin-3-ylmethyl)-4-fluorobenzene-

sulfonylamino]-l ,1 a,2,7b~tetrahydrocyclopropa[c]chromene-4-

carboxylic acid 

B 

(laR,7bS)-5-{2-[2»((R)-l-Ethylpyrrolidin~2~yl)ethyl]-4-

fluorobenzenesulfonyl-amino} -1.1 a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid 

B 

[00439] In vitro pharmacology and ADME testing of the compound of Example 12 as 

follows: 
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Parameter Compound 

MetAP2/MetAPl IC5o (nM) 25/50,000 

MetAP2 off-rate (T3/2) 3 hours 

HT1080 EC50 28/8 

Cell cycle (G1 attenuation, nM) 3 

Microsomal Stability 72/88/77 

Hepatocyte Stability 99/88/62 

CYP IC-50 (jiM), HLM >10* 

Plasma protein binding (h/r/m,%) 77.2/81. l/<70 

hERG IC5C >33 fiM 

AMES negative 

CEREP screen <35% inhibition atlO pM 
across 72 receptors and enzymes 

*CYP3A4 signal obsei*ved. with pre-incubation 

Biological Example 2 

[00440] Compounds were tested in diet induced obese mice (C57BL6) that were on a 

6.5% high fat diet for 8-10 weeks. Mice were dosed for 10 days by oral gavage with 30 mg/kg 

of the compounds listed. Their body weights were recorded along with serum chemistries 

including cholesterol. 

Compound Body Weight Change Cholesterol Change 

O^^OH ' 

-6,0% No change 

no 

CT^GH 

-7.0 -35% 
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0N -2.1% No change 

O^^OH 

-16% No change 

^ o v> fYi 

-2.0% -24% 

Biological Example 3 

[00441] Mouse, rat and dog studies were conducted to assess i.v. and p.o. (oral) 

exposure. Results of the studies using compound A are shown in the table below: 

Mouse Rat Dog 

i.v. 

CI (mL/min/kg) 126 54 14 

Vss (L/kg) 3.1 3.4 1.3 

Plasma TI/2(1I) 0.9 1.2 3.6 

p.o. 

F (%) 53 22 20 

plasma AUC 497 356 711 

liver/plasma ratio 38 39 ND 
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Biological Example 4 - Diet Induced Obese Mouse Study 

[00442] Figure 1 shows the results of a mouse study. Diet induced obese (DIO) 

C57BL6 mice were provided with varying doses of compound A and fumagillin (fum). Tissue 

biomarkers in peri-renal fat, mesenteric fat and the liver were measured. The results in Figure 

1 indicate that compound A primarily targets the liver. 

[00443] The change in bodyweight after 10 days, after administration of vehicle, 

fumagillin and compound A are shown in Figure 2. Obese mice given increasing doses of 

compound A over a period of 10 days showed a marked decrease in body weight compared to 

control vehicle. Obese mice showed further marked lowering of blood cholesterol and glucose 

compared to vehicle. (Figure 3). Decrease in plasma insulin in mice, after once or twice a day 

administration of compound A vs. vehicle is also observed (Figure 4). As shown in Figure 5, 

reduction in mesenteric adipose tissue weight and liver weight also occurred in compound A 

administered animals. 

[00444] The expression of genes implicated in pathogenesis of fatty liver and fibrosis 

are favorably regulated. Figure 6 shows data from an Illumina Mouse microarray analysis of 

liver mRNA after Compound A (3 mg/kg/bid x 10 days) was administered to DIO obese mice 

and hepatic gene expression levels were analyzed. . 

Biological Example 5 - Non-alcoholic steatohepatitis mouse model 

[00445] NASH was induced in 48 male mice by a single subcutaneous injection of 

200 fig streptozotocin (STZ; Sigma-Aldrich) in the back of mice 2 days after birth, and 

by feeding with high fat diet (HFD; 57 kcal% fat) after 4 weeks of age. At 5 weeks of age, 

the N ASH mice were randomized into 6 groups of 8 mice based on body weight. Eight 

male littermates, fed with normal diet (without STZ treatment, were used for the Normal 

group. Vehicle, Compound A and Telmisartan were administered by the oral route in a 

volume of 10 mL/kg body weight. 

[00446] Compound A was administered twice daily at doses of 1, 3 or 10 mg/kg 

body weight (i.e., 2, 6 or 20 mg/kg/day) and once daily at dose of 30 mg/kg body weight. 
Telmisartan was administered once daily at a dose of 10 mg/kg body weight. 

[00447] C57BL/6 mice (15-day pregnant female) were obtained from Charles River 

Laboratories Japan (Japan). The animals were maintained in a SPF facility under controlled 
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conditions of temperature (23 ± 2°C), humidity (45 ± 10%), lighting (12-hour artificial light 

and dark cycles; light from 8:00 to 20:00) and air exchange. A high pressure (20 ± 4 Pa) was 

maintained in the experimental room to prevent contamination of the facility. 

[00448] Mice were fasted for 4 hours before blood was collected at the time of 

sacrifice. HbAic levels were quantified in whole blood samples by DCA Vantage 

Analyzer (Siemens Healthcare Diagnostics, USA). For plasma biochemistry, blood was 

collected in polypropylene tubes with anticoagulant (Novo-Heparin;) and centrifuged at 

1,000 xg for 15 minutes at 4°C. The supernatant was collected and stored at -80°C until 

use. Plasma levels of glucose, ALT, TG and total cholesterol were measured by FUJI DRI-

CHEM 7000 (Fujifilm, Japan). Plasma insulin concentration was quantified by the Ultra 

Sensitive Mouse Insulin ELISA Kit. 

[00449] Liver total lipid-extracts were obtained by Folch's method (Folch J, el al., J. 

Biol. Chem. 1957;226: 497). Liver samples were homogenized in chloroform-methanol 

(2:1, v/v) and incubated overnight at room temperature. After washing with chloroform-

methanol-water (8:4:3, v/v/v), the extracts were evaporated to dryness, and dissolved in 

isopropanol. Liver TG levels were measured by Triglyceride E-test (Wako Pure Chemical 

Industries). Extracts were diluted 2-fold in isopropanol when the TG content exceeded the 

detection limit. 

[00450] For HE staining, sections were cut from paraffin blocks of liver tissue 

prefixed in Bouin's solution and stained with Li.llie-Mayer''s Hematoxylin (Muto Pure 

Chemicals, Japan) and eosin solution (Wako Pure Chemical Industries). NAFLD Activity 

score (NAS) was calculated according to the criteria of Kleiner (Kleiner DE. et al., 

Hepatology, 2005;41:1313). To visualize collagen deposition, Bouin's fixed liver sections 

were stained using picro-Sirius red solution (Waldeck, Germany). To visualize macro-

and microvesicular fat, cryosections were cut from frozen liver tissues, prefixed in 10% 

neutral buffered formalin, embedded in Tissue-Tek O.C.T. compound (Sakura Finetek 

Japan, Japan), and stained with Oil Red O (Sigma-Aldrich). For immunohistochemistry, 

sections were cut from frozen liver tissues embedded in Tissue-Tek O.C.T. compound and 

fixed in acetone. Endogenous peroxidase activity was blocked using 0.03% H202 for 5 

minutes, followed by incubation with Block Ace (Dainippon Sumitomo Pharma, Japan) 

for 10 minutes. The sections were incubated with a 200-fold dilution of anti-F4/80 
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antibody (BMA Biomedicals, Switzerland) over night at 4°C. After incubation with 

secondary antibody (HRP-Goat anti-rat antibody, Invitrogen, USA), enzyme-substrate 

reactions were performed using 3, 3'-diaminobenzidine/H202 solution (Nichirei, Japan). 

[00451] For quantitative analysis of fibrosis, fat deposition and inflammation areas, 

bright field images of Sinus red-stained, oil red-stained and F4/80-immunostained sections 

were captured around the central vein using a digital camera (DFC280; Leica, Germany) at 

200-fold magnification, and the positive areas in 5 fields/section were measured using 

ImageJ software (National Institute of Health, USA). 

[00452] All results were expressed as mean ± SD and statistical analyses were 

performed using Prism Software 4 (GraphPad Software, USA). 

[00453] Seven study groups were included in the study : Group 1 (Normal): Eight 

nonnal mice were fed with a normal diet ad libitum without any treatment until 9 weeks of 

age. Group 2 ( Vehicle): Eight NASH mice were orally administered vehicle (0.5% CMC) 

in a volume of 10 mL/kg twice daily from 5 to 9 weeks of age. Group 3 (telmisartan): Eight 

NASH mice were orally administered the vehicle in the morning and pure water 

supplemented with Telmisartan at a dose of 10 mg/kg in the evening from 5 to 9 weeks of 

age. Telmisartan has been shown to have anti-steatotic, anti-inflammatory and anti-
fibrotic effects in STAM mice and was used as the positive control in the present study. 

Treatment with Telmisartan decreased liver TG, NAS and the fibrosis area with statistical 

significance. 

[00454] Group 4: (Compound A [1 mg/kg (BID)]): Eight NASH mice were orally 

administered the vehicle supplemented with Compound A at a dose of 1 mg/kg twice daily 

(2 mg/kg/day) from 5 to 9 weeks of age . Group 5: (Compound A [3 mg/kg (BID)]): Eight 

NASH mice were orally administered the vehicle supplemented with Compound A at a 

dose of 3 mg/kg twice daily (6 mg/kg/day) from 5 to 9 weeks of age. Group 6 (Compound A 

[10 mg/kg (BID)]): Eight NASH mice were orally administered the vehicle supplemented 

with Compound A at a dose of 10 mg/kg twice daily (20 mg/kg/day) from 5 to 9 weeks of 

age. Group 7: (Compound A [30 mg/kg (QD)]): Eight NASH mice were orally administered 

the vehicle in the morning and the vehicle supplemented with Compound A at a dose of 30 

mg/kg in the evening from 5 to 9 weeks of age. 
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[00455] The table below summarizes the treatment schedule: 

Group No. 
mice Test substance Dose 

(mg/kg/day) 
Volume 
(mL/kg) Regimens Sacrifice 

(wks) 

1 8 ' - - - - 9 

2 8 Vehicle - 10 Oral, BID, 5 wks -9 wks 9 

3 8 AM: Vehicle 
PM: Telmisartan 10 10 Oral, QD, 5 wks -9 wks 9 

4 8 Compound A 2 10 Oral, BID, 5 wks -9 wks 9 

5 8 Compound A 6 10 Oral, BID, 5 wks -9 wks 9 

6 8 Compound A 20 10 Oral, BID, 5 wks -9 wks 9 

? 8 AM: Vehicle 
PM: Compound A 30 10 Oral, QD, 5 wks -9 wks 9 

[00456] The viability, clinical signs and behavior were monitored daily. Body 

weight was recorded daily before drug administration in the morning. Mice were 

observed for significant clinical signs of toxicity, moribundity, and mortality approximately 

60 minutes after each administration. The animals were sacrificed by exsanguination 

through direct cardiac puncture under ether anesthesia. 

[00457] Body weight gradually increased during the treatment period in all except 

the Telmisartan group. Mean body weight of Vehicle group was lower than that of Normal 

group throughout the treatment period. Mean body weight of Telmisartan group was lower 

than that of Vehicle group from day 7 to day 27 after the start of treatment. There were 

no differences in mean body weight between the Vehicle group and any of the groups 

during the treatment period. None of the animals in the study showed deterioration in 

general condition throughout the treatment period. 

[00458] Mean body weight at the day before sacrifice was significantly lower in the 

Vehicle group compared with the Normal group (Normal: 25.1 ± 2.0 g, Vehicle: 18.8 ± 
1.0 g). The Telmisartan group showed a decrease in mean body weight compared with the 

Vehicle group (Telmisartan: 15.6 ± 1.8 g). There were no differences in mean body weight 

between the Vehicle group and any of the other groups (1 mg/kg (BID): 19.2 ± 1.4 g, 3 

mg/kg (BID): 18.7 ± 1.4 g, 10 mg/kg (BID): 18.7 ± 1.0 g, 30 mg/kg (QD): 17.9 ± 0.9 g). 
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[00459] Liver TG content increased in the Vehicle group compared with the Normal 

group (Normal: 13.9 ± 3.8 mg/g liver, Vehicle: 67.3 ± 29.0 mg/g liver). The Telmisartan 

group showed a significant decrease in liver TG content compared with the Vehicle group 

(Telmisartan: 30.7 ±11.4 mg/g liver). Liver TG content was reduced by doses of 3,10 and 

30 mg/kg of Compound A (1 mg/kg (BID): 71.7 ± 3.0.3 mg/g liver, 3 mg/kg (BID): 52.9 ± 

18.5 mg/g liver, 10 mg/kg (BID): 56.7 ± 25.8 mg/g liver, 30 mg/kg (QD): 62.4 ± 18.1 mg/g 

liver). 

[00460] Liver sections from the Vehicle group exhibited severe micro- and 

macrovesicular fat deposition, hepatocellular ballooning and inflammatory cell infiltration. 

Consistent with these observations, NAS increased in the Vehicle group compared with 

the Normal group (Normal: 0.0 ± 0.0, Vehicle: 5.4 ± 0.9). The Telmisartan group showed 

marked improvements in fat deposition, hepatocellular ballooning and inflammatory cell 

infiltration, with a reduction in NAS compared with the Vehicle group (Telmisartan: 2.3 ± 

0.7). The 3 mg/kg (BID) and 10 mg/kg (BID) groups showed a decrease in 

hepatocellular ballooning and inflammatory cell infiltration compared with the Vehicle 

group. NAS decreased in the 3 mg/kg (BID) and 10 mg/kg (BID) groups compared with 

the Vehicle group (3 mg/kg (BID): 3.6 ± 1.6, 10 mg/kg (BID): 3.4 ± 1.5). No obvious 

differences were found in HE-stained liver sections between the Vehicle group and the 1 
mg/kg (BID) and 30 mg/kg (QD) groups. 

[00461] Liver sections from the Vehicle group showed increased collagen deposition 

in the pericentral region of liver lobule compared with the Normal group. The 

percentage of fibrosis area (Sirius red-positive area) increased in the Vehicle group 

compared with the Normal group (Normal: 0.17 ± 0.03%, Vehicle: 1.07 ± 0.18%). The 

fibrosis area decreased in the Telmisartan group compared with the Vehicle group 

(Telmisartan: 0.42 ± 0.08%). There was no difference in the fibrosis area between the 

Vehicle group and any of the other groups (1 mg/kg (BID): 1.12 ± 0.46%, 3 mg/kg (BID): 

0.89 ± 0.32%, 10 mg/kg (BID): 1.07 ± 0.31%, 30 mg/kg (QD): 0.99 ±0.43%). 

[00462] Liver sections from the Vehicle group showed increased micro- and 

macrovesicular fat deposition in the hepatocytes compared with the Normal group. The 

percentage of fat deposition area (oil red-positive area) increased in the Vehicle group 

compared with the Normal group (Normal: 0.97 ± 1.53%, Vehicle: 23.57 ± 6.52%). The fat 
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deposition area tended to decrease in the Telmisartan group compared with the Vehicle 

group (Telmisartan: 17.29 ± 7.66%). Fat deposition area was reduced in the 1 mg/kg, 3 

mg/kg, and 10 mg/kg groups dosed twice daily (1 mg/kg (BID): 18.47 ± 5.22%, 3 mg/kg 

(BID): 19.53 ± 4.64%, 10 mg/kg (BID): 23.31 =fc 9.18%, 30 mg/kg (QD): 22.30 ± 9.59%). 

[00463] F4/80 immunostaining of liver sections revealed the number and size of 

F4/80+cells in the liver lobule region obviously increased in the Vehicle group compared 

to the Normal group. The percentage of inflammation area (F4/80-positive area) 

significantly increased in the Vehicle group compared with the Normal group (Normal: 

1.40 ± 0.35%, Vehicle: 3.57 ± 0.88%). There were no apparent differences in the 

inflammation area between the Vehicle group and any of the other groups (Telmisartan: 

3.84 ± 0.86%, 1 mg/kg (BID): 3.67 ± 0.91%, 3 mg/kg (BID): 3.47 ± 0.65%, 10 mg/kg 

(BID): 3.82 ± 0.57%, 30 mg/kg (QD): 3.90 ± 0.78%). 

[00464] For BID dosing, treatment with Compound A decreased in plasma total 

cholesterol levels (Figure 10) and ameliorated NAS in a dose dependent manner. Further, 

whole blood HbAlc levels was decreased in 3 mg/kg (BID) and 10 mg/kg (BID) doses of 

Compound A groups. (Figure 9) Treatment with Compound A improved in glucose and lipid 

metabolism as evidenced by reduction of whole blood HbAlc levels and plasma total 

cholesterol levels. The improvement in NAS was attributable to the changes in lobular 

inflammation and hepatocyte ballooning, both of which decreased in the 3 mg/kg (BID) and 

10 mg/kg (BID) doses of Compound A groups compared with the Vehicle group. Because 

NAS is one of the clinical endpoints for assessing the activity of NASH (Sanyal AJ. el al, 
Hepatology, 2011;54:344), the observed changes in the treatment groups suggest potential 

clinical efficacy of Compound A as an anti-NASH therapeutic. As shown in Figures 7 and 8, 

Compound A reduced the composite (Figure 7) and individual components (lobular 

inflammation, steaotosis, hepatocyte ballooning) (Figure 8) of NAFLD activity. 

[00465] On the other hand, treatment with QD dosing of Compound A did not show 

evident improvement in whole blood HbAlc and NAS, which was found with BID dosing of 

Compound A, although it significantly decreased plasma total cholesterol levels to a similar 

extent as BID dosing of Compound A. This may be due to the phannokinetics in e.g., mice or 

other rodents. These results suggest that the dosing frequency of Compound A is suitable for 

BID dosing in mice, which may predict daily administration in humans or other larger animal 
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species with slower rates of drug metabolism. Further, Compound A showed an anti-NASH 

effect and amelioration of glucose and lipid metabolism. 

[00466] While specific embodiments of the subject invention have been discussed, the 

above specification is illustrative and not restrictive. Many variations of the invention will 

become apparent to those skilled in the art upon review of this specification. 

[00467] What is claimed is: 
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CLAIMS 

1. Use of a compound represented by 

F O OH or a pharmaceutically acceptable salt thereof in the 

manufacture of a medicament for treating or substantially preventing liver fibrosis in a patient. 

2. The use of claim 1, wherein the dose of the compound is less than about 10 mg/kg. 


