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.

[60G2] 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 fransplantation. NASH

can also lead to an increased risk of cardiovascular disease,

{6003] 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 childi'en. Currently,
there are no specific therapies for treating NASH, although some studies suggest that diet,

exercise and reducin g alcohol intake may be vseful in altering the course of the disease.

(6004} 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.

{0605] 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 et al. (2008) J Proteome Res 7:4807).

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

[0006] In one aspect of the present disclosure, there is provided a use of a compound

represented by

or a pharmaceutically acceptable salt thereof in the

manufacture of a2 medicament for {reating or substantially preventing liver fibrosis in a patient.

[06607] In one embodiment, the dose of the compound is less than about 10 mg/kg.

BRIEF DESCRIPTION OF THE DRAWINGS

[6008] Figure 1 indicates a disclosed compound targets the liver based on the
presence of tissue biomarkers.

16609] Figure 2 shows the results from a body weight change study in obese mice 10
days after administration of a disclosed compound versus fumagillin or vehicle,

[6010} 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.

[6012] 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 afier treatment of mice with a disclosed compound.
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[6015] Figure 8 shows the NAFLD activity subscore (Jobular inflammation, steatotis,
hepatocyte ballooning) in a NASH/NAFLD mouse model after treatment with a disclosed

compound.

1001 6] Figure 9 shows the decrease in whole blood HbA |, after treatment with a

disclosed compound.

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

disclosed compound.
DETAILED DESCRIPTION

[6018] 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 pérson 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 att.
Definitions

[6019] “Treating” includes any effect, e.g., lessening, reducing, modulating, or

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

[6020] “Pharmaceutically or phﬁrmacologicaﬂy 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 Biologics 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 absorption 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



-4 -

invention can be administered to a mammal, such as a hwman, but can also bé administeréd' o
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 and/or prophylactic effect, such as an amount that results in weight loss.

[0024] 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 presént 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, bitarfrate, ascorbate, succinate, maleate, gentisinate, fumarate,
gluconate, glucaronate, saccharate, formate, benzoate, glutamate, methanesulfonate,
ethanesulfonate, benzenesulfonate, p-toluenesulfonate and pamoate (i.c., 1,1-methylene-bis-(2-
hydroxy-3-naphthoate)) salts. Compounds included in the present compositions that are acidic
in nature are capablé 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 meiety 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.

[6026] 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

triple bond as described herein. Substituents around a carbon-carbon double bond are
designated as being in the “Z” or “E” configuration wherein the terms “Z” and “£” are used in
accordance with IUPAC standards. Unless otherwise specified, structures depicting double
bonds encompass both the “£” 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 beterocyclic ring are
designated as being in the “Z” or “£” 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.”

[6628] 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
erystallizing 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 stereocénter 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

Kvaerno, Classics in Stereoselective Synthesis, Wiley-VCH: Weinheim, 2009.

I. Uses

[0629] 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] I certain embodiments, disclosed uses may include oral administration to a
patient. For example, a disclosed use may comprise administering a dose 1o 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 freatment 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.

[6033] 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

[6034] 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



-8

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.

[06035] At least some of the compounds identified as “Intermediates” herein are
contemplated as compounds of the invention.

{GG36] "H NMR spectra were recorded at ambient temperature using a Varian Unity
Inova (400MHz) spectrometer with a triple resonance Smm 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 friplet, 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:

[0638] 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 C18 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.

10039} 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 C18 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.

[0046] Method C: Experiments were performed on a Waters Micromass ZQ2000
guadrapole mass spectrometer linked to a Waters Acquity UPLC 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 Acqui'ty BEH 1.7micron C18 column, an Acquity BEH
Shield 1.7micron RP18 column or an Acquity HSST 1.8micron 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.

[6041] 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 initia] 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 C18 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 bya
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.

[06043] Method F: Experiments were performed on a Waters V G Platform quadrupole
spectrometer linked to a Hewlett Packaﬁd 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 C18 column and a 2mIL/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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[6044] Preparative HPLC purification was carried out using either a C18-reverse-
phase column from Genesis (C18) or a C6-phenyl column from Phenomenex (C6- phenyl) (100
% 22.5 mm 1.d. with 7 micron particle size, UV detection at 230 or 254 nm, flow 5-15mL/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

ITM

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 Autonom?2000 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
HATU 7-Azabenzotriazol-1-yI-N,N, N’ N’ tetramethyluronium
hexafluorophosphate
EDAC N-(3-Dimethylaminopropyl)-N’ethylcarbodiimide hydrochloride
IMS Industrial methylated spirit
NMM N-methylmorpholine
DBU 1,8-Diazabicyclo[5.4.0lundec-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)-1,3a,4,9b-tetrahydro-2H-furo(2,3-

clchromene-6-carboxylic acid
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Mixture of cis enantiomers

[6049] Lithinm hydroxide (0.048g) was added to a solution of methyl cis-
(3aRS,9bRS)-7-(benzenesulfonylamino)-1,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-
carboxylate (Intermediate 1, 0.08g) in a mixture of dioxane (10mL) 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 (MgSO,) and filtered. The filtrate was evaporated to dryness. The residue
was dissolved in a mixture of methanol (10mL) 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 (MgSQy) 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 30-50% to
give cis-(3aR8,9bR8)-7-(benzenesulfonylamino)-1,3a,4,9b-tetrahydro-2H-furo]2,3-
clchromene-6-carboxylic acid (0.019g) as a white solid.
[0050] - 'H NMR (CD30D) &: 7.71 (2H, d), 7.54 (1H, t), 7.44 (2H, t), 7.24 (1H, 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).
[0051] LCMS (Method C) r/t 3.79 (M-H) 374.

Example 2: Cis-(3aRS,9bRS)-7-[2-(3-Diethylaminopropyl)-4-fluorobenzenesulfonyl-amino}-
1,3a,4,9b-tetrahydro-2H-furo[2,3-cjchromene-6-carboxylic acid

N H
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Mixture of cis enantiomers
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[0052] A solution of 7-[2-({Z)-3-diethylaminoprop-1-enyl)-4-
fluorobenzenesulfonylamino}-4H-furo{ 2,3-c]chromene-6-carboxylic acid (Intermediate 8, 0.1g)
in a mixture of IMS (2mL) aﬁd glacial acetic acid (3mL) 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 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-flunorobenzenesulfonyl-amino]-
1,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid {0.1g) as a white solid.

{0053] "H NMR (CD;0D) 8: 7.94 (1H, dd), 7.18 (1H, d), 7.17 (1H, m), 7.06 (1H, d),
6.99 (1H, dt), 4.21 (1H, m), 3.98 (1H, dd), 3.88 (1H, dd), 3.72 (2H, m), 3.42 (1H, m), 3.23 (6H,
m}, 3.10 (2H, m), 2.42 (1H, m), 1.98 (2H, m), 1.81 (1H, m), 1.31 (6H, 1).

[0054] LCMS (Method C) 1/t 3.10 (M+H) 507.

Example 3: Cis-(3aRS,9bRS)-7-[2-(3-{Pyrrolidin-1-yl} propyl)-4-fluorobenzene-
sulfonylaminol-1,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid

% I
<::;\/»\1 0.0 ) °

Mixture of cis enantiomers
[0055] Lithium hydroxide (0.028g) was added to a solution of methyl cis-
(3aRS,9bRS)-7-[2-(3-{pyrrolidin-1-yl }propyl)-4-fluorobenzenesulfonylamino]-1,3a,4,9b-
tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate (Intermédiate 14, 0.06g) in dioxane (2mL)
and water (ImL) and the mixture was stirred and heated at 80°C for § hours. After cooling, the
mixture was acidified by addition of aqueous formic acid solution {10%) and extracted with
DCM. The organic layer was dried (MgSOy) 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, éontaining 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,9bR8)-7-{2-(3-{pyrrolidin-1-yl}propyl)-4-fluorobenzenesulfonylamino]-1,3a,4,9b-
tetrahydro-2H-furo{2,3-c]chromene-6-carboxylic acid (0.006g) as a white solid.

[0056] 'H NMR (CD;0D) &: 7.93 (1H, dd), 7.21 (1H, d), 7.14 (1H, dd), 7.08 (1H, d),
6.99 (1H, dt), 4.21 (1H, m), 3.98 (1H, dd), 3.88 (1H, dd), 3.72 (2H, m), 3.43 (2H, m), 3.30 (4H,
m), 3.13 (3H, m), 2.42 (1H, m), 2.07 (4H, m}, 2.0 2H, m}), 1.81 (1H, m).

[0057] LCMS (Method C) 1/t 3.11 (M+H) 505.

Example 4: Cis-(3aRS,9bRS)-7-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-fluoro-

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

Mixture of cis enantiomers

0058} Prepared by proceeding in a similar manner to Example 3, starting from methyl
cis-(3aR8,9bRS)-7-[2-{(Z)-3-diethylaminoprop-1 -enyl)-4-fluorobenzenesulfonylamino]-
1,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate (Intermediate 17) and heating at
80°C overnight.

[0059] "H NMR (DMSO-dg) 8: 7.65 (1H, dd), 7.30 (1H, d), 7.19 (2H, m), 7.02 (1H,
d), 6.92 (1H, d), 6.10 (1H, m), 4.09 (1H, m), 3.82-3.64 (4H, m), 3.63-3.30 (3H, m), 3.03 (4H,
q), 2.35 (1H, m), 1.68 (1H, 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 Smicron. Injection solvent DCE : absolute ethanol
1:1, injection concentration 1mg/100 pL, injection volume 120uL. Eluting solvent absolute

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

Example 5: First eluting enantiomer: retention time on above column: 34.96 minutes, 93% de.
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[6062] "H NMR (DMSO-dg) 8: 7.64 (1H, dd), 7.29 (1H, d), 7.18 (2H, m), 7.01 (1H,
d), 6.92 (1H, d), 6.08 (1H, m}, 4.09 (1H, m), 3.75 (2H, m), 3.59 (2H, m), 3.33 (3H, m), 3.03
(4H, Br),2.34 (1H, m), 1.68 (1H, m), 1.06 (6H, t).

[0063] LCMS (Method C) 1/t 3.07 (M+H) 505,

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

{0064} "H NMR (DMSO-dg) 8: 7.64 (1H, dd), 7.29 (1H, d), 7.18 (2H, m), 7.01 (1H,
d), 6.92 (1H, d), 6.08 (1H, m), 4.09 (1H, m), 3.75 (2H, m), 3.59 (2H, m), 3.33 (3H, m), 3.03
(4H, br), 2.34 (1H, m), 1.68 (1H, m), 1.06 (6H, t}.

[0065] LCMS (Method C) 1/t 3.06 (M+H) 505.

Example 7: 7-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-fluorobenzenesulfonylamino}-1,2-
dihydrofuro|2,3-clquinoline-6-carboxylic acid formate salt
N
\/ \/‘\ O\\ (/C) i \]
ISR D
g 07 “OH

[6066] Prepared by proceeding in a similar manner to Example 1, starting from methyl

(o)

7-[N-{2-((Z)-3-diethylaminoprop-1-enyl}-4-fluorobenzenesulfonyl } -N-(methoxy-
carbonyl)amino}-1,2-dihydrofuro[2,3-c]quinoline-6-carbox ylate (Intermediate 20) as a yellow
solid.

[0067] "H NMR (CD»OD) 8: 8.50 (1H, s), 8.47 (2H, 5), 7.96 (1H, m), 7.91 (1H, d),
7.79 (1H, d), 7.45 (1H, d), 7.11 (2H, m}, 6.13 (1H, m), 3.79 (2H, d), 3.59 (2H, t}, 3.10 (6H, m),
1.16 (6H, m).

[6068) LCMS (Method C) r/t 2.84 (M+H) 500,

Example 8: 7-(Benzenesulfonylamino)-1,2-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-(benzenesulfonylamino)-1,2-dihydrofuro[2,3-cjquinoline-6-carboxyiate (Intermediate 26).

[6076) 'H NMR (DMSO-dg) 8: 8.54 (1H, 5), 8.25 (1H, 5), 7.78 (3H, m), 7.66 (1H, d),
7.44 (3H, m), 4.69 (2H, 1), 3.46 (2H, 1).
[6071) LCMS (Method C) 1/t 3.66 (M+H) 371.

Example 9: Cis-(3aRS,9bRS}-7-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-

fluorobenzenesulfonylamino}-1,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinoline-6-carbox ylic acid

M H

SN RN ©
Q\S:P o
o SN N/
| H H
= 0% oM
Mixture of cis enantiomers
[6672] Lithium hydroxide (0.09g) was added to a solution of methyl cis-(3aRS,9bRS)-

S-acetyl-7-[2-((Z)-3-diethylaminoprop-1-enyl)-4-fluorobenzenesulfonylamino}-1,2,3a,4,5,9b-
hexahydrofuro[2,3-¢]quinoline-6-carboxylate (Intermediate 27, 0.06g) in a mixture of dioxane
(5mL) and water (1mL) 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
(ImL) and then evaporated to dryness. The residue was purified by preparative HPLC (C18)
eluting with 4 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-1-
ényl)~4—-ﬂuorobenzenesalfonylamino] -1,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinoline-6-
carboxylic acid (0.005g) as a white solid.

[6073] 'H NMR (CDCl3) 8: 8.54 (1H, brs), 7.99 (1H, br s), 7.48 (1H, d), 7.04 (1H,
m), 6.90 (1H, d), 6.76 (1H, d), 6.62 (1H, m), 6.11 (1H, m), 4.17 (1H, m), 3.82 (1H, m), 3.78-
3.59 (2H, m), 3.32-3.10 (4H, m), 3.04-2.86 (3H, m), 2.35 (1H, m), 1.79 (1H, m), 1.15 (6H, t).
[6674] LCMS (Method C) r/t 3.31 (M+H) 504

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

fluorobenzenesulfonylamino]-1,1a,2,7b-tetrahydrocyclopropacijchromene-4-carboxylic acid
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[6675] Methyl (1aRS,7bSR)}-5- [2~((Z)-3-diethylaminoprop-1-enyl}-4-

fluorob e11zenésu1f0nylamino]~ 1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-carboxylate
(Intermediate 40, 0.185g) and lithium hydroxide monohydrate (0.159g) were suspended in

dioxane (4mL) and water (1mL}. 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 methanol 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 (1aRS,7bSR)-5-{2-({Z)-3-diethylaminoprop-1-enyl)-4-
fluorobenzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropa] cjchromene-4-carbox ylic acid
{0.066g) as a white solid.

[6076] "H NMR (DMSO-dg) 8: 7.64 (1H, dd), 7.35 (1H, d), 7.27-7.19 (2H, m), 7.10
(1H, d), 6.93 (1H, d), 6.20-6.10 (1H, m), 4.17 (1H, d), 3.76 (2H, br, s), 3.57 (1H, d), 3.10 (4H,
br, q), 1.92 (1H, td), 1.75-1.69 (1H, m), 1.13 (6H, t), 0.94 (1H, td), 0.74 (1H, m).

[6077] LCMS (Method C) 1/t 3.32 (M+H) 475

Examples 11 and 12: Separation of enantiomers from Example 16.
|6078] Sample from Example 10 was subjected to chiral separation using a ChiralPak
IC column, 10mm x 250mm, particle size Smicron. Eluting solvent tert-butyl methyl ether :

isopropanol : DCM (16:20:64).

Example 11: First eluting enantiomer: 1/t on analvtical column (4.6mm x 250mm): 21.8
minutes >99% ee: (1aS,7bR)-5-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-

fluorobenzenesulfonylamino]-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylic acid



-17-

H

D z
N~ \/ﬁ o, ,/Om’l.’
H
: -

[0079] "H NMR (CDCls) &: 7.63 (1H, d), 7.43 (1H, m), 7.15-7.08 (2H, m), 6.85 (1H,
dt), 6.72 (1H, dd), 5.93 (1H, m), 4.27 (1H, d), 3.98 (1H, brm), 3.68 (14, m), 3.58 (1H, br),
3.27-3.06 (4H, m), 1.87 (1H, m), 1.63 (1H, m), 1.23 (6H, 1), 1.04 (1H, m), 0.91 (1H, m).
LCMS (Method C) 1/t 3.30 (M+H) 475

O OH

Example 12: Second eluting enantiomer: 1/t on analytical column (4.6mm x 250mm): 27.5
minutes, »99% ee: (1aR,7b8)-5-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-fluorobenzenesulfonyl-

amino}-1 ,1a,2,7b-tetrahydrocyciopr0pa{c} chromene-4-carboxylic acid (Compound A)

\

F
[0080] "H NMR (CDCL) 8: 7.63 (1H, d), 7.43 (1H, m), 7.15-7.08 (2H, m), 6.85 (1H,
dt), 6.72 (1H, dd), 5.93 (1H, m), 4.27 (1H, d), 3.98 (1H, br m), 3.68 (1H, m), 3.58 (1H, br),
3.27-3.06 (4H, m), 1.87 (1H, m), 1.63 (1H, m), 1.23 (6H, t}), 1.04 (1H, m), 0.91 (1H, m).
LCMS (Method C) r/t 3.32 (M+H) 475.

[0081] Solubility ~0.1 mg/m!l (at pH 7.4). Absolute configuration of Examples 11 and
12 determined by X-ray crystal analysis of Example 12 with MetAP2.

Example 13: (1aRS,7bSR)-5-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-
fluorobenzenesulfonylamino]-7b-methyl-1,1a,2,7b-tetrahydrocyclopropa] ¢lchromene-4-

carboxylic acid

10082} Prepared by proceeding in a similar manner to Example 3, starting from methyl
(1aRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-1 ~enyl)-4-fluorobenzenesul fonylamino]-7b-
methyl-1,1a,2,7b-tetrahydrocyclopropafc]chromene-4-carboxylate (Intermediate 48).
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" 'H NMR (CDCls) 8: 9.8-9.2 (1H, br s), 7.65 (1H, d), 7.39 (1H, m), 7.24 (1H, d), 7.18 (1H, d),
6.83 (1H, dt), 6.72 (1H, dd), 5.91 (1H, m), 4.21 (1H, d), 3.98 (1H, brt), 3.71 (1H, d), 3.61 (1H,
brs), 3.28-3.06 (4H, m), 1.41 (3H, 5), 1.37 (1H, m), 1.24 (6H, t), 1.14 (1H, t), 0.74 (1H, dd).
LCMS (Method C) 1/t 3.55 (M+H) 489.

Example 14: (1aRS,7bSR)-5-[2~((E)-3-Diethylaminoprop-1-enyl)-4-
fluorobenzenesulfonylamino]-7b-methyl-1,1a,2, 7b-tetrahydrocyclopropa[c]chromene-4-

carboxylic acid

{0083} Isolated as a minor by-product by preparative HPLC from the preparation of

Example 13.

"H NMR (CDCl3) 8: 11.9 (1H, br s), 7.93 (1H, dd), 7.70 (1H, d), 7.25 (1H, d), 7.10 (1H, &),
7.06 (1H, dd), 6.90 (1H, dt}, 6.19 (1H, m), 4.23 (1H, d), 3.76 (1H, d), 3.68 (2H, m), 3.29 (4H,
q), 1.36 (6H, t), 1.35 (3H, s), 1.31 (1H, m), 1.10 (1H, t), 1.67 (1H, dd).

LCMS (Method C) 1/t 3.66 (M-+H) 489.

Example 15: Cis-(3aRS,9bRS)-7-[2-(4-dimethylaminobutylamino)benzenesulfonylamino]-
1,3a,4,9b-tetrahydro-2H-furo[ 2,3 -clchromene-6-carboxylic acid
|

/Nl
H
§ /\)(20
NH o\\sﬂo .\ §l /) H
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L N

0 OH
Mixture of ¢is enantiomers

10084] 4-Dimethylaminobutylamine (0.348g) and triethylamine (0.2ml) were added to
a suspension of cis-(3aRS,9bRS)-7-(2-fluorobenzenesulfonylamino)-1,3a,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
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isolated product was forther 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-
dimethylaminobutylamino)-benzenesulfonylamino]-1,3a,4,9b-tetrahydro-2H~furo[2,3-
c]Jchromene-6-carboxylic acid (0.062g) as a glass foam.

"H NMR (CDCls) §: 11.21 (1H, brs), 7.72 (1H, dd), 7.37 (1H, d), 7.26 (1H, m), 7.02 (1H, d),
6.59 (1H, d), 6.56 {1H, 1), 5.85 (1H, t), 4.29 (1H, dt), 4.05 (1H, dd), 3.85 (1H, m), 3.77 (2H, m),
3.34 (1H, q), 3.21 (2H, m), 2.98 (2H, t), 2.80 (6H, s), 2.41 (1H, m), 2.05 (1H, m), 1.83 (11, m),
1.71 (2H, m).

LCMS (Method C) 1/t 3.18 (M+H) 490

Eaxmple 16: (1aR,7b8)-5-[2-(3-Diethylaminopropyl)-4-fluorobenzenesulfonyl-amino]-
1,1a,2,7b-tetrahydrocyclopropal c]chromene-4-carboxylic acid

w "

\/N aglp
0.0 | s H
R T
P LN
F 07 “OH

[0085]
Prepared by proceeding in a similar manner to Example 2, starting from (1aR,7bS)-5-[2-((Z)-3-
diethylaminoprop-1-enyl)-4-fluorobenzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropalc]-
chromene-4-carboxylic acid (Example 12)
'H NMR (CDCly) 8: 7.81 (1H, dd), 7.31 (1H, d), 7.07 (1H, d), 6.82 2H, m), 4.32 (1H, d), 3.74
(1H, d), 3.42-3.32 (1H, m), 3.18 (4H, m), 3.14-2.94 (3H, m}, 2.00 (2H, m), 1.84 (1H, m), 1.62
(1H, m), 1.31 (6H, t), 1.04 (1H, m), 0.88 (1H, m).
LCMS (Method C) 1/t 3.36 (M+H) 477.

Example 17: (1aRS,7bSR)-5-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-fluorobenzene-

sulfonylamino]-1,1-difluoro-1,1a,2,7b-tetrahydrocyclopropaj cichromene-4-carboxylic acid

~ e
! i
SN
\/\‘ o, 0
Sy o~
| H
F = ¢] OH
[6086] Prepared by proceeding in a similar manner to Example 10, starting from

methyl (1aRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-1-enyl)-4-fluorobenzenesulfonylamino]-
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1,1-difluoro-1,1a,2, 7b~tetrahydrocyclopropal c]chromene-4-carboxylate (Intermediate 59) as a
white solid.

"H NMR (CDCly) 8: 10.0-9.6 (1H, brs), 7.64 (1H, d), 7.47 (1H, dd), 7.21 (1H, d), 7.13 (1H, d),
6.87 (1H, dt), 6.73 (1H, dd), 5.95 (1H, m), 4.28 (1H, d), 3.96 (1H, m), 3.92-3.79 (1H, brs),
3.78-3.67 (1H, brs), 3.17 (4H, q), 2.64 (1H, 1), 2.23 (1H, m), 1.24 (6H, t).

LCMS (Method C) 1/t 3.38 (M+H) 511,

Examples 18 and 19: Separation of enantiomers from Exémpie 17.
[6087] Sample from Example 17 was subjectéd to chiral separation using a ChiralPak
IA column, 20mm x 250mm, particle size Smicron. Eluting solvent methanol : ethanol :

heptane (12.5:12.5:75).

Example 18: First eluting- enantiomer: 1/t on analytical column (4.6mm x 250mm): 14.7
minutes >95% ee.

[0088] "H NMR (DMSO-dg) 8: 7.83 (1H, 1), 7.27-7.17 (3H, m), 7.09 (1H, d), 6.85
(1H, d), 5.98 (1H, m), 4.27 (1H, d), 3.76 (1H, m), 3.56 (1H, t), 2.90 (1H, t), 2.85 (1H, 1), 2.77
(4H, br s), 2.55 (1H, s), 0.97 (6H, br t).

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

Example 19: Second eluting enantiomer: 1/t on analytical column 19.0 minutes, >95% ee.
[0089] | "H NMR (DMSO-dg) 8: 7.72 (1H, dd), 7.36 (1H, d), 7.26 (1H, dt), 7.21 (1H,
dd), 7.18 (1H, d), 6.99 (1H, d), 6.13 (1H, m), 4.29 (1H, d), 3.87-3.70 (3H, m}, 3.10 (4H, m),
2.96 (1H, 1), 2.56 (1H, m), 1.11 (6H, 1).

LCMS (Method C) 1/t 3.39 (M+H) 511.

Example 20:  (1aRS,7bSR)-5-[2((Z)-3-Ethylaminoprop-1-enyl)-4-fluorobenzenesulfonyl-

amino]-1,1a,2, 7b-tetrah ydrocyclopropal c]chromene-4-carbox vlic acid

\\/‘N\/
O ,/O
N
H

A mixture of methyl (1aRS,7bSR)-5-[2({Z)-3-ethylaminoprop-1-enyl)-4-
fluorobenzenesulfonylamino]-1,1a,2,7b-tetrahydrocyclopropal ¢]chromene-4-carbox ylate

(Intermediate 63, 0.09g) and lithium hydroxide monohydrate (0.047g) in a mixture of dioxane
(10mL) and water (SmL) was stirred and heated at 120°C for 32 hours. Afier 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 (1aRS,7bSR)-5-
) [2.((Z)~3~ethylaminopr0p-1—enyl)~4~ﬁuor0benzene-sulfonylamino}~1,Ia,2,7b— A ‘

i tetrﬁhydrocyclopmpa-[C}chronw;ze~4»carboxylic acid (0.029g) as a grey solid. _

'H NMR (DMSO-ds) 8: 10.4-9.95 (1H, br s), 7.51 (1H, dd), 7.21 (1H, d), 7.17 (1H, df), 7.11
(1H, dd), 7.07 (IH, d), 6.99 (1H, d), 5.93 (1H, m), 4.11 (1H, d), 3.60 (2H, m), 3.51 (1H, d),
2.92 (2H, q), 1.87 (1H, m), 1.67 (1H, m), 1.12 (3H, t), 0.89 (1H, m), 0.69 (1H, 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 Smicron. Eluting solvent tert-butyl methyl ether :
isopropanol : DCM (15:20:65).

[0091] Example 21: First eluting enantiomer: 1/t on analytical column (4.6mm x
250mm): 14.3 minutes >99% ee.

[0092] "H NMR (DMSO-dg) 8: 10.16 (2H, br s), 7.56 (1H, dd), 7.26 (1H, d), 7.22
(1H, dt), 7.17 (1H, dd), 7.12 (1H, d}, 7.05 (1H, d), 5.99 (1H, m), 4.16 (1H, d}, 3.65 (2H, m),
3.57 (1H, d), 2.98 (2H, q), 1.93 (1H, m), 1.73 (1H, m), 1.17 (3H, t), 0.94 (1H, m), 0.78 (1H, q).
LCMS (Method C) 1/t 3.27(M+H) 447.

Example 22: Second eluting enantiomer: 1/t on analytical column 20.6 minutes, >99% ee.
[0093] "H NMR (DMSO-ds) &: 10.16 (2H, br s), 7.56 (1H, dd), 7.26 (1H, d), 7.22
(1H, dt), 7.17 (1H, dd), 7.12 (1H, d), 7.05 (1H, d), 5.99 (1H, m), 4.16 (1H, d), 3.65 (2H, m),
3.57 (1H, d), 2.98 (2H, q), 1.93 (1H, dt), 1.73 (1H, m), 1.17 (3H, t), 0.94 (1H, dt), 0.75 (1H, g).
LCMS (Method C) r/t 3.26(M+H) 447. - |

Example 23: (1aRS,76S5R}-5-{2{(Z)-3-(Pyrrolidin-1-yl}prop-1-enyl]-4-fluorobenzene-

sulfonylamino}-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylic acid

Prepared by proceeding in a similar manner to Example 20, starting from methyl (1aRS,7bSR)-
5-{2[(Z)-3-(pyrrolidin-1-yl)prop-1-enyl]-4-fluorobenzene-sulfonylamino}-1,1a,2,7b-

tetrahydrocyclopropal clchromene-4-carboxylate (Intermediate 66) as a white solid.
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"H NMR (DMSO-de) 8: 12.2-11.6 (1H, br s), 7.49 (1H, dd), 7.30 (1H, d), 7.21-7.12 (2H, m),
7.09 (1H, m), 6.97 (1H, d), 6.10 (1H, m), 4.12 (1H, d), 3.80 (2H, d), 3_.51 (1H, d),'3.28.(4H, m),
1.89 (1H, m), 1.85 (4H, m}, 1.68 (1H, m), 0.90 (1H, m}, 0.69 (1H, m). | '
LCMS (Method C) 1/t 3.39 (M+H) 473

Examples 24 and 25: Separation of enantiomers from Example 23.
[0694] Sample from Example 23 was subjected to chiral separation using a ChiralPak
IC column, 10mm x 250mm, pasticle size Smicron. Eluting solvent rert-butyl methyl ether :

ethanol (75:25).

{0095] Example 24: First eluting enantiomer: v/t on analytical column (4.6mm x
250mm): 17.5 minutes >99% ee
[0096] "H NMR (DMSO-dg) 8: 7.55 (1H, dd), 7.35 (1H, d), 7.22 (2H, m), 7.14 (1H,

d), 7.02 (1H, d), 6.14 (1H, m), 4.17 (1H, d), 3.84 (2H, br d), 3.57 (1H, d), 3.30 (4H, br), 1.97-
1.85 (5H, brm), 1.73 (1H, m), 0.95 (1H, dt), 0.74 (1H, o).

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

Example 25: Second eluting enantiomer: 1/t on analytical column 21.4 minutes, >98% ee.
[6097) 'H NMR (DMSO-dg) 8: 7.55 (1H, dd), 7.34 (1H, d), 7.24 (14, dd), 7.19 (1H,
dd), 7.14 (1H, d), 7.02 (1H, d), 6.14 (1H, df), 4.17 (1H, d), 3.84 (2H, br d), 3.57 (1H, d), 3.29
(4H, br), 1.97-1.85 (5H, brm), 1.73 (1H, m), 0.95 (1H, dt), 0.74 (1H, q).

LCMS (Method C) 1/t 3.34(M+H) 473.

Example 26: (1aRS,7bSR}-5-[2-(3-Dimethylaminopropylamino)benzenesulfonyl-amino]-

1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylic acid

§ ~

e,
S\N
H

[0098] A mixture of (1aRS,7bSR}-5-(2-fluorobenzenesulfonylamino)-1,1a,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 (1aRS,7bSR)-5-[2-(3~
dimethylaminopropylamino)-benzenesulfonylaminol-1,1a,2, 7b-
tetrahydrocyclopropalcjchromene-4-carboxylic acid (0.08g) as an off white solid.

'H NMR (DMSO-dg) 8: 7.36 (1H, dd), 7.22 (1H, dt),7.02 (2H, s), 6.68 (1H, d), 6.44 (1H, 1),
6.24 (1H, brs), 4.11 (1H, d), 3.51 (1H, d), 3.30-3.10 (4H, m), 2.68 (6H, s), 1.83 (1H, m), 1.72-
1.52 (3H, m), 0.85 (1H, m), 0.65 (1H, m).

LCMS (Method C) 1/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).

[60100] "H NMR (DMSO-de) &: 7.37 (1H, dd), 7.23 (1H, dt),7.02 (2H, s), 6.68 (1H, d),
6.45 (1H, t), 6.24 (1H, brs), 4.11 (1H, d), 3.52 (1H, d), 3.35-3.02 (4H, m), 2.67 (6H, s), 1.84
(1H, m), 1.74-1.52 (3H, m), 0.85 (1H, m), 0.66 (1H, m).

LCMS (Method C) 1/t 3.21 (M+H) 446.

Example 28: Second eluting enantiomer: 1/t on analytical column (4.6mm x 250mm) 18.16
minutes (>98% ee).

[601061] "H NMR (DMSO-dg) §: 7.37 (1H, dd), 7.23 (1H, dt),7.02 (2H, s), 6.68 (1H, d),
6.44 (1H, t), 6.25 (1H, brs), 4.11 (1H,.d), 3.51 (1H, d), 3.41-3.05 (4H, m), 2.69 (6H, s), 1.84
(1H, m), 1.74-1.52 (3H, m}, 0.85 (1H, m), 0.66 (1H, m).

LCMS (Method C) 1/t 3.20 (M+H) 446.

Example 29:  (1aRS,7bSR)-5-[2-(4-Dimethylaminobutylamino)benzenesulfonyl-amino]-

1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylic acid
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Prepared by proceeding in a similar manner to Example 26, starting from (1aRS,7bSR)-5-(2-
fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropaclchromene-4-carboxylic  acid
(Intermediate 67) and 4-dimethylaminobutylamine.

"H NMR (DMSO-dg) &: 13.0-12.0 (1H, br s), 7.58 (1H, dd), 7.28 (1H, dt), 7.02 (2H, s), 6.69
(1H, d), 6.55 (1H, t), 5.70 (1H, m),4.14 (1H, d), 3.53 (1H, d), 3.15 (2H, m}, 2.91 (2H, m), 2.67
(6H, s), 1.83 (1H, m), 1.76 (2H, m}, 1.66 (1H, m), 1.53 (2H, m), 0.84 (1H, m), 0.67 (1H, m).
LCMS (Method C) 1/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). A .

'H NMR (DMSO-de) &: 13.0-12.2 (1H, br s), 7.58 (1H, dd), 7.28 (1H, dt), 7.02 (2H, m), 6.69
(1H, d), 6.55 (1H, t), 5.71 (1H, m), 4.14 (1H, d), 3.53 (1H, d), 3.15 (2H, m}, 2.89 (2H, m), 2.67
(6H, s), 1.83 (1H, m), 1.76 (2H, m), 1.66 (1H, m), 1.54 (2H, m), 0.85 (1H, m), 0.68 (1H, m).
'LCMS (Method C) 1/t 3.33 (M+H) 460.

Example 31: Second eluting enantiomer: v/t on analytical column (4.6mm x 250mm) 16.82
minutes (>98% ee).

'H NMR (DMSO-dg) &: 12.9-12.1 (1H, br s), 7.58 (1H, dd), 7.28 (1H, dt), 7.02 (2H, s), 6.70
(1H, d), 6.55 (1K, 1), 5.71 (1H, m), 4.14 (1H, d), 3.53 (1H, d), 3.15 (2H, m), 2.91 (2H, m), 2.68
(6H, s), 1.83 (1H, m), 1.77 (2H, m), 1.66 (1H, m), 1.54 (2H, m), 0.85 (1H, m), 0.68 (1H, m).
LCMS (Method C) 1/t 3.33 (M+H) 460.
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Example 32: (I aRS,7bSR)—5~[2~(5—Dimfethylaminopentylamino)benzenesulfonylémino}-

1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylic acid
N TN TN -
, ©/ Y 0

[60102] Prepared by proceeding in a similar manner to Example 26, starting from
(1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-
4-carboxylic acid {Intermediate 67) and 5-dimethylaminopentylamine.

"H NMR (DMSO-de) &: 12.8-12.2(1H, br s), 7.67 (1H, dd), 7.30 (1H, dt), 6.98 (1H, d), 6.85
(1H, d), 6.68 (1H, d}, 6.60 (1H, t), 5.54 (1H, m), 4.14 (1H, d), 3.54 (1H, d), 3.05 (4H, m), 2.66
{(6H, s), 1.81 (1H, m), 1.63 (5H, m), 1.51 (2H, m), 0.83 (1H, m), 0.67 (1H, m).

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

Example 33: (1aRS,7bSR)-5-{2{(Z)-3-(Propan-2-yl)aminoprop-1-enyl]-4-fluorobenzene-

sulfonylamino}-1,1a,2,7b-tetrahydrocyclopropal c]chromene-4-carboxylic acid
t

W/N\/\. 0. 0 ;i N

],/\/ Ss N 0

B 1\) " Oél\og—t
[60103] A mixture of methyl (1aRS,7bSR)-5-{2[(Z)-3-(propan-2-yD)aminoprop-1-
enyl] ;4~ﬂu0r0b enzenesulfonylamino}-1,12,2, 7b-tetrahydrocyclopropal cichromene-4-
carboxylate (Intermediate 69, 0.12g) and lithium hydroxide monohydrate (0.1g) in a mixture of
dioxane (10mL) and water (SmL) 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
(NaySQy) and filtered. The filtrate was evaporated to dryness and the rsidue was dissolved in
ethyl acetate (2mL) and hexane was added (10mL). The solid was collected by filtration and
washed with ether to give (1aRS,7bSR)-5-{2[(Z)-3-(propan-2-yl)aminoprop-1-enyl]-4-
fluorobenzene-sulfonylamino}-1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-carboxylic acid
(0.04g) as an off white solid.
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"H NMR (DMSO-dg) 8: 10.5-9.8 (1H, br s), 7.54 (1H, dd), 7.23-7.08 (3H, m), 7.04 (1H, d),
6.96 (1H, d), 5.91 (1H, m), 4.09 (1H, d), 3.63 (2H, m), 3.53 (1H, m), 3.49 (1H, &), 1.85 (1H,
m), 1.67 (1H, m), 1.16 (6H, d}, 0.86 (1H, m), 0.67 (1H, m).

LCMS (Method C) 1/t 3.37 (M+H) 461,

Example 34: (1aRS,7bSR)-5-{2[(Z}-3-((S)-3-Hydroxypyrrolidin-1-yl)aminoprop-1-enyl}-4-

fluorobenzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropaf cjchromene-4-carboxylic acid

l
HO—CN \ N

N s’/
PP
H
F 07 ™ OH
[00164] Prepared by proceeding in a similar manner to Example 33, starting from

methyl (1aRS,7bSR)-53-{2[(Z)-3-((8)-3-hydroxypyrrolidin-1-yl)aminoprop-1-enyl]-4-
flnorobenzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropaj clchromene-4-carbox ylate
{Intermediate 70).

'H NMR (DMSO-dg) &: 12.5-11.3 (1H, br s), 7.62 (1H, m), 7.32 (1H, d}, 7.22 (2H, m), 7.13
(1H, d), 6.98 (1H, d), 6.12 (1H, m), 5.26 (1H, m), 4.37 (1H, m), 4.19 (1H, d), 3.79 (2H, m),
3.59 (1H, dd), 3.20-3.00 (3H, br s}, 2.05 (1H, m), 1.94 (1H, m), 1.77 (2H, m), 0.96 (1H, m),
0.76 (1H, m). .

LCMS (Method C) r/t 3.15 (M+H) 489.

Example  35: (1aRS8,7bSR)-5-{2[(Z)-3-((R)-3-Hydroxypyrrolidin-1-yl)aminoprop-1-enyl]j-4-

fluorobenzenesulfonylamino}-1,1a,2,7b-tetrahydro-cyclopropa[c]chromene-4-carboxylic acid

QO OH

. 1661605] Prepared by proceeding in a similar manner to Example 33, starting from
methyl (1aRS,7bSR)-5-{2[(Z)-3-((R)-3-hydroxypyrrolidin-1-yl)aminoprop-1-enyl}-4-
fluorobenzene-sulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropalcjchromene-4-carboxylate

(Intermediate 71).
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"H NMR (DMSO-dg) : 12.5-11.4 (1H, br ), 7.62 (1H, m), 7.33 (1H, d), 7.22 (2H, m), 7.13
(1H, d), 6.98 (1H, d), 6.14 (1H, m), 5.26 (1H, m), 4.37 (1H, m), 4.19 (1H, d), 3.79 (2H, m),
3.59 (1H, dd), 3.20-3.00 (3H, br s), 2.05 (1H, m), 1.94 (1F, m), 1.77 (2H, m), 0;96 (1H, m),
0.76 (1H, m). .

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

Example 36: (1aRS,7bSR)-5-[2((Z)-4-Diethylaminobut-1-enyl)-4-fluorobenzenesulfonyl-

amino]-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carbox ylic acid

/\N NS
i: O\\ 2
~ S
]
F ] OH

00106} Prepared by proceeding in a manner similar to Example 33, starting from
methyl (1aRS,7bSR}-5- {N-(methoxycarbonyl}-N-[2((Z)-4-diethylaminobut-1-enyl)-4-

Tz ©

fluorobenzenesulfonyljamino}-1,1a,2, 7b-tetrahydrocyclopropa[cJchromene-4-carboxylate
(Intermediate 72).

"H NMR (DMSO-dg) &: 12.8-11.4 (1H, br s), 7.54 (1H, dd), 7.14-7.02 (4H, m), 6.83 (1H, d),
5.66 (1H, m), 4.09 (1H, d), 3.51 (1H, d), 3.13 (2H, m), 2.92 (4H, m), 2.34 (2H, m), 1.84 (1H,
m), 1.66 (1H, m), 1.06 (6H, ), 0.86 (1H, m), 0.67 (1H, m).

LCMS (Method C) v/t 3.35 (M+H) 489,

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

[00167] Sample from Example 37 was subjected to chiral separation using a ChiralPak
IC column, 10mm x 250mm, particle size Smicron. Eluting solvent fert-butyl methyl ether:
isopropanol : DCM (16:20:64).

Example 37 : First eluting enantiomer: 1/t on analytical column (4.6mm x 250mm): 25.8
minutes >98% ee

{00108} "H NMR (DMSO-dg) 8: 7.61 (1H, dd), 7.20-7.09 (4H, m), 6.90 (1H, d), 5.74
(1H, m), 4.16 (1H, d), 3.58 (1H, d), 3.22-3.11 (2H, m), 2.99 (4H, m), 2.50 (2H, m), 1.92 (1H,
dt), 1.72 (1H, m), 1.15 (6H, 1), 0.93 (1H, m), 0.75 (1H, m).

LCMS (Method C) 1/t 3.36(M~+H) 489

Example 38: Second eluting enantiomer: 1/t on analytical column 44.0 minutes, >98% ee.
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[00109] 'H NMR (DMSO-dg) 8: 7.61 (1H, dd), 7.20-7.10 (4H, m), 6.90 (1H, d), 5.74
(1H, m), 4.16 (1H, d), 3.58 (1H, d), 3.23-3.10 (2H, m), 2.99 (4H, q), 2.51 (2H, m), 1.92 (1H,
df), 1.72 (1H, m), 1.15 (6H, 1), 0.93 (1, m), 0.75 (1H, m).

LCMS (Method C) 1/t 3.36 (M+H) 489

Example 39: (1aRS,7bSR)-5-{2-[2-(4-Ethylpiperazin-1-yl}-ethyl}-4-fluorobenzenesulfonyi-

amino}-1,1a,2,7b-tetrahydrocyclopropal c]chromene-4-carboxylic acid

el l\\f O

e \N/\\/\ -~
F \///J OAOH
[06116] A solution of (1aRS,7bSR)-5-(4-Fluoro-2-vinylbenzenesulfonylamino)-
1,1a,2,7b-tetrahydro-cyclopropal ¢]chromene-4-carboxylic acid (Intermediate 74, 0.035¢) 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 15minutes. After cooling, the mixture was purified by
preparative HPLC (C18) eluting with a mixtore of methanol and water, containing 0.1% formic
acid, with a gradient of 20-60%. The isolated product was further purified by chromatography
én silica eluting with a mixture of methanol and DCM with a gradient of 0-10% fo give
(1aS,7bR)-5-{2-[2-(4-ethylpiperazin- 1 -yl)-ethyl]-4-fluorobenzenesulfonylamino}-1,1a,2, 7b-
tetrahydrocyclopropal cjchromene-4-carboxylic acid (0.018g) as an off white solid.
"H NMR (CDCl) 8: 7.95 (1H, dd), 7.07 (2H, s), 6.95 (1H, dd), 6.91 (1H, dt), 4.38 (1H, d), 3.79
(1H, 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
(1H, dt), 1.66 (1H, m), 1.22 (3H, t), 1.06 (1H, q), 0.93 (1H, m).
LCMS (Method C) 1/t 2.95 (M+H) 504

Example 40: (1aRS,7bSR)-5-{2[(Z)-3-(Azetidin-1-yl)prop-1-enyl]-4-fluorobenzenesulfonyl-

amino}-1,1a,2,7b-tetrahydrocyclopropa c]chromene-4-carboxylic acid
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[66111] Prepared by proceeding in a manner similar {o Exaﬁpie 33, starting from
methyl (1aRS;7bSR)-5-{2-[(Z)-3-(azetidin-1-yl)prop-1-enyl]-4-fluorobenzenesulfonyl-amino} -
1,1a,2,7b-tetrahydro-cyclopropa[clchromene-4-carboxylate (Intermediate 76).

"H NMR (DMSO-dg) &: 12.8-11.1 (1H, br ), 7.51 (1H, dd), 7.26 (1H, d), 7.17 (1H, dt), 7.10
(2H, m), 7.00 (1H, d), 5.90 (1H, m), 4.12 (1H, d), 3.96 (4H, m), 3.74 (2H, m), 3.52 (1H, d),
2.27 (2H, m), 1.89 (1H, m), 1.69 (1H, m}, 0.90 (1H, m), 0.69 (1H, m).

LCMS (Method C) 1/t 3.26 (M+H) 459.

Example 41: (1aRS,7bSR)-5-{2[(Z)-3-(3-Hydroxyazetidin-1-ylyprop-1-enyl]-4-fluorobenzene-

sulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal clchromene-4-carboxylic acid

HO
//O
“N 0
H
0~ TOH
[60112] Prepared by proceeding in a manner similar to Example 33, starting from

methyl (1aRS,7bSR)-5-{2-[(Z)-3-(3-hydroxyazetidin-1-yl)prop-1-enyl}-4-fluorobenzene-
sulfonylamino}-1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylate (Intermediate 77).
'H NMR (DMSO-dg) 8: 12.8-11.2 (1H, br s), 7.53 (1H, m), 7.22 (1H, d), 7.17 (1H, dt), 7.09
(2H, m), 6.97 (1H, d), 5.90 (1H, m), 4.40 (1H, m), 4.18 (2H, m), 4.12 (1H, d), 3.69 (4H, m),
3.52 (1H, d), 1.87 (1H, m), 1.69 (1H, m), 0.89 (1H, m}, 0.70 (1H, m).

LCMS (Method C) 1/t 3.18 (M+H) 475.

Example 42: (1aRS,7bSR)-5-{2[(Z)-3-(Azetidin-1-yl)propyl}-4-flusrobenzenesulfonylamino} -

1,1a,2,7b-tetrahydrocyclopropal clchromene-4-carboxylic acid

[66113] A solution of (1aRS,7bSR)-5-{2[(Z)-3-(azetidin-1-yl)prop-1-enyl]-4-
fluorobenzene-sulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal ¢jchromene-4-carboxylic acid
(Example 40, 0.03g) in methanol was treated, under an atmosphere of nitrogen with palladium

on carbon (10%, 0.01g). 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 (C18) to give (1aRS,7bSR)-5-
{2[(Z}-3-(azetidin-1-yl)propyl]-4-fluorobenzenesulfonylamino}-1,1a,2, 7b-
tetrahydrocyclopropafc]chromene-4-carboxylic acid (0.019g) as a white solid.

"H NMR (DMSO-dg) &: 7.76 (1H, ad), 7.20 (1H, dd), 7.09 (1H, dt), 7.05 (1H, d), 6.99 (1H, d)
4.15 (14, d), 3.97 (2H, m) 3.56 (1H, d), 3.14 (2H, m), 2.99 (4H, m), 2.29 (2H, m), 1.86 (1H,
m}, 1.81-1.64 (3H, m), 0.88 (1H, m), 0.69 (1H, m).

"H LCMS (Method C) 1/t 3.20 (M+H) 461.

Example 43: (1aRS,7bSR)-5-[2((Z)-4-Diethylaminobutyl)-4-fluorobenzenesulfonylamino]-
1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylic acid

_/\ S
J Y ow
Sy “ o
1 H
/
F 07 TOH

[00114] Prepared by proceeding in a similar manner to Example 42, starting from
(1aRS,7bSR)-5-12((Z)-4-diethylaminobut-1-enyl)}-4-fluorobenzene-sulfonylaminol-1,1a,2,7b-
tetrahydrocyclopropa-{c]chromene-4-carboxylic acid (Example 36) as a white solid.

"H NMR (DMSO-dg) 8: 13.0-11.6 (1H, br s), 7.82 (1H, dd), 7.21 (1H, dd), 7.08 (1H, dt), 7.02
(1H, d), 6.96 (1H, d}, 4.14 (1H, d), 3.55 (1H, d), 2.99 (8H, m), 1.83 (1H, m), 1.65 (5H, m), 1.14
(6H, t}, 0.85 (1H, m), 0.69 (1H, m).

LCMS (Method C) 1/t 3.45 (M+H) 491.

Example 44: (1aRS,7bSR)-5- {2-[N-(4-Dimethylaminobutyl)-N-methylamino -
benzenesulfonyl-amino}-1,1a,2,7b-tetrahydrocyclopropalclchromene-4-carboxylic acid
|

/ﬂ!\/‘\/\ - i
N 0 1

O '
O
v O///I\OH
[606115] A mixture of (1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino}-1,1a,2,7b-
tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intermediate 67, 0.1g), N-(4-

dimethylaminobutyl)-N-methylamine (Intermediate 78, 1.07g) and triethylamine (0.42g) in
NMP (6mL) was stirred and heated in a sealed tube at 150°C for 3 days. After cooling, the
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mixture was concefrated under vacuum and the residue was purified by chromatogrphy on
silica, eluting with a mixture of methanol and DCM (10%) followed by repurification by HPLC
(C18) to give (1aRS,7bSR)-5-{2-[N-(4-dimethylaminobutyl)-N-methylamino]-
benzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal cljchrom ene-4-carb oxylic acid {0.03g)
as a white solid.

'H NMR (DMSO-dg) 6: 7.81 (1H, dd), 7.54 (1H, dt), 7.41 (1H, dd), 7.21 (1H, dt), 6.94 (1H, d),
6.85 (1H, d), 4.12 (1H, d), 3.55 (1H, 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 (1H, m), 0.68 (1H, m).

LCMS (Method C) 1/t 3.37 (M+H) 474.

Exampie 45: (1aRS,7bSR)-5-{2-[({S)-1-Ethylpyrrolidin-3-ylcarbamoylymethyl]-4-fluoro-

benzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal cichromene-4-carboxylic acid

[060116] A mixture of methyl (1aRS,76SR)-5-{2-[{(S)-1-ethylpyrrolidin-3-
ylearbamoyl)methyl]-4-fluorobenzenesulfonylamino}-1,1a,2,7b-
tetrahydrocyclopropafc]chromene-4-carboxylate (Intermediate 80, 0.148¢) and lithium
hydroxide monohydrate (0.168g) in dioxane (3mL) and water (1mL) 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 ir 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
(1aRS,7bSR)-5-{2-[((S)-1-ethylpyrrolidin-3-ylcarbamoyl)methyl ]-4-fluorobenzenesulfonyl-
amino}-1,1a,2, 7b-tetrahydrocyclopropal clchromene-4-carboxylic acid (0.091g) as a white
solid. :

"H NMR (DMSO-dg) 6: 9.56 (0.5H, br, d), 9.48 (0.5H, br, d), 7.59 (14, m), 7.34 (1H, m), 7.16
(2H, m), 7.06 (1H, t), 4.46 (1H, br, q), 4.13 (1H, d), 3.92 (1H, dd), 3.70 (1H, m), 3.65 (1H, 4d),
3.58 (1H, br, m), 2.95-3.25 (6H, m), 2.40 (1H, m), 1.95 2H, m), 1.76 (1H, m), 1.20 (3H, 1),
0.97 (1H, m), 0.78 (1H, m).

LCMS (Method C) 1/t 3.04 (M+H) 518,
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Example 46: (1aRS,7bSR)-5-[2-(1-Ethylazetidin-3-yl)-4-fluorobenzenesulfonylamino]-
1,1a,2,7b-tetrabydrocyclopropal c]chromene-4-carboxylic acid

[00117] Prepared by proceeding in a similar manner to Example 45, starting from
methy! (1aRS,7bSR)-5-[2-(1-ethylazetidin-3-y1)-4-fluorobenzenesulfonylamino]-1,1a,2, 7b-
tetrahydrocyclopropa~[c}éhromene-él-carboxyiate (Intermediate 86) as a white solid.

[00118] "H NMR (DMSO-ds) 8: 7.91 (1H, dd), 7.64 (1H, dd), 7.24 (1H,dt), 6.96 (1H,
d), 6.66 (1H, d), 4.79 (1H, m), 4.21 (1H, d), 4.15 (2H, br, t), 3.89 (2H, br, m), 3.62 (1H, d),
3.06 (2H, g}, 1.83 (1H, m), 1.70 (1H, m), 1.05 (3H, t), 0.88 (1H, m), 0.72 (1H, m).

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

Example 47: (1aRS,7bSR)-5- {2-[((R)-1-Ethylpyrrolidin-3-ylcarbamoylymethyl}-4-fluoro-
benzenesulfonylamino}-1,1a,2,7b-tetrabiydrocyclopropal ¢]chromene-4-carboxylic acid

\,pQ\ EH .

N
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60119} Prepared by proceeding in a similar manner to Example 45, starting from

methyl (1aRS,7bSR)-5-{2-[((R)-1-ethylpyrrolidin-3-ylcarbamoyl)methyl]-4-
fluorobenzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropal clchromene-4-carboxylate
{Intermediate 92) as a white solid.

"H NMR (CDCls) 6: 10.30 (0.5H, br, s), 10.25 (0.5H, br, s), 9.88 (1H, br, 5), 7.52 (1H, m),
7.18-7.41 (3H, m), 6.75 (1H, 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 (1H, m}, 2.29 (1H, m), 1.93 (1H, m), 1.67 (1H, q), 1.40 (3H, 1), 1.13 (0.5H,
m), 1.07 (0.5H, m), 0.97 (1H, m). '

LCMS (Methos C) ¢/t 3.03 (M+H) 518.
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Example 48: (1aRS,7bSR)-5-{2-[2-(Pyrrolidin-1-yl)-ethyl]-4-fluorobenzenesulfonylamino} -

1,1a,2,7b-tetrahydrocyclopropal ¢]chromene-4-carboxylic acid

Lo 1T
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[60120] Prepared by proceeding in a similar manner to Example 39, starting from
(1aRS,7bSR)-5-(4-fluoro-2-vinylbenzenesulfonylamino)-1,1a,2, 7b-
tetrahydrocyclopropa[clchromene-4-carboxylic acid (Intermediate 74) and pyrrolidine as a
white solid: '

"H NMR (DMSO-ds) 8: 7.84 (1H, dd), 7.26 (1H, dd), 7.17 (1H, dt), 7.02 (1H, d), 6.74 (1H, d),
4.16 (1H, d), 3.59 (1H, d), 3.36-3.20 (8H, m), 1.91 (4H, m), 1.85 (1H, m), 1.69 (1H, m), 0.89
(1H, m), 0.70 (1H, m). |

LCMS (Method C) 1/t 3.12 (M+H) 461.

Example 49: (1aRS,7bSR)-5-[2-((R)-1-Ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl-

amino]-1,1a,2,7b-tetrahydrocyclopropa[cjchromene-4-carboxylic acid

AN
\/\\‘! o\\ /,O P
. S\N’
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F,)\/
[00121] Lithium hydroxide (0.111g) was added to a solution of methyl (1aRS,7bSR)-5-

[2-((R)-1-ethyl-pyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonylamino]-1,1a,2, 7b-
tetrahydrocyclopropa-[c]chromene-4-carboxyl ate (Intermediate 95, 0.13g) in a mixture of
dioxane (4ml) and water (1mL) 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 (ImL) and then extracted with DCM, The organic extract was dried
(MgSO,) 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 (1aRS,7bSR)-5-[2-(R)-1-
ethylpyrrolidin-3-yimethyl)-4-fluorobenzenesulfonylamino-1,1a,2, 7b-

tetrahydrocyclopropalclchromene-4-carboxylic acid (0.085g) as a white solid.
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'H NMR (DMSO-de) : 7.81 (1H, dd), 7.28 (1H, dd), 7.16 (1H, dt), 7.11 (1H, dd), 6.99 (1H,
dd), 420 (1H, dd), 3.60 (1H, 1), 3.48-2.98 (9H, br m), 2.25 (1H, m), 1.91 (1H, dt), 1.73 (2H,
m), 1.23 (3H, t), 0.93 (1H, dt), 0.75 (LH, m).

LCMS (Method C) 1/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 Smicron. Eluting solvent tert-butyl methyl ether:
isopropanol : DCM (10:15:75).

Example 50: First eluting enantiomer: 1/t on analytical column (4.6mm x 250mm): 30.0
minutes >99% ee.

[00123) "H NMR (DMSO-dg) 8: 7.81 (1H, dd), 7.27 (1H, dd), 7.15 (1H, dt), 7.10 (1H,
d), 7.01 (1H, d), 4.20 (1H, d), 3.58 (1H, d), 3.23-3.11 (6H, m), 3.11-3.06 (3H, m), 2.25 (1H,
m), 1.91 (1H, dt), 1.73 (2H, m), 1.22 (3H, 1}, 0.92 (1H, dt), 0.73 (1H, m).

LCMS (Method C) 1/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-dg) 8: 7.80 (1H, dd), 7.27 (18, dd), 7.15 (1H, dt), 7.10 (1H,
d), 7.03 (1H, d), 4.18 (1H, d), 3.61 (1H, d), 3.48-2.97 (9H, br m), 2.27 (1H, m), 1.91 (1H, dt),
1.71 2H, m), 1.23 (3H, 1), 0.93 (1H, dt), 0.74 (1H, m).

LCMS (Method C) 1/t 3.23 (M+H) 475.

Example 52: (1aRS,7bSR)-5-{2-{{((S)-1-Ethylpyrrolidin-2-yljcabonylaminomethyl]-4-

fluorobenzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropalcjchromene-4-carboxylic acid

Ay
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[06125] A mixture of methyl (1aRS,7bSR)-5- {2-[{(S)-1-ethylpyrrolidin-2-
yl)cabonylaminomethyl}-4-fluorobenzenesulfonylamino}-1,12,2,7b-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 pHS5 and
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extracted with ethy! acetate. The organic layer was washed with water, dried (MgSQy) and
filtered. The filtrate was evaporate to dryness and the residue was purifed by HPLC (C18)
eluting with a mixture of methanol and water, containing 0.1% formic acid, with a gradient of |
35-75% to give {1aRS,7bSR)-5-{2-[((S)-1-ethylpyrrolidin-2-yl)cabonylaminomethyl}-4-
fluorobenzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropa-[ ¢]chromene-4-carboxylic acid
(0.064¢) as a white solid.

'H NMR (CDCl3) 8: 10.8-9.6 (1H, br s), 8.90 (1H, brt), 7.71 (1H, m), 7.20 (3H, m), 6.86 (1H,
m), 4.88 (2H, m), 4.37 (1H, dd), 3.85 (1H, dt), 3.61 (1H, m), 3.43 (1H, m), 2.97 (1H, m), 2.77
(2H, m), 2.23 2H, m), 2.03 (I1H, m), 1.91 (2H, m), 1.69 (1H, m), 1.18 (3H, q), 1.01 (2H, m).
LCMS (Method C) 1/t 3.09 (M+H) 518.

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

aminol-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylic acid

?/[\) 0 OH

[60126] A mixture of methyl (1aRS,7bSR)-5-[2~(4-dimethylaminobutyryl)-4-
fluorobenzenesulfonyl-amino]}-1,1a,2, 7b-tetrahydrocyclopropalc]chromene-4-carboxylate
(Intermediate 1'(‘)8, 0.2g), potassium carbonate (0.22g), 1H-pyrazole-3-amine (0.34g) and
lithium iodide (1.07g) in DMF (10mL) 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 (C18)
to give (1aRS,7bSR)-5-[2-(3-dimethylaminobutyryl}-4-fluorobenzenesulfonyl-aminol-
1,1a,2,7b-tetrahydrocyclopropa-{c]chromene-4-carboxylic acid (0.03g) as a white solid.

"H NMR (DMSO-dg) 8: 7.95 (1H, dd), 7.80 (1H, dd), 6.96 (1H, d), 6.95 (1H, dt), 6.79 (1H, d),
4.13 (1H, d), 3.56 (1H, d), 3.04 (2H, 1),2.68 (6H, s), 2.56 (2H, t}, 1.94 (2H, m), 1.81 (I1H, m),
1.64 (1H, m), 0.84 (1H, m), 0.66 (1H, m).

LCMS (Method C) 1/t 3.12 (M+H) 492.

Example 54: (1aRS,7bSR)-5-[2~((8)-1-Ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl-

amino]-1,1a,2,7b-tetrahydrocyclopropal clchromene-4-carboxylic acid
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[60127] Prepared by proceeding in a similar manner to Example 49, starting from

Tz ©

methyl (1aRS,7bSR)-5-[2-({S)-1-ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonylamino]-
1,1a,2,7b-tetrahydro-cyclopropal cjchromene-4-carboxylate (Intermediate 113).

'H NMR (DMSO-dg) &: 7.81 (1H, dd), 7.27 (1H, dd), 7.15 (1H, dt), 7.10 (1H, d), 7.02 (1H, dd),
4.19 (1H, dd), 3.56 (1H, t), 3.23-3.11 (6H, m}, 3.11-3.06 3H, m), 2.25 (1H, m), 1.91 (1H, dt),
173 (2H, m), 1.22 (3H, 1), 0.92 (1H, dt), 0.73 (1H, m).

LCMS {Method C) 1/t 3.21 (M+H) 475.

Example 55: (1aRS,7bSR)-5-{2-(3-Dimethylaminopropylcarbamoyl)benzenesulfonylamino]-

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

[00128] A solution of tert-butyl (1aRS,7bSR)-5-{2-[N-(2.4-dimethoxybenzyl)-N-(3-
dimethylamino-propyl)carbamoyl}benzenesulfonylamino}-1,1a,2,7b-tetrahydro-cyclopropa-
[c]chromene-4-carboxylate (Intermediate 119, 0.03g) in trifluoroacetic acid (Sml) was stirred
and heated at 30°C overnight. The mixture was evaporated to dryness and the residue was
purified by HPLC (C18) to give (1aRS,7bSR)-5-[2-(3-
dimethylaminopropylcarbamoyl)benzenesulfonylamino}-1,12a,2,7b-
tetrahydrocyclopropalc]chromene-4-carboxylic acid (0.013g) as a white solid.

"H NMR (DMSO-dg) 8: 8.61 (1H, br t), 7.73 (1H, d), 7.52 (1H, t), 7.43 (2H, m), 6.97 (1H, d),
6.82 (1H, d), 4.14 (1H, d), 3.58 (1H, d), 3.26 (ZH, m), 3.04 (2H, t), 2.60 (6H, s), 1.85 (3H, m),
1.67 (1H, m), 0.87 (1H, m), 0.68 (1H, m).

LCMS (Method C) 1/t 2.79 (M+H) 473.

Example 56: (1aRS,7bSR)-5-(2- {{N-((S)-1-Ethylpyrrolidin-3-y1)-N-
methylcarbamoyl]methyl } -4-fluorobenzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropalcjchromene-4-carboxylic acid



[60129] A mixture of methyl (1aRS,7bSR)-5-(2- {[N-((S)-1-ethylpyrrolidin-3-y1)-N-
methylcarbamoyl]-methyl }-4-fluorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropa{c]jchromene-4-carboxylate (Intermediate 126, 0.047g) and lithium
hydroxide monohydrate (0.168g) in dioxane (3mL) and water (ImL) 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

i (1aRS,7bSR)-5-(2- {[N-((S)~1-ethylpyrrolidin-3-yl)-N-methylcarbamoyl }-methyl } -4-
? fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal clchromene-4-carboxylic acid
(0.022g) as a white solid.
'"H NMR (DMSO-ds at 80°C) &: 7.83 (1H, t), 7.12 (1H, dt), 7.08 (1H, d), 7.01 (1H, d), 6.84
(11, m), 4.61 (1H, br, s), 4.19 (1H, d), 4.12 (2H, s}, 3.73 (1H, d), 2.71-3.18 (7H, br, m), 2.94
(3H, s), 1.85-2.15 (3H, m), 1.72 (1H, m), 1.17 (3H, t), 0.95 (1H, m), 0.78 (1H, m).
LCMS (Method C) r/t 3.08 (M+H) 532.

Example 57: (1aRS,7bSR)-5-(2-{[N-((R)-1-Ethylpyrrolidin-3-y1}-N-

methylcarbamoyllmethyl }-4-fluorobenzenesulfonylamino)-1,1a,2,7b-

o8
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[060130] A mixture of methyl (1aRS,7bSR)-5-(2- {{N-((R}-1-ethylpyrrolidin-3-
yhmethylcarbamoyl]-N-methyl }-4-fluorobenzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropal ¢]chromene-4-carboxylic acid
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tetrahydrocyclopropa{cjchromene-4-carboxylate (Intermediate 131, 0.076g) and lithium
hydroxide monohydrate (0.168g) in dioxane (3mL) and water (1mL) was irradiated in the

microwave at 130°C for 40 minutes. After cooling the mixture was diluted with methanol,
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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 with a gradient of
0-40%. The resultant solid was triturated with ethyl acetate and filtered off to give
{1aRS,7bSR)-5-(2-{[N-((R)-1-ethylpyrrolidin-3-y})-N-methylcarbamoyl|-methyl } -4-fluoro-
benzenesulfonylamino)-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carbox vlic acid (0.028g)
as a white solid. |

'H NMR (DMSO-dg at 80°C) &: 7.83 (1H, 1), 7.12 (1H, dt), 7.08 (1H, d), 7.01 (1H, d), 6.84
(1H, m), 4.61 (1H, br, s), 4.19 (1H, d}, 4.12 (2H, s), 3.73 (1H, d), 2.71-3.18 (7H, br, m}), 2.94
(3H, s), 1.85-2.15 (3H, m), 1.72 (1H, m), 1.17 (3H, t), 0.95 (1}, m), 0.78 (1H, m),

LCMS (Method C) r/t 3.08 (M+H) 532, |

Example 58: (1aRS,7bSR}-5-{2-[2-((S)-1-Ethylpyrrolidin-2-yl)ethylaminoJbenzenesulfonyl-

amino}-1,1 a,2,7b»tetrahydrocyclopropa{ cjchromene-4-carboxylic acid

NHoo

% \\ //

[00131] A mixture of (1aRS5,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2,7b-

| tetrahydrocyclopropa-{c]chromene-4-carboxylic acid (Intermediate 67, 0.1g), 2-({(S)-1-

| 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 methano! and DCM (10%). The product was repurified by HPLC (C18) to give
(1aRS,7bSR)-5-{2-[2-((S)-1-ethylpyrrolidin-2-yl)ethylamino]benzenesul fonylamino } -
1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylic acid (0.022g) as a white solid.

NMR (DMSO-dg) 8: 7.47 (1H, m), 7.25 (1H, t), 6.92 (1H, d), 6.89 (1H, m), 6.72 (1H, d), 6.53
(1H, dt),6.0-5.3 (1H, br s), 4.11 (1H, dd), 3.53 (1H, 1), 3.33-2.80 (7H, m), 2.1%9 (2H, m), 1.92
(2H, m), 1.82 2H, m), 1.64 (2H, m), 1.17 (3H, 1), 0.84 (1H, m), 0.67 (1H, m).

LCMS (Method C) 1/t 3.34 (M+H) 486.
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Example 59: (1aRS,7bSR)-5-{2-[2-((R)-1-Ethylpyrrolidin-2-yl)ethylaminolbenzenesulfonyi-

1, ™ Tl 4

amino}-1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-carboxylic acid

[00132] Prepared by proceeding in a similar manner to Example 58, starting from
(1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropa-[ c]chromene-
4-carboxylic acid (Intermediate 67) and 2-((R)-1-ethylpyrrolidin-2-yl)ethylamine (Intermediate
141).

"H NMR (DMSO-dg) 8: 7.47 (1H, m), 7.25 (1H, 1), 6.97 (1H, d), 6.90 (1H, m), 6.72 (1H, d),
6.53 (1H, dt), 6.0-5.4 (1H, br s), 4.12 (1H, dd), 3.53 (1H, 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, 1), 0.84 (1H, m), 0.67 (1H, m).

LCMS (Method C) 1/t 3.32 (M-+H) 486.

Example 60: (1aRS,7bSR)-5-{2-(3-N,N,-Diethylaminopropylamino)benzenesulfonylamino]-
1,1a,2,7b-tetrahydrocyclopropafcjchromene-4-carboxylic acid

)N/\/’\N O\\// g/ﬁ

[00133] 3-Diethylaminopropyl amine (0.975g) was added to a solution of
(1aRS,70SR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2, 7Tb-tetrahydrocyclopropal c]chromene-
4-carboxylic acid (Intermediate 67, 0.091g) 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 (C18) eluting with a mixture of methanol
and water, containing 0.1% formic acid, with a gradient of 10-98% to give (1aRS,7bSR)-5-[2-
(3-diethylaminopropylamino)benzenesulfonylamino]-1,12,2,7b-
tetrahydrocyclopropalclchromene-4-carboxylic acid (0.039g) as a white solid.

"H NMR (DMSO-dg) 8: 7.45 (1H, dd), 7.28 (1H, dt), 7.04 (2H, m), 6.74 (1H, d), 6.51 (1H, 1),
6.17 (1H, brs), 4.16 (1H, d), 3.57 (1H, d), 3.54-2.97 (8H, br m), 1.87 (1H, dt), 1.81-1.63 (3H,
m), 1.15 (6H, t), 0.89 (1H, m), 0.72 (1H, m).

LCMS (Method C) 1/t 3.31 (M+H) 474.
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Example 61: (1aRS,7bSR)-5-(2-{[((R)-1-EBthylpyrrolidine-2-yl)carbonylamino|methyi}-4-

fluorobenzenesulfonylamino)-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylic acid

0O \ S\N o
[ 1 H
FNF 07 “OH
[00134] A mixture of methyl (1aRS,7bSR)-5-(2- {[((R)-1-ethylpyrrolidine-2-

yl)carbonylaminoJmethyl }-4-fluorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropalcjchromene-4-carboxylate (Intermediate 146, 0.120g) and lithium
hydroxide monohydrate (0.095g) was suspended in dioxane (5mL) and water (ImL}) and the
mixture was stirred and heated at 110°C for 22.5 hours. After cooling, the volatiles were
removed irn vacuo and the residue was acidified by addition of aqueous citric acid solution
(10%) and extracted with DCM. The organic layer was dried (N2;SOy) and filtered and the
filtrate was evaporated to dryness. The residue 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 (1aR8,76SR)-5-(2- {[({R)-1-ethylpyrrolidine-2-yl)carbonylamino}methyl }-4-
fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropa-{ cjchromene-4-carboxylic acid
(0.043g) as a white solid.

"H NMR (DMSO-dg) 8: 8.77 (1H, d), 7.83 (1H, dd), 7.22 (1H, td), 7.12 (1H, dd), 7.08 (1H, d),
6.16 (1H, dd), 4.73 (2H, d), 4.24 (1H, d), 3.67 (1H, d), 3.54 (1H, b;' s), 3.37-3.28 (1H, m), 2.93-
2.80 (1H, m), 2.80-2.61 (2H, m), 2.30-2.20 (1H, m), 1.95-1.70 (5H, m), 1.08 (3H, t}, 0.95 (1H,
dt), 0.76 (1H, q).

LCMS (Method C) 1/t 3.09 (M+H) 518.

Example 62: (1aRS,70SR)-5-{2-[(1-Ethylazetidin-3-ylmethyljamino]benzene-sulfonylamino} -
1,1a,2,7b-tetrahydrocyclopropal ¢]chromene-4-carboxylic acid

reg
[00135] A mixture of (1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic (Intermediate 67, 0.07g) and (1-ethylazetidin-
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3-yhmethylamine (Intermediate 149, 0.7g) in DMSO (1.4mL) 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 (C18) to give (1aRS,7bSR)-5- {2-[(1 ~ethylazetidin-3-
yimethyl)amino]benzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropac]chromene-4-
carboxylic acid (0.012g) as an off-white solid.

'H NMR (DMSO-dg) 8: 7.34 (1H, d), 7.22 (1H, 1), 7.04 (1H, d), 6.97 (1H, d), 6.74 (1H, d), 6.49
(14, 1), 6.34 (1H, br s), 4.10 (1H, d), 3.75-3.55 (4H, m), 3.18 (1H, br m), 3.03 (1H, br m), 2.88
(2H, m), 2.32 (1H, m), 1.85 (1H, m), 1.67 (1H, m), 1.19 (1F, m), 0.98 (3H, t), 0.86 (15, m),
0.69 (1H, m)

LCMS (Method C) v/t 3.21 (M+H) 457,

Examples 63 and 64: (1aR,7bS)-5-[2-((Z)-3-Diethylaminoprop-1-enyl)benzenesulfonyl-
aminol-1,1a,2,7b-tetrahydrocyclopropalclchromene-4-carboxylic acid and (1aS,7bR)-5-[2~((Z)-
3-diethylaminoprop-1-enyl)benzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid

~._-N
= O\\ O
Y 0
| H
= O Ot
[60136] A mixture of methyl (1aRS,7bSR)-5-[2~((Z)-3-diethylaminoprop-1-

enyl)benzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal clchromene-4-carboxylate
(Intermediate 153, 0.495g) and lithium hydroxide monohydrate (0.442g) was suspended in
dioxane (20ml) and water (SmL) 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 exiracted with DCM. The organic layer was
dried (NapSQj4) 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 35-70% to give (1aRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-1-
enyl)benzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropal c]chromene-4-carboxylic acid
(0.147g) as a white solid.
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This material was subjected to chiral separation using a ChiralPak IC column, 4.6mm x
250mm, particle size Smicron. Eluting solvent absolute ethanol,

Example 63: First eluting enantiomer: rétention time on above column: 25.71 minutes, >99%
ee.

[00137] 'H NMR (DMSO-ds) 6: 7.65 (1H, dd), 7.60 (1H, td), 7.44-7.37 (2H, m), 7.28
(1H, d), 7.08 (1H, d), 6.95 (1H, d), 6.15-6.05 (1H, m), 4.16 (1H, d), 3.77-3.67 (2H, m), 3.56
(1H, d), 3.13-3.03 (4H, m), 1.90 (1H, dt), 1.71 (1H, q), 1.12 (6H, t), 0.92 (1H, dt), 0.72 (1H, g).
LCMS (Method C) v/t 3.20 (M+H) 457.

Example 64: Second eluting enantiomer: retention time on above column 35.51 minutes, >99%
ee. A

[00138] 'H NMR (DMSO-dg) &: 7.65 (1H, dd), 7.60 (1H, td), 7.43-7.38 (2H, m), 7.28
(1H, d), 7.08 (1H, d), 6.95 (1H, d), 6.16-6.07 (1H, m), 4.16 (1H, d), 3.77-3.67 (2H, m), 3.56
(1H, d), 3..09 (4H, q), 1.91 (I1H, dt), 1.71 (1H, q), 1.12 (6H, t), 0.93 (1H, dt), 0.72 (1H, q).
LCMS (Method C) 1/t 3.20 (M+H) 457.

Example 65: (1aRS,7bSR)-5-(2-{N-[((R)-1-Ethylpyrrolidine-2-yl)carbonyl]-N-methylamino-
methyl}-4-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal cichromene-4-

carboxylic acid

[06139] A mixture of methyl (1aRS,7bSR)-5-(2-{N-[((R)-1-ethylpyrrolidine-2-
ylycarbonyl]-N-methyl-aminomethyl } -4-fluorobenzenesulfonylamino)-1,1a,2, 7b-
tetrahydrocyclopropalclchromene-4-carboxylate (Intermediate 155, 0.177¢) and lithium
hydroxide monohydrate (0.136g) in dioxane (SmL) 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 (1aRS,7bSR)-5-(2- {N-[((R)-1-ethylpyrrolidine-2-
yhcarbonyl]-N-methylaminomethyl } -4-fluoro-benzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropalclchromene-4-carboxylic acid (0.053g) as a white solid.



_43.

'"HNMR (DMSO-dg) 8: 7.93-7.78 (1H, m), 7.17 (1H, m), 6.99 (0.5H, m), 6.95 (0.5H, 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 (1H, brs), 4.15 (1H,
ad), 3.55 (3H, m), 3.11 (2H, m), 2.90 (3H, 25), 2.06-1.54 (6H, m), 1.18-1.05 (4H, m), 0.84
(1H, m), 0.68 (1H, m).

LCMS (Method C) t/t 3.14 (M+H) 532.

Example 66: (1aRS,7bSR)-5-(2-{N-[{(S)-1-Ethylpyrrolidine-2-yl)carbonyl]-N-methylamino-
methyl}-4-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-4-

carboxylic acid

O
@]

NS 7
~

Iz

[{00140] Prepared by proceeding in a similar manner to Example 65, starting from
methyl (1aRS,7bSR)-5-(2- {N-[((S)-1-ethylpyrrolidine-2-yl)carbonyl}-N-methylaminomethyl }-
4-fluorobenzene-sulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-4-carboxylate
(Intermediate 160) as a white solid.

"H NMR (DMSO-dg) 7.94-7.76 (1H, m), 7.18 (1H, m), 7.02-6.92 (1H, 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 (1H, br s), 4.15 (1H, dd), 3.55 (3H,
m), 3.14 (ZH, m}, 2.91 (3H, 28}, 2.07-1.59 (6H, m}), 1.13 (4H, m), 0.85 (1H, m), 0.68 (1H, m).
LCMS (Method C) 1/t 3.15 (M+H) 532.

Example 67: (1aRS,7bSR)-5-[2-(4-Dimethylaminobutylamino)-4-

fluorobenzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropalc)chromene-4-carboxylic acid

O\‘s ,o

{60141} A mixture of methyl (1aRS,7bSR)-5-[2-(4-dimethylaminobutylamino)-4-
fluorobenzene-sulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-4-carboxylate
(Intermediate 161, 0.485g) and lithium hydroxide monohydrate (0.505g) 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 (1aRS,7bSR)-5-[2-(4-dimethylaminobutylamino)-4-
fluorobenzenesulfonylamino]-1,1a,2,7b-tetrahydrocyclopropa-{cjchromene-4-carboxylic acid
(0.215g) as a white solid.

"H NMR (DMSO-dg) 8: 12.52 (2H, br, s), 7.65 (1H, dd), 7.08 (2H, q), 6.56 (1H, dd), 6.39 (1H,
dt), 5.98 (1H, m), 4,20 (1H, d), 3.59 (1H, d), 3.22 (2H, q), 2.98 (2H, m), 2.75 (6H, s), 1.91 (1H,
m), 1.81 2H, m), 1.72 (1H, m), 1.58 (2H, m), 0.92 (1H, m), 0.76 (1H, m).

LCMS (Method C) 1/t 3.43 (M+H) 478.

Example 68: (1aRS,7bSR)-5-{2-[((R)-1-Ethylpyrrolidin-3-ylmethyl)amino |benzene-

sulfonylamino}-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylic acid

[00142] A solution of (1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropa-[cjchromene-4-carboxylic acid (Intermediate 67, 0.105g), ((R)-1-
ethylpyrrolidin-3-yl)methyl-amine (Intermediate 163, 0.5g) and triethylamine (0.5g) in BDMSO
(ImL) 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 (C18) to give (1aRS,7bSR)-5-
{2-[((R)-1-ethylpyrrolidin-3-ylmethyl)aminolbenzene-sulfonylamino }-1,1a,2, 7b-
tetrahydrocyclopropalcj-chromene-4-carboxylic acid (0.03g) as a white solid,

'H NMR (DMSO-de) 8: 7.38 (1H, dd), 7.24 (1H, t), 7.06 (2H, s), 6.81 (1H, d), 6.49 (11, 1),
6.14 (1H, brs), 4.13 (1H, dd), 3.54 (2H, m), 3.25 (2H, m) 3.07 (4H, m), 2.82 (1H, m), 2.63
(1H, m), 1.96 (1H, m), 1.86 (1H, m), 1.71-1.46 (2H, m), 1.19 (3H, m), 0.87 (1H, m), 0.70 (1H,
m).

LCMS (Method C) r/t 3.31 (M~+H) 472.

Example 69: (1aRS,7TbSR)-5-{2-[((S)-1-Ethylpyrrolidin-3-yimethyl)aminobenzene-

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



- {60143] A solution of (1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropa-{clchromene-4-carboxylic (Intermediate 67, 0.08g), and ((S)-1-
ethylpyrrolidin-3-ylymethylamine (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 (C18) to give (1aRS,7bSR)-5-
{2-[((S)-1-ethylpyrrolidin-3-ylmethyl)aminoJbenzene-sulfonylamino }-1,1a,2,7b-
tetrahydrocyclopropa[c]-chromene-4-carboxylic acid (0.03g) as a white solid.

'H NMR (DMSO-dg) §: 7.37 (1H, dd), 7.24 (1H, 1), 7.05 (2H, s), 6.80 (1H, d), 6.48 (1H, 1),
6.13 (1H, br s), 4.13 (1H, dd), 3.54 (2H, m), 3.24 (2H, m), 3.05 (4H, m), 2.82 (1H, m), 2.62
(1H, m), 1.95 (1H, m), 1.85 (1H, m), 1.71-1.46 (2H, m), 1.18 (3H, m), 0.86 (1H, m), 0.69 (1H,
m). '

LCMS (Method C) r/t 3.25 (M+H) 472.

Example 70: (1aRS,7bSR)-5-[2-(4-Ethyl-2-oxopiperazin-1-ylmethyl)-4-fluorobenzene-

sulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropafcjchromene-4-carboxylic acid

RN \N/ o/
Il H
F = 6] OH
[00144] A mixture of methyl (1aRS,7bSR)-5-[2-(4-ethyl-2-oxopiperazin-1-ylmethyl)-

4-fluorobenzenesulfonylamino}-1,1a,2, 7Tb-tetrahydrocyclopropal cjchromene-4-carboxylate
(Intermediate 173, 0.28g) and lithium hydroxide monohydrate (0.126g) in dioxane (9mL) and
water (3mL) was irradiated 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 (1aRS,7bSR)-5-[2-(4-ethyl-2-0x0-piperazin-1-yimethyl)-4-
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fluorobenzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropa-{ cjchromene-4-carboxylic acid
. (0.176g) as a white solid.

'; 'H NMR (CDCls) &: 11.28 (1H, br, s), 8.02 (1H, dd), 7.31 (1H, d), 7.23 (1H, d), 6.98 (2H, m),
4.98 (2H, q}, 4.57 (1H, d), 4.04 (1H, d), 3.36 (2H, 1), 3.30 (2H, s), 2.72 (2H, t}, 2.51 (2H, q),
1.96 (1H, m), 1.80 (1H, m), 1.11 (4H, m), 1.03 (1H, m).

LCMS (Method C) 1/t 2.96 (M+H) 504.

Example 71: (1aRS,7bSR}- 5-[2-(1-Ethylpiperidin-4-ylmethyl)-4-

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

[00145} Methyl (1aRS,7bSR)-5-{2-(1-ethylpiperidin-4-ylmethyl)-4-
fluorobenzenesulfonylamino}-1,1a,2,7b-tetrahydrocyciopropalc]chromene-4-carboxylate
(Intermediate 177, 0.279g) and lithivm 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%) and saturated with sodium chloride.
The mixture was extracted with DCM and the organic layer was dried (N2;SOy) and filtered.
The filtrate was evaporated to dryness and the residue 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 (1aRS,7bSR)-5-[2-(1-ethylpiperidin-4-ylmethyl)-4-
fluorobenzenesulfonylaminol-1,1a,2,7b-tetrahydrocyclopropalclchromene-4-carboxylic acid
(0.117g) as a white solid.

"H NMR (DMSO-dg) &: 7.99 (1H, dd), 7.22-7.14 (2H, m), 6.99 (1H, d), 6.76 (1H, d), 4.20 (1H,
d), 3.60 (1H, d), 3.34 (2H, d), 3.02-2.88 (4H, m), 2.71 (2H, brs), 1.99 (1H, br s), 1.84 (1H, at),
1.74-1.62 (3H, m), 1.56-1.40 (2H, m), 1.18 (3H, 1}, 0.89 (1H, dt), 0.73 (1H, q).

LCMS (Method C) v/t 3.22 (M+H) 489.
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Example 72: (1aRS,7bSR)-5-{2-[2-(1-Ethylazetidin-3-ylethyl}-4-fluorobenzene-

sulfonylamino}-1,1a,2,7b-tetrahydrocyclopropal cjechromene-4-carboxylic acid

{00146] A mixture of methyl (1aRS,7bSR)-5-{2-[2-(1 -ethylazetidin-3-ylethyl]-4-
fluorobenzene-sulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-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 (1aRS,7bSR)-5-{2-[2-(1-¢ethyl-azetidin-3-y])ethyi]-4-
fluorbenzenesulfonylamino} 1,1a,2, 7b-tetrahydrocyclopropal cJchromene-4-carboxylic acid
(0.241¢) as a white solid.

'H NMR (DMSO-de) 8: 7.92 (1H, br, 5), 7.35 (1H, dd), 7.22 (1H, dt), 7.17 (1H..d), 6.78 (1H,
br, s), 4.27 (1H, 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 (14, br, s), 1.95 (1H, m), 1.84 (2H, m), 1.75 (1H, m), 1.11 (3H, 1), 0.98 (1H, m), 0.76
(1H, m).

LCMS (Method C) 1/t 3.36 (M+H) 475.

Example 73: (1aRS,7bSR)-5-{2-[((S)-1-Azabicyclo[2.2.2]oct-3-yl)amino]benzenesulfonyl-

amino}-1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-carboxylic acid

[00147] A solution of (1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino}-1,1a,2,7b-
tetrahydrocyclopropa-[c]chromene-4-carboxylic acid (Intermediate 67, 0.6g) and (S)-1-
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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 (C18) to give (1aRS,7bSR)-5-
{2-[((S)-1-azabicyclo[2.2.2]oct-3~y)amino Jbenzenesulfonylamino }-1,1a,2, 7b-
tetrahydrocyclopropal cJchromene-4-carboxylic acid (0.107g) as a white solid.

'H NMR (DMSO-dq) 3: 7.58 (1H, ddd), 7.25 (1H, 1), 6.94 (1H, dd), 6.76 (2H, 1), 6.62 (2H, m),
6.06 (1H, d); 4.14; (1H, t), 3.86 (1H, br s}, 3.57 (3H, m), 3.16-2.87 (4H, m), 2.12 (1H, m), 2.01
(1H, m), 1.82 (3H, m), 1.65 (2H, m), 0.83 (1H, m), 0.67 (1H, m).

LCMS (Method C) 1/t 3.16 (M+H) 470).

Example 74: (1aRS,7bSR)-5-{2-[((R)-1-Azabicyclo[2.2.2]oct-3-yl)amino]benzenesulfonyl-
amino }-1,1a,2,7b-tetrahydrocyclopropal c]chromene-4-carboxylic acid
N

@ Ty, NH \\
O\\S//O ! P
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[60148] Prepared by proceeding in a similar manner to Example 73, starting from
(1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropa-[ c]chromene-
4-carboxylic acid (Intermediate 67) and (R)-1-azabicyclo{2.2.2}oct-3-ylamine.

'H NMR (DMSO-dg) 8: 7.58 (1H, ddd), 7.25 (1H, t), 6.94 (1H, dd), 6.76 (2H, 't), 6.62 (2H, m),
6.07 (1H, d), 4.13 (1H, ), 3.86 (1H, brs), 3.57 (3H, m}, 3.16-2.87 (4H, m), 2.12 (1H, m), 2.01
(1H, m), 1.83 (3H, m), 1.64 (2H, m), 0.83 (1H, m), 0.67 (1H, m).

LCMS (Method C) r/t 3.15 (M+H) 470

Example 75: (1aRS,70SR)-5-(2- {[((S)-1-ethylpyrrolidine-3-carbonyl)amino jmethyl } -4-fluoro-

benzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropalcjchromene-4-carboxylic acid

H
[N 7 o0
FNF o7 oH
[60149] Methyl (1aRS,7bSR)-5-(2- {[((S)-1-ethylpyrrolidine-3-

carbonyl)aminolmethyl }-4-fluoro-benzenesulfonylamino)-1,1a,2,7b-
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tetrahydrocyclopropalc]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?(3 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 (Na,SO,) 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 (1aRS,7bSR)-5-(2-{[((S)-1-ethylpyrrolidine-3-carbonyl)aminojmethyl } -4-
fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrabydrocyclopropalc]chromene-4-carboxylic acid
(0.092g) as a white solid.

"H NMR (DMSO-dg) 8: 8.78 (1H, q), 7.89-7.82 (1H, m), 7.19 (1H, td), 7.12 (1H, dt), 7.02 (1H,
dd); 6.75 (1H, dd), 4.74 (2H, d), 4.19 (1H, d), 3.62 (1H, dt), 3.50-3.15 (5H, m), 3.10 (2H, q),
2.35-2.23 (1H, m), 2.10-1.99 (1H, m), 1.86 (1H, dt), 1.75-1.67 (1H, m), 1.20 (3H, t), 0.90 (1H,
dat), 0.73 (1H, q)

LCMS (Method C) 1/t 3.01 (M+H) 518

Example 76: (1aRS,7bSR)-5-{2-[2-((R)-1-Ethylpyrrolidin-3-ylamino)ethyl}-4-fluoro-

benzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropalclchromene-4-carbox vlic acid

\’N&N 0.0 f°

S;N g
H
F G OH
[00156] A solution of (1aRS,7bSR)-5-(4-fluoro-2-vinylbenzenesulfonylamino)-

1;1a,2,7b-tetrahydro-cyclopropa[clchromene-4-carboxylic acid (Intermediate 74, 0.150g) and
(R)-1-ethylpyrrolidin-3-ylamine (Intermediate 193, 0.25g) in ethylene glycol (Iml) 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 (C18) 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 (1aRS,7bSR)-5-{2-[2-((R)-1-ethylpyrrolidin-3-
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ylamino)ethyl]-4-fluorobenzenesulfonylamino }-1,1a,2, 7b-tetrahydro-cyclopropal ¢Jchromene-
4-carboxylic acid (0.005g) as a white solid.

"H NMR (CDCls) 6: 7.86 (1H, dd), 7.43 (1H, ddy, 7.31 (1H, dt), 7.27 (1H, d), 6.59 (1H, d), 4.31
(1H, 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,A
brs), 2.04 (1H, m), 1.84 (1H, q), 1.26 (4H, 1), 1.07 (1H, m), 0.86 (1H, g).

LCMS (Method C) 1/t 2.60 (M+H) 503.9

Example 77: (1aR8,7bSR)-5-{2-[((R)-1-Ethylpyrrolidin-3-yl)amino]benzenesulfonylamino}-
1,1a,2,7b-tetrahydrocyclopropa[cjchromene-4-carboxylic acid

i,

NH o0
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[60151] A solution of (1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropa-{c]chromene-4-carboxylic acid (Intermediate 67, 0.13g) and (R)-1-
ethylpyrrolidin-3-ylamine (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 (C18) to give
(1aRS,”]bSR)-Su{2~[(§S)-1—ethylpyrroiidin-3—yl)amino]benzenesulfonylamino}—1 18,2, 7b-
tetrahyydrocyclopropalclchromene-4-carboxylic acid (0.107g) as a white solid.

"H NMR (DMSO-dg) 8: 7.32 (2H, m), 7.04 (1H, d), 6.98 (1H, m), 6.72 (1H, d}, 6.60 (1H, t),
5.55 (1H, brs), 4.18 (1H, brs), 4.11 (1H, 1), 3.78 (1H, br s), 3.66-3.48 (2H, m), 3.18-2.94 (4H,
m), 2.54 (1H, m), 1.86 (2H, m), 1.66 (1H, m), 1.22 (3H, t}, 0.86 (1H, m), 0.68 (1H, m).

LCMS (Method C) 1/t 3.40 (M+H) 458.

Exampie 78: (1aRS,7bSR)-5-{2-[((S)-1-Ethylpyrrolidin-3-yl)amino]benzenesulfonylamino}-
1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylic acid
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[00152] Prepared by proceeding in a similar manner to Example 77, starting from
(1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropa-[¢]chromene-
4-~carboxylic acid (Intermediate 67) and (S)-1-ethylpyrrolidin-3-ylamine (Intermediate 194).

"H NMR (DMSO-dg) 8: 7.32 (2H, m), 7.05 (1H, d), 6.98 (1H, m), 6.72 (1H, d), 6.60 (1H, ),
5.54 (1H, br s), 420 (1H, brs), 4.11 (1H, t), 3.80 (1H, br s), 3.69-3.48 (2H, m), 3.19-2.96 (4H,
m), 2.56 (1H, m), 1.86 (2H, m), 1.66 (1H, m), 1.22 (3H, 1), 0.87 (1H, m}, 0.68 (1H, m).

LCMS (Method C) 1/t 3.40 (M+H) 458.

Example 79: (1aRS,7bSR)-5-(2- {[((R)-1-Ethylpyrrolidine-3-ylcarbonyl)amino|methyl}-4-

fluoro-benzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropa( clchromene-4-carboxylic acid

/fNﬁ i
P Ve e
F 0 OH

[00153) A mixture of methyl (1aRS,7bSR)-5-(2- {[((R)-1~ethylpyrrolidine-3-
ylcarbonyl)aminoJmethyl }-4-fluoro-benzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropalcjchromene-4-carboxylate (Intermediate 195, 0.215g) and lithium
hydroxide monohydrate (0.170g) was suspended in dioxane (SmL) and water (Sml) 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
(NaySO4) 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 (1aRS,7bSR)-5-(2- {[({R)-1-ethyipyrrolidine-3-
ylcarbonyl)-amino}methyl}-4-fluorobenzenesulfonylamino}-1,1a,2,7b-
tetrahydrocyclopropal cjchromene-4-carboxylic acid (0.103g) as a white solid.
"H NMR (DMSO-dg) 8: 8.78 (1H, q), 7.89-7.83 (1H, m), 7.18 (1H, td), 7.11 (1H, dt), 7.01 (1H,
dd), 6.76 (1H, dd), 4.74 (2H, d), 4.19 (1H, d), 3.61 (1H, dt), 3.46-3.12 (5H, m), 3.07 (2H, q),
2.34-2.22 (1H, m), 2.10-1.98 (1H, m), 1.86 (1H, dt), 1.70 (1H, ¢), 1.19 (3H, t}, 0.90 (1H, dt),
0.73 (1H, q). '
LCMS (Method C) 1/t 3.04 (M+H) 518.
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Example 80: (1aRS,7bSR)5-[2-((Z)-3-Diethylamino-2-methylprop-1-enyl)-4-fluoro-
benzenesulfonylamino]-1,1a,2,7b-tetrahydrocyclopropa[clchromene-4-carboxylic acid
N

SN =

T N
F ~F O%OH

[00154] A mixture of methyl (1aRS,7bSR)-5- {N-[2-((Z)-3-diethylamino-2-methylprop-
1-enyl)-4-fluorobenzenesulfonyl}-N-methoxycarbonylamino]-1,1a,2, 7b-tetrah ydrocyclopropa-
[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 formic acid and
evaporated in vacuo then azeotroped with a mixture of ethanol and toluene. The residue was
triturated with 15% methano! 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
(1aRS,7bSR)-5-[2-((Z)-3-diethylamino-2-methylprop-1-enyl)-4-fluorobenzene-sulfonylamino}-
1,1a,2,7b-tetrahydrocyclopropal c]chromene-4-carboxylic acid (0.202g) as a white solid.
"H NMR (DMSO-de) 8: 7.95 (1H, dd), 7.28 (1H, dt), 7.14 (1H, dd), 7.06 (1H, d), 6.92 (1H, s),
6.64 (1H, d), 4.25 (1H, d), 3.64 (1H, d), 3.36 (2H, br, s), 2.63 (4H, @), 1.96 (3H, s), 1.90 (1H,
m), 1.74 (1H, m), 0.93 (1H, m), 0.86 (6H, t), 0.75 (1H, m).
LCMS (Method C) 1/t 3.27 (M+H) 489

Example 81: (1aRS,7bSR)-5-{2-[2-((R)-1-Ethylpyrrolidin-3-yl)ethylamino]benzene-
sulfonylamino }-1,1a,2, 7b-tetrahydrocyclopropal cJchromene-4-carboxylic acid

I
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[00155] A mixture of (1aRS,70SR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2, 7b-
tetrahydrocyclopropa-{cijchromene-4-carboxylic acid (Intermediate 67, 0.2g) and 2-((R)-1-
ethylpyrrolidin-3-yljethylamine (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 (C18) to give {1aR8,7bSR)-5-{2-[2-((R)-1-ethylpyrrolidin-3-
yDethylamino}-benzenesulfonyi-amino}-1,1a,2, 7b-tetrahydrocyclopropalclchromene-4-
carboxylic acid {0.125g) as a white solid.
'H NMR (DMSO-ds)-8: 7.62 (1H, dt), 7.29 (1H, dt), 7.02 (2H, 2s), 6.70 (1H, d), 6.58 (1H, 1),
5.84 (1H, brm), 4.14 (1H, d), 3.54 (1H, d), 3.36 (1H m), 3.18 (3H, m), 3.06 (4H, m), 2.59 (1H,
m), 2.01 (1H, m), 1.83 (1H, m), 1.80-1.49 (4H, m), 1.19 (3H, q), 0.85 (1H, m), 0.69 (1H, m).
LCMS (Method C) 1/t 3.35 (M+H) 486.

Example 82: (1aRS,7bSR)-5-{2-[2-((S)-1-Ethylpyrrolidin-3-yl)ethylamino]benzenesulfonyl-

amino}-1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-carboxylic acid

[00156] Prepared by proceeding in a similar manner to Example 58, starting from
(1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropa-{ cjchromene-
4-carboxylic acid (Intermediate 67) and 2-((S)-1-ethylpyrrolidin-3-yl)ethylamine (Intermediate
208).

"H NMR (DMSO-dg) &: 7.62 (1H, dt), 7.29 (1H, dt), 7.02 (2H, 2s), 6.70 (1H, d), 6.57 (1H, 1),
5.84 (14, brm), 4.14 (1H, d), 3.54 (1H, d), 3.36 (1H m), 3.17 (3H, m), 3.06 (4H, m), 2.57 (1H,
m), 2.01 (1H, m), 1.83 (1H, m), 1.80-1.49 (4H, m), 1.19 (3H, q), 0.85 (1H, m), 0.68 (1H, m).
LCMS (Method C) 1/t 3.34 (M+H) 486.

Example 83: (1aR,7bS)-5-[2-((8)-1-Ethylpyrrolidin-3-yloxymethyl)-4-fluorobenzene-
sulfonylamino}-1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylic acid
D
H
O\l . /\/<2| aH
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{00157} A mixture of methyl (1aR,7bS)-5-[2-((S)-1-ethylpyrrolidin-3-yloxymethyl}-4-
fluorchbenzene-sulfonylamino]-1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-carboxylate
(Intermediate 213, 0.217g) and lithium hydroxide monohydrate (0.168g) in dioxane (3mL) and
water (1mL) 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
(1aR,768)-5-[2-((S)-1 -ethylpyrrolidin-3-yloxymethyl)-4-fluorobenzenesulfonylamino -
1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylic acid (0.136g) as a white solid.

"H NMR (CDCls) 8: 7.35 (1H, dd), 7.23 (1H, d), 7.19 (1H, dd), 7.01 (1H, d), 6.83 (1H, dt),
4.87 (1H, br, d), 4.73 (1H, br, d), 4.36 (2H, br, m), 4.19 (1H, &), 3.88 (1H, m), 3.84 (1H, d),
3.38 (1H, m), 2.94 (1H, m), 2.86 (1H, m), 2.75 (1H, m), 2.26-2.45 (2H, m), 1.81 (1H, m), 1.60
(1H, m), 1.39 (3H, t), 0.90 (2H, m).

LCMS (Method C) 1/t 3.25 (M+H) 491

Example 84: (1aR,7bS)-5-[2-((R)-1-Ethylpyrrolidin-3-yioxymethy})-4-fluorobenzene-

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

[00158] Prepared by proceeding in a similar manner to Example 83, starting from
methyl (1aR,7bS)-5-[2-((R)-1-ethylpyrrolidin-3-yloxymethyl)-4-fluorobenzenesulfonylamino]-
1,1a,2,7b-tetrahiydro-cyclopropalcjchromene-4-carboxylate (Intermediate 217).

"H NMR (DMSO-dq) 8: 7.83 (1H, dd), 7.44 (1H, dd), 7.20 (1H, dt), 7.07 (1H, d), 7.03 (1H, d),
499 (1H, d), 4.49 (ZH; d), 4.19 (2H, d), 3.57 (2H, d), 2.93-3.30 (4H, m), 2.34 (1H, m), 2.13
(1H, m), 1.88 {1H, m), 1.72 (1H, m), 1.29 (3H, t}, 0.92 (1H, m), 0.75 (1H, m).

LCMS (Method C) 1/t 3.25 (M+H) 491.
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Example 85: (1aR,7bS) -5-[2-(1-Ethylpiperidin-3-ylmethyl)-4-fluorobenzenesulfonylamino]-

1,1a,2,7b-tetrahydrocyclopropal c]jchromene-4-carboxylic acid

N

o, 0
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[00159) A mixture of methy! (1aR,7bS) )-5-[2-(1-ethylpiperidin-3-ylmethyl)-4-

fluorobenzen c-:sulfqnyl— amino]-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylate
(Intermediate 221, 0.071g) and lithium hydroxide monohydrate (0.059¢) 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
(NaySOy) 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 (1aR,7bS)-5-[2-(1-ethyl-piperidin-3-ylmethyl)-
4-fluorobenzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropa-[{c]chromene-4-carboxylic acid
(0.032g) as a white solid.

"H NMR (DMSO-dg) 8: 8.01-7.91 (1H, m), 7.26-7.18 (2H, m), 7.10-7.00 (2H m), 4.22-4.17
(1H, m), 3.61 (1H, d), 3.45-2.92 (5H, m), 3.02-2.88 (4H, m), 1.94-1.85 (1H, m), 1.80-1.65

" (3H, m), 1.65-1.50 (1H, m}, 1.30-1.14 (4H, m), 0.97-0.87 (1H, m), 0.77-0.68 (1H, m).

LCMS (Method C) 1/t 3.21 (M+H) 489.

Example 86: (1aR,7bS)-5-{2-[2~((R}-1-Ethylpyrrolidin-2-yl)ethyt]-4-fluorobenzenesulfonyl-
amino}-1,1a,2,7b-tetrahydrocyclopropafclchromene-4-carboxylic acid

\\ H.,
T gﬂ “““ :
)\/ 07 ~oH
[60160] Lithium hydroxide (0.22g) was added to a solution of methyl (1aR,7bS)-5-{2-
[2-((R)-1-ethyl-pyrrolidin-2-yl)ethyl]-4-fluorobenzenesulfonylamino }-1,14a,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 (MgSQy) and filtered and the filtrate was evaporated to dryness. 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 25-35% to give {1aR,7bS)-5-{2-[2-((R)-1-ethylpyrrolidin-
2-yhethyl]-4-fluoro-benzenesulfonylamino }-1,1a,2, 7b-tetrah ydrocyclopropal c|chromene-4-
carboxylic acid (0.11g) as a white solid.

'H NMR (DMSO-d) &: 7.88 (1H, dd), 7.33 (1H, dd), 7.15 (1H, dt), 7.08 (1H, d), 6.98 (1H, d),
4.18 (1H, d), 3.68 (1H, br m), 3.58 (1H, d), 3.56 (1H, m), 3.22-2.96 (5H, m), 2.23 (1H, m), 2.03
(4H, m), 1.87 (2H, m), 1.72 (1H, g), 1.31 (3H, t), 0.91 (1H, m), 0.72 (1H, q).

LCMS (Method C) 1/t 3.24 (M-+H) 489.

Intermediate 1: Methyl cis-(3aRS,9bRS)-7-(benzenesulfonylamino)-1,3a,4,9b-tetrahydro-2H-

furo{2,3-c]chromene-6-carboxylate

H
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Mixture of cis enantiomers
[00161] Formic acid (5mL) was added to methyl cis-(3aRS,9bRS)-7-[bis-(tert-
butoxycarbonyl)amino]-1,3a,4,9b-tetrahydro-2H-furo[2,3-clchromene-6-carboxylate
(Intermediate 2, 0.15g) and the mixture was stirred at room temperature for 1 hour. The
lrcsultant mixture was evaporated to dryness and the residue was redissolved in toluene and
evaporated to drfyness three times. The residue was dissolved in DCM (2mL) and pyridine
(1mL) was added followed by benzenesulfony! 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 (MgSQOy) and filtered. The filtrate was evaporated to dryness
to give methyl cis-(3aRS,9bRS)-7-(benzenesulfonylamino)-1,3a,4,9b-tetrahydro-2H-furo[2,3-
c]jchromene-6-carboxylate (0.082g) as a gum.
00162} "H NMR (CDCls) 8: 7.73 (2H, dd), 7.53 (1H, 1), 7.42 (2H, 1), 7.25 (1H, d), 7.21
(1H, d), 4.29 (1H, m), 4.03 (1H, dd), 3.93 (1H, dd), 3.82 (2H, t), 3.70 (3H, s), 3.45 (1H, m),
248 (1H, m), 1.87 (1H, m).
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Intermediate 2: Methy! cis-(3aRS,9bRS)-7-[ his-(tert-butoxycarbonylyamine]-1,3a,4,9b-
tetrahydro-2H-furo{2,3-c]chromene-6-carboxylate

RN
0
Q
H
Boc
N o
Boc
07 o

Mixture of cis enantiomers
{00163} A solution of methyl 7-{ bis-(tert-butoxycarbonylyamino]-4H-furo[2,3-¢]-
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-[bis-(fert-butoxycarbonyl)amino]-1,32,4,9b-tetrahydro-2H-furo[ 2,3~
clchromene-6-carboxylate (0.15g) as a gum.
[00164] 'H NMR (CDCly) 8: 7.22 (1H, dd), 6.80 (1H, d), 4.36 (1H, m), 4.07 (2H, d),
3.86 (2H, t}, 3.84 (3H, s), 3.53 (1H, m), 2.50 (1H, m), 1.94 (1H, m), 1.40 (18H, s).

Intermediate 3: Methyl 7-[bis-(fert-butoxycarbonyl)amino}-4H-furo [2,3~-c]-chromene-6-

carboxylate

[00165] Carbon tetrabromide (2.66g) was added to a solution of methyl 6-{bis-(tert-
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 (5.59¢g) 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
{NaySQy) 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-[bis-(tert-butoxycarbonyl)amino]-4H-furo[2,3~c]-
chromene-6-carboxylate (0.735g) as a gum which crystallised on standing.

[00166] "H NMR (CDCl3) [0 8: 7.45 (1H, m), 7.26 (1H, s, 6.79 (1H, d), 6.65 (1H, d),
5.44 (2H, s), 3.87 (3H, s), 1.42 (18H, s).

Intermediate 4: Methyl 6-{bis-(terr-butoxycarbonyl)amino]-2-hydroxy-3-(2-
hydroxymethylfuran-3-yl)benzoate

]
Y on OH
Boc
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! |
[00167] IM aqueous sodium hydroxide (50mL) was added to a solution of methyl 6-

[bis-(tert-butoxycarbonyljamino]-3-(2-hydroxymethylfuran-3-yl)-2-(4-methylbenzene-
sulfonyloxy)benzoate (Intermediate 5, 3.82g) in methano! (100mL) 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
(Na;SQO,) 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-[bis-(tert-butoxycarbonyl)amino]-2-hydroxy-3-(2-
hydroxymethylfuran-3-yl)benzoate (2.65g) as a white foam.

[00168] 'H NMR (CDCls) &: 11.91 (1H, s), 7.50 (2H, m), 6.80 (1H, d), 6.57 (1H, d),
4,58 (2H, s), 3.97 (3H, s), 1.43 (18H, s).

Intermediate 5: Methyl 6-[bis-(fert-butoxycarbonyl)amino}-3-(2-hydroxymethyl-furan-3-y1)-

2-(4-methylbenzenesulfonyloxy)benzoate
OH

[00169] Sodium borohydride (0.304g) was added to a solution of methyl 6-[bis-(tert-
butoxycarbonyl)amino}-3-(2-formylfuran-3-yl)-2-(4-methylbenzenesulfonyloxy)-benzoate
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(Intermediate 6, 3.9g) in ethano! (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 (Na;SQy) and filtered. The filtrate was
evaporated to dryness to give methyl 6-[bis-(tert-butoxycarbonyl)amino}-3-(2-
hydroxymethylfuran-3-yl)-2-(4-methylbenzene-sulfonyloxy)benzoate (3.82g) as a white solid.
{00170} '"H NMR (CDCls) &: 7.40 (1H, d), 7.38 (2H, d), 7.30 (1H, d), 7.18 (1H, d), 7.11
(2H, d), 6.28 (1H, d), 4.33 (2H, s), 3.82 (3H, s}, 2.40 (3H, ), 1.42 (18H, s).

Intermediate 6: Methyl 6-[bis-(fert-butoxycarbonyl)amino]-3-(2-formylfuran-3-y1)-2-(4-

methylbenzenesulfonyloxy)benzoate

[00171] Triethylamine (0.848g) was added to a stirred solution of methyl 6-amino-3-(2-
formytfuran-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
(NaySQOs) and filtered. The filtrate was evaporated to dryness and the residue was dissolved in
acetonitrile (30mL) and DMAP (0.804¢g) and di-ters-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 (Na;SOy) 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-[bis-(tert-butoxycarbonyl)amino]-3-
(2-formylfuran-3-y1)-2-(4-methylbenzenesulfonyloxy)-benzoate (3.91g) as a white foam.
[00172] "H NMR (CDCl3) 8: 9.13 (1H, d), 7.54 (1H, dd), 7.38 (1H, d), 7.31 (2H, d),
7.23 (1H, @), 7.05 (2H, d), 6.75 (1H, d), 3.94 (3H, s), 2.37 (3H, s), 1.45 (18H, s).

Intermediate 7: Methyl 6-amino-3-(2-formylfuran-3-yl)-2-hvdroxybenzoate
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[60173] A mixture of methyl 6-amino-3-bromo-2-hydroxybenzoate (prepared
according to Wang et al, Bioorg Med Chem Lett, 2007, 17, 2817; 1.84g), 2-formylfuran-3-
boronic acid pinacol ester (1.99g), tri-fert-butylphosphonium tetrafluoroborate (0.218g), cesium
carbonate (7.33g) and tris-(dibenzylideneacetone)dipalladivm (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 (Na;SOy) 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-y1)-2-hydroxybenzoate (1.72g) as a yellow solid. The

material was used without further characterisation,

Intermediate 8: 7-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-fluorobenzene-sulfonylamino}-4H-

furo{2,3-c]chromene-6-carboxylic acid
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100174] Methyl 7-[2-((Z)-3-diethylaminoprop-1-enyl)-4-fluorobenzenesulfonylamino}-
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 friturated 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-1-enyl)-4-
fluorobenzenesulfonylamino}-4H-furof2,3-c]chromene-6-carboxylic acid (0.056 g) as a white

solid.
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7.26-7.19 (2H, m), 7.02 (1H, d), 6.86 (1H, d), 6.20-6.11 (1H, m), 5.28 (21, s), 3.79 (2H, d),
3.12 (4H, q), 1.14 (6H, 1).

[00176] LCMS (Method C) 1/t 3.48 (M+H) 501.

[00175] "H NMR (DMSO-dg) 8: 7.71 (1H, d), 7.68 (1H, d), 7.38 (1H, d), 7.28 (1H, dd),
H

Intermediate 9: Methyl 7-[2-((Z)-3-Diethylaminoprop-1 -enyl}~4~f1uorobenzene—

sulfonylamino]-4H-furo[2,3-c]chromene-6-carboxylate

[80177] 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)-1-
tributylstannanylprop-1-en-3-yl)amine (Intermediate 11, 3.4g), tri-tert-butylphosphonium
tetrafluoroborate (0.246g), fris-(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 (Na,SO,) 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-diethylaminoprop-1-en-1-yl)-4-fluorobenzenesulfonyl-
amino]-4H-furo[2,3-c]chromene-6-carboxylate (1.47g) as a pale orange solid.

[00178) 'H NMR (CDCls) 8: 8.06 (1H, dd), 7.40 (1H, m), 7.17 (1H, d), 7.14-6.98 (2H,
m), 7.0-6.9 (2H, m), 6.56 (1H, d), 6.06 (1H, 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-

cJchromene-6-carboxylate

P:z\o
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[60179] Methyl 7-[ bis-(tert-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 agqueous potassiuvm carbonate solution
(10%). The organic layer was separated, dried (MgSO,) and filtered. The filtrate was
evaporated to dryness and the residue was dissolved in DCM (20mL) and pyridine (10mL) 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 cyelohexane with a gradient of 0-60% to give methyl 7-(2-bromo-4-fluorobenzenesulfonyl-
amino)-4H-furo[2,3-cjchromene-6-carboxylate (0.47g) as a pale yellow solid.

{00180} "H NMR (CDCls) 8: 9.25 (1H, brs), 8.14 (1H, dd), 7.40 (2H, m), 7.16 (2H, m),
7.12 (1H, m), 6.55 (1H, d), 5.36 (2H, s), 3.92 (3H, s).

Intermediate 11: N,N-Diethyl-N-((Z)-1-tributylstannanylprop-1-en-3-yl}-amine
w

~_N
[00181] Diethylamine (19mL) was added to a solution of ((Z)-3-bromoprop-1-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)-1-tributylstannanylprop-1-en-3-ylyamine (4.75 g) as an
orange oil.
[60182] "H NMR (CDCl3) 8: 6.59 (1H, dt), 5.97 (1H, dt), 3.08 (2H, dd), 2.53 (4H, q),
1.49 (6H, m), 1.37-1.24 (6H, m), 1.04 (6H, t), 0.92-0.89 (15H, m).

Intermediate 12: ((Z)-3-Bromoprop-1-enyl)-tributylstannane

Br X

SnBu;

(00183} A solution of triphenylphosphine (5.32g) in DCM (60ml.) was added to a
solution of (Z)-3-tributylstannanylprop-2-en-1-ol (Intermediate 13, 6.4g) and carbon
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tetrabromide (9.18¢g) 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-1-
enyl)-tributylstannane (12.14 g) as an oil.

[00184] THNMR (CDCly) 8: 6.71 (1H, dt), 6.11 (1H, 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-1-ol
HO

SnBu,

[00185] Propargyl alcohol (5ml) was added to a solution of lithitm 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 fri-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% aqgueous 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
0f 0-10% to give (Z)-3-tributylstannanyl-prop-2-en-1-0l (5.06 g) as a clear oil.

[00186] 'H NMR (CDCly) &: 6.70 (1H, dt), 6.08 (1H, 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-1-yl }propyl)-4-

fluorobenzenesulfonylamino]-1,3a,4,9b-tetrahydro-2H-furo[ 2,3-c]chromene-6-carbox viate

C}\i NS
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Mixture of cls enantiomers
[60187] A solution of methyl 7-[2-((Z)-3-{pyrrolidin-1-yl} prop-1-enyl)-4-

fluorobenzene-sulfonylamino}-4H-furo{2,3-c]chromene-6-carboxylate (Intermediate 13, 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-{pyrrolidin-1-yl} propyl)-4-fluorobenzene-sulfonylamino]-1,3a,4,9b-tetrahydro-2H-furo[ 2,3-

clchromene-6-carboxylate (0.06g) which was used without further characterisation.

Intermediate 15: Methyl 7~[2-((Z)—3— {pyrrolidin-1-yl}prop-1-enyl)-4-fluorobenzene-

sulfonylamino}-4H-furo[2,3-c]chromene-6-carboxylate

[00188] Prepared by proceeding in a similar manner to Intermediate 9, starting from
methy! 7-(2-bromo-4-fluorobenzenesulfonylamino)-4H-furof2,3-c}chromene-6-carboxylate
{Intermediate 10) and 1-((Z)-3-tributylstannanylallyl)pyrrolidine (Intermediate 16).

[00189] "H NMR (CD;0D) &: 8.02 (1H, dd), 7.51 (1H, m), 7.16 (2H, dJ, 7.11-7.01
(2H, m), 6.76 (1H, d), 6.69 (1H, d), 5.93-5.83 (1H, 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: 1-((Z)-3-tributylstannanylallylypyrrolidine
/)
\/N\/\
SnBu,

[60196] Prepared by proceeding in a similar manner to Intermediate 11 starting from
((Z)-3-bromoprop-1-enyl)tributylstannane (Intermediate 12) and pyrrolidine.

[060191] "H NMR (CDCly) 8: 6.64 (1H, dt), 5.96 (1H, 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-1-enyl)-4-

fluorobenzenesulfonylamino}-1,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carbox ylate



Mixture of cis enantiomers

{00192] -Prepared by proceeding in a similar manner to Intermediate 9, starting from
methy! cis-(3aRS,9bRS)-7-(2-bromo-4-fluorobenzenesulfonylamino)-1,3a,4,9b-tetrahydro-2H-
furo[2,3-c]chromene-6-carboxylate (Intermediate 18) and N,N-diethyl-N-((Z)-1-
tributylstannanylprop-1-en-3-yl)-amine (Intermediate 11) and heating at 80°C for 2 hours.
[06193] 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

H
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Mixture of cis enantiomars
[00194] 2-Bromo-4-fluorobenzenesulfonyl chloride (0.335g) was added to a solution of
methy! cis-(3aRS,9bR8)-7-amino-1,3a,4,9b-tetrahydro-2H-furo{2,3 -clchromene-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-
fluorobenzenesulfonylamino)-1,3a,4,9b-tetrahydro-2H-furo[ 2,3-c]chromene-6-carboxylate
(0.486g) as a yellow gum.
[00195] '"H NMR (CDCls) 8: 9.47 (1H, s), 8.17 (1H, m), 7.42 (1H, dd), 7.12 (1H, dt),
7.11 (2H, s), 4.28 (1H, m), 4.06 (1H, dd), 3.96 (1H, dd), 3.91 (3H, s), 3.82 (2H, m), 3.41 (1H,
m), 2.45 (1H, m), 1.84 (1H, m).

Intermediate 19: Methyl cis-(3aRS,9bRS)-7-amino-1,3a,4,9b-tetrahydro-2H-furo[2,3-

c¢]chromene-6-carboxylate
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Mixture of cis enantiomers

[00196] Triftuoroacetic acid {(7mL) was added to a solution of methyl ¢is-(3aRS,9bRS)-
7-]bis~(tert-butoxycarbonyl)amino}-1,3a,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 (MgSQOy) and filtered. The filtrate
was evaporated to dryness to give methyl cis-(3aRS, 9bR S)-7-amino-1,3a,4,9b-tetrahiydro-2H-
furo[2,3-c]chromene-6-carboxylate (0.255g) as a gum.
[00197] "HNMR (CDCls) 8: 7.0 (1H, dd), 6.31 (1H, d), 4.32 (1H, m), 4.01 (2H, m),

3.88 (3H, ), 3.84 (2H, m), 3.39 (1H, m), 2.41 (1H, m), 1.86 (1H, m).

Intermediate 20: Methyl 7-[N-{2-({Z)-3-Diethylaminoprop-1-enyl)-4-fluoro-

benzenesulfonyl}-N-(methoxycarbonyl)amino]-1,2-dihydrofuro[2,3-c]quinoline-6-carboxylate
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[60198] Prepared by proceeding in a similar manner to Intermediate 9, starting from

methyl 7-[N-(2-bromo-4-fluorobenzenesulfonyl)-N-(methoxycarbonyl)amino]-1,2-dihydro-
furo{2,3-clquinoline-6-carboxylate (Intermediate 21) and N,N-diethyl-N-((Z)-1-
tributylstannanylprop-1-en-3-yl)amine (Intermediate 11) and heating at 60°C for 1 hour.
[00199] "H NMR (CDCl) 8: 8.72 (1H, s), 8.32 (1H, dd), 7.76 (1H, d), 7.62 (1H, d),
7.22-7.08 (3H, m), 6.03 (1H, m), 4.87 (2H, ©), 3.93 (3H, s), 3.62 (3H, s), 3.56 (2H, 1), 3.20 (2H,
m}, 2.52 (4H, m}, 0.97 (6H, t).

Intermediate 21: Methyl 7-[N-(2-bromo-4-fluorobenzenesulfonyl)-N-(methoxy-
carbonyljamino]-1,2-dihydrofuro[2,3-c]quinoline-6-carboxylate
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[60200] A solution of methyl 7-(2-bromo-4-fluorobenzenesulfonylamino)-1,2~dihydro-
furo[2,3-c]quinoline-6-carboxylate (Intermediate 22, 0.29¢) in THF (5mL) was added slowly to
a suspension of sodium hydride (40% oil dispersion, 0.048g) in THF (15mL). Once the .
evolution of hydro gen had ceased, methyl chloroformate (0.147g) was added and the mixture’
wés stirred at Toom temperature for 1 hour. The mixture was diluteci with ethyl acetate, washed
with saturated sodium bicarbonate soluﬁon, dried (MgSQy) 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]-1,2-dihydrofuro{2,3-c]quinoline-6-
carboxylate (0.3g) as a pale orange solid.

[002061] 'H NMR (CDCls) 8: 8.73 (1H, s), 8.48 (1H, dd}, 7.76 (2H, s), 7.51 (1H, dd},
7.25 (1H, 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)-1,2-dihydro-furo{2,3-

c]quinoline-6-carboxylate

[60202] Prepared by proceeding in a similar manner to Intermediate 18, starting from
methyl 7-amino-1,2-dihydrofuro[2,3-c]quinoline-6-carboxylate (Intermediate 23) and 2-bromo-
4-fluorobenzenesulfonyl chloride and stirrin g at room temperature for 3 days.

[00203] "HNMR (CDCly) 8: 8.60 (1H, s), 8.07 (1H, dd), 7.84 (1H, d), 7.62 (1H, d),
7.43 (1H, dd), 7.06 (1H, m), 4.79 (2H, t), 4.02 (3H, s), 3.48 (2H, t).

Intermediate 23: Methyl 7-amino-1,2-dihydrofuro{2,3-c]quinoline-6-carboxylate
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[06204] A solution of methyl 7-aminofuro{2,3-c]quinoline-6-carboxylate (Intermediate
24, 1.13g) in a mixture of dioxane (5mL) and acetic acid (3mL.) was treated under an
atmosphere of nitrogen with palladium hydroxidé on carbon (10%, 0.1g). 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 (MgSQOy) 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-1,2-dihydrofuro[2,3-clquinoline-6-carboxylate (0.666g) as a
vellow solid.

[60205] "H NMR (CDCls) 8: 8.56 (1H, ), 7.51 (1H, d), 6.95 (1H, d), 5.16 (2H, brs),
4.74 (2H, 1), 4.05 (3H, s), 3.46 (2H, t).

Intermediate 24: Methyl 7-aminofuro{2.3-clquinoline-6-carboxylate

[06206] A mixture of methyl 3-bromo-2,6-diaminobenzoate (Intermediate 25, 1.34g),
2-formylfuran-3-boronic acid pinacol ester (1.46g), tri-tert-butylphosphonium tetrafluoroborate
{0.305g), cestum carbonate (5.15g) and #ris-(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 (MgSO4) 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-clquinoline-6-carboxylate (1.13g) as a brown gum.
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[00207] "H NMR (CDCly) 6:9.11 (1H, s), 7.95 (1H, d), 7.82 (1H, d), 7.14 (1H, dd),
7.05 (1H, d), 5.05 (2H, br s), 4.08 (3H, s).

Intermediate 25: Methyl 3-bromo-2,6-diaminobenzoate

Br
M,N ; :NHZ

04\?
[00208] Iron powder (4.07g) was added slowly with stirring and cooling to a solution
of methyl 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 agueous sodium hydroxide solution, dried
(MgSOy) 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-diaminobenzoate {1.34g) as a pale yellow solid.
[060209] "H NMR (CDCly) 8: 7.21 (1H, d), 6.11 (2H, brs), 5.88 (1H, d), 5.46 (2H, br s),
3.93 (3H, s).

Intermediate 26: Methyl 7-(benzenesulfonylamino}-1,2-dihydrof furo[2,3-c]quinoline-6-

carboxylate
M/ ©
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[60210] Prepared by proceeding in a similar manner to Intermediate 18, starting from

methyl 7-amino-1,2-dihydrofuro[2,3-c]quinoline-6-carboxylate (Intermediate 23) and
benzenesulfony! chloride and stirring at room temperature overnight.

[60211] "H NMR (CDCly) 8: 8.59 (1H, s), 7.94 (1H, d), 7.70 (1H, d), 7.50 (1H, m),
7.40 (2H, 1), 7.21 (2H, m), 4.81 (2H, 1), 3.75 (3H, s), 3.51 (2H, 1).
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Intermediate 27: Methyl cis-(3aRS,9bRS)-5-acetyl-7-[2-((Z)-3-diethylaminoprop-1-enyl)-4-

fluorobenzenesulfonylamino}-1,2,3a,4,5,9b-hexahydrofuro[2,3-c]quinoline-6-carboxylate

\

Mixture of cis enantiomers
1002 121 Prepared by proceeding in a similar manner to Intermediate 9, starting from
methyl! cis-(3aRS,9bRS)-5-acetyl-7-(2-bromo-4-fluorobenzenesulfonylamino)-1,2,32,4,5,9b-
hexahydrofuro{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,9bR S)-5-acetyl-7-(2-bromo-4-fluorobenzene-
sulfonylamino)-1,2,3a,4,5,9b-hexahydrofuro[2,3-c]quincline-6-carboxylate
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Mixture of cis enantiomers
[00214] Prepared by proceeding in a similar manner to Intermediate 18, starting from
methy! cis-(3aRS,9bRE)-5-acetyl-7-amino-1,2,34,4,5,9b-hexahydrofuro[ 2,3-c]quinoline-6-
carboxylate (Intermediate 29) and 2-bromo-4-fluorobenzenesulfonyl chloride.
[00215] "H NMR (CDCly) 8: 9.51 (1H, brs), 8.16 (1H, m), 7.42 (1H, dd), 7.34 (1H, d),
7.18 (1H, d), 7.12 (1H, dt), 4.46 (1H, d), 3.84 (2H, m), 3.81 (3H, s}, 3.67 (1H, m), 3.49 (1H,
m), 3.38-3.19 (1H, m), 2.41-2.30 (1H, m), 2.25 (3H, s), 1.57 (1H, m).

Intermediate 29: Methyl cis-(3aRS,9bRS)-5-acetyl-7-amino-1,2,3a,4,5,9b-hexahydrofuro[2,3-

¢] quinoline—6~carboicylate

o

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-dimethylpropionylamine)-1,2,3a,4,5,9b-hexahydro-furo[2,3-
clquinoline-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 f{iltered through a phase separator
and the filtrate was eﬁaporated‘to dryness to give methyl cis-(3aRS,9bRS)-5-acetyl-7-amino-
1,2,32,4,5,9b-hexahydrofuro[2,3-c]quinoline-6-carboxylate (0.09¢) as a brown gum.

[60217] "H NMR (CDCl3) 8: 7.04 (1H, d), 6.53 (1H, d), 4.97 (2H, br 5), 4.47 (1H, m),
3.90 (2H, m), 3.79 (3H, s), 3.67 (1H, m), 3.45 (1H, m), 3.30 (1H, m), 2.4-2.32 (1H, m), 2.27
(3H, s), 1.68-1.54 (1H, m).

Intermediate 30: Methyl cis-(3 aRS,QBRS)»S~acetyl-7-(2,2-dimethy1propionylamino)«
1,2,32,4,5,9b-hexahydrofurof2,3-clquinoline-6-carboxylate

o /AH)QO
asad
H . CE) (Z]/
Mixture of cis enantiomers
[00218] Sodium hydride (60% oil dispersion, 0.0Zg) was added to a solution of methyl
2-acetylamino-6-(2,2-dimethylpropionylamino)-3-[ cis-(2RS,3RS)-2-(methanesulfonyl-
“oxymethylttetrahydrofuran-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 chioride was added and the mixture was extracted with DCM, dried (MgSOy) and
filtered. The filtrate was evaporated to dryness to give methyl cis-(3aRS,9bRS)-5-acetyl-7-(2,2-
dimethylpropionylamino)-1,2,3a,4,5,9b-hexahydrofuro[2,3-cjquinoline-6-carboxylate (0.15g)
as a tan coloured solid.
[00219] "H NMR (CDCl) 8: 9.92 (1H, s), 8.29 (1H, d), 7.30 (1H, d), 4.51 (1H, d), 3.82
3H, s), 3.75 (2H, m), 3.69 (1H, m), 3.56 (1H, m), 3.37-3.27 (1H, br m), 2.44-2.34 (1H, br m),
2.29 (3H, s}, 1.68-1.58 (1H, br m), 1.29 (9H, s).

Intermediate 31: Methyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-[cis-(2RS,3RS)-2-
(methanesulfonyioxymethyljtetrahydrofuran-3-yl]benzoate
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Mixture of ¢is enantiomers

{00220] Methanesulfonyl chloride (0.042m1L) was added to a mixture of methyl 2-

acetylamino-6-(2,2-dimethylpropionylamino)-3-[cis-(2RS,3R S)-2-(hydroxymethyl)-
tetrahydrofuran-3-ylJbenzoate (Intermediate 32, 0.14g) and triethylamine (0.15mL) in DCM
(5mL) and the resultant mixture was stirred at room temperature for 30 minutes. The mixture
was washed with 1M hydrochloric acid, dried (MgSOy) and filtered. The filtrate was
evaporated to dryness to give methyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-[cis-
(2RS,3RS)-2-(methanesulfonyloxymethyl)-tetrahydrofuran-3-yl]benzoate (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

H
o
E\ /;. H
N AH OH
N Nﬁ/
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Mixture of cis enantiomers
[00222} A solution of methyl 2-acetylamino-6-(2,2-dimethylpropionylamino)-3-(2-
hydroxymethylfuran-3-yl)benzoate (Intermediate 38, 0.2¢) in dioxane (4mL) and acetic acid
(1mL) 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 the 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.
[66223] 'H NMR (CDCl3) 8: 9.70 (1H, br s), 8.29 (1H, d), 8.25 (1H, brs), 7.36 (1H, d),
422 (1H, m), 4.10 (1H, m), 3.91 (1H, m)}, 3.90 (3H, ), 3.64 (2H, m), 3.24 (1H, m), 2.41 (1H,
m), 2.16 (3H, 5), 2.11 (1H, m), 1.30 (9H, s). "
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Intermediate 33: Methyl 2~acety1amino~6»(2,2~dimethy1pfopionylamino)-3-(2-

hydroxymethylfuran-3-yl)benzoate

S

‘ Q
o N
A H OH
o} (rJ (Z]/
[00224] Tetrabutylammonium fluoride (1M solution in THF, 1.1mL) was added to a

stirred, cooled solution of methyl 2-acetylamino-3-[2-(fert-butyldimethylsilanylox ymethyt)-
furan-3-y1]-6-(2,2-dimethylpropionylamino)benzoate (Intermediate 34, 0.43g) in THF (10mL)
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 (MgSO4) 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-dimethylpropionylamino)-3-(2-
hydroxymethylfuran-3-yl)benzoate (0.2g) as a gum.

[00225] "H NMR (CDCl3) 8: 9.95 (1H, br s), 8.36 (1H, d), 8.00 (1H, brs), 7.46 (1H, s),
7.36 (1H, d), 6.32 (1H, s), 4.54 (2H, d), 3.90 (3H, s), 2.45 (1H, 1), 1.99 (3H, s), 1.32 (9H, s).

Intermediate 34: Methyl 2-acetylamino-3-[2-(fert-butyldimethylsilanyloxymethyl)-furan-3-
yil-6-(2,2-dimethylpropionylamino)benzoate

o N
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[00226] Acetyl chloride (0.09mL) was added to a stirred solution of methyl 2-amino-3-
[2-{tert-butyldimethylsilanyloxymethyl)furan-3-y1]-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 (MgSOy) 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-(rerz-
butyldimethylsilanyloxymethyl)-furan-3-yl]-6-(2,2-dimethylpropionylamino benzoate (0.442g)

as a colourless foam.
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[00227) "H NMR (CDCl3) 8: 10.08 (1H, brs), 8.34 (1H, d), 8.15 (1H, brs), 7.46 (1H,
5), 7.36 (1H, d), 6.32 (1H, s), 4.51 (2H, 5), 3.93 (3H, ), 1.98 (3H, s), 1.32 (9H, s), 0.93 (9H, s),
0.13 (6H, s).

Intermediate 35: Methyl 2-amino-3-[2-(tert-butyldimethylsilanyloxymethyl)furan-3-yl}-6-

(2,2-dimethyipropionylamino)-benzoate

[00228] Pivaloyl chloride (0.353g) was added to a stirred, cooled mixture of methy!
2,6-diamino-3-[2-(fert-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 (MgSO,) 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-(fert-
butyldimethylsilanyloxymethyl)furan-3-y1]-6-(2,2-dimethylpropionylamino)benzoate (0.744¢)

as an oil.
160229] M NMR (CDCl;) 6: 10.81 (1H, brs), 7.97 (1H, d), 748 (1H, ), 7.18 (1H, d),
6.41 (1H, s), 5.67 (2H, s), 4.51 (2H, s), 3.98 (3H, s), 1.33 (9H, s), 0.87 (9H, ), 0.05 (6H, s).

Intermediate 36: Methyl 2,6-diamino-3-[2-(ferf-butyldimethylsilanyloxymethyl)-furan-3-

ylJbenzoate

[00230] A mixture of methyl 3-bromo-2,6-diaminobenzoate (Intermediate 25, 2.6g), 2-
(tert-butyldimethylsilanyloxymethyl)furan-3-boronic acid (Intermediate 37, 3.5g), cesium
carbonate (11.35g), tri-rert-butylphosphonium tetrafiuoroborate (0.334g) and #ris-
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(dibenzylideneacetone)dipalladium (0.529¢) 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 (MgSO,) 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-(fert-butyldimethylsilanyloxymethyl)furan-3-yilbenzoate (2.39g) as a viscous oil

which was used without further characterization.

Intermediate 37: 2-(tert-Butyldimethylsilanyloxymethyl)furan-3-boronic acid

»::\O
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00231} n-Butyllithium (2.5M in hexanes, 11.25ml) was added slowly to a stirred,
cooled solution of 3-bromo-2-(terr-butyldimethylsilanyloxymethyl)furan (Intermediate 38,
7.5g) in dry ether (150mL) 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 agueous ammonium chloride solution, dried (MgSOy) 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-(fert-
butyldimethylsilanyloxymethyl)furan-3-boronic acid (3.6g) which was used directly without

further characterization.

Intermediate 38: 3-Bromo-2-(fert-butyldimethylsilanyloxymethylfuran
F:“"\D
B {& \
\ _Si
07N\
[60232] fert-Butyldimethylsilanyl triflate (17.13g) was added slowly to a stirred, cooled
solution of 3-bromo-2-hydroxymethylfuran (Intermediate 39, 10.1g) 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 (Na,SOs) and filtered. The filtrate was evaporated to dryness to give 3-

bromo-2-(tert-butyldimethylsilanyloxymethylyfuran (17.1g).
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[06233] 'H NMR (CDCl3) &: 7.35 (1H, d), 6.38 (1H, d), 4.65 (2H, s), 0.90 (9H, s), 0.09
(6H, s).

Intermediate 39: 3-Bromo-2-hydroxymethylfuran

[00234] Sodium borohydride (1.14g) was added slowly to a stirred, cooled solution of
3-bromo-2-formylfuran (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 (Na;SO4) and filtered. The
filtrate was evaporated to dryness to give 3-bromo-2-hydroxymethylfuran (5.31g) as a
colourless oil.

[04235] "H NMR (CDCL) &2 7.37 (1H, d), 6.42 (1H, d), 4.65 (2H, d), 1.71 (1H, 1).

Intermediate 40: Methyl (1aRS,7b SR)-5-[2-((Z)-3-diethylaminoprop-1-enyl)-4-

fluorobenzene-sulfonylamino]-1,1a,2,7b-tetrahydrocyclopropalclchromene-4-carboxylate

N
No_A |
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[60236] A solution of methyl (1aRS,7bSR})-5-(2-bromo-4-

fluorobenzenesulfonylamino)-1,1a,2,7b-tetrahydrocyclopropa{ c]chromene-4-carboxylate
(Intermediate 41, 0.208g) and N,N-diethyl-N-((Z)-1-tributylstannanylprop-1-en-3-yl)-amine
(Intermediate 11, 0.367g) in dioxane (5mL) and DMSO (0.5mL) was de-gassed and flushed
with nitrogen. Tris-(dibenzylideneacetone)-dipalladium (0.021g) and tri-ferr-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 (MgSQOy) 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
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methyl (1aRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-1-enyl)-4- ﬂuorobemenesulfonylam1110}~
1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-carboxylate (0.188 g)as a yeiiow/brown oil,
160237} "H NMR (CDCls) ¢: 8.06 (1H, dd), 7.16 (1H, d), 7.09—7.03 (2H, m), 6.94 (I?I,
d), 6.86 (1H, d), 6.10-6.02 (1H, m), 4.33 (1H, d), 3.84 (3H, s), 3.78 (1H, d), 3.13 (2H, br, d),
2.54 (4H, br, q), 1.88 (1H, m}, 1.71 (1H, m), 1.03-0.92 (8H, m).

Intermediate 41: Methyl (1aRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropal c]chromene-4-carboxylate
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[060238] Methyl (1aRS,7bSR)-5-amino-1,1a,2,7b-tetrahydrocyclopropalcichromene-4-
carboxylate (Intermediate 42, 0.120g) was suspended in DCM (5mL). Pyridine (0.885mL) and
2-bromo-4-fluorobenzenesufonyl 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 (MgSOy4) 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 (1aRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropalcjchromene-4-carboxylate (0.208g) as a colourless oil.

1
[60239] HNMR (CDCls) 8: 9.31 (1H, br, 5}, 8.14 (1H, dd), 7.41 (1H, dd)

717101
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g

dy, 7.11 (1H, ddd), 7.06 (1H, d), 4.34 (1H, dd), 3.90 (3H, s), 3.80 (1H, dd), 1.94-1.85 (1H, m),
1.75-1.67 (1H, m), 1.01 (2H, m).
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Intermediate 42: Methyl (1aRS,7bSR)-5-amino-1,1a,2, 7b-tetrahydrocyclopropal clchromene-

z/\/Q
I :

o
o>

¢
i

4-carboxylate

[00246] Methyl (1aRS,7bSR)-5-(2,2-dimethylpropionylamino)-1,1a,2,7b-
tetrahydrocyclopropal c]chromene-4-carboxylate (Intermediate 43, 0.310g) 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 ethy! acetate and the combined organic layers were dried (Na;SOy) 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 (1aRS,7bSR)}-5-amino-1,18a,2,7b-tetrahydrocyclopropafcjchromene-4-carboxylate
(0.120g) as an off-white solid.

[00241] "H NMR (CDCls) 8: 7.06 (1H, d), 6.26 (1H, d), 4.33 (1H, d), 3.87 (3H, s), 3.85
(1H, d), 1.83 (1H, td), 1.64 (1H, m), 0.99-0.89 (2H, m).

Intermediate 42A: Methyl (1aR,7bS)-5-amino-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-

carboxylate

HN o

P
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[00242] Sample from Intermediate 42 was subjected to chiral SFC separation using a
Lux C-3 column, 50mm x 250mm, particle size Smicron. Eluting with 5% methanol (+0.1%
diethylamine) in CO,

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 (1aRS,7bSR)-5-(2,2-dimethylpropionylamino)-1,1a,2,7b-

tetrahydrocyclopropalclchromene-4-carboxylate

[60243] Methyl (1aRS,7bSR)-1,1-dibromo-5-(2,2-dimethylpropionylamino)-1,12,2,7b-
tetrahydro-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, uﬁder 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% fo give methyl (1aRS,7bSR)-5-(2,2-
dimethylpropionylamino)-1,1a,2, 7b-tetrahydrocyclopropal cchromene-4-carboxylate (0.310g)
as a colourless oil.

[00244] "H NMR (CDCl) §: 9.72 (1H, br, s), 7.98 (1H, d), 7.30 (1H, d), 4.36 (1H, dd),
3.91 (3H, s), 3.84 (1H, dd), 1.95 (1H, td), 1.73 (1H, m), 1.28 (OH, s), 1.03 (2H, m).

Intermediate 44: Methyl (1aRS,7bSR)-1,1-dibromo-5-(2,2-dimethylpropionylamino)-
1,1a,2,7b-tetrahydrocyclopropalclchromene-4-carboxylate

Br
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[00245] Methyl 7-(2,2-dimethylpropionylamino)-2H-chromene-8-carboxylate

(Intermediate 45, 2.372g) and benzyl tricthyl 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 (MgSOy) 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 2.5-15% to give
methy! 1,1-dibromo-5-(2,2-dimethylpropionylamino)-1,1a,2,7b- |
tetrahydrocyclopropafclchromene-4-carboxylate (1.557g) as an off-white sol/id.

[00246] "H NMR (CDCls) 8: 9.89 (1H, br, 5), 8.13 (1H, d), 7.43 (1H, d), 4.47 (1H, dd),
4.32 (1H, dd), 3.91 (3H, s), 2.89 (1H, d), 2.45 (1H, ddd), 1.30 (9H, s).

Intermediate 45: Methyl 7-(2,2-dimethylpropionylamino)-2H-chromene-8-carboxylate
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[66247] A solution of methyl 2-(2,2-dimethylpropionylamino)-6-(prop-2-
ynyloxy)benzoate (Intermediate 46, 4.74g) and [bis(trifluoromethanesulfonyl)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-
dimethylpropionylamino)-2H-chromene-8-carboxylate (3.59g) as a colourltess oil.

[06248] "H NMR (CDCls) 8: 10.02 (1H, br, 5), 8.05 (1H, d), 7.05 (1H, d), 6.39 (1H,
ddd), 5.76 (1H, dt), 4.83 (2H, dd), 3.93 (3H, s), 1.30 (9H, s).

Intermediate 46: Methyl 2-(2,2-dimethylpropionylamino)}-6-(prop-2-ynyloxy)benzoate

[00249] A mixture of methyl 2-(2,2-dimethylpropionylamino)-6-hydoxybenzoate
(Intermediate 47, 4.57g), propargy! 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 mixtare of ethyl acetate and cyclohexane, with a
gradient of 5-20% to give methyl 2-( 2,2-dimethylpropionylamino)-6-(prop-2-ynyloxy)benzoate
(4.74g) as an oil which crystallised on standing to give a white solid.

[00256] "H NMR (CDCl;) 8: 9.89 (1H, br, s), 8.16 (1H, dd), 7.41 (1H, 1), 6.83 (1H, dd),
4.74 (2H, d), 3.95 (3H, s), 2.53 (1H, t), 1.31 (9H, s).

Intermediate 47: Methyl 2-(2,2-dimethylpropionylamino)-6-hvdoxybenzoate
®
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(00251} Trimethylacetyl chloride (3.69g) was added to a mixture of methyl 2-amino-6-
hydoxybenzoate (prepared according to Comess ef al, US2004 0167128, 3.99¢) 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 (1.85¢g)
was added and the mixture was stirred for 1 hour. A further amount of trimethylacety! 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 (Na;SOy) 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 (CDCl3) 8: 10.32 (1H, br, s), 8.22 (1H, dd), 7.41 (1H, 1), 6.71 (1H,
dd), 4.08 (3H, s), 1.33 (OH, s).

Intermediate 48: Methyl (1aRS,70SR)-5-[2-((Z)-3-diethylaminoprop-1-enyl)-4-

fluorobenzenesulfonylaminol-7b-methyl-1,1a,2, 7Tb-tetrahydrocyclopropal cjchromene-4-

carboxylate
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[00253] Prepared by proceeding in a similar manner to Intermediate 40, starting from

methyl (1aRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-7b-methyl-1,1a,2, 7b-
tetrahydrocyclopropa[cjchromene-4-carboxylate (Intermediate 49) and N,N-diethyl-N-((Z)-1-
tributylstannanylprop-1-en-3-yhamine (Intermediate 11).

"H NMR (CDCl3) §: 8.07 (1H, dd), 7.28 (1H, d), 7.05 (2H, m), 6.95 (1H, d), 6.88 (1H, d), 6.06
(1H, m), 4.28 (1H, d), 3.85 (3H, s), 3.83 (1H, d), 3.14 (2H, br d), 2.53 (4H, q), 1.41 (3H, s),
1.12 (1H, m), 1.07 (1H, t), 0.93 (6H, 1), 0.84 (1H, dd).

Intermediate 49: Methyl (1aRS,7bSR)-5-(2-bromo-4-fluorcbenzenesulfonylamino)-7b-
methyl-1,1a,2,7b-tetrahydrocyclopropa[cjchromene-4-carboxylate
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[00254] Prepared by proceeding in a similar manner to Intermediate 41, starting from
methy! (1aR8,7bSR)-5-amino-7b-methyl-1,1a,2, 7b-tetrahydrocyclopropa[c]chromene-4-
carboxylate (Intermediate 50) and 2-bromo-4-fluorobenzenesulfonyl chloride.

"H NMR (CDCL) &: 9.18 (1H, brs), 8.14 (1H, dd), 7.41 (1H, dd), 7.29 (15, d), 7.11 (1H, m),
7.08 (1H, d), 4.28 (1H, d), 3.89 (3H, s), 3.84 (1H, d), 1.44 (1H, m), 1.42 (3H, s), 1.10 (1H, 1),
0.83 (1H, dd).

Intermediate 50: Methyl (1aRS,7bSR)-5-amino-7b-methyl-1,1a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate

[00255] Trifluoroacetic acid (4mL) was added to a solution of methyl (1aRS,7bSR)-5-
(tert-butoxycarbonylamino)-7b-methyl-1,1a,2, 7b-tetrahydrocyclopropa-[ clchromene-4-
carboxylate (Intermediate 51, 0.6g) in dichloromethane (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 (MgSQOy) and filtered. The filtrate was evaporated to dryness to give
methyl (1aRS,7bSR)-5-amino-7b-methyl-1,1a,2,7b-tetrahydrocyclopropa-{ c]chromene-4-
carboxylate (0.402¢) as a red/orange solid.

'H NMR (CDCl3) &: 7.20 (1H, d), 6.30 (1H, d), 4.27 (1H, d), 3.90 (1H, d), 3.88 (3H, s), 1.42
(3H, s), 1.37 (1H, m), 1.06 (1H, t), 0.78 (1H, dd).

Intermediate 51: Methyl (1aRS,7bSR)-5-(fert-butoxycarbonylamino)-7b-methyl-1,1a,2,7b-

tetrahydrocyclopropa-{clchromene-4-carboxylate



[00256] Prepared by proceeding in a similar manner to Intermediate 43, starting from
methyl (1aRS,7bSR)-5-(tert-butoxycarbonylamino)-1,1-dibromo-7b-methyl-1,1a,2,7b-
tetrahydro-cyclopropa-[c]chromene-4-carboxylate (Intermediate 52).

"H NMR (CDCly) 8: 8.27 (1H, brs), 7.72 (1H, d), 7.38 (1H, d), 4.29 (1H, d), 3.91 (3H, ), 3.88
(1H, d), 1.50 (9H, s), 1.46 (3H, 5), 1.44 (1H, m), 1.13 (1H, t), 0.84 (1H, dd).

Intermediate 52: Methyl (1aRS,7bSR)-1,1-dibromo-5-(fert-butox ycarbonylamino)-7b-methyl-
1,1a,2,7b-tetrahydrocyclopropa-[ c]chromene-4-carboxylate
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[60257] Prepared by proceeding in a similar manner to Intermediate 44, starting from

methyl 4-methyl-7-(¢ert-butoxycarbonylamino)-2H-chromene-8-carboxylate (Intermediate 53).
"H NMR (CDCls) 8: 8.55 (1H, br ), 7.87 (1H, d), 7.42 (1H, d), 4.75 (1H, dd), 4.13 (1H, dd),
3.92 (3H, s), 2.05 (1H,-dd), 1.79 (3H, s), 1.50 (9H, s).

Intermediate 53: Methyl 4-methyl-7-(fert-butoxycarbonylamino)-2H-~chromene-8-carboxylate

[00258] Prepared by proceeding in a similar manner to Intermediate 45, starting from
methyl 2~{bz’s«(tert—butyoxycarbonyl)amino]~6~(but«2—ynyloxy)benzoate (Intermediate 54).

'H NMR (CDCl) 8: 8.66 (1H, br s), 7.77 (1H, d), 7.18 (1H, dd), 5.53 (1H, 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-[bis-(fert-butyoxycarbonyl)amino |-6-(but-2-ynyloxy)benzoate

7<>—<O =

{66259] Prepared by proceeding in a similar manner to Intermediate 46, starting from
methyl 2-[bis-(tert-butyoxycarbonyl)amino]-6-hydroxybenzoate (Intermediate 55) and 1-
bromobut-2-yne

"H NMR (CDCly) 8: 7.36 (1H, 1), 7.08 (1H, dd), 6.82 (1H, dd), 4.70 (2H, q), 3.84 (3H, s), 1.84
(3H,1), 1.39(18H, s).

Intermediate 55: Methyl 2-[bis-(tert-butyoxycarbonyl)amino]-6-hydroxybenzoate

LA
it
>\o)\N 7o
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- Prepared by proceeding in a similar manner to Intermediate 4, starting from methyl 2-{bis-(tert-
butoxycarbonyl)amino]-6-(4-methylbenzenesulfonyloxy)benzoate (Intermediate 56)

"H NMR (CDCl3) 8: 11.17 (1H, s), 7.40 (1H, 1), 6.99 (1H, dd), 6.69 (1H, dd), 3.92 (3H, ), 1.37
(184, s).

Infefmediate 56: Methyl 2-[bis-(tert-butoxycarbonyljamino }-6-(4-

methylbenzenesulfonyloxy)-benzoate

[00260] Prepared by proceeding in a similar manner to Intermediate 6, starting from
methy] 2-amino-6-hydroxybenzoate (prepared according to Comess et al, US2004 0167128)
'H NMR (CDCls) &: 7.72 (2H, d), 7.40 (1H, t), 7.31 (2H, d), 7.22 (1H, dd), 7.11 (1H, dd), 3.71
{(3H, s}, 2.44 (3H, s), 1.33 (18H, s).
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Intermeidate 57: Cis-(3aRS,9bRS)-7-(2-fluorobenzenesulfonylamino)-1,3a,4,9b-tetrahydro-
2H-furo[2,3-c]chromene-6-carboxylic acid

A 07 “oH
Mixture of cis enantiomers

[060261] A mixture of lithium hydroxide (0.5g) and methyl cis-(3aRS,9bRS)-7-(2~
fluorobenzenesulfonyl-amino)-1,3a,4,9b-tetrahydro-2H-furo[ 2,3-c]Jchromene-6-carboxylate
(Intermediate 58, 0.217g) in a mixture 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 (MgSOy) and filtered. The filtrate was evaporated
to dryness to give cis-(3aRS,9bRS)-7-(2-fluorobenzenesulfonylamino)-1,3a,4,9b-tetrahydro-
2H-furo[2,3-c]chromene-6-~carboxylic acid (0.518g) as a glass.
'H NMR (CDCls) 8: 12.00 (1H, brs), 11.57 (1H,'b1‘ s), 7.97 (1H, dt), 7.55 (1H, m), 7.43 (1H,
d), 7.26 2H, m), 7.15 (1H, t), 4.43 (1H, dd), 4.37 (1H, m), 4.14 (1H, dd), 3.83 (2H, m), 3.50
(1H, m), 2.50 (1H, m), 1.87 (1H, m).

Intermediate 58: Methyl cis-(3aRS,9bRS)-7-(2-fluorobenzenesulfonviamino)-1,3a,4,9b-
tetrahydro-2H-furo[2,3-c]chromene-6-carboxylate

Mixture of cis enantiomers
[0606262} 2-Fluorobenzenesulfonyl chloride (0.5g) was added to a solution of methyl cis-
(3aRS,9bRS)-7-amino-1,3a,4,9b-tetrahydro-2H-furo[2,3-c]Jchromene-6-carbox ylate
(Intermediate 19, 0.53g) in DCM (10mlL) and pyridine (20mL) and the resultant mixture was
stirred at room temperature for 48 hours. The mixture was evaporated to dryness and the
residue was treated with water, extracted with DCM, dried (MgSQy) 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-



- 86 -

(3 aRS ;\9bRS)-7- (2 fluor obenzenesulfonylammo) 1,32,4,90- tetrahydro 2H-furo{2,3-
c]chmmone~6 car“boxylate (0. 574g) as a pale yellow solid.

"H NMR (CDCls) 8: 9.11 (1H, s), 7.85 (1H, dt), 7.53 (1H, m), 7.23 (1H, d), 7.21 (1H, df), 7.15
(1H, d), 7.13 (1H, dd), 4.28 (1H, m), 4.04 (1H, dd), 3.95 (1H, dd), 3.87 (3H, s),3 82 (2H, m),
3.41 (1H, m), 2.45 (1H, m), 1.84 (1H, m).

Intermediate 59: Methyl (1aRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-1-enyl)-4-

fluorobenzenesulfonylamino]-1,1-difluoro-1,1a,2, 7b-tetrahydro-cyclopropal cjchromene-4-

carboxylate
F
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[06263] Prepared by proceeding in a similar manner to Intermediate 9, starting from

methyl (1aRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-1,1-difluoro-1,1a,2,7b-
tetrahydro-cyclopropa[c]chromene-4-carboxylate (Intermediate 60) and N,N-diethyl-N-((Z)-1-
tributylstannanylprop-1-en-3-yljamine (Intermediate 11) as a pale yellow gum.

'H NMR (CDCl3) 8: 8.11 (1H, dd), 7.18 (1H, d), 7.13-7.04 (2H, m), 6.98 (1H, d), 6.93 (1H, d),
6.08 (1H, m), 4.38 (1H, d), 4.02 (1H, m), 3.87 (3H, s), 3.23-3.04 (2H, br s}, 2.67 (1H, 1), 2.60-
2.43 (4H, br s}, 3.32 (1H, m),.0.94 (6H, t).

Intermediate 60: Methyl (1aRS,7bSR)-5-(2-bromo-4-fluorobenzenesulfonylamino)-1,1-
difluoro-1,1a,2,7b-tetrahydrocyclopropal clchromene-4-carboxylate

F
F
Bro, 0
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" [00264] Prepared by proceeding in a similar manner to Intermediate 18, starting from

methy! (1aRS,7bSR)-5-amino-1,1-difluoro-1,1a,2, 7b-tetrahydrocyclopropaf c]chromene-4-
carboxylate (Intermediate 61) and 2-bromo-4-fluorobenzene sulfonyl chioride, as a colourless

foam.
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'"H NMR (CDCl3) &: 9.58 (1H, s), 8.18 (1H, dd), 7.42 (1H, dd), 7.20 (1H, d), 7.13 (111, d), 7.16-
7.08 (1H, m), 4.38 (1H, d), 4.03 (1H, m), 3.91 (3H, 5), 2.67 (1H, 1), 2.32 (1H, m).

Intermediate 61: Methyl (1aRS,7bSR)-5-amino-1,1-difluoro-1,1a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate

[06265) Prepared by proceeding in a similar manner to Intermediate 42, starting from
methyl (1aRS,7bSR)-5-(2,2-dimethylpropionylamino)-1,1-difluoro-1,1a,2,7b-tetrahydro-
cyclopropalc]chromene-4-carboxylate (Intermediate 62) as an off white solid.

"H NMR (CDCly) 8: 7.07 (1H, d), 6.30 (1H, d), 5.19-4.95 (2H, br s), 4.32 (1H, d), 4.11 (1H,
m), 3.87 (3H, s), 2.60 (1H, t), 2.27 (1H, m).

Intermediate - 62: Methyl (1aRS,7bSR)-5-(2,2-dimethylpropionylamino)-1,1-difluoro-

1,1a,2,7b-tetrahydrocyclopropafcjchromene-4-carboxylate
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[00266] Methyl 7—(2,2—dimethy1propionryiamino)~2H-chrom,ene~8~carboxy1ate
(Intermediate 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 (MgSOy) 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 (1aRS,7bSR)-5-(2,2-
dimethylpropionylamino)-1,1-difluoro-1,1a,2, 7b-tetrahydro-cyclopropalclchromene-4-

carboxylate (0.66g) as a colourless oil.
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"NMR (CDCls) 8: 9.86 (1H, br s), 8.12 (1H, d), 7.33 (1H, d), 4.41 (1H, d), 4.07 (1H, m), 3.92
(3H, s), 2.74 (1H, 1), 2.34 (1H, m), 1.29 (9H, s).

Intermediate 63: Methyl (1aR8S,7bSR)-5-[2-((Z)-3-ethylaminoprop-1-enyl}-4-

fluorobenzenesulfonylamino}-1,1a,2,7b —tetrahydrocyclopmpa[c] chromene-4-carboxylate

H
\/N N

[06267] Methane sulfonic anhydride (0.09g) was added to a stirred, cooled mixture of
methyl (1aRS,7bSR)-5- {N-[methoxycarbonyl}-N-[2-((Z)-3-hydroxyprop-1-enyl)-4-
fluorobenzenesulfonyljamino }-1,1a,2, 7b-tetrahydrocyclopropaf ¢]chromene-4-carboxylate
(Intermediate 64, 0.17g) and N,N-di-isopropyl-N-ethylamine (0.134g) in DCM (10mL) 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 (Na;SO4) and filtered. The filtrate was evaporated to dryness to give methyl
(1aRS,7bSR)-5-[2((Z)~3-ethylaminoprop-1-enyl)-4-fluorobenzenesulfonyl-amino}-1,1a,2,7b-
tetrahydro-cyclopropal cjchromene-4-carboxylate (0.09g) as a white solid.

'H NMR (DMSO-de) &: 7.89 (1H, dd), 7.35 (1H, d), 7.16 (1H, m), 7.08 (1H, d), 6.83 (1H, d),
6.58 (1H, d), 5.69 (1H, m), 4.17 (1H, d), 3.84-3.04 (2H, br s), 3.67 (3H, s), 3.58 (1H, d), 2.78
(2H, m}, 1.83 (1H, m), 1.66 (1H, m), 1.04 (3H, t), 0.88 (1H, m), 0.64 (1H, m).

Intermediate 64: Methyl (1aRS,7bSR)-5-{N-[2~((Z)-3-hydroxyprop-1-enyl)-4-fluorobenzene-
sulfonyl}-N-{methoxycarbonyl]amino}-1,1a,2,7b-tetrahydrocyclopropa-{ cjchromene-4-

carboxylate
HO
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[00268] A mixture of methyl (1aRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyl)-

N-(methoxycarbonylyamino]-1,1a,2,7b-tetrahydrocyclopropa-[clchromene-4-carboxylate

{Intermediate 65, 0.6g), (Z)-3-tributylstannanylprop-2-en-1-ol (Intermediate 12, 0.81g), zris-
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(dibenzylidencacetone)dipalladium (0.1g) and tri-fert-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 (Na;SOy)
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 (1aRS,7bSR)-5- {N-[2-((Z)-3-hydroxyprop-1-enyl)-4-
fluorobenzenesulfonyl]-N-[methoxycarbonyl]amino}-1,12,2, 7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylate (0.55g) as an off-white solid.

'H NMR (CDCly) &: 8.19 (1H, m), 7.39 (1H, d), 7.16 (1H, m), 7.02 (1H, m), 6.96 (2H, m), 6.03
(1H, m), 4.41 (1H, m), 4.23 (2H, m), 3.88 (1H, dd), 3.71 (3H, 2s), 3.65 (3H, 2s), 2.06 (1H, m),
1.82 (1H, m), 1.25 (1H, m), 1.14 (1H, m).

Intermediate  65:  Methyl  (1aRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyl)-N-

(methoxycarbonyl)amino]-1,1a,2, 7b-tetrahydrocyclopropa-[ ¢c]chromene-4-carboxylate

Br O\\ //O 1 N
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[066269] A solution of methyl (1aRS,7bSR)-5-(2-bromo-4-
fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal ¢]chromene-4-carbox ylate
(Intermediate 41, 1.7g) in THF (20mL) was added to a suspension of sodium hydride (70% oil
dispersion, 0.2g) in THF (10mL). The resultant solution was stirred for 30 minutes then methyl
chloroformate (0.53g) was added. The resultant mixture was stitred at room temperature
overnight. Saturated aqueous sodium bicarbonate was added and the mixture was extracted
with ethyl acetate, dried (Na,SO4) 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 (1aRS,70SR)-5-[N-(2-bromo-4-fluorobenzenesulfonyl)-
N-(methoxycarbonyl)amino}-1,1a,2,7b-tetrahydrocyclopropa-[clchromene-4-carboxyiate (1.6g)
as a white solid. |

'H NMR (CDCl3) §: 8.42 (1H, m), 7.48 (1H, dd), 7.37 (14, d), 7.19 2H, m), 4.42 (1H, m),
3.95 (1H, dd), 3.86 (3H, s,), 3.69 (3H, s}, 2.06 (1H, m), 1.84 (1H, m), 1.16 (2H, m).

Intermediate 66: Methyl (1aRS,7bSR)-5-{2[(Z)-3-(pyrrolidin-1-yl)prop-1-enyl]-4-

fluorobenzenesulfonylamino}-1,1a,2, 7o-tetrahydrocyclopropal ¢]chromene-4-carboxylate
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[00276] Prepared by proceeding in a similar manner to Intermediate 63, starting from

methyl {1aRS,7bSR)-5- {N-[methoxycarbonyl}-N-[2-((Z)-3~hydroxyprop-1-enyl)-4-
fluorobenzenesulfonyljamino}-1,1a,2, 7b-tetrahydrocyclopropalclchromene-4-carboxylate
(Intermediate 64) and pyrrolidine as a brown oil.

LCMS (Method D) r/t 1.28 (M+H) 487

Intermediate 67:  (1aRS,7bSR)-5-(2-Fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydro-

cyclopropalclchromene-4-carboxylic acid

[00271) A mixture of methyl (1aRS,7bSR)-5-(2-Fluorobenzenesulfonylamino)-
1,1a,2,7b-tetrahydrocyclopropalcjchromene-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 dituted with water and acidified to pH3 with 1M hydrochloric acid. The precipitated solid
was collected by filtration to give (1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropal ¢jchromene-4-carboxylic acid (0.58¢) as a white solid.

'H NMR (DMSO-dg) 8: 13.05 (1H, br s), 9.96 (1H, s), 7.73 (2H, m), 7.45-7.31 (2H, m), 7.23
(1H, d), 6.64 (1H, d), 4.29 (1H, d), 3.74 (1H, d), 2.01 (1H, m), 1.80 (1H, m), 1.02 (1H, m), 0.81
(1H, m).

Intermediate 68:  Methyl  (1aRS,7bSR)-5-(2-fluorobenzenesulfonylamino)-1,13,2,7b-

tetrahydrocyclopropalc]chromene-4-carboxylate
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[00272] Prepared by proceeding in a similar manner to Intermediate 41, starting from
methyl (1aRS,7bSR)-5-amino-1,1a,2,7b-tetrahydrocyclopropa] cichromene-4-carboxylate
{(Intermediate 42) and 2-fluorobenzenesulfonyl chloride.

"H NMR (CDCl3) 8: 8.90 (1H, s), 7.84 (1H, dt), 7.53 (1H, m), 7.24-7.11 (4H, m), 4.34-(1H, d),
3.88 (3H, s), 3.80 (1H, dd), 1.91 (1H, m), 1.74 (1H, m), 1.02 (2H, m).

Intermediate 69: Methyl (1aRS,7bSR)-5-{2[(Z)-3-(propan-2-yljaminoprop-1-enyl]-4-

fluorobenzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal c]chromene-4-carbox ylate

[60273] Prepared by proceeding in a similar manner to Intermediate 63, starting from
methyl (1aRS,7bSR)-5- {N-[methoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-1-enyl}-4-
fluorobenzene-sulfonyllamino}-1,1a,2, 7b-tetrahydrocyclopropalclchromene-4-carbox ylate
(Intermediate 64) and 2-aminopropane.

LCMS (Method D) 1/t 1.17 (M+H) 475.

Intermediate 70: Methyl (1aRS,7bSR)-5-{2[(Z)-3-((S)-3-hydroxypyrrolidin-1-ylh)aminoprop-

1-enyl]-4-fluorobenzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropalcichromene-4-

carboxylate
\/ﬁ 0,0 X
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[00274] . Prepared by proceeding in a similar manner to Intermediate 63, starting from

methyl (1aRS,7bSR)-5-{N-{methoxycarbonyl}-N-[2-((Z)-3-hydroxyprop-1-eny}l)-4-
fluorobenzene-sulfonyllamino}-1,1a,2,7b-tetrahydrocyclopropal clchromene-4-carboxylate
(Intermediate 64) and (S)-3-hydroxypyrrolidine.

LCMS (Method D) t/t 1.14 (M+H) 503.
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Intermediate 71: Methyl (1aRS,7bSR)-5-{2{(Z)-3-((R)-3-hydroxypyrrolidin-1-yl)aminoprop-
1-enyl]-4-fluorcbenzenesulfonylamino}-1,1a,2, 7b-tetrahydro 1 cyclopropalc]chromene-4-

carboxylate

[60275] Prepared by proceeding in a similar manner to Intermediate 63, starting from
methy! (1aRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-((Z}-3-hydroxyprop-1-enyl}-4-
fluorobenzene-sulfonyllamino }-1,1a,2, 7b-tetrahydrocyclopropal ¢ jchromene-4-carbox ylate

(Intermediate 64) and (R)-3-hydroxypyrrolidine and used without further characterisation.

Intermediate 72: Methyl (1aRS,7bSR)-5- {N-(methoxycarbonly)-N-[2((Z}-4-diethylaminobut-
1-enyl)-4-fluorobenzenesulfonyl]amino}-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-4-

carboxylate.
P
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[606276] Methyl sulfonic anhydride (0.062g) was added to a stirred, cooled mixture of

methyl (1aRS,7bSR)-5- {N-[methoxycarbonyl]-N-[2-((Z)-4-hydroxybut-1 -enyl)-4-
fluorobenzene-sulfonyl]amino}-1,1a,2,7b-tetrahydn ocyclopr opalc]chn omene-4-ca1boxy1ate
(Intermediate 73, 0.12g) and N,N-di-isopropyl-N-ethylamine (0.046g) in DCM (15mL) 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»SO4) 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 (1aRS,7bSR)-5-{N-
(methoxycarbonly)-N-[2((Z)-4-diethylaminobut-1-enyl}-4-fluorobenzenesul fonyljJamino } -
1,1a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (0.08¢g) as alight yellow solid.
LCMS (Method D) 1/t1.22 (M+H) 561.
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Intermediate 73: Methyl (1aRS,7bSR)-5-{N-[methoxycarbonyl]-N-[2-((Z)-4-hydroxybut-1-

enyl)-4-fluorobenzenesulfonyllamino}-1,1a,2,7b-tetrahydrocyclopropal c]chromene-4-

. carboxylate
|
HOW 0. 0 ’ \I
SN o
o
F
b7
[00277] Prepared by proceeding in a similar manner to Intermediate 64, starting from

methyl (1aRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyl)-N-{methoxycarbonyl )amino]-
1,1a,2,7b-tetrahydrocyclopropa-[c¢jchromene-4-carboxylate (Intermediate 65) and (Z)-4-
tributylstannanylprop-3-en-1-ol (prepared according to Miura er a/, Organic Letters, 2005, 7(3)
503).

"H NMR (CDCl3) 8: 8.18 (1H, m), 7.38 (1H, d), 7.13 (3H, m), 6.96 (1H, d), 5.91 (1H, m), 4.44
(1H, m), 3.98 (1H, dd), 3.79 (3H, s), 3.75 (2H, m), 3.65 (3H, s), 2.49 (2H, m), 2.07 (1H, m),
1.81 (1H, m), 1.27 (1H, m), 1.15 (1H, m).

Intermediate 74: (1aRS,7bSR)-5-(4-Fluoro-2-vinylbenzenesulfonylamino)-1,12,2,7b-

tetrahydrocyclopropal cjchromene-4-carboxylic acid

{00278} Lithium hydroxide (0.101g) was added to a solution of methyl (1aRS,7bSR)-5-
(4-fluoro-2-vinylbenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal clchromene-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 (l\/IgSO4) 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 (1aRS,7bSR)-5-(4-fluoro-2-
vinylbenzenesulfonylamino)-1,1a,2,7b-tetrahydrocyclopropal clchromene-4-carboxylic acid

(0.0.35g) as a glass.



-04 _

"H NMR (CDCls) 6: 11.69 (1H, br s), 8.10 (1H, dd), 7.50 (1H, dd), 7.31-7.17 (3H, m), 7.03
(1H, dt), 5.60 (1H, d), 5.50 (1H, d), 4.60 (1H, d), 4.04 (1H, d), 1.97 (1H, m), 1.81 (1H, m),
1.20 (1H, m}, 0.99 (1H, m).

Intermediate 75: Methyl (1aRS,7bSR)-5-(4-fluoro-2-vinylbenzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropa[cjchromene-4-carboxylate
A R
pIee
FNF 07 o

[60279] A mixture of methyl (1aRS,7bSR)-5-(2-bromo-4-
fluorobenzenesulfonylamine)-1,12,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylate
(Intermediate 41, 0.1g), vinyl boronic acid pinacol ester (0.073g),
bis(triphenylphospine)palladium (11} chloride (0.034g) and cesium carbonate (0.215g) in

- dioxane (5SmL) and water (Iml) 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 (MgSOy) and filtered and the
filtrate evaporated to dryness to give methyl (1aRS,7bSR)-5-(4-fluoro-2-vinylbenzenesulfonyl-
amino)-1,1a,2,7b-tetrahydrocyclopropafc]chromene-4-carboxylate (0.15g) as a yellow glass.
"H NMR (CDCly) 8: 8.99 (1H, brs), 7.97 (1H, dd), 7.38 (1H, dd), 7.21 (1H, dd), 7.18 (1H, d),

- 7.05 (1H, d), 7.00 (1H, m), 5.59 (1H, d), 5.38 (1H, d), 4.32 (1H, d), 3.77 (4H, m), 1.90 (1H, dt),
© 171 (1H, m), 1.00 (2H, m).

Intermediate 76: Methyl (1aRS,7bSR)-5-{2-[(Z)-3-(azetidin-1-y1)prop-1-enyl]-4-fluoro-

benzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-4-carboxylate

|00280] Prepared by proceeding in a similar manner to Intermediate 63, starting from
methyl (1aRS,7bSR)-5- {N-[methoxycarbonyl]-N-[2-((Z)}-3-hydroxyprop-1-enyl)-4-
fluorobenzene-sulfonyljamino}-1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylate

(Intermediate 64) and azetidine as a yellow oil.
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LCMS (Method D) 1/t 1.17 (M+H) 473.

Intermediate 77: Methyl (1aRS,7bSR}-5-{2-[(Z)-3-(3-hydroxyazetidin-1-yl)prop-1-enyl}-4-

fluorobenzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-4-carboxylate

[00281] Prepared by proceeding in a similar manner to Intermediate 63, starting from
methyl (1aRS,7bSR)-5- {N-[methoxycarbonyl]-N-[2-((Z)-3-hydroxyprop-1-enyl}-4-
fluorobenzene-sulfonyl]amino}-1,1a,2,7b-tetrahydrocyclopropalcichromene-4-carboxylate
(Intermediate 64) and 3-hydroxyazetidine as a yellow oil.

LCMS (Method Dy r/t 1.15 (M+H) 489.

Intermediate 78: N-(4-Dimethylaminobutyl)-N-methylamine

/N\/\/\TH
[06282] A solution of lithium aluminium hydride in THF (1M, 28mL) was added
dropwise to a stirred, cooled solution of N-(4-dimethylaminobutyl)formamide (Intermediate 79,
2.7g) 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. Th_e filtrate was evaporated to dryness to give N-(4-
dimethylaminobutyl)-N-methylamine (1.5g) as a yellow oil.
"H NMR (CDCly) 8: 2.56 (2H, m), 2.41 (3H, ), 2.25 (2H, m), 2.20 (6H, s), 1.47 (4H, m).

Intermediate 79: N-(4-Dimethylaminobutyl)formamide

|
N\/\/\

CHO
[00283] A solution of 4-dimethylaminobutylamine (3.0g) in ethyl formate (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 (CDCls) 8: 8.14 (1H, s), 6.80 (1H, ), 3.50 (2H, m), 2.28 (2H, m), 2.20 (6H, s), 1.61
(4H, m).

Intermediate 80: Methyl (1aRS,7bSR)-5- {2-[({S)-1-ethylpyrrolidin-3-ylcarbamoyl ymethyl]-4-

fluorobenzenesulfonylamino}-1,1a,2, 7b~tetrahydrocyclopropalcjchromene-4-carbox ylate

[60284] A solution of methyl (1aRS,7bS8R)-5-(2-carboxymethyl-4-
fluorobenzenesulfonylamino)-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylate
(Intermediate 83, 0.180g), (S)-1-ethylpyrrolidin-3-ylamine ditrifluoroacetic acid salt
(Intermediate 81, 0.171g), EDAC (0.144¢) and triethylamine (0.202g) in DCM (SmL) 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 methy! (1aRS,7bSR)-5-{2-
[((S)-1 -ethylpyrrolidin»’:l ~ylcarbamoyl)methyl]}-4-fluorobenzenesulfonylamino}-1,1a,2,7b-
tetrahydrocyclopropacjchromene-4-carboxylate (0.178g) as an off-white foam,

LCMS {(Method E) 1/t 2.57 (M+H) 532

Entermediate 81: (S)-1-Ethylpyrrolidin-3-ylamine ditriftnoroacetic acid salt
NH

~

N
| 2TFA

2

[60285] A solution of fert-butyl ((S)-1-ethylpyrrolidin-3-yt)carbamate (Intermediate 82,
O.XA()’?g) in a solution of trifluoroacetic acid (2mL) and DCM (2m1.) was left to stand at room
temperature for 30 minutes then concentrated in vacuo. The residue was azeotroped with
toluene to give (S)-1-ethylpyrrolidin-3-ylamine ditrifluoroacetic acid salt (0.231g) as a light

brown gum which was used without further characterisation.
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Intermediate 82: rerr-Butyl ((S)-1-ethylpyrrolidin-3-yl)carbamate

[Sa
Q o]
P

[06286) A mixture of tert butyl (S)-pyrrolidin-3-ylcarbamate (1.048g), iodoethane
(0.90g) and potassium carbonate (1.55g) in acetonitrile (15m1) 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 tert-butyl ((S)-1-ethylpyrrolidin-3-yl)carbamate (0.891g) as a light coloured gum.
"HNMR (CDCls) 8:5.11 (1H, br, s, 4.29 (1H, br, 5), 3.88 (1H, br, s), 3.18 (1H, br, s), 2.90
(2H, br, m}, 2.76 (2H, br, m), 2.62 (1H, br, g}, 2.38 (1H, m), 1.44 (9H, s), 1.28 (3H, t).

Intermediate 83: Methyl (1aRS,7bSR)-5~(2-carboxymethyl-4-fluorobenzenesulfonylamino)-
1,1a,2,7b-tetrahydrocyclopropal cJchromene-4-carbox ylate

o
Ho’u\ = i

Ox

e

s N o
. H
e o7 ?
1602871 IM Sodium hydroxide solution (3mL) was added to a solution of methyl

{1aRS,7bSR)-5-(4-fluoro-2-methoxycarbonyimethylbenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropa-{c]jchromene-4-carboxylate (Intermediate 84, 0.438g) in methano! (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 (Na,SO,) and filtered and the
filtrate was concentrated in vacuo, the residue was dissolved in toluene and re-evaporated to
give methyl (1aRS,7bSR)-5-(2-carboxymethyl-4-fluorobenzene-sulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropal clchromene-4-carboxylate (0.422g) as a white solid.

"H NMR (CDCly) &: 8.83 (1H, br, s), 7.86 (1H, dd), 7.22 (1H, d), 7.01 (3H, m), 4.32 (1H, d),
4.00 (ZH, m), 3.76 (1H, d), 3.73 (3H, s), 1.94 (1H, m), 1.73 (1H, m), 1.02 (2H, m).
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Intermediate 84: Methyl (1aRS,7bSR)-5-[4-fluoro-2-(methox ycarbonylmethylbenzene-

sulfonylamino]-1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-~carboxylate

O
™o
04,0
XN 0
)E\/ ;
FNF 0”0
!
{00288} A solution of methyl (2-chlorosulfonyl-5-fluorophenyl)acetate (Intermediate

85, 0.293g) and methyl (1aRS,7bSR)-5-amino-1,1a,2,7b-tetrahydro-cyclopropalclchromene-4-
carboxylate (Intermediate 42, 0.219g) in pyridine (1mL) 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 phaée separator. The filtrate was concentrated in vacuo
and the residue was purified by chromatography on silica, eluting with a mixture of ethy! -
acetate and cyclohexane with a gradient of 0-40% to give methyl (1aRS,7bSR)-5-{4-fluoro-2-
(methoxycarbonylmethyl)-benzenesulfonylamino]-1,12,2,7b-
tetrahydrocyclopropa[cjchromene-4-carboxylate (0.438g) as a colourless gum.

'H NMR (CDCl3) 8:8.77 (1H, br, s), 7.84 (1H, dd), 7.22 (1H, d), 7.01 (3H, m), 4.33 (1H, d),
4.01 (2H, 5), 3.79 (1H, d), 3.76 (3H, s), 3.69 (3H, s}, 1.93 (1H, m), 1.73 (1H, m), 1.03 (2H, m).

Intermediate 85: Methyl (2-Chlorosulfonyl-5-fluorophenyl)acetate
O
~ 0 )J\ ~
[ j Ci
oo

[60289] Methyl (3-fluorophenyl)acetate (1.51g) 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 (MgSQ4) 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-fluorophenyl)acetate (1.42g) as a
white solid.

'H NMR (CDCls) 8: 8.16 (1H, dd), 7.21 (2H, m), 4.19 (2H, s), 3.76 (3H, s).
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Intermediate 86: Methyl (1aRS,7bSR)-5-[2-(1 -ethylazetidin-3-y1)-4-fluorobenzene-

sulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-4-carboxylate

N
i
Ox -
o
F 0”0”7

[60250] A mixture of methyl (1aRS,7bSR)-5-[2~(azetidin-3-yl)-4-

TZ O

fluorobenzenesulfonylamino]-1,1a,2,7b-tetrahydrocyclopropal cjchromene-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 (1aRS,7bSR)-5-[2-(1-ethylazetidin-3-y1}-4-
fluorobenzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropa-[c]chromene-4-carbox ylate
0.051g).

TH NMR (CDCl3) 6:7.97 (1H, dd), 7.62 (1H, dd), 7.24 (1H,d), 6.99 (1H, dt), 6.96 (1H, d),
4.35 (1H, d), 4.31 (1H, m), 3.79 (3H, s), 3.77 (1H, d), 3.58 (2H, m), 3.22 (2H, br, m), 2.53 (2H,
q), 1.93 (1H, m), 1.74 (1H, q), 0.99 (5H, m).

 Intermediate 87: Methyl (1aRS,7bSR)-5-[2-(azetidin-3-y1)-4-fluorobenzenesulfonylamino]-

1,1a,2,7b-tetrahydrocyclopropalclchromene-4-carboxylate
H

N
v
AN
\)O\ 20 /\]!/q'
Ny \S\N)\ o) |

F O 0

[66291] A mixture of methyl (1aRS,7bSR)-5- {4-fluoro-2-[1-(2,2,2-
trifluoroacetyl)azetidin-3-yllbenzene-sulfonylamino}-1,1a,2,7b-
tetrahydrocyclopropalcjchromene-4-carboxylate (Intermediate 88, 0.294g) and potassium
carbonate (0.155g) in methanol (5SmL) 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%
methanol 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 (1aRS,7bSR)-5-[2-(azetidin-3-y1)-4-fluoro-



- 100 -

benzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropajc] chromelac—ét-garboxylate (0.216g) as
a pale yellow foam. _

'H NMR (CDCls) 8: &:7.94 (1H, dd), 7.54 (1H, dd), 7.27 (1H.d), 7.09 (1H, dt), 6.99 (1H, d),
4.87 (1H, m), 4.32 (3H, m), 4.12 (2H, t), 3.78 (1H, m), 3.73 (3H, s), 1.94 (1H, m), 1.73 (1H,
m), 0.99 (2H, m). -

Intermediate 88: Methyl (1aRS,76SR)-5-{4-fluoro-2-[1-(2,2 2-trifluoroacetyl)azetidin-3-

yllbenzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropa[ c}chromene-4-carboxylate

F O O
100292} A solution of methyl 4-fluoro-2-{1-(2,2,2-trifluorcacetyl)azetidin-3-
yljbenzenesulfonyl chloride (Intermediate 89, 0.192g) and methyl (1aRS,7bSR)-5-amino-
1,1a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (Intermediate 42, 0.122g) in
pyridine (1mL) and DCM (3mL) was left to stand at room temperature for 18 hours. The
mixture was dituted 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 (1aRS,7bSR)-5-{4-fluorc-2-{1-(2,2,2-trifluoro-
acetyl)azetidin-3-ylJbenzenesulfonylamino }-1,1a,2, 7b-tetrahydrocyclopropa-{c] chroméne-4-
carboxylate (0.294g) as a colourless gum.
"H NMR (CDCly) 8:8.99 (1H, br, 5), 7.99 (1H, m), 7.81 (2H, m), 7.06 (2H, m), 4.68 (2H, m),
441 (1H, m), 4.34 (1H, d), 4.19 (1H, m), 4.08 (1H, m), 3.79 (1H, m), 3.72 (3H, s), 1.94 (1H,
m), 1.75 (1H, m), 1.02 (2H, m).

Intermediate 89: 4-Fluoro-2-[1-(2,2,2-trifluorcacetyl}-azetidin-3-yl}benzenesulfony! chloride
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[00293] Chlorosulphonic acid (5ml.) was added to 2,2,2-trifluoro-1-[3-(3-

~ fluorophenyl)azetidin-1-yl]ethanone (Intermediate 90, 1.15g) with stirring and ice cooling. The
| mixture w-as.sti\m'éd‘for I 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
chromatogfaphy on silica, eluting with a mixture of ethyl acetate and cyclohexane with a
gradient of 0-20% to give 4-fluoro-2-[1-(2,2,2-trifluoroacetyl)azetidin-3-yl]benzenesulfonyl
chloride (0.910g) as a white solid.

"HNMR (CDCl3) &: 8.22 (1H, m), 7.51 (1H, dd), 7.26 (1H, m), 4.95 (2H, m), 4.70 (1H, t),
442 (1H, m), 4.31 (1H, m).

Intermediate 90: 2,2.2-Trifluoro-1-[3-(3-fluorophenyl)azetidin-1-yllethanone

FyCu O
l
N

F
[00294] A solution of rert-butyl 3-(3-fluorophenylyazetidine-1-carboxylate
(Intermediate 92, 2.51g) 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) an;i pyridine (SmL) 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-triffuoro-1-[3-(3-fluorophenyl)azetidin-1-yl]ethanone (2.31g) as a light brown oil.
"THNMR (CDCls) &: 7.36 (1H, m), 7.10 (1H, d), 7.02 (2H, m), 4.81 (1H, 1), 4.57 (1H, t), 4.44
(1H, dd), 4.20 (1H, dd), 3.96 (1H, m).

Intermediate 91: fer-Butyl 3-(3-fluorophenyl)azetidine-1-carboxylate



| X
=
F
[00295] A solution of 1,2-dibromoethane (0.30g) in anhydrous DMF (25ml) was stirred

with zinc dust (1.39¢g) 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. fer¢-Butyl 3-iodoazetidine-1-carboxylate (5g) added and stirring
was continued at 40°C for 45 minutes then a solution of 3-fluoroiodobenzene (4.08g),
tris(dibenzylideneacetone)dipalladium(0) (0.325g) and #ris(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 (Nay;SOy) and filtered. The filtrate was concentrated in vacuo
ahd 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-fluorophenyl)azetidine-1-carboxylate (2.52g) as a colourless oil.
"H NMR (CDCls) &: 7.32 (1H, m), 6.90-7.11 (3H, m), 4.34 (2H, 1), 3.95 (2H, dd), 3.72 (1H,
m), 1.48 (9H, s).

Intermediate 92: Methyl (1aRS,7bSR)-5-{2-[((R)-1-ethylpyrrolidin-3-ylcarbamoylymethyl]-4-

fluorobenzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropa[clchromene-4-carboxylate

e
N

H 0520
“N 0
H
F o) ?
[00296] Prepared by proceeding in a similar manner to Intermediate 80, starting from

methyl (1aRS,7bSR)-5-(2~-carboxymethyl-4-fluorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydro-~cyclopropafc]chromene-4-carboxylate (Intermediate 83) and (R)-1-ethylpyrrolidin-
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)-1-Ethylpyrrolidin-3-ylamine ditriflnoroacetic acid salt

NH,
N
) 2TFA
160297] Prepared by proceeding in a similar manner to Intermediate 81, starting from

tert-butyl ((R)-1-ethylpyrrolidin-3-yl)carbamate as a light brown gum which was used without

further characterisation.

Intermediate 94: rert-Butyl ((R)-1-ethylpyrrolidin-3-yl)carbamate

RL{D‘%
3
P

[0606298] 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.

"HNMR (CDClz) 8: 5.09 (2H, br, s), 4.25 (1H, br, s), 3.08 (1H, br, 5), 2.82 (2H, br, m), 2.69
(2H, br, q), 2.52 (1H, br, q), 2.35 (1H, m), 1.44 (OH, s), 1.21 (3H, t).

Intermediate 95: Methyl (1aS,7bR)-5-[2-((R}-1-ethylpyrrolidin-3-ylmethyl)-4-fluoro-

bénzen esulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal c]chromene-4-carboxylate

N

\/\ q\/o/(?//ﬁ
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[06299] A solution of methyl! (1aRS,7bSR)-5-amino-~1,1a,2,7b-
tetrahydrocyclopropa[cj chromene-4-carboxylate (Intermediate 42, 0.257g) in DCM (10mL)
and pyridine (5mL) was treated with a solution of 2-((R)-1-ethylpyrrolidin-3-ylmethyl)-4-
fluorobenzenesulfonyl chloride (Intermediate 96, 0.36g) in DCM (10mL) 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 (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 DCM with a gradient of 0-10%, then flushed with 100%
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methanol to give methyl (1aS,7bR)-5-[2-((R)-1-ethylpyrrolidin-3-ylmethyl)-4-
fluorobenzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropalc]chromene-4-carboxylate
{0.13g) as a gum. .

"H NMR (CDCL) [1 6: 7.88 (1H, brt), 7.23 (1H, d), 7.13(1H, br d), 6.98 (2H, m), 4.33 (1H, d),
3.79 (1H, d), 3.77 (3H, s), 3.20-2.90 (6H, m) 2.24 (1H, brs), 2.04-1.18 (3H, br s), 1.93 (2H, dt),
1.74 (1H, q), 1.45 (3H, 1), 1.02 2H, m).

Intermediate 96: 2-((R)-1-Ethylpyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonyl chloride

N
Q0
e
F
[00300] A solution of (R)-1-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 (MgSQy) and filtered. The filtrate was evaporated to dryness to give
2-({R)-1-ethyl-pyrrolidin-3-yimethyl)-4-fluorobenzenesulfonyl chloride (0.36g) as an oil which

was used without further charactersiation.

Intermediate' 97: (R)-1-Ethyl-3-(3-fluorobenzyl)-pyrrolidine

\,NC\\

[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)-1-
ethyl-3-(3-fluorobenzyl)pyrrolidine (0.24g) as an oil.

"H NMR (CDCl) T 8: 7.22 (1H, m), 6.95 (1H, d), 6.88 (2H, m), 2.73-2.60 (4H, m), 2.52-2.38
(4H, m), 2.17 (1H, dd), 1.97 (1H, m), 1.49 (1H, m), 1.09 (3H, t).

Intermediate 98: 3-(R)-(3-Fluorobenzyl)pyrrolidine
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HN
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[06302] Trifluoroacetic acid (10mL) was added to a solution of tert butyl (R)-3-(3-
fluorobenzyl)-pyrrolidine-1-carboxylate (Intermediate 99, 0.515¢g) in DCM (10mL) 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 NaHCOj3. The organic extract
was separated, dried (MgSOy) and filtered. The filtrate was evaporated to dryness to give 3-(R)-
(3-fluoro-benzyl)pyrrolidine (0.402g) as an oil. |
"H NMR (CDCls) O &: 7.30-7.23 (2H, m), 6.94 (1H, d), 6.88 (1H, dt), 3.45-3.16 (3H, br m),
2.90 (1H, m), 2.76 (2H, d), 2.63 (1H, m), 2,12 (1H, m), 1.74 (1H, m).

Intermediate 99: terf-Butyl (R)-3-(3-fluorobenzyl)pyrrolidine-1-carboxylate

O>4-—N
—>/o
F
[06303] Nickel Iodide (0.147g), trans-2-aminocyclohexanol HCI salt (0.74g), 3-
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 fert-butyl (R)-3-iodomethylpyrrolidine-1-
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 fert-butyl (R)-3-(3-fluorobenzyl)pyrrolidine-1-carboxylate (0.515g)
as an oil.
"H NMR (CDCls) 00 8: 7.27-7.21 (2H, m), 6.95-6.84 (2H, m), 3.46 (2H, m), 3.26 (1H, m), 2.98
(1H, dd), 2.67 (2H, m), 2.40 (1H, m), 1.92 (1H, m), 1.58 (1H, m), 1.46 (9H, s).

Intermediate 100: ferr-Butyl (R)-3-iodomethylpyrrolidine-1-carboxylate
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[00304] lodine (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 zers butyl (R)-3-
| hydroxymethylpyrrolidine-1-carboxylate (1g) in dioxane (6mL) was added dropwise. The
resulting mixture was stirred at room temperature overnight, then diluted with diethy! 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 fert-butyl (R)-3-iodomethylpyrrolidine-1-
carboxylate (1.44 g) as an oil.
'"H NMR (CDCh) T 8: 3.64-3.46 (2H, m), 3.33 (1H, m), 3.19 (2H, d), 3.02 (1H, dd), 2.49 (1H,
m), 2.07 (1H, m), 1.65 (1H, m), 1.46 (9H, s).

Intermediate  101: Methyl {1aRS,7bSR)-5-{2-[((S)~1-ethylpyrrolidin-2-y1)cabonyl-

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

carboxylate
S
Y e 1
O _AS N
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[00305] A mixture of methyl (1aRS,7bSR)-5-(2-aminomethyl-4-

fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-4-carboxylate
(Intermediate 102, 0.515¢g), HATU (0.483g), (S)-N-ethylpyrrolidine-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

. (MgSOy) 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 (1aRS,7bSR}-5-{2-[((S)-1~ethylpyrrolidin-2-yl)cabonyl-aminomethyl]-4-
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fluorobenzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropa-[ cjchromene-4-carboxylate
(0.505g) as a glassy solid. ’

'H NMR (CDCls) 8: 9.2-8.9 (1H, br s); 7.82 (2H, m), 7.24 (2H, m), 7.00 (1H, dt), 6.95 (1H,
dd), 4.75 (2H, m), 4.33 (1H, d), 3.99 (1H, br s), 3.79 (1H, m), 3.77 (3H, s), 3.67 (1H, m), 3.15-
2.87 (3H, m), 2.48 (1H, m), 2.02 (2H, m), 1.93 (2H, m), 1.74 (1H, m), 1.20 (3H, m), 1.02 (2H,

m).

Intermediate 102: Methyl (1aRS,7bSR)-5-(2-aminomethyl)-4-fluorobenzenesulfonylamino)-

1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylate

H,N
o, 0
S
TN 0
H
F (0] (@]
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106306} A solution of potassium carbonate (2.1g) in water was added to a solution of

methyl (1aRS,7bSR)-5-(4-flnoro-2-triflucroacetyl aminomethyl)benzenesulfonylémino)-

1,1 3,2,7b-tetrahydrocyciopropa[c]chromene-4-carboxy}atc (Intermediate 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 (1aRS,7bSR)-5-(2-aminomethyl)-
4-fluoro-benzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal clchromene-4-carboxylate
(1.06g) as a white solid.

"H NMR (DMSO-dg) &: 8.52 (1H, brs), 7.99 (1H, dd), 7.32 (2H, m), 6.89 (1H, d), 6.74 (1H, d),
4.32 (2H, s), 417 (1H, d), 3.70 (3H, s), 3.64 (1H, d), 1.82 (1H, m), 1.65 (1H, m), 0.89 (1H, m),
0.61 (1H, m).

Intermediate  103: Methyl (1aRS,7b8R)-5-(4-fluoro-2-trifluoroacetylaminomethyl)

benzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal cchromene-4-carboxylate
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[60307] Methyl (1aRS,7bSR)-5amino-1,1a,2, Tb-tetrahydrocyclopropaf c]chromene-4-
carboxylate (Intermediate 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 (MgSOu) and
filtered. The filtrate was evaporated to dryness and the residue was purified by chromatography
on silica, eluting with a mixture of ethy! acetate and pentane with a gradient of 5-30% to give

_ methy! (1aRS,7bSR)-5-(2-trifluoroacetylaminomethyl)-4-fluorobenzenesulfonylamino)-
1,1a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (1.76g) as a glﬁssy foam.

"H NMR (CDClL) 8: 9.04 (1H, br s), 7.83 (1H, dd), 7.49 (1H, br t), 7.30 (1H, dd), 7.29 (1H, d),
7.09 (1H, d), 7.06 (1H, dt), 4.61 (2H, &), 4.34 (1H, d), 3.78 (1H, dd), 3.73 (3H, s), 1.95 (1H,
m), 1.75 (1H, m), 1.04 (2H, m).

Intermediate 104: 4-Fluoro-2-(trifluoroacetylaminomethylybenzenesulfonyl chloride

H
F.C N

3 ¢
1/ )\\ $0,Cl
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[60368] 3-Fluoro-N-trifluoroacetylbenzylamine (Intermediate 105, 1.11g) 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, dﬁcd
(MgSOy4) and filtered. The filtrate was evaporated to dryness to- give 4-fluoro-2-

(trifluorcacetylaminomethyl)benzenesulfonyl chloride (1.53g) as a brown solid.

"H NMR (CDCls) &: 8.18 (1H, dd), 7.47 (1H, m), 7.29 (1H, m), 7.18 (1H, br s), 4.92 (2H, d).

Intermediate 105: 3-Fluoro-N-trifluoroacetylbenzylamine
H

[60309] 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 (MgSOy) and filtered. The
filtrate was evaporated to dryness to give 3-fluoro-N-trifluoroacetylbenzylamine (4.58g) as an
oil which crystallised on standing to a white solid.

"H NMR (CDCly) 8: 7.34 (1H, m), 7.03 (3H, m), 6.72 (1H, br ), 4.53 (2H, d).

Intermediate 106: (S)-N-Ethylpyrrolidine-2-carboxylic acid

U\ on
Y

[60316] Palladium on carbon (10%, 0.2g) was added to a solution of benzyl (S)-N-
ethyipyrrolidine-2-carboxylate (Intermediate 107, 0.603g) under an atmosphere of nitrogen:
The mixture was then-hydro genated 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.

"H NMR (CDCly) §: 4.01 (1H, m), 3.78 (1H, m), 3.31 (1H, m), 3.18 (1H, m), 2.87 (1H, m),
2.38 (1H, m), 2.27 (1H, m), 2.02 (2H m), 1.39 (3H, ).

- Intermediate 167: Benzyl (S)-N-ethylpyrrolidine-2-carbox ylate hydrochloride
74
\
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[00311) Iodoethane (1.34g) was added to a mixture of benzyl (S)-pyrrolidine-2-
carboxylate (1.0g) and potassium carbonate (1.77g) 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 (MgSO,) 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.

'H NMR (CDCly) 8: 7.35 (5H, m), 5.17 (2H, ), 3.19 (2H, m), 2.74 (1H, m), 2.45 (1H, m), 2.34
(1H, m), 2.12 (1H, m) 1.93 (2H, m), 1.81 (1H, m), 1.10 3H, 1).
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Intermediate 108: Methyl (1aRS,7bSR)-5-[2-(4-dimethylaminobutyrylamino)-4-

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

(@]
i
NH O\\ //O
X S\N
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[00312] A mixture of methyl (1aRS,7bSR)-5- {N-[methoxycarbonyl]-N-[2-(4-

chlorobutyryl-amino)-4-fluorobenzenesulfonyl]amino}-1,1a,2, 7b-tetrahydrocyclopropa-

|
N

[c]chromene-~4-carboxylate (Intermediate 109, 0.15g) and dimethylamine (30% aqueous
solution, 5ml) in acetonitrile (10mL) 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 (SG%), dried (NaxSOy) 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 methy! (1aRS,7bSR)-5-[2-(4-
dimethylaminobutyrylamino)-4-fluorobenzenesulfonyl-amino]-1,1a,2, 7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylate (0.14¢) as a yellow oil.

LCMS (Method D) 1/t 1.24 (M+H) 506.

Intermediate 109: Methyl (1aRS,7bSR)-5-{N-{methoxycarbonyl]-N-[2-(4-chlorobutyryl-

amino}-4-fluorobenzenesulfonyllamino}-1,1a,2,7b-tetrahydrocyclopropa-[c]chromene-4-

carboxylate
O
NH o, .0 K
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[00313] 4-Chlorobutyry! chloride (3.0g) was added to a stirred, cooled solution of

methyl (1aRS,7bSR)-5-[N-(methoxycarbonyl)-N-(2-amino-4-fluorobenzenesulfonyl jamino } -
1,1a,2,7b-tetrahydrocyclopropa-[c]chromene-4-carboxylate (Intermediate 110, 0.135g) and
triethylamine (1.0g) in THF (10mL) 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 (Na,SOy) and filtered. The filirate 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
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(1aRS,7bSR)-5- {N-[methoxycarbonyl]-N-{2-(4-chlorobutyrylamino)-4-fluoro-
benzenesulfonyllamino}-1,1a,2,7b-tetrahydrocyclopropa-[cjchromene-4-carboxylate (0.15g) as
a yellow oil.

LCMS (Method D) r/t 1.72 (M+H) 555.

Intermediate 110: Methyl (1aRS,7bSR)-5-[N-(methoxycarbonyl)-N-(2-amino-4-

fluorobenzene-sulfonyl)amino]-1,1a,2,7b-tetrahydrocyclopropalclchromene-4-carboxylate

\ %
NHzo\\S//O M
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100314} A mixture of methyl (1aRS,7bSR)-5-[N-(methoxycarbonyl)-N-(4-fluoro-2-
nitrobenzene-sulfonyljamino]-1,1a,2, 7b-tetrahydro-cyclopropalc]chromene-4-carboxylate
(Intermediate 111, 0.2¢g), 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 filtraie was
evaporated to dryness. The residue was treated with saturated agueous sodium bicarbonate and
extracted with ethyl acetate, dried (Na,SO,) 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 (1aRS,7bSR}-5-[N-
(methoxycarbonyl)-N-(2-amino-4-fluorobenzenesulfonyl)amino}-1,12,2,7b-
tetrahydrocyclopropal cjchromene-4-carboxylate (0.15g) as a white solid,

'H NMR (CDCls) 8: 7.74 (1H, m), 7.36 (1H, d), 6.95 (1H, @), 6.47 (1H, m), 6.39 (1H, d), 5.37
(2H, m), 4.42 (1H, m), 3.91 (1H, d), 3.74 (3H, 2s), 3.70 (3H, 2s), 2.06 (1H, m), 1.84 (1H, mL
1.28 (1H, m), 1.15 (1H, m). o

Intermediate 111: Methyl (1aRS,7bSR)-5-[N-(methoxycarbonyl)-N-(4-fluoro-2-nitrobenzene-

sulfonyl)amino]-1,1a,2,7b-tetrahydrocyclopropaf cichromene-4-carboxylate

{60315} A solution of methyl {1aRS,7bSR)-5-(4-fluoro-2-nitrobenzenesulfonylamino}-
1,1a,2, 7b-tetrahydro-cyclopropal clchromene-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 (0.1g) in
THF (5mL) at 0°C. On completion of the addition, the mixture was stirred at room temperature
for 30 minutes. Methvl 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 (Na;SOy4) 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 (1aRS,7bSR)-5-[N-
{methoxycarbonyl)-N-(4-fluoro-2-nitrobenzenesulfonyljamino}-1,1a,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 (1aRS,7bSR)-5-(4-fluoro-2-nitrobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropafc]chromene-4-carboxylate

NG, 0 o

\\S/,
XN 0
] H
J\/

F 0" 0

|
[00316] A mixture of methyl (1aRS,7bSR}-5-amino-1,1a,2, 7b-tetrahydrocyclopropa-
[c}chromene-4-carboxylate (Intermediate 42, 0.1g), 4-fluoro-2-nitrobenzenesuifonyl chioride
{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 (NaxSO4) and filtered and the filtrate was evaporated to
dryness. The residue was purified by chromatography on silica, eluting with a mixture of éthyi
‘acetate and petroleum ether (20%) to give methyl (1aRS,7bSR)-5-(4-fluoro-2-
nitrobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropaf c]chromene-4-carboxylate (0.11g)
as a yellow oil.
"H NMR (CDCly) &: 8.56 (1H, br s), 7.92 (1H, m), 7.55 (1H, dd), 7.31 (2H, m), 7.24 (1H, m),
4.34 (1H, d), 3.85 (3H, s), 3.82 (1H, d), 1.98 (1H, m), 1.74 (1H, m), 1.08 (2H, m).

Intermediate 113: Methyl (1aS,7bR)-5-[2-((S)-1-ethyl-pyrrolidin-3-yimethyl)-4-fluoro-

benzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropal clchromene-4-carboxylate



[060317] A solution of methyl S-amino-1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-
carboxylate (Intermediate 42, 0.19¢) in DCM (10mL}) and pyridine (3.5mL) was treated with a
solution of 2-((S)-1-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 methy! (1aS,7bR)-5-[2-((S)-1-ethylpyrrolidin-
3-ylmethyl)-4-fluoro-benzenesulfonylamino}-1,1a,2, 7b-tetrah ydrocyclopropal cjchromene-4-
carboxylate (O.lG?g) as a gum.

LCMS (Method A) 14 2.29 (M-+H) 489.

Intermediate 114: 2-((8)-1-Ethylpyrrolidin-3-yimethyl)-4-fluorobenzenesulfonyl chloride

[06318] Prepared by proceeding in a similar manner to Intermediate 96, starting from
(S)-1-ethyl-3-(3-fluorobenzyl)pyrrolidine (Intermediate 115).
LCMS (Method A) r/t 1.95 (M+H) 308.

Intermediate 115: (S)-1-Ethyl-3-(3-fluorobenzyl)pyrrolidine

\—’N/\ﬁ\

[06319] Prepared by proceeding in a similar manner to Intermediate 97 starting with 3-

(8)-(3-fluoro-benzyl)pyrrolidine (Intermediate 116).

'H NMR (CDCly) §: 7.22 (1H, m), 6.95 (1H, d), 6.88 (2H, m), 2.81-2.62 (4H, br m), 2.61-2.39
(4H, br in), 221 (1H, brs), 1.99 (1H, m), 1.52 (1H, m), 1.11 (3H, t).
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Intermediate 116: 3-(S)-(3-Fluorobenzyl)-pyrrolidine

w1

[00320] Prepared by proceeding in a similar manner to Intermediate 98 starting with
tert-butyl (S)-3-(3-fluorobenzyl)-pyrrolidine-1-carboxylate (intermediate 117).

"H NMR (CDCls) §: 7.27 (1H, m), 6.96-6.84 (3H, m), 3.32 (1H, m), 3.25 (1H, dd), 3.16 (1H,
m), 2.83 (1H, m), 2.73 (2H, d), 2.58 (1H, m), 2.08 (1H, m), 1.68 (1H, m).

Intermediate 117: tert-Butyl (S)-3-(3-fluorobenzyl)-pyrrolidine-1-carboxylate
6]

(1.,

%Ob

[60321] Prepared by proceeding in a similar manner to Intermediate 99 starting with
tert-butyl (S)-3-iodomethylpyrrolidine-1-carboxylate (Intermediate 118).
'H NMR (CDCls) 8: 7.27 (1H, m), 6.97-6.83 (3H, m), 3.46 (2H, m), 3.25 (1H, m), 2.98 (1H,
m), 2.67 2H, m), 2.40 (1H, m), 1.91 (1H, m), 1.58 (1H, m), 1.45 (9H, s).

Intermediate 118: rert-Butyl (S)-3-iodomethylpyrrolidine-1 -carboxylate

'y
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[60322] Prepared by proceeding in a similar manner to Intermediate 100 starting with
tert-butyl (S)-3-hydroxymethylpyrrolidine-1-carboxylate.
'H NMR (CDCly) &: 3.59 (1H, dd), 3.51 (1H, m), 3.33 (1H, m), 3.19 (2H, d), 3.02 (1H, dd),
2.49 (1H, m), 2.07 (1H, m), 1.65 (1H, m), 1.46 (9H, s).

Intermediate 119: ftert-Butyl (1aRS,7bSR)-5-{2-[N-(2,4-dimethoxybenzyl)-N-(3-dimethyl-
aminopropyl)carbamoylbenzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropal c]chromene-

4.carboxylate



[00323] A solution of N-(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 fert-butyl (1aRS,7bSR)-5-amino-
1,1a,2,7b-tetrahydro-cyclopropa-[cjchromene-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 (C18) to give tert-butyl (1aRS,7bSR)-5-{2-[N-(2,4-dimethoxybenzyl)-N-(3-
dimethylaminopropyl)carbamoyl]-benzenesulfonylamino}-1,1a,2,7b-tetrahydro-cyclopropa-
[¢]chromene-4-carboxylate (0.03g) as a yellow oil.

LCMS (Method D) 1/t 3.16 (M-+H) 680.

Intermediate 120: N-(2,4-Dimethoxybenzyl)-N-(3-dimethylaminopropyl)amine

OO

/'1*\/’\/m X {
[60324] A mixture of 3-dimethylaminopropylamine (3.06g), 2,4~
dimethoxybenzaldehyde (6.0g) and sodium triacetoxyborohydride (9.54¢) in r,ﬁethanoi (-VZQmL)‘
 was stitred 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 (Na,SO,4) 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 further

characterisation.

Intermediate 121: 2-Chlorosulfonyibenzoyl chloride
C O
\% o ,0
S

N4
I\’ e
/?
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[00325} A mixture of 1,1-dioxo-1H-~1lambda*6*benzo[c][1,2]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 (Na;SC4)
and filtered. The filtrate was evaporated to dryness fo give 2-chlorosulfonylbenzoyl chloride

(5g) as a yellow solid which was used without further characterisation.

Intermediate  122:  fert-Butyl  (1aRS,7bSR)-5-amino-1,1a,2,7b-tetrahydrocyclopropa-

[c}chromene-4-carboxylate

[60326] Sodium borohydride (0.32g) was added in portions to a stirred solution of fert-
butyl (1aRS,7bSR)-5-(trifluoroacetylamino)-1,1a,2,7b-tetrahydro-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 fert-butyl (1aRS,7bSR)-5-amino-1,1a,2, 7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylate (0.2g) as a white solid. '

'H NMR (CDCls) &: 7.04 (1H, d), 6.25 (1H, d), 4.57 (2H, br s), 4.32 (1H, d), 3.87 (1H, d), 1.86
(1H, m), 1.65 (1H, m), 1.60 (9H, s), 0.95 (2H, m).

Intermediate 123: rere-Butyl (1aRS,7bSR)-5-(trifluoroacetylamino)-1,1a,2,7b-tetrahydro-

cyclopropalcjchromene-4-carboxylate

[060327] A mixture of {1aRS,7bSR)-5-(trifluoroacetylamino)-1,1a,2,7b-
tetrahydrocyclopropa-{clchromene-4-carboxylic acid (Intermediate 124, 0.97g), DMAP (0.2g),
dicyclohexyl carbodiimide (1.33g) and di-tert-butyl dicarbonate (3.51g) in rert-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 (1aRS,7bSR)-5-
{trifluoroacetylamino)-1,1a,2, 7b-tetrahydrocyclopropalclchromene-4-carboxylate (0.5g) as a
yellow oil.

'H NMR (CDCl3) &: 10.47 (1H, br s), 7.89 (1H, d), 7.34 (1H, d), 4.39 (1H, d), 3.88 (1H, d),
2.02 (1H, m), 1.77 (1H, m), 1.60 (9H, s), 1.09 (2H, m).

Intermediate 124: (1aRS,7bSR)-5~(Trifluoroacetylamino)-1,1a,2,7b-tetrahydrocyclopropa-
[c]chromene-4-carboxylic acid

o | o

JL A

M
P
0% o

F,C 0
H
[60328] Trifluoroacetic anhydride (2.98g) was added dropwise to a stirred, cooled
solution of (1aRS,7bSR)-5-amino-1,1a,2,7b-tetrahydro-cyclopropa-{cjchromene-4-carboxylic
acid (Intermediate 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 ethy! acetate, dried (Na;SO4) 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 (1aRS,7bSR)-5-(trifluoroacetylamino)-1,1a,2,7b-
tetrahydrocyclopropa-[{c]chromene-4-carboxylic acid (0.97g) as a white solid.
'H NMR (DMSO-dg) 8: 7.92 (1H, d), 7.28 (1H, d), 4.54 (1H, d), 3.94 (1H, d), 2.27 (1H, m),
-2.02 (1H, m), 1.21 (1H, m), 0.95 (1H, m). |

Intermediate 125: (laRS,’?bSR)-'S—AminoJ,Ia,2,7b»tetrahydrocyclopropa[c}chromene-4-

carboxylic acid

[00329] A mixture of methyl (1aRS,7bSR)-5-amino-1,1a,2,7b-
tetrahydrocyclopropa[clchromene-4-carboxylate (Intermedaite 42, 1.0g) and lithium hydroxide
monohydrate (0.96g) in dioxane (16mL) and water {14mL) was stirred 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 neuntralised to pH7 with formic acid. The mixture was then extracted with ethyl
acetate, dried (Na;SQOy) and filtered and the filtrate was evaporated to dryness to give
(1aRS,7bSR)-5-amino-1,1a,2,7b-tetrahydro-cyclopropa-[clchromene-4-carboxylic acid (0.97g)
as a yellow oil.

LCMS (Method D) 1/t 2.13 (M+H) 206.

Intermediate 126: Methyl (1aRS,7bSR)-5-(2- {{N-({S)-1-ethylpyrrolidin-3-y1)-N-methyl-
carbamoyl]-methyl}-4-fluorobenzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylate

N

[060330] EDAC (0.058¢g) was added to a stirred solution of methyl (1aRS,7bSR)-5-(2-
carboxymethyl-4-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropa/ clchromene-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)-1-ethylpyrrolidin-3-y1)-N-methylamine
dihydrochloride (Intermediate 127, 0.102g) and triethylamine (0.151g) 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 (1aRS,7bSR)-5-(2-
{[((S)-1-ethylpyrrolidin-3-yl)methylcarbamoyljmethyl }-4-fluoro-benzenesulfonylamino)-
1,1a,2,7b-tetrahydro-cyclopropalc]chromene-4-carboxylate (0.48g) as a light brown foam.
LCMS (Method E) 1/t 2.65 (M-+H) 546. '

Intermediate 127: N-((S)-1-Ethylpyrrolidin-3-y1)-N-methylamine dihydrochloride
\

NH
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[00331] A mixture of benzyl N-((8)-1-ethylpyrrolidin-~3-yl)-N-methylcarbamate
(Intermediate 128, 0.682g) and 10% palladium on carbon (0.10g) 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-evaporatéd to give N-((S)-1-
ethylpyrrolidin-3-yl)-N-methylamine dihydrochloride (0.531g) as a light coloured, viscous oil

which was used without further characterisation.

Intermediate 128: Benzyl N-((8)-1-ethylpyrrolidin-3-yl)-N-methylcarbamate

[00332] A mixture of benzy! 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-y1)-N-methylcarbamate (0.686g) as a colourless oil.

"H NMR (CDCls) & 7.35 (5H, m), 5.13 (2H, 5), 4.84 (1H, br, 5), 2.91 (3H, ), 2.30-2.82 (6H,
m}, 2.12 (1H, br, m), 1.79 (1H, m), 1.10 (3H, t).

Intermediate 129: Benzyl N-methyl-(S)-pyrrolidin-3-ylcarbamate

£

[00333] A solution of tert-butyl (S)-3-(N-benzyloxycarbonyl-N-

®
J®

N
H

methylamino)pyrrolidine-1-carboxylate (Intermediate 130, 1.81g) 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
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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.

"H NMR (CDCl;) 8: 7.35 (5H, m), 5.14 (2H, s), 4.68 (1H, br, m), 3.08 (2H, m), 2.88 (3H, ),
2.76-2.95 (3H, m), 2.01 (1H, m), 1.75 (1H, m).

Intermediate 130: fert-Butyl (8)-3-(N-benzyloxycarbonyl-N-methylamino)pyrrolidine-1-

carboxylate
\ o\/( :
N
— %
N N,)
[00334] Sodium hydride (60% oil dispersion, 0.32g) was added to a stirred solution of

tert-butyl (S)-3-benzyloxycarbonylaminopyrrolidine-1-carboxylate (prepared according to
Cheng ef al, WO2007 142585, 1.73g) in THF (20mL) and the mixture was stirred for 15
minutes. Iodomethané (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 (Na;SOy), filtered.
'.fhe filtrate was concentrated in vacuo to give tert-butyl (8)-3-(N-benzyloxycarbonyl-N-
methylamino)pyrrolidine- 1-carboxylate (1.66g) as a pale coloured oil.

"H NMR (CDCl) 8: 7.36 (SH, m), 5.15 (2H, s), 4.79 (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, 5).

Intermediate 131: Methyl (1aRS,7bSR}-5-(2- {[N-((R)-1-ethylpyrrolidin-3-yl)-N-methyl-
carbamoyl]methyl }-4-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropa-

{clchromene-4-carboxylate

N =
1 O2¢7° I |
XN o]
] H
F = 0 ?
[00335] Prepared by proceeding in a similar manner to Intermediate 126, starting from

methyl (1aRS,7bSR)-5-(2-carboxymethyl-4-fluorobenzenesulfonylamino)-1,1a,2,7b-
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tetrahydro-cyclopropal clchromene-4-carboxylate {(Intermediate 83) and N-((R)-1-
ethylpyrrolidin-3-y1)-N-methylamine dihydrochloride (Intermediate 132) as a light brown
foam.

LCMS (Method E) 1/t 2.63 (M+H) 546

Intermediate 132: N-((R)-1-Ethylpyrrolidin-3-yl)-N-methylamine dihydrochloride

\
NH

J

N

) 2HCI

[00336] Prepared by proceeding in a similar manner to Intermediate 127, starting from
benzyl N-((R)-1-ethylpyrrolidin-3-y1)-N-methylcarbamate (Intermediate 133) as a light

coloured viscous oil, which was used without further characterization.

Intermediate 133: Benzyl N-((R)-1-ethylpyrrolidin-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 (CDCl;) &:7.35 (5H, m), 5.13 (2H, s), 4.84 (1H, br, 5), 2.91 (3H, ), 2.30-2.87 (6H,
m), 2.12 (1H, br, m), 1.80 (1H, m), 1.10 (3H, ).

Intermediate 134: Benzy! N-methyl-(R)-pyrrolidin-3-ylcarbamate

/\\
\ o\/\;>
—$

H
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[66338] Prepared by proceeding in a similar manner to Intermediate 129, starting from
tert-butyl (R)-3-(N-benzyloxycarbonyl-N-methylamino)-pyrrolidine-1-carboxylate
(Intermediate 135) as a pale coloured oil.

"H NMR (CDCls) §: 7.35 (5H, m), 5.14 (2H, s), 4.79 (1H, br, s), 3.08 (2H, m), 2.88 (3H, s),
2.76-2.95 (3H, m), 2.01 (1H, m), 1.75 (1H, m).

Intermediate 135: fert-Butyl (R)-3-(N-benzyloxycarbonyl-N-methylamino)pyrrolidine-1-

carboxylate
7
Voo /S
N
— ¢
N
[60339] Prepared by proceeding in a similar manner to Intermediate 130, starting from

tert-butyl (R)-3-benzyloxycarbonylaminopyrrolidine-1-carboxylate (prepared according to
Zhou et al, US 2008 0293771) and iodomethane, as a pale coloured oil.

'H NMR (CDCls) &: 7.35 (5H, m), 5.15 (2H, s), 4.69 (1H, br, 5), 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)-1-Ethylpyrrolidin-2-yl)ethylamine
SO
J

[00340] ((S)-1-Acetylpyrrolidin-2-yl)acetonitrile (Intermediate 137, 1.0g) was added
portionwise to a stirred, cooled solution of lithium aluminium hydride (0.36¢) 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)-1-ethylpyrrolidin-2-ylethylamine (0.6g) as a colourless oil.

"H NMR (D,0) &: 3.59 (1H, m), 3.37 (2H, m), 3.01 (4H, m}, 2.24 (2H, m), 1.98 (3H, m), 1.65
(1H, m), 1.21 (3H, t).

Intermediate 137: ((S)-1-Acetylpyrrolidin-2-yhacetonitrile
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o

A

o]
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 the 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
{NaySOy) and filtered. The filtrate was evaporated to dryness and the residue was purified by
HPLC (C18) to give ((S)-1-acetylpyrrolidin-2-ylacetonitrile (5.0g) as a light vellow oil which

was used directly without further characterisation.

Intermediate 138: ((S)-Pyrrolidin-2-yl)acetonitrile hydrochloride

(I on

N
H
HCI
[00342] A solution of fert-butyl (S)-2-cyanomethylpyrrolidine-1-carboxylate

{Intermediate 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 filiration and washed with hexane to give ((S)-
pyrrolidin-2-yhacetonitrile hydrochloride (8.0g) as a white solid,

LCMS (Method D) 1/t 0.50 (M+H) 111.

Intermediate 139: terr-Butyl (S)-2-cyanomethylpyrrolidine-1-carboxylate

(o
o

)
/

A

[60343] Sodium cyanide (8.2g) was added to a solution of ferf-butyl (S)-2-(4-
methylbenzenesulfonyloxymethyl)pyrrolidine-1-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 (Na,SOy) 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 fert-butyl (S)-2-cyanomethylpyrrolidine-1-carboxylate

(13.0g) as a light yellow oil which was used without further characterisation.

Intermediate 140: fert-Butyl  (S)-2-(4-methylbenzenesulfonyloxymethyl)pyrrolidine-1-

carboxylate
i ///\/
<\)\/O J\J
N ~g
4(’\ 0// \b
o) 7((
[00344] 4-Methylbenzenesulfony! chloride (22.7g) was added portionwise to a stirred,

cooled solutjon of tert-butyl (S)-2-hydroxyoxymethylpyrrolidine-1-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 sodinm bicarbonate solution and brine,
dried (Na,SQy) and filtered. The filtrate was evaporated to dryness to give rert-butyl (S)-2-(4-
methylbenzenesulfonyl-oxymethyl)pyrrolidine-1-carboxylate (34g) as a yellow oil which was

used without further characterisation.

Intermediate 141: 2-((R)-1-Ethylpyrrolidin-2-yl)ethylamine

[00345] Prepared by proceeding in a similar manner to Intermediate 136, starting from
((S)-1-acetylpyrrolidin-2-ylacetonitrile (Intermediate 142) and used without further

characterisation.

Intermediate 142: ((R)~1—Acetylpyrrolidin—z-yl)ace’:onitrile
, </‘\‘
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[00346] Prepared by proceeding in a similar manner to Intermediate 137, starting from
((R)-pyrrolidin-2-yl)acetonitrile hydrochloride (Intermediate 143) and used without further

characterisation.

Intermediate 143: ((R)-Pyirolidin-2-yl)acetonitrile hydrochloride

o
H

HCI ‘
{00347} Prepared by proceeding in a similar manner to Intermediate 138§, starting from
tert-butyl (R)-2-cyanomethylpyrrolidine-1-carboxylate (Intermediate 144) and used without

further characterisation.

Intermediate 144: rert-Butyl (R)-2-cyanomethylpyrrolidine-1-carboxylate

<Nj _CN
=

O

A

00348} Prepared by proceeding in a similar manner to Intermediate 139, starting from

)

tert-buty! (R)-2-(4-methylbenzenesulfonyloxymethyl)pyrrolidine-1-carboxylate (Intermediate

145) and used without further characterisation.

Intermediate  145:  tert-Butyl (R)-2-(4-methylbenzenesulfonyloxymethyl)pyrrolidine-1-

carboxylate
(o
O.. ™
LT
o
[06349] Prepared by proceeding in a similar manner to Intermediate 140, starting from

tert-butyl (R)-2-hydroxymethylpyrrolidine-1-carboxylate and used without further

characterisation.



- 126 -

Intermediate 146: Methy! (1aRS,7bSR)-5-(2-{[((R}-1-ethylpyrrolidine-2-yl)carbonylamino]-
methyl}-4-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropafc]chromene-4-

carboxylate

{00350] Prepared by proceeding in a similar manner to Intermediate 101, starting from
methyl (1aRS,70SR)-5-(2-aminomethyl-4-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydro-
cyclopropal c]chromene-4-carboxylate (Intermediate 102) and (R)-1-ethylpyrrolidine-2-
carboxylic acid (Intermediate 147) as a solid.

LCMS (Method B) v/t 2.37 (M+H) 532

Intermediate 147: (R)- 1-Ethyl-pyrrolidine-2-carboxylic acid

0O
(00351} Prepared by proceeding in a similar manner to Intermediate 106, starting from
tert-butyl (R)-1-ethylpyrrolidine-2-carboxylate (Intermediate 148) as a solid.
"H NMR (CDCly) 8: 3.99 (1H, m), 3.76 (1H, dd), 3.37-3.23 (1H, m), 3.21-3.08 (1H, m), 2.84
(1H, dt), 2.45-2.21 (2H, m), 2.07-1.94 (2H, m), 1.39 (3H, t).

Intermediate 148: Benzyl (R)-1-ethylpyrrolidine —2—carboxy1ate

(3o L
T
[06352] Prepared by proceeding in a similar manner to Intermediate 107, starting from
benzyl (R)-pyrrolidine-2-carboxylate as a colourless oil.
"H NMR (CDCly) 8: 7.34 (5H, m); 5.17 (2H, s), 3.19 (2H, m), 2.75 (1H, m), 2.45 (1H, m), 2.33
(1H, m), 2.12 (1H, m), 1.93 (2H, m), 1.81 (1H, m), 1.09 (3H, t).

Imtermediate 149: (1-Ethylazetidin-3-yl)methylamine
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[00353] A solution of 3-[bis-(tert-butoxycarbonylamino)methyl]-1-ethylazetidine
(Intermediate 150, 0.83g) in a mixture of methanol (6mL) and concentrated hydrochloric acid
(ImL) 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-ylymethylamine
(0.18g) as a light sticky gum which was used without further characterisation.

Intermediate 1580: 3-[bis-(tert-Butoxycarbonylamino)methyl]-1-ethylazetidine

100354} A mixture of acetaldehyde (1.5g) and 3-[bis-(tert-butoxycarbonyl-
amino)methyllazetidine (Intermediate 151, 1.0g) in ethanol (20mL) was stirred at room
temperature for 30 minutes and then 10% palladium on carbon (0.3g) 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-(fert-
butoxycarbonylamino)methyl]-1-ethylazetidine (0.83g) as a colourless liquid, which was used

without further characterization.

Intermediate 151: 3-[bis-(tert-Butoxycarbonylamino)methyl]azetidine

[60355] A mixture of 3-[bis-(fert-butoxycarbonylamino)methyl]-1-
(diphenylmethylazetidine (Intermediate 152, 6.4g) and 10% palladium on carbon (3g) in
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* ethanol (100mL) 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 (NapSOy) and
filtered. The filirate 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-[bis-(tert-
butoxycarbonylaming)methyllazetidine (4.0g) as a colourless liquid, which was used without

further characterisation.

Intermediate 152: 3-[bis-(ferr-Butoxycarbonylamino)ymethyl}-1-(diphenylmethyl)-azetidine

[60356] Di-tert-butyl dicarbonate (22g) was added to a solution of 1-
(diphenylmethyl)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 (Nap;SOy) 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-[bis-(tert-butoxycarbonylamino)methyl]-1-(diphenylmethyl)azetidine (6.4g) as a

white solid, which was used without further characterisation.

Intermediate 153: Methyl (1aRS,7bSR)-5-[2-((Z)-3-diethylaminoprop-1-enyl)benzene-
sulfonylamino]-1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-carboxylate

~

00357} A mixture of methyl (1aRS,7bSR)-5-(2-bromobenzenesulfonylamino)-
1,1a,2,7b-tetrahydro-cyclopropal c]chromene-4-carbox ylate (Intermediate 154, 0.612g), N,N-
diethyl-N-((Z)-1-tributylstannanylprop-1-en-3-yl)amine (Intermediate 11, 1.13g), tri-ters-
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butylphosphonium tetrafluoroborate (0.041g), tris-(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 (Na;SO,) 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 (1aRS,7bSR)-5-[2-
((Z)-3-diethylamino-prop-1-enyl)benzenesulfonylamino]-1,1a,2,7b-

tetrahydrocyclopropal clchromene-4-carboxylate (0.495g) as a solid.

"H NMR (CDCly) & 8.06 (1H, dd), 7.52 (1H, m), 7.40 (1H, m), 7.30 (1H, m), 7.14 (1H, d),
7.01 (1H, m), 6.86 (1H, d), 6.02 (1H, m), 4.33 (1H, d), 3.84 (3H, s), 3.77 (1H, d), 3.12 (2H, br
s), 2.51 (4H, br s), 1.87 (1H, m), 1.70 (1H, m), 1.05-0.85 (8H, m).

Intermediate 154: Methyl (1aRS,7bSR)-5-(2-bromobenzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropal ¢jchromene-4-carboxylate

Br 0,0 ; \i
\S:
©/ A (j
H
© C|)

[66358] 2- Bromobenzenesulfonyl chloride (0.559g) was added to a solution of methyl
(1aRS,7bSR)-5-amino-1,1a,2, 7b-tetrahydrocyclopropalcjchromene-4-carboxylate

(Intermediate 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 HC], dried (Na,SO,) 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
(1aRS,7bSR)-5-(2-bromo-benzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropa[c]chromene-
4-carboxylate (0.612g) as a solid.

'H NMR (CDCly) 8: 9.85 (1H, s), 7.89 (1H, dd), 7.85 (1H, dd), 7.57-7.49 (2H, m), 7.26 (1H, d),
6.64 (14, d), 4.27 (1H, d), 3.72 (1H, d), 3.66 (3H, s), 2.05-1.95 (1H, m), 1.86-1.76 (1H, m),
1.08-0.98 (1H, m), 0.84-0.76 (1H, m).

Intermediate 155: Methyl (1aRS,7bSR)-5-(2-{N-[((R)-1-ethylpyrrolidine-2-yl)carbonyl]-N-
methylaminomethyl} -4-fluorobenzenesulfonylamino)-1,1a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate
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[60359] HATU (0.136g) was added to a mixture of methyl (1aRS,7bSR}-5-(4-fluoro-2-

o

methylaminomethylbenzenesulfonylamino)-1,1a,2,7b-tetrah ydrocyclopropa[c]lchromene-4-
carboxylate (Intermediate 156, 0.150g), (R)-1-ethylpyrrolidine-2-carboxylic acid (Intermediate
147, 0.061g) and N,N-diisopropy!-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 (Na,SO,) 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 methyl (1aRS,7bSR}—5-(2— {N-[(R)-1-ethylpyrrolidine-2-
yl)carbonyljmethylamino}-methyl}-4-fluorobenzenesulfonylamino)-1,1a,2,7b-
tetrahydrocyclopropal cjchromene-4-carboxylate (0.177g) as a solid.

LCMS (Method F) 1/t 2.33 (M-+H) 546.

Intermediate 156: Methyl (1aRS,7bSR)-5-(4-fluoro-2-methylaminomethylbenzenesulfonyl-

amino)-1,12,2,7b »tetrahydrocycloprop a[c]chromene-4-carboxylate

" oo (7
1 ﬁﬁ”

gz

!

[60360] A solution of potassium carbonate {0.345g) in water 2mL) was added to a
solution of methy! (1aRS,7bSR)-5-(4-fluoro-2-[N-methyl-N-(2,2,2-trifluoroacetyl)-
aminomethyl}-benzenesulfonyl-amino)-1,1a,2, 7b-tetrahydrocyclopropafc]chromene-4-
carboxylate (Intermediate 157, 0.257g) in methanol (12mL) and the mixtore 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 (Nap;SOy) and filtered and the filtrate was evaporated to
dryness to give methyl (1aRS,7bSR)-5-(4-fluoro-2-methylaminomethylbenzenesulfonylamino)-
1,1a,2,7b-tetrahydrocyclopropa[c]chromene-4-carboxylate (0.156g) as a solid.
LCMS (Method B) v/t 2.14 (M+H) 421.
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Intermediate 157: Methyl (1aRS,7bSR)-53-(4-fluoro-2-[N-methyl-N-(2,2,2-trifluoroacetyl)-

aminomethyl[benzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropaf cjchromene-4-

carboiyiate
F.C il
T Voo [
NIV o
l H
F = O O
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[60361] A mixture of 4- fluoro-2-[N-methyl-N-(2,2,2~

trifluoroacetyl}aminomethyljbenzenesulfonyl chloride (Intermediate 158, 0.182g) was added to
a solution of methyl (1aRS,7bSR)-5-amino-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-
carboxylate (Intermediate 42, 0.100g) in DCM (3mL) and pyridine (1ml.) 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 (1aRS,7bSR)-5-(4-fluoro-2-[N-
methyl-N-(2,2,2-trifluoroacetyl)aminomethyl]benzenesulfonyl-amino)-1,1a,2,7b-
tetrahydrocyclopropal cjchromene-4-carboxyiate (0.257g) as a solid.

LCMS (Method F) v/t 3.77 (M+H) 517.

Intermediate 158: 4- Fluoro-2-[N-methyl-N-(2,2 2-trifluoroacetyl)aminomethylJbenzene-

sulfonyl chloride
1
FyCu N
) o 0
O S
| o Kol
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[060362] A solution of 3-fluoro-N-methyl-N-(trifluoroacetyl)benzylamine (Intermediate

159, 0.497g) in DCE (0.5mL) 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 (MgSOy) and ﬁltered. The filtrate was evaporated
to dryness and the residue Was,pﬁriﬁgd by chfomatégraphy on silica, eluting with a mixture of
ethyl acetate and pentane \Xfi_tf; a gréudi'én't\ of 2.5-10% tci"give %—ﬁ.ubro—Zl{N-methyl—N-(2,2,2-

trifluoroacetyl)aminomethyl]-benzenesulfonyl chiloride (0.21g) as 2 clear oil.
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'H NMR (CDCl) 8: 8.20 (1H, m), 7.24 (1H, m), 7.01 (1H, d), 521 H, s), 3.24 (2H, s), 3.13
(1H, ).

Intermediate 159: 3-Fluoro-N-methyl-N-{trifluoroacetyl)benzylamine

|

F.Co N
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|
e

[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. Jodomethane (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 (MgSOy) and filtered. The filtrate was evaporated to dryness to give 3-fluoro-N-

© methyl-N-(trifluoroacetyl)benzylamine (0.497g) as a white solid.

 'THNMR (CDCls) 6: 7.34 (1H, m), 7.10-6.90 (3H, m), 4.63 (2H, s), 3.07 (2H, q), 2.94 (1H, s).

Intermediate 160: Methyl (1aRS,7bSR)-5-(2-[N-((S)-1-ethylpyrrolidine-2-yl)carbonyl-N-
methylaminomethyl]-4-fluorobenzenesulfonylamino}-1,1a,2,7o-tetrahydrocyclopropa-

[clchromene-4-carboxylate

{00364} Prepared by proceeding in a similar manner to Intermediate 155, starting from
methyl (1aRS,7bSR)-5-(4-fluoro-2-methylaminomethylbenzenesulfonylamino)-1,1a,2,7b-
tetrahydro-cyclopropa[c]chromene-4-carboxylate (intermediate 156) and (S)-1-
ethylpyrrolidine-2-carboxylic acid (Intermediate 106) as a solid/

LCMS (Method B) 1/t 2.47 (M+H) 546.

Intermediate 161: Methyl (1aRS,7bSR)-5-[2-(4-dimethylaminobutylamino)-4-fluoro-

benzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropal ¢]chromene-4 carboxylate



[00365] A solution of methyl (1aRS,7bSR)-5-(2,4-difluorobenzenesulfonylamino)-
1,1a,2,7b-tetrahydro-cyclopropalc]chromene-4-carboxylate (Intermediate 162, 0.675g) and
N,N-dimethylbutane-diamine (0.496g) in dioxane (20mL) was.stirred and heated at 0°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 (NaySOy) 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
(1aRS,7bSR)-5-[2-(4-dimethyl-aminobutylamino }-4-fluorobenzene-sulfonylamino]-1,1a,2, 7b-
tetrahydrocyclopropa-{c]chromene-4carboxylate (0.499g) as a colourless gum.

'H NMR (CDCls) &: 7.51 (1H, dd), 7.26 (1H, d), 7.12 (1H, d), 6.29 (2H, m), 6.00 (1H, br, s),
431 (1H, d), 3.75 (1H, d), 3.50 (3H, s), 3.01 (2H, m), 2.25 (6H, s), 2.11 (2H, 1), 1.94 (1H, m),
1.73 (1H, m), 1.58 (4H, m), 1.03 (2H, m).

Intermediate 162: Methyl (1aRS,7bSR)-5-(2,4-difluorobenzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropal ¢)chromene-4-carboxylate

[00366} 2,4-Difluorobenzenesulphonyl! chloride (0.468g) was added to a solution of
methyl (1aRS,7bSR)-5-amino-1,1a,2,7b-tetrahydrocyclopropafclchromene-4-carbox ylater
(Intermediate 42, 0.438¢g) in pyridine 2mL) and DCM (4m1)) and the solation was left at room
temperature for 2 hours. The mixture was diluted with DCM, washed with 2M hydrochloric
acid, dried (Na,SOy)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 0-30% to give methy! (1aRS,76SR)-5-(2,4-difluorobenzenesulfonylamine)-
1,1a,2,7o-tetrahydrocyclopropalclchromene-4-carboxylate (0.761g) as a Iighf coloured gum,
"H NMR (CDCl3) 8: 8.90 (1H, br, ), 7.82 (1H, m), 7.22 (1H, d), 7.13 (1H, d), 6.88 (2H, m),
4.32 (1H, d), 3.89 (3H, ), 3.79 (1H, d), 1.90 (1H, m}, 1.71 (1H, m), 1.01 (2H, m).
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Intermediate 163: ((R)-1-Ethylpyrrolidin-3-ylmethyl)amine

\MN NH,

[60367] Lithium aluminium hydride was added to a stirred solution of ((R)-1-
acetylpyrrolidin-3-ylimethyl)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)-1-ethylpyrrolidin-3-
ylmethyl)amine (0.9g) as a yellow solid.

LCMS (Method D) r/t 0.396 (M+H) 129.

Intermediate 164: ((R)-1-Acetylpyrrolidin-3-ylmethyl)amine
\
o}‘ N\

[00368] A mixture of benzyl N-((S)-1-acetylpyrrolidin-3-ylmethyl)-N-benzylcarbamate
- (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)-1-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)-1-acetylpyrrolidin-3-yimethyl)-N-benzylcarbamate
1o
T
0 N
"

[06369] 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 (Na;SO4) 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)-1-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-yimethyl)-N-benzylcarbamate

0 ~

HN\/\j/\N/L\\O =

tert-Butyl (8)-3-[N-benzyl-N-(benzyloxycarbonyl)aminomethyl Jpyrrolidine-1-carboxylate
{(Intermediate 167, 11g) 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 (C18) to give benzyl N-((S)-
pyrrolidin-3-ylmethyl}-N-benzylcarbamate (8.0g) as an off white solid which was used without

further characterisation.

Intermediate  167:  fert-Butyl  (S)-3-[N-benzyl-N-(benzyloxycarbonyl)aminomethyl}-

D79 e
Ly
O

pyrrolidine-1-carboxylate

100370} A solution of fert-butyl (R)-3~(N-benzyloxycarbonyl)aminomethylpyrrolidine-
1-carboxylate (Intermediate 168, 19g) in DMF (90mL) was added dropwise to a suspension of
sodium hydride (60%, 4.55¢g) in DMF (100mL) After stirring for 30 minutes, benzyl bromide
(11.7g) was added dropwise. The 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 (NaySOy) 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-1-carboxylate (11.0g) as a light

yellow oil, which was used without further characterisation.
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Intermediate  168:  fert-Butyl (R)-3-(N-benzyloxycarbonyl)aminomethylpyrrolidine-1-

carboxylate
> 0
\ N/J% o -
7N H
0
[00371} Benzyl chioroformate (14.1g) was added dropwise to a cooled solution of fert-

butyl (R)-3-aminomethylpyrrolidine-1-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 (Na;SO4) and filtered. The filtrate was evaporated to dryness to give fert-butyl (R)-
3-(N-benzyloxycarbonylaminomethylpyrrolidine-1-carboxylate (23g) as a colourless sticky

gum, which was used without further characterisation.

Intermediate 169: ((S)-1-Ethylpyrrolidin-3-yl)methylamine

\\‘NQ/\NHz

[00372] Palladium on carbon (10%, 0.3g) was added to a solution of benzyl N-((S)-1-
ethylpyrrolidin-3-ylmethyl)carbamate (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)-1-ethylpyrrolidin-3-

ylmethylamine (0.8g) as a colourless oil, which was used without further characterisation.

Intermediate 170: Benzyl N-((S)-1-ethylpyrrolidin-3-ylmethyl)carbamate

0
ReRaRS

[00373] lodoethane (4.1g) was added to a cooled mixture of benzyl N-((R)-pyrrolidin-
3-ylmethyl)carbamate trifluoroacetate salt (Intermediate 171, 7.6g) and potassium carbonate
(12.2g) in DMF (10mL) 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 (Na;SOy) and filtered. The filtrate was evaporated to dryness
to give benzyl N-((S)-1-ethylpyrrolidin-3-ylmethyl)carbamate (1.8g) as a colourless oil, which

was used without further characterisation.



Intermediate 171: Benzyl N-((R)-pyrrolidin-3-ylmethyl)carbamate trifluoroacetate salt
CF,CO,H

O
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[06G374]) A mixture of fert-butyl (8)-3-(N-benzyloxycarbonyl)aminomethylpyrrolidine-
I-carboxylate (Intermediate 172, 8.0g) in trifluoroacetic acid (10mL) was stirred at room
temperature for 5 hours. The mixture was concentrated under vacuum to give crude benzyl N-
((R)-pyrrolidin-3-ylmethyl)carbamate trifluoroacetate salt (7.6g) as a light brown oil which was

used without further purification or characterisation.

Intermediate 172:  fert-Butyl  (S)-3-(N-benzyloxycarbonyl)aminomethylpyrrolidine-1-

carboxylate
T\ 1
O}ﬁN/ﬁ‘,n“\‘\N/J\o
¢ "
[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.

(ntermediate 173: Methyl (1aRS,7bSR)}-5-[2-(4-Ethyl-2-oxopiperazin-1-yimethyl)-4-

fluorobenzene-sulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropal clchromene-4-carbox ylate

[60376] A solution of 2-(4-ethyl-2-oxopiperazin-1-ylmethyl)-4-fluorobenzenesulfonyl
chloride (Intermediate 174, 0.368g) and methyl (1aRS,7bSR)-5-amino-1,1a,2,7b-tetrahydro-
cyclopropa]clchromene-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 (Na;SOx) 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 (1aRS,7bSR)-5-[2-(4-
ethyl-2-oxopiperazin-1-ylmethyi)-4-fluorobenzenesulfonylaminoj-1,1a,2, 7b-tetrahydro-
cyclopropalcjchromene-4-carboxylate (0.312g) as a white solid.

"H NMR (DMSO-dg) &: 9.95 (1H, br, s}, 7.81 (1H, dd), 7.26 (2H, m), 6.89 (1H, dd), 6.59 (1H,
d), 4.75 (2H, s), 4.29 (1H, d), 3.71 (1H, d), 3.62 (3H, s), 3.15 (4H, m), 2.70 (2H, 1), 2.45 (2H,
q), 2.02 (1H, m), 1.72 (1H, m), 1.06 (1H, m), 1.02 (3H, ¢}, 0.80 (1H, q).

Intermediate 174: 2-(4-Ethyl-2-oxopiperazin-1-ylmethyl)-4-fluorobenzenesulfonyl chloride

° TN \S<Cl
| {
£ =
{00377} Chlorosulphonic acid (2mL) was added to 4-ethyl-1-(3-fluorobenzyl)-

piperazin-2-one {Intermediate 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
{Na;S04) and filtered and the filtrate was concentrated in vacuo to give 2-(4-ethyl-2-
oxopiperazin-1-ylmethyt)-4-fluoro-benzenesulfonyl chloride (0.37g) as a colourless gum.
LCMS (Method E) v/t 1.99 (M-H) 335, 337

Intermediate 175: 4-Ethyl-1-(3-fluoro-benzyl)-piperazin-2-one

{60378} Sodium hydride (60% o1l dispersion, 0.176g) was added to a stirred solution of
4-ethyl-piperazin-2-one (Intermediate 176, 0.512g) in anhydrous THF (10mL) and the mixtare
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 (Na,SO,) 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-1-(3-fluorobenzyl)piperazin-2-one (0.595g) '
as a colourless oil.

"H NMR (CDCL) &: 7.26 (1H, m), 6.91- 7.10 (3H, m), 4.61 (2H, s), 3.27 (2H, ), 3.23 (2H, 5),
2.65 (2H, ), 2.48 (2H, q), 1.09 (3H, 1). L

Intermediate 176: 4-Ethylpiperazin-2-one
/\N/\

’\P/NH

5
[06379] A mixture of 2-oxopiperazine (1.07g)}, iodoethane (1.72g) and potassium
carbonate (2.76g) in acetonitrile (S0mL) 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% to give 4-ethylpiperazin-2-one (0.991g) as a colourless oil.
TH NMR (CDCL) 8: 6.81 (1H, br, s), 3.37 (2H, m), 3.14 (2H, s), 2.66 (2H, t), 2.50 (2H, ), 1.11
(3H, t).

Intermediate 177: Methyl (1aRS,7bSR)-5-[2-(1-ethylpiperidin-4-ylmethyl)-4-fluorobenzene-

sulfonylamino}-1,1a,2,7b-tetrahydrocyclopropalcijchromene-4-carboxylate

\/\ o
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[60380] 2-(1-Ethylpiperidine-4-ylmethyl)-4-fluorobenzenesulfonyl chloride
(Intermediate 178, 0.165g) was added to a solution of methyl (1aRS,7bSR)-5-amino-1,1a,2,7b-
tetrahydrocyclopropa-[cichromene-4-carboxylate (Intermediate 42, 0.290g) in DCM (5ml) and
pyridine (1mL) and the resultant mixture was stirred at room temperature for 21 hours. The
mixture was evapofated to dryness and the residue was pu.riﬁecf by chromatography on silica
eluting with a mixture of 2M NHj in methanol and DCM with a gradient of 0-20% to give
methyl (1aRS,7bSR)-5-[2-(1-ethyl-piperidin-4-ylmethyl)-4-fluorobenzenesulfonylamino]-
1,1a,2,7b-tetrahydrocyclopropa-{ cJchromene-4-carboxylate (0.200g) as a solid.
LCMS (Method F) v/t 2.34 (M+H) 503
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Intermediate 178: 2-(1-Ethylpiperidin-4-ylmethyl)-4-fluorobenzenesuifonyl chloride

=

0,0
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[00381] A solution of 1-cthyl-4-(3-fluorobenzy!)piperidine (Intermediate 179, 0.210g)

in DCE (1mL) 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 (Na;SO,) and filtered and the
filtrate was evaporated to dryness to give 2-(1-ethylpiperidin-4-ylmethyl)-4-
fluorobenzenesulfonyl chloride (0.290g) as a solid.

"H NMR (CDCls) &: 8.17 (1H, dd), 7.17 (1H, m), 7.08 (1H, 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: 1-Ethyl-4-(3-fluorobenzyl)piperidine
SN

. F
[00382} Bromoethane (0.1mL) was added to a mixture of 4-(3-fluorobenzyl)piperidine
(Intermediate 180, 0.259¢g) and potassium carbonate (0.204g) in acetonitrile (10mL). The
mixture was stirred for 20 hours then filtered. The filtrate acidified by addition of few drops of
2M HCI and the solution was passed through a SCX-2 column (10g). The product was eluted
with 2M ammonia in methanol and the residue afler evaporation was triturated with diethyl
ether. The solid was filtered off and the filtrated was concentrated in vacuo to give 1-ethyl-4-
(3-fluorobenzyl)piperidine (0.210g)
"H NMR (CDCl) 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), 1.56-1.44 (1H, m), 1.30 (2H, m), 1.06 (3H, t).

Intermediate 180: 4-(3-Fluorobenzyl)piperidine
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[00383] A mixture of benzyl 4-(3-fluorobenzylidene)piperidine-1 -carboxylate
(Intermediate 181, 1.05g), 20% palladium hydroxide on carbon (0.227g), IMS (30mL) and
acetic acid (10mL) 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 Na;CO;. The solution was
saturated with sodium chloride, extracted with ethyl acetate dried (MgSQy) 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 (CDCls) 8: 7.24-7.16 (1H, 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 (1H, s), 1.14 (2H, m)

Intermediate 181: Benzyl 4-(3-fluorcbenzylidene)piperidine-1-carboxylate

I
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[00384] Sodium hydride (0.245¢g) was added portionwise to a solution of diethyl (3-
fluorobenzy!)phosphonate (Intermediate 182, 1g) in THF (40mL) at 0°C. The mixture was
stirred for 30 minutes then benzyl 4-oxopiperidine-1-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 (Na;SQys) 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% to give benzyl 4-(3-fluorobenzylidene)piperidine-1-carboxylate (1.05g)
'H NMR (CDCls) 8: 7.39-7.22 (6H, m), 6.98-6.83 (3H, m), 6.33 (1H, s), 5.15 (2H, s), 3.54 (4H,
dt), 2.41 (4H, dt).

Intermediate 182: Diethyl (3- fluorobenzyl)phosphonate



{00385] A mixture of 3-flnorobenzyl bromide (2g) and triethy! 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 chromato grapﬁy on silica eluting with a mixture of ethyl

acetate and cyclohexane with a gradient of 0-100% to give diethyl (3-
fluorobenzyl)yphosphonate (2.46g)

'H NMR (CDCly) &: 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 (1aRS,7bSR}-5-{2-[2-(1-ethylazetidin-3-yl)ethyl]-4-fluorobenzene-

sulfonylamino}-1,1a,2,7b- tetrahydiocyclopmpa[c]cluomene 4-carboxylate

=
>L <:/ \;

{60386] A solution of fert-butyl (1aRS,7bSR)-3-{2-[ 5-fluoro-2-(4-methoxycarbonyi-
1,12,2,7b-tetrahydrocyclopropalcjchromen-5-ylsulfamoyl)phenyllethyl } azetidine-1-
carboxylate (Intermediate 184, 0.397g) in DCM (5mL) and trifluoroacetic acid (5SmL) 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 (Na;3O,) 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 (1aRS,7bSR)-5-{2-[2-(1-ethylazetidin-3-
ylyethyl}-4-fluorobenzenesulfonylamino}-1,1a,2,7b-tetrahydro cyélopropa[c] chromene-4-
carboxylate (0.312g) as a white foam.

LCMS (Method E) 1/t 2.75 (M+H) 489.
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Intermediate 184: ferr-butyl (1aRS,7bSR)-3-{2-{5-fluoro-2-(4-methoxycarbonyl-1,1a,2,7b-

tetrahydro-cyclopropa[c]chromen-5-ylsul famoyl)phenyllethyl} azetidine- | -carboxylate
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[00387] A mixture of tert-butyl (1aRS,7bSR)-3-{(E/Z)-2-[5-fluoro-2-~(4-
methoxycarbonyl-1,1a,2, 7b-tetrahydrocyclopropalc]chromen-5-

vlsulfamoyl)phenyl]vinyl} azetidine-1-carboxylate (Intermediate 185, 0.502g) and 10%
palladium on carbon (0.05 g) 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 fert-butyl (1aRS,7bSR)-3-{2-{5-fluoro-2-(4-
methoxycarbonyi-1,1a,2, 7b-tetrahydrocyclopropal clchromen-5-ylsulfamoyl)phenyl}-
ethyl}azetidine-1-carboxylate (0.401g) as a colourless gum.

"H NMR (CDCly) 8: 9.01 (1H, br, ), 7.90 (1H, dd), 7.21 (1H, d), 7.02 (1H, d), 6.94 (2H, m),
4.32 (1H, ), 4.00 (2H, 1}, 3.79 (1H, d), 3.77 (3H, ), 3.56 (2H, dd), 2.79 (2H, dd), 2.56 (1H,
m), 1.89 (3H, m), 1.72 (1H, m), 1.45 (9H, s}, 0.99 (ZH, m).

Intermediate 185: tert-Butyl (1aRS,7bSR)-3-{(E/Z)-2-[5-fluoro-2-(4-methoxycarbonyl-
1,1a,2,7b-tetrahydro-cyclopropa clchromen-5-ylsulfamoyl)phenyl]vinyl } azetidine-1-

carboxylate o
’}/O\?](N | = \\sfg ] 0/J
b
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[00388] A mixture of methyl (1aRS,7bSR)-5-(2-bromo-4-

fluorobenzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropalc] chrbm ene-4-carboxylate
(Intermediate 41, 0.456g), tert-butyl 3-((E/Z)-2-trimethylstannanylvinyl)azetidine-1-
carboxylate (Intermediate 186, 0.433g), tris(dibenzylideneacetone)dipalladium(0) (0.046g) and
tri-teri-butylphosphonium tetrafluoroborate (0.029g) in dioxane (15mL) and DMSO (1.5mL)
was stirred and heated at 90°C under nitrogen for 1 hour. Afier cooling, the solﬁtion was diluted
with ethyl acetate, washed with water, dried (Na;SOy) 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% to give fert-butyl
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“(1aRS,7bSR)-3-{(B/Z)-2-[ 5-fluoro-2-(4-methoxycarbonyl-1,1a,2, 7b-
tetrahydrocyclopropa[cjchromen-5-yisulfamoyl)phenyl]vinyl} -azetidine-1-carboxylate
(0.508g) as a colourless gum.

LCMS (Method E) 1/t 4.47 (M-H) 557

Intermediate 186: rers-Butyl 3-((E/Z)-2-trimethylstannanylvinyl)azetidine- 1 -carboxylate |

\
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[00389] A solution of rert-butyl 3-((E/Z)-2-iodovinyl)azetidine-1-carboxylate
(Intermediate 187, 1.39¢), hexamethylditin (2.95g), and
tetrakis(triphenylphosphine)palladium(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 i 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 tert-butyl 3-((E/Z)-2-
trimethylstannanylvinyl)azetidine-1-carboxylate (0.601g) as a pale yellow oil.
'H NMR (CDCly) &: 5.79-6.5 (2H, m), 3.95 (2H, m), 3.62 (2H, m), 2.88-3.12 (1H, m), 1.32
(9H, s), 0.0 (9H, s).

Intermediate 187: tert-Butyl 3-((E/Z)-2-iodovinyl)azetidine-1-carbox ylate

g

[060396] A solution of fert-butyl 3-formylazetidine-1-carboxylate (1.97g) and iodoform

>0
0

(8.37g) in anhydrous THF (25m1.) was added to a stirred suspension of anhydrous
chromium(Il) chloride in anhydrous THF (100mL) 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 (Na,SOy4) 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 tert-butyl 3-((E/Z)-2-
iodovinyl)azetidine-1-carboxylate (2.01g) as a pale yellow oil.

"H NMR (CDCly) &: 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, 1), 3.76 (2H, m), 3.45 (0.2H, m), 3.19 (0.8H, m), 1.44 (9H, s).
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Intermediate 188: Methy!l (1aRS,7bSR)-5-(2-{[((S)-1-ethylpyrrolidine-3-carbonyl)amino}-
methyl}-4-fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropaf ¢chromene-4-

carboxylate

[00391] HATU (0.234g) was added to a mixture of (S)-1-ethylpyrrolidine-3-carboxylic
acid (Intermediate 189, 0.089g) and NMM (0.068mL} in DMF (4mL) and the mixture was
stirred for 15 minutes. Methyl (1aRS,7bSR)-5-(2-aminomethyl-4-
fluorobenzenesulfonylamino)-1,1a,2, 7b-tetrahydrocyclopropal clchromene-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 NaHCO; solution, dried (Na;SO4) 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 methano! and DCM with a gradient of 0-15% to give methy! (1aRS,7bSR)-5-(2-
{{({S)-1-ethylpyrrolidine-3-carbonyl)amino}methyl }-4-fluoro-benzenesuifonylamino)-
1,1a,2,7b-tetrahydrocyclopropal clchromene-4-carboxylate (0.190g) as a solid.

"H NMR (CDCls) 8: 7.81 (1H, dd), 7.46-7.38 (1H, m), 7.30-7.20 (3H, m), 7.06-6.93 (2H, m),
4.58 (2H, d), 4.32 (1H, dd), 3.79 (1H, dd), 3.76 (3H, s), 2.93-2.78 (3H, m), 2.70-2.49 (4H, m),
2.24-2.08 (1H, m), 2.00-1.87 (2H, m), 1.78-1.68 (1H, m), 1.15 (3H, t), 1.06-0.98 (2H, m)

Intermediate 189: (S)- 1-Ethyl-pyrrolidine-3-carboxylic acid

/- N(j lg/OH

[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 (1mL) 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)-1-ethylpyrrolidine-3-
carboxylic acid (0.318g) as a solid.

"H NMR (CDCL) §: 12.46-10.55 (1H, br s), 3.84-3.57 (1H, br s), 3.49-3.26 (1H, br s), 3.26-
2.93 (5H, m), 2.50-2.33 (1H, m), 2.28-2.11 (1H, m), 1.35 (3H, t).
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Intermediate 156: Benzyl (8)-1-ethylpyrrolidine-3-carboxylate
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[00393] Ethy! 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 (10mL) at room tempertaure and the mixture was stirred for 25 hours. Further ethyl

© bromide (0.11mL) 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 (Na,SO4) and filtered.

The filtrate was concentrated in vacuo to give benzyl (S)-1-ethylpyrrolidine-3-carboxylate
{0.563g).

"H NMR (CDCl3) 8: 7.38-7.30 (5H, m), 5.13 (2H, s), 3.09 (1H, m), 2.93 (1H, 1), 2.76-2.66 (1H,
m), 2.63 (1H, 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

/T 7
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{00394} Trifluoroacetic acid (2.5mL) was added to a solution of benzyl (S)-1-tert-

butoxycarbonylpyrrolidine-3-carboxylate (Intermediate 192, 0.859g) and DCM (10mL) 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 (1g).

'H NMR (CDCls) 8: 7.41-7.29 (5H, m), 5.16 (2H, dd), 3.64-3.45 (2H, m), 3.44-3.23 (3H, m),
2.42-2.20 (2H, m).

Intermediate 192; Benzyl (S)-1-tert-butoxycarbonylpyrrolidine-3-carboxylate
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[00395] DBU (0.764mL) was added to a mixture of benzyl bromide (0.61mL), (S)-1-

tert-butoxycarbonyl-pyrrolidine-3-carboxylic acid (1g) in anhydrous toluene (10mL) and the
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mixture was stirred at room temperature for 24 hours. The mixture was filtered and the filtrate
wasg concentrated in vacuo. The residue was purified by chromatography on silica eluting with
a mixture of ethy! acetate and cyclohexane with a gradient of 0-35% to give benzyl (S)-1-tert-
butoxycarbonylpyrrolidine-3-carboxylate (0.859g)

"H NMR (CDCly) &: 7.39-7:29 (5H, m), 5.14 (2H, s), 3.70-3.41 (3H, m), 3.41-3.27 (1H, m),
3.08 (1H, m), 2.13 (2H, q), 1.45 (OH, s).

Intermediate 193: (R)-1-Ethylpyrrolidin-3-ylamine

{00396] Acetyl chloride (15mL) was added to methanol (120mL) and the resultant
solution was stirred for 20 minutes, A solution of fert-butyl N-((R)-1-ethylpyrrolidin-3-
viycarbamate (Intermediate 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 (150m1.) 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)-1-
ethylpyrrolidin-3-ylamine (2.10g) as a yellow oil, which was used without further

characterisation.

Intermediate 194: (S)-1-Ethylpyrrolidin-3-ylamine
NH,

.
)

Prepared by proceeding in a similar manner to Intermediate 193, starting from fert-butyl N-
((S)-1-ethylpyrrolidin-3-yl)carbamate  (Intermediate 82) and wused without further

characterisation.

Intermediate 195: Methyl (1aRS,7bSR}-5-(2-{[({R)-1-ethylpyrrolidine-3-carbonyl}amino}-
methyl}-4-fluorobenzenesulfonylamino}-1,12,2,7b-tetrahydrocyclopropal c]chromene-4-

carboxylate
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[00397] Prepared by proceeding in a similar manner to Intermediate 188, starting from

methyl (1aRS,7bSR)-5-(2-aminomethyl-4-fluorobenzenesulfonylamino)-1,1a,2, 7h-tetrahydro-
cyclopropafc]chromene-4-carboxylate (intermediate 102) and (R)-1-ethylpyrrolidine-3-
carboxylic acid (Intermediate 196).

"H NMR (CDCl3) 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, &), 4.32 (1H, dd), 3.79 (14, dd), 3.76 (34, s), 2.99-2.84 (3H, m), 2.81-2.73 (1H, m),
2.73-2.60 (3H, m}), 2.27-2.12 (1H, m), 2.01-1.88 (2H, m), 1.78-1.67 (1H, m), 1.17 (3H, s), 1.08-
0.98 (2H, m}.

Intermediate 196: (R)-1-Ethylpyrrolidine-3-carboxylic acid

/™
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[00398] Prepared by proceeding in a similar manner to Intermediate 189, starting from
. benzyl (R)-1-ethylpyrrolidine-3-carboxylate (Intermediate 197).

'Y NMR (CDCls) 8: 11.05-9.55 (1H, br s), 3.71 (1H, br s), 3.37 (1H, br ), 3.27-2.94 (5H, m),
2.49-2.32 (1H, m), 2.29-2.13 (1H, m), 1.35 (3H, 1).

Intermediate 197: Benzyl (R)-1-ethylpyrrolidine-3-carboxylate
]
a N/\:l\(o X
cgj

Prepared by proceeding in a simialr manner to Intermedaite 190, starting from benzy! (R}-
pyrrolidine-3-carboxylate trifluoroacetic acid salt (Intermediate 198).

"H NMR (CDCl) 8: 7.38-7.30 (5H, m), 5.13 (2H, ), 3.09 (1H, m), 2.93 (1H, t), 2.76-2.66 {1H,
m), 2.63 (1H, 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



{00399} Prepared by proceeding in a similar manner to Intermediate 191, starting from
benzyl (R)-1-tert-butoxycarbonylpyrrolidine-3-carboxylate (Intermediate 199).

"H NMR (CDCls) &: 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)-1-tfert-butoxycarbonylpyrrolidine-3-carboxylate
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[60400] Prepared by proceeding in a similar manner to Intermediate 192, starting from
(R)-1-tert-butoxycarbonyl-pyrrolidine-3-carboxylic acid.

"H NMR (CDCl) &: 7.42-7.29 (SH, m), 5.15 (2H, s), 3.72-3.42 (3H, m), 3.42-3.26 (1H, m),
3.08 (1H, mj, 2.13 (2H, q), 1.45 (9H, s).

Intermediate 200: Methyl (1aRS,7bSR)-5- {N-[2-((Z)-3-diethylamino-2-methylprop-1-enyl)-
4-fluorobenzenesulfonyl]-N-(methoxycarbonyljamino}-1,1a,2, 7b-tetrahydrocyclopropa-

[clchromene-4-carboxylate

006401 Methanesulphonic anhydride (0.159g) was added to a solution of methyl
(1aR8,7bSR)-5-{N-[4-fluoro-2-((Z)-3-hydroxy-2-methylprop-1-enyl)benzenesulfonyl]-N-
(methoxycarbonyllamino}-1,1a,2, 7b~tetrahydrocyclopropal c]chromene-4-carboxylate
(Intermediate 201, 0.310g) and N,N-diisopropyl-N-ethylamine (0.118g) in DCM (10mL) and
the mixture was left at room temperature for 1 hour. Diethylamine (ImL) 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 (1aRS,7bSR}-5- {N-{2-((Z)-3-diethylamino-2-methylprop-1-enyl)-4-
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fluorobenzene-sulfonyl}-N-methoxy-carbonylamino}-1,1a,2,7b-
tetrahydrocyclopropa[cjchromene-4-carboxylate (0.268g) as a white foam.

LCMS (Method E) 1/t 2.79 (M+H) 561.

Intermediate 201: Methyl (1aRS,7bSR)-5- {N-{4-fluoro-2-((Z)-3-hydroxy-2-methylprop-1-
enyl)benzenesulfonyl]-N-(methoxycarbonyl)amino}-1,1a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylate

PO >
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[00402] Concentrated hydrochloric acid (ImL} was added to a solution of methy!

(1aRS,70SR})-5-(N-{2-[(Z)-3-(tert-butyldimethylsilanyloxy)-2-methylprop-1-enyl}-4-
fluorobenzenesulfonyl]-N-methoxycarbonyl-amino}-1,1a,2,7b-

tetrahydrocyclopropal c|chromene-4-carboxylate (Intermediate 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
(1aRS,7bSR)-5- {N-[4-fluoro-2-((Z)-3-hydroxy-2-methylprop-1-enyl)benzenesulfonyl|-N-
methoxycarbonylamino}-1,1a,2,7b-tetrahydrocyclopropa-{c]chromene-4-carboxylate (0.314g)
as a white foam.

"H NMR (CDCl) &: 8.18 (1H, dd), 7.35 (1H, d), 7.11 (1H, dt), 6.94 (1H, d), 6.89 (1H, d), 6.74
(1H, s), 4.39 (1H, 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 (1H, g), 1.14 (2H, m).

Intermediate 202: Methyl (1aRS,70SR)-5-(N-{2-[(Z)-3-(tert-butyldimethylsilanyloxy)-2-
methylprop-1-enyl}-4-fluorobenzenesulfonyl}-N-(methoxycarbonyl)amino}-1,12,2,7b-

tetrahydrocyclopropa-{cjchromene-4-carboxylate
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[60403] A mixture of methyl (1aRS,7bSR)-5-[N-(2-bromo-4-fluorobenzenesulfonyl)-
N-(methoxy-carbonyl)amino]-1,1a,2, 7b-tetrahydrocyciopropa-{ cjchromene-4-carboxylate
(Intermediate 65, 0.257g), fert-butyl-dimethyl-((Z)-2-methyl-3-tributylstannanylallyloxy)silane
(0.475g), tris(dibenzylideneacetone)dipalladium(0} (0.023g) and tri-fert-butylphosphonium
tetrafluoroborate (0.015g) in dioxane (8mL) and DMSO (0.8mL) was stirred and heated at
90°C under nitrogen for 1 hour. Further #is(dibenzylideneacetone)dipalladium(0) (0.023g) and
tri-teri-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 (Na;SOy) 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 (1aRS,7bSR)-5-(N-{2-[(Z)-3-(tert-
butyldimethylsilanyloxy)-2-methylprop-1-enyl]-4-fluorobenzenesulfonyl]-N-methoxycarbonyl-
amino}-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylate (0.231g) as a colourless

gum.
LCMS (Method E) 1/t 5.22 (M+Na) 642.

Intermediate 203: 2-((R)-1-Ethylpyrrolidin-3-ylethylamine

o

J

[00404] Lithium aluminium hydride (1.0g) was added in portions to a stirred, cooled

NH,

solution of 2-((5}—i-ethﬂpyrrolidin-3-y1)acetonitn'ie {(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 (Na,S0y) and filtered. The filtrate was evaporated to
dryness to give 2-((R)-1-ethylpyrrolidin-3-yl)ethylamine (2.0g) as a colourless oil, which was

used without further characterisation.

Intermediate 204: 2-((S)-1-Ethylpyrrolidin-3-ylacetonitrile
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66405} ' lodoethane (10.1g) was added to a mixture of 2-((S)-pyrrolidin-3-
yhacetonitrile 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 (Na;SOy) and
filtered. The filtrate was evaporated to dryness to give 2-((S)-1-ethylpyrrolidin-3-yl)acetonitrile

(3.8g) as a yellow oil which was used without further characterisation.

Intermediate 205: 2-((S)-Pyrrolidin-3-yljacetonitrile hydrochloride

o
N

H HC
[00406] A solution of tert-butyl (S)-3-cyanomethylpyrrolidine-1-carboxylate
(Intermediate 206, 12.3g) in methano! (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-ylacetonitrile hydrochloride (9.0g) as a white solid

which was used without further characterisation.

Intermediate 206: fer-Butyl (8)-3-cyanomethylpyrrolidine-1-carboxylate

({CN
N
g

B
[00407] A mixture of tert-butyl (R)-3-(4-
methylbenzenesulfonyloxymethylpyrrolidine-1-carboxylate (Intermediate 207, 22.3¢) and
sodium cyanide (6.13g) in DMSO (100mL) 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 (Na,SO,) 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-1-carboxylate (12.3g)

as a white solid which was used without further characterisation.

Intermediate 267: reri-Butyl ((R)-3-(4-methylbenzenesulfonyloxymethyl)-pyrrolidine-1-

+ carboxylate



o

Prepared by proceeding in a similar manner to Intermediate 140, starting from fert-butyl (R)-3-
hydroxymethylpyrrolidine-1-carboxylate and 4-methylbenzenesulfonyl chloride and used

without further characterisation,

Intermediate 208: 2-((S)-1-Ethylpyrrolidin-3-yljethylamine

.

.

N

P

[60408] Prepared by proceeding in a similar manner to Intermediate 203, starting from
2-((R)-1-ethylpyrrolidin-3-yl)acetonitrile (Intermediate 209) and used without further

characterisation.

Intermediate 209: 2-((R)-1-Ethylpyrrolidin-3-yl)acetonitrile

(;jmc
P

-

N

[06409] 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 (Na,SOy) and filtered. The filtrate was evaporated to dryness to give 2-((R)-~1-
ethylpyrrolidin-3-yl)acetonitrile (2.1g) as a colourless liquid which was used without further

characterisation.

Intermediate 210: 2-((R)-Pyrrolidin-3-yhacetonitrile hydrochloride

STCN
-

B HC
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[00410] Prepared by proceeding in a similar manner to Intermediate 203, starting from
tert-butyl (R)-3-cyanomethylpyrrolidine-1-carboxylate (Intermediate 211) and used without

further characterisation.

Intermediate 211: tert-Butyl (R)-3-cyanomethyipyrrolidine-1-carboxylate
STCN

"

By

o7 o

[60411] Prepared by proceeding in a similar manner to Intermediate 206, starting from
tert-butyl ((S)-3-(4-methylbenzenesulfonyloxymethylpyrrolidine-1-carboxylate (Intermediate

212) and used without further characterisation.

Intermediate 212: zert-Butyl ((S)-3-(4-methylbenzenesulfonyloxymethyl}-pyrrolidine-1-

carboxylate
o}
O\?]E‘E
S0
N:
O 6]
/\\
1004121 Prepared by proceeding in a similar manner to Intermediate 140, starting from

tert-butyl (S)-3-hydroxymethylpyrrolidine-1-carboxylate and 4-methylbenzenesulfonyl

chloride and used without further characterisation.

Intermediate 213: Methyl (1aR,7bS)-5-[2-((S)-1-ethylpyrrolidin-3-yloxymethyl)-4-fluoro-

benzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropaf clchromene-4-carboxylate
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[60413] A solution of tert-butyl (S)-3-[(1aR,7bS)-5-fluoro-2-(4-methoxycarbonyl-
1,1a,2,7b-tetrahydro-cyclopropal c]chromen-5-ylsulfamoybenzyloxylpyrrolidine-1-
carboxylate (Intermediate 214, 0.284g) in triflucroacetic 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 triacetoxyborohydride (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 (Na;SO4) 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 (1aR,7bS)-5-[2-((S)-1-
ethylpyrrolidin-3-yloxymethyl)-4-fluorobenzenesulfonylamino}-1,1a,2,7b-
tetrahydrocyclopropa/cichromene-4-carboxylate (0.221g) as a white foam.

"H NMR (CDClL) 8: 7.76 (1H, dd), 7.32 (18, dd), 7.16 (1H, d), 6.94 (1H, dt), 6.87 (1H, d),
4.86 (1H, d), 4.68 (1H, d), 4.32 (1H, d), 4.19 (1H, m), 3.79 (1H, d), 3.73 (3H, s), 3.13 (1H, d),
2.92 (IH, q), 2.35-2.75 (4H, m), 2.10 (2H, m), 1.92 (1H, m), 1.72 (1H, m), 1.14 (34, 1), 1.03
(2H, m).

Intermediate 214: fers-Butyl (5)-3-[(1aR,7bS)- 5-fluoro-2-(4-methoxycarbonyl-1,1a,2,7b-
tetrahydrocyclopropal clchromen-5-ylsulfamoyl)benzyloxylpyrrolidine-1 -carboxylate

[60414] A solution of terr-butyl (S)-3-(2-chlorosulfonyl-5-
fluorobenzyloxy)pyrrolidine-1-carboxylate (Intermediate 215, 0.295g) in DCM (2ml.) was
added to a solution of methyl (1aR,7bS)-5-amino-1,1a,2,7b-tetrahydrocyclopropal cJchromene-
4-carboxylate (Intermediate 42A, 0.11g) 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 ferz-butyl (8)-3-[5-fluoro-2-((1aR,7bS)-4~-methoxycarbonyl-
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1,1a,2,7b-tetrahydrocyclopropa-[clchromen-5-ylsulfamoyl)benzylox y]pyrrolidine-1-
carboxylate(0.288¢) as a white foam.

"H NMR (CDCl;) 8: 8.86 (1H, br, 8), 7.76 (1H, dd), 7.41 (1H, dd), 7.25 (1H, d), 7.07 (1H, d),
6.95 (1H, dt), 4.69-4.91 (2H, br, q), 4.32 (1H, d), 4.19 (1H, m), 3.77 (14, d), 3.71 (34, ), 3.49
(4H, br, m), 1.89—2.18 (3H, m), 1.73 (1H, m), 1.47 (9H, s}, 1.00 (2H, m).

Intermediate 215: rert-Butyl (S)-3-(2-chlorosulfonyl-5-fluorobenzyloxy)pyrrolidine-1-

carboxylate
o—%
o=
O
6
0s,.0
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[00415] n-Butyllithium (1.6M in hexanes, 3.3mL) was added to a solution of zeri-butyl

(8)-3~(2-brome-5-fluorobenzyloxy)pyrrolidine-1-carboxylate (Intermediate 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

ki e TLn ~ M

o o am b SRS 4 TNFISID: SUSN. P JRPS: R 3 v egyoo e < nen A L
minutes then diluted with ether and water. The organic layer was dried (MgSQOy) 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-1-carboxylate (1.01g) as a
colourless, viscous oil.

'H NMR (CDCl5) 8: 8.09 (1H, dd), 7.58 (1H, dd), 7.18 (1H, dt), 4.98 (2H, q), 4.28 (1H, m),

3.40-3.61 (4H, m), 1.92-2.20 (2H, m), 1.47 (SH, s).

Intermediate 216: ferf-Butyl (S)-3-(2-bromo-5-fluorobenzyloxy)pyrrolidine-1-carboxylate



[00416] Sodium hydride (60% oil dispersion, 0.24g) was added to a stirred solution of
tert-butyl (S)-3-hydroxypyrrolidine-1-carboxylate (0.935g) in THF (15mL) and the mixture
was stirred for 5 minutes. 2-Bromo-5-fluorobenzyl bromide (1.608¢) 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 ethy! acetate and cyclohexane with a gradient of 0-15% to give fert-butyl (S)-3-(2-
bromo-5-fluorobenzyloxy)-pyrrolidine-1-carboxylate (1.88g) as a colourless oil.

"H NMR (CDCly) &: 7.46 (1H, dd), 7.22 (1H, dd), 6.88 (1H, dt), 4.52 (2H, s), 4.19 (1H, m),
3.40-3.65 (4H, br, m), 1.91-2.18 (2H, m), 1.49 (OH, s).

Intermediate 217: Methyl (1aR,7b8)-5-[2-((R)-1-ethylpyrrolidin-3-yloxymethy!)-4-fluoro-

benzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropalclchromene-4-carboxylate

o}
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[00417] Prepared by proceeding in a similar manner to Intermediate 213, starting from

tert-butyl (R)-3-[(1aR,7bS)-5-fluoro-2-(4-methoxycarbonyl-1,1a,2,7b-
tetrahydrocyclopropalclchromen-5-ylsulfamoylbenzyloxy}-pyrrolidine-1-carboxylate
(Intermediate 218).

'H NMR (CDCl) 8: 7.76 (1H, dd), 7.32 (1H, dd), 7.17 (1H, d), 6.95 (1H, dt), 6.88 (1H, d),
485 (1H, d), 4.68 (1H, d), 4.32 (1H, d), 4.18 (1H, m), 3.81 (1H, d), 3.72 (3H, s), 3.11 (1H, d),
2.92 (1H, q), 2.25-2.75 (4H, m), 2.09 (2H, m), 1.91 (1H, m), 1.72 (1H, m), 1.14 (3H, t), 1.03
(2H, m).
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Intermediate 218: fer-Butyl (R)-3-[(1aR,7bS)-5-fluoro-2-(4-methoxycarbonyl-1,1a,2,7b-
tetrahydrocyclopropalcjchromen-5-ylsulfamoyl)benzyloxy]pyrrolidine-1-carboxylate
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[06418] Prepared by proceeding in a similar manner to Intermediate 214, starting from
tert-butyl (R)-3-(2-chlorosulfonyl-5-fluorobenzyloxy)pyrrolidine-1-carboxylate (Intermediate
219) and methyl (1aR,7bS)-5-amino-1,1a,2,7b-tetrahydrocyclopropal c]chromene-4-carboxylate
(Intermediate 42A).

"H NMR (CDCls) 8: 8.86 (1H, br, s), 7.76 (1H, dd), 7.41 (1H, dd), 7.25 (1H, d), 7.07 (1H, d),
6.95 (1H, dt), 4.78 (2H, br, s), 4.32 (1H, d), 4.19 (1H, m), 3.77 (1H, d), 3.71 (3H, s), 3.49 (4H,
br, m), 1.86-2.18 (3H, m), 1.73 (1H, m), 1.47 (9H, s}, 1.00 (2H, m).

Intermediate 219: fert-Butyl (R)-3-(2-chlorosulfonyl-5-fluorobenzyloxy)pyrrolidine-1-

o-:f'é

carboxylate
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Prepared by proceeding in a similar manner to Intermediate 215, starting from fers-butyl (R)-3-
(2-bromo-5-fluorobenzyloxy)pyrrolidine- 1 -carboxylate (Intermediate 220).
TH NMR (CDCls) &: 8.10 (1H, dd), 7.58 (1H, dd), 7.17 (1H, dt), 4.99 (2H, q), 4.28 (1H, m),
3.40-3.61 (4H, m), 1.92-2.20 (2H, m), 1.48 (9H, s).

Intermediate 220: ters-Butyl (R)-3-(2-bromo-5-fluorobenzyloxy)pyrrolidine-1-carboxylate



[00419] Prepared by proceeding in a similar manner to Intermediate 216, starting from
tert-butyl(R)-3-hydroxy-pyrrolidine-1-carboxylate.

'H NMR (CDCly) 8: 7.46 (1H, dd), 7.22 (1H, dd), 6.88 (1H, 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 (1aR,7bS)-5-[2-(1-ethylpiperidin-3-ylmethyl)-4-fluorobenzene-

sulfonylamino]-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-carboxylate

00420} 2-(1-Ethylpiperidin-3-yimethyl)-4-fluorobenzenesulfonyl chloride

. {Intermediate 222, 0.21g) was added to a solution of methyl (1aR,7bS)-5-amino-1,1a,2,7b-
tetrahydrocyclopropalcichromene-4-carboxylate (Intermediate 42A 0.290g) in DCM (10mL)
and pyridine (2mL) 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 (NaySQOy), 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 (1aR,7bS)-5-[2~(1-ethylpiperidin-
3-yimethyl)-4-fluoro-benzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropaf cjchromene-4-
carboxylate (0.071g).

"H NMR (CDCl3) §: 7.95-7.88 (1H, m), 7.21-7.15 (1H, m), 7.03-6.86 (3H, m), 4.31 (1H, 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 (1H, m), 1.94-1.44
(8H, m), 1.06-0.94 (6H, m).

Intermediate 222: 2-(1-Ethylpiperidin-3-ylmethyl)-4-fluoro-benzenesulfonyl chloride
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{00421} A solution of 1-ethyl-3-(3-fluorobenzyl)piperidine (Intermediate 223, 0.214g)

in DCE (ImL) 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 (Na,SO4) and
filtered and the filtrate was evaporated to dryness to give 2-(1-ethylpiperidin-4-ylmethyl)-4-
fluorobenzene-sulfonyl chloride (0.44g) as a solid.

"H NMR (CDCl3) 8: 8.17-8.11 (1H, m), 7.43-7.37 (1H, m), 7.19-7.12 (1H, m), 3.62-3.52 (1H,
m), 3.42-3.32 (1H, m), 3.16 (2H, d), 3.11-2.92 (3H, m), 2.64-2.29 (3H, m), 1.91 (2H, d), 1.43
(3H, £), 1.39-1.23 (1H, m). ' '

Intermediate 223: 1-Ethyl-3-(3-fluorobenzyl)-piperidine

(00422} A solution of lithium aluminium hydride 2M in THF, 2.8mL) was added
dropwise to a solution of 1-[3-(3-fluorobenzyl)piperidin-1-yllethanone (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
(Na;SOy) and filtered. The filtrate was evaporated to dryness to give 1-ethyl-3-(3-
fluorobenzyl)piperidine (0.535g). |

"H NMR (CDCly) &: 7.25-7.17 (1H, 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, 1), 1.00-0.84 (1H, m).

Intermediate 224: 1-[3-(3-Fluorobenzyl)piperidin-1-yljethanone
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[60423] A mixture of 1-{3-[1-(3-fluorophenyl)methylidene]piperidin-1-yl}ethanone
(Intermediate 225, 0.7g), palladium hydroxide (20% on carbon, 0.07g) in ethyl acetate (20mL)
and IMS (ImL) 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 1-[3~(3-fluorobenzyl)piperidin-1-yljethanone (0.66g).

'H NMR (CDCly) & 7.31-7.17 (1H, 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 (1H, m),‘ 2.45-2.33 (1H, m), 2.08 (1.5H, s), 1.95 (1.5H, s), 1.83-1.63 (3H, m), 1.50-
1.32 (1H, m), 1.29-1.09 (1H, m).

Intermediate 225: 1- {3-[1-(3-Fluorophenylymethylidene]piperidin-1-yl} ethanone

100424} Acetyl chloride (0.515mL) was added to a mixture of 3-[1-(3-
fluorophenyl)methylidene}-piperidine hydrochloride (Intermediate 226, 1.5g) and N, N-di-
1sopropyl-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 (100mL) and extracted with ether, washed with brine, dried (Na,SO4)
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-y1} ethanone
(1.38g).

'H NMR (CDCls) &: 7.37-7.21 (1H, m), 7.04-6.82 (3H, m), 6.48-6.26 (1H, 4s), 4.39-4.00 (2H,
m), 3.72-3.48 (2H, m), 2.61-2.41 (2H, m), 2.18-2.02 (3H, 4s), 1.83-1.61 (2H, m).
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Intermediate 226: 3-[1-(3-Fluorophenyl)methylidenelpiperidine hydrochloride

H o He
(N

F
[60425] A solution of HCI in dioxane (4M, 30mL) was added to a selution of fert-butyl
3-[1-(3-fluorophenyl)methylidene]piperidine-1-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-[1-(3-
fluorophenylmethylidene}piperidine hydrochloride (1.64g).
"H NMR (CDCls) 3:2 ratio of E and Z isomers 8: 9.34 (2H, br s), 7.48-7.37 (1H, m), 7.22-7.00
(3H, m), 6.59 (1H, 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-]1-(3-fluorophenylymethylidene]piperidine-1-carboxylate

[00426] (3-Fluorobenzyliriphenylphosphonium bromide (Intermediate 228, 5.3g) was
added in portions to a solution of sodium fers-butoxide (1.06g) in anhydrous THF (20mL) at
room temperature and the mixture was stirred for 30 minutes. A solution of rert-butyl 3-
oxopiperidine-1-carboxylate (2g) in anhydrous THF (10mL) was added dropwise at room
temperature and the mixture was stirred for 24 hours. The mixture was diluted with water
(100mL) and extracted with ether (100mL), washed with brine, dried (Na;SQy) and filtered.
The filtrate was concentrated in vacuo and the residue was purified by chromatography on
silica eluting vﬁth a mixture of ethyl acetate and cyclohexane with a gradient of 0-20% to give

tert-butyl 3-[1-(3~-fluorophenyl}-methylidene]piperidine-1-carboxylate (1.42g).
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'H NMR (CDCls) 3:2 ratio of E and Z isomers &: 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, 5), 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, m), 1.48 (5.4H, s), 1.34 (3.6H, br s).

Intermediate 228: (3-Fluorobenzyltriphenylphosphonium bromide
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[60427] A mixture of 3-fluorobenzyl bromide (5g) and triphenyl phosphine (6.94g) in
toluene (SOmL) 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-
fluorobenzyljtriphenylphosphonium bromide (10.1g).

"H NMR (DMSO-dg) &: 7.96-7.87 (3H, m), 7.81-7.64 (12H, m), 7.35-7.26 (1H, m), 7.20-7.11
(1H, m), 6.88-6.82 (1H, m), 6.78-6.70 (1H, m), 5.21 (2H, d).

Intermediate 229: Methyl (1aR,7bS)-5-{2-[2-((R)-1-ethylpyrrolidin-2-y})ethyl}-4-fluoro-

benzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropafc]chromene-4- carboxylate

a H
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[60428] Prepared by proceeding in a similar manner to Intermediate 95, starting from

2-[2-((R)-1-ethyl-pyrrolidin-2-yl)-ethyl]-4-fluorobenzenesulfonyl chloride (intermediate 230)
and methyl (1aR,7bS)-5-amino-1,12,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylate
(Intermediate 42A),

LCMS (Method A) r/t 2.30 (M+H) 503.

Intermediate 230: 2-[2-((R)-1-Ethylpyrrolidin-2-yl)ethyl]-4-fluorobenzenesulfonyl chloride
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[00429] Prepared by proceeding in a similar manner to intermediate 96, starting from
(R)-1-ethyl-2-[2-(3-fluorophenyl)ethylpyrrolidine (intermediate 231).
"H NMR (CDCly) 8: 8.11 (1H, dd), 7.42 (1H, dd), 7.14 (1H, t), 3.93 (1H, m), 3.46-3.21 (2H,

m), 3.13 (1H, m), 2.91 (2H, m), 2.43 (2H, m), 2.32 (2H, m), 2.11 (3H, m), 1.50 (3H, 1).

Intermediate 231: (R)-1-Ethyi-2-[2-(3-fluorophenyl)ethyl]pyrrolidine

F.'
[00430] A solution of 1-{(R)-2-[2~(3-fluorophenyl)ethylpyrrolidin-1-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). So'dium bisulphate powder was added to the suspension and
the slurry was filtered through Celite and the filtrate was evaporated to dryness to give (R}-1-
ethyl-2-[2-(3-fluoro-phenyl)ethyllpyrrolidine (0.41g) as an oil.

'H NMR (CDCl3) 8: 7.22 (1H, m), 6.96 (1H, d), 6.87 (2H, m), 3.18 (1H, dd), 2.87 (1 H, m),
2.69 (1H, 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: 1-{(R)-2-[2-(3-Fluorophenyl)ethylpyrrolidin-1-yl}ethanone

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 (Intermediate 233, 0.39g) in DCM (30ml) and
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the mixture was stirred for 1.5 hours. The mixture was washed with 1M HCI, dried (MgSQy4)
and filtered. The filtrate was evaporated to dryness to give 1-{{R)-2-[2-(3-fluorophenyljethyi}-
pyrrolidin-1-yl}ethanone (0.48g) as an oil.

"H NMR (dg-DMSO, 80°C) &: 7.28 (1H, q), 7.02 (2H, 1), 6.92 (1H, ), 3.93 (1H, br s), 3.41 (2H,
m), 2.60 (2H, m), 2.05-1.54 (6H, m), 1.90 (3H, 1).

Intermediate 233: (R)-2-{2-(3-Fluorophenyl)ethylpyrrolidine

[60431]} Trifluoroacetic acid (SmL) was added to a solution of tert-butyl (R)-2-[2-(3-
fluorophenyl)ethyl]-pyrrolidine-1-carboxylate (Intermediate 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 methano! then eluted with 2M ammonia in methanol to give
(R)-2-[2-(3-fluorophenyl)-ethyljpyrrolidine (0.39g).

"H NMR (CDCl) 8: 7.23 (1H, q), 6.97 (1H, d), 6.88 (2H, m), 2.99 (2H, m), 2.85 (1H,m), 2.69
(2H, m), 1.91 (O0H, m), 1.75 (3H, m), 1.61 (1H, brs), 1.28 (1H, m).

intermediate 234: tert-Butyl (R)-2-{2-(3-fluorophenyljethyl|pyrrolidine-1-carboxylate

[60432] A solution of tert-butyl (S)-2-(3-fluorophenylethynyl)pyrrolidine-1-
carboxylate (Intermediate 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 fert-

butyl (R)-2-[2-(3-fluoro-phenyl)ethyl Jpyrrolidine-1-carbox ylate (0.55g) as an oil.
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"H NMR (CDCly) 8; 7.21 (1H, br m), 6.99-6.81 (3H, br m), 3.80 (1H, br d), 3.37 (2H, br d),
2.61 (2H, brm), 1.97 (2H, brm), 1.83 (2H,m), 1.65 (2H, br m), 1.45 (9H, s).

Intermediate 235: fert-Butyl (S)-2-(3-fluorophenylethynyl)pyrrolidine-1-carboxylate

RS
o

166433} A suspension of 3-fluorobromobenzene (0.62ml), tris(dibenzylideneacetone)
dipalladium(0) (0.276g), tri-fert-butylphosphonium tetrafluoroborate (0.165g) and tert-butyl

( S)—z—trfbutyl-stannanylethynylpyrrolidine-1~carboxy1ate (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 feri-
buty! (S)-2-(3-fluoro-phenylethynyl)pyrrolidine-1-carboxylate (1.26g) as an oil.

'H NMR (CDCly) §: 7.25 (1H, m), 7.16 (1H, br d), 7.08 (1H, br d), 6.99 (1H, brt), 4.69 (1H, br
d), 3.51 (1H, brs), 3.37 (1H, br s), 2.11 (3H, brm), 1.94 (1H, brs), 1.49 (OH, s).

Intermediate 236: fert-Butyl(S)-2-tributylstannanylethynyipyrrolidine-1-carboxylate

O ° Sn\/\/‘
> {2

[60434] n-Buty! lithium (2.5M solution in hexanes. 11mL) was added dropwise to a
cooled solution of fert-butyl (S)-2-ethynylpyrrolidine-1-carboxylate (prepared according A
Paul et al, Tetrahedron, 2006, 62, 8919, 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 15 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 (MgSOy) and filtered. The filtrate was evaporated to dryness and the
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résidﬁe was purified by oﬁromato graphy on silica, eluting with a mixture of pentane and ethyl
acetate with a-gradient of 0-7.5% to pive tert-butyl (S}—2~‘cributylstaﬁnanylethynylpyrrolidine—1 -
carboxylate (0.39g) as an oil. _‘

'H NMR (CDCl3) 8: 4.41 (1H, br s), 3.45 (1H, brm), 3.28 (1H, brg), 2.03 (3H, brm), 1.86
(1H, brs), 1.54 (6H, m), 1.48 (9H, s), 1.33 (6H, q), 0.95 (6H, t), 0.96 (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 ST9 cells followed by affinity
purification and EDTA treatment to remove endogenous active site cation was dialysed against
MnCl, to produce the manganese enzyme used in the assay. The assay was carried out for 30
minutes at 25°C in 50mM HEPES buffer containing 100mM NaCl, pH 7.5 the presence of
0.75mM Methionine-Alanine-Serine (MAS) substrate and 50pg/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 HyO, 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%.

[60437] The 1Csq¢ is defined as the concentration at which a given compound achieves
50% inhibition of control. ICso 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 ICsg

between 0.05uM and 0.5pM, and C represents ICso> 0.5M.

Compound name Activity
.Cis~(3aRS,9bR S)-7-(Benzenesulfonylamino)-1,3a,4,5b- 5
tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid
Cis-(3aRS,9bRS)-7-[2-(3-Diethylaminopropyl)-4-
fluorobenzenesulfonyl-amino]-1,3a,4,9b-tetrahydro-2H-furo{2,3- B

cjchromene-6-carboxylic acid
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Cis-(3 aRS,%RS)-7~[2—(3- {Pyrrolidin-1-yl} propyl)-4-

fluorobenzene-sulfonylamino]-1,3a,4,9b-tetrahydro-2H-furo[ 2,3-

cjchromene-6-carboxylic acid

Cis-(3aRS,9bR8)-7-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-
fluoro-benzenesulfonylamino]-1,3a,4,9b-tetrahydro-2H-furo{ 2,3~

cichromene-6-carboxylic acid

First eluting enantiomer of cis-(3aRS,9bRS})-7-[2-((Z)-3~
Diethylaminoprop-1-enyl)-4-fluoro-benzenesulfonylamino]-
1,3a,4,9b-tetrahydro-2H-furo[2,3-c]chromene-6-carboxylic acid

Second eluting enantiomer of cis-(3aRS,9bRS)-7-[2-((Z)-3~
Diethylaminoprop-1-enyl)-4-fluoro-benzenesulfonylamino]-
1,38,4,9b-tetrahydro-2H-furo]2,3-c]chromene-6-carboxylic acid

7-[2-((Z)-3-Diethylaminoprop-1-enyl)-4~-fluorobenzenesulfonyl-
amino]-1,2-dihydrofuro[2,3-c]quinoline-6-carboxylic acid

formate salt

7-(Benzenesulfonylamino))}-1,2-dihydrofuro[2,3-c]quinoline-6-

carboxylic acid formate salt

Cis-(3aRS,90RS)-7-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-
fluorobenzenesulfonylamino}-1,2,3a,4,5,9b-hexahydrofuro[2,3-

claquinoline-6-carboxylic acid

5-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-fluorobenzenesulfonyl-
aminol-1,1a,2,7b-tetrahydrocyclopropal clchromene-4-carboxylic

acid

B¢ aS,7bR) 3-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-
fluorobenzenesulfonyl-amino}-1,1a,2,7b-

tetrahydrocyclopropal cjchromene-4-carboxylic acid

(1aR,7bS) 5-{2-((Z)-3-Diethylaminoprop-1-enyl)-4-
fluorobenzenesulfonyl-amino]-1,1a,2,7b-

tetrahydrocyclopropal clchromene-4-carboxylic acid

(1aRS,7oSR)-5-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-

fluorobenzenesulfonylamino}-7b-methyl-1,1a,2,7b-
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tetrahydrocyclopropal clchromene-4-carboxylic acid

(1aRS,7bSR)- 5—[2~((E)~3-Diethyiaminopro?—1 ~enyly-4-

fluorobenzenesulfonylamino]-7b-methyl-1,1a,2,7b-

tetrahydrocyclopropafcjchromene-4-carboxylic acid

Cis-(32RS,9bR S)-7-[2-(4-dimethylamino-butylamino)-
benzenesulfonylaminol-1,3a,4,9b-tetrahydro-2H-furo[2,3-

cjchromene-6-carboxylic acid

(1aR,7bS)-5-[2-(3-Diethylaminopropyl)-4-fluorobenzenesulfonyl-
amino}-1,1a,2, 7b-tetrahydrocyclopropalcjchromene-4-carbox ylic

acid

(1aRS,7bSR)}-5-[2-((Z)-3-Diethylaminoprop-1-enyl)-4-
fluorobenzene-sulfonylamino}-1,1-difluoro-1,12,2,7b-

tetrahydrocyclopropal c]chromene-4-carboxylic acid

First  eluting  enantiomer of  (1aRS,7bSR)-5-[2-((Z)-3-
diethylaminoprop-1-enyl)-4-fluorobenzene-sulfonylamino]-1,1-
difluoro-1,1a,2, 7b-tetrahydrocyclopropal cjchromene-4-

carboxylic acid

Second eluting enantiomer of (1aRS,7bSR)-5-[2-((Z)-3-
diethylaminoprop-1-enyl)-4-fluorobenzene-sulfonylamino}-1,1-
difluoro-1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-

carboxylic acid

(1aRS,7bSR)-5-[2((Z)-3-Ethylaminoprop- 1 ~enyl)-4-fluoro-
benzenesulfonyl aminé)]- 1,1a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid

| First  eluting  enantiomer  of  (1aRS,7bSR)-5-[2((Z)-3-
| ethylaminoprop-1-enyl)-4-fluorobenzenesulfonylamino]-

| 1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylic acid

Second  eluting  enantiomer  of  (1aRS,7bSR)-5-[2((Z)-3-
ethylaminoprop-1-enyl)-4-fluorobenzene-sulfonylamino]-

.| 1,1a,2,7b-tetrahydro-cyclopropa[ c]chromene-4-carboxylic acid

| (1aRS,7bSR)-5-{2[(Z)-3-(Pyrrolidin-1-yl)prop-1-enyl]-4-

| fluorobenzenesulfonylamino}-1,1a,2,7b-tetrahydro-
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cyclopropal c]chromene-4-carboxylic acid

First eluting enantiomer of (1 aRS,7b SR)~5- {2[~(Z)—3—(pyr1‘olid:in-

I 1-yl)prop-1-enyl]-4-fluorobenzenesulfonylamino}-1,1a,2,7b-

tetrahydro-cyclopropal cjchromene-4-carboxylic acid

Second eluting enantiomer of (1aRS,7bSR)-5-{2[(Z)-3-
(pyrrolidin-1-yl)prop-1-enyl]-4-fluorobenzenesulfonylamino} -

i 1,1a,2,7b-tetrahydro-cyclopropafc]chromene-4-carboxylic acid

1 (1aRS,7bSR)-5-[2-(3-Dimethylaminopropylamino)benzene-

sulfonylamino]-1,1a,2,7b-tetrahydrocyclopropalcichromene-4-

carboxylic acid

First . eluting enantiomer of (1aR8S,7bSR)-5-[2-(3-
dimethylaminopropylamino)benzene-sulfonylamino}-1,1a,2,7b-

tetrahydrocyclopropalcjchromene-4-carboxylic acid

Second  eluting  enantiomer of  (1aRS,7bSR)-5-[2-(3-

1 dimethylaminopropylamino)benzene-sulfonylamino]-1,1a,2,7b-

‘ tetrahydrocyclopropafcjchromene-4-carboxylic acid

(1aRS,7bSR}-5-[2-(4-Dimethylaminobutylamino)benzene-
sulfonylamino]-1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-

carboxylic acid

First cluting enantiomer of (1aRS,7bSR)-5-[2-(4-
dimethylaminobutylamino}benzene-sulfonylamino]-1,12,2,7b-

tetrahydrocyclopropa[cjchromene-4-carboxylic acid

Second  eluting  enantiomer of  (1aRS,7bSR}-5-[2-(4-

| dim ethylaminobutylamino)benzene-sulfonylamino}-1,12,2,7b-

tetrahydrocyclopropalcjchromene-4-carboxylic acid

(1aRS,7bSR)-5-[2-(5-Dimethylaminopentylamino)benzene-
sulfonylamino]-1,1a,2,7b-tetrahydrocyclopropal clchromene-4-

carboxylic acid

{(1aR5S,70SR)-5-{2[(Z)-3-(propan-2-yl)aminoprop-1-enylj-4-
fluorobenzene-sulfonylamino}-1,1a,2,7b-

tetrahydrocyclopropalcjchromene-4-carboxylic acid

(1aRS, 76SR)-5-{2[(Z)-3-((S)-3-hydroxypyrrolidin-1-
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yl)aminoprop-1-enyl]-4-fluorobenzenesulfonylamino}-1,1a,2,7b-

tetrahydrocyclopropafcljchromene-4-carboxylic acid
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(1aRS,7bSR)-5-{2[(Z)-3-((R)-3-Hydroxypyrrolidin-1-
ylyaminoprop-1-enyl]-4-fluorobenzene-sulfonylamino}-1,1a,2,7b-

tetrahydro-cyclopropa[c]chromene-4-carboxylic acid

-

(1aRS,7bSR)-5-[2((Z)-4-Diethylaminobut-1-enyl)-4-
fluorobenzenesulfonyl-amine]-1,1a,2,7b-

tetrahydrocyclopropalc]chromene-4-carboxylic acid

First  eluting  enantiomer  of  (1aRS,7bSR)-5-[2((Z)-4-
diethylaminobut-1-enyl)-4-fluorobenzenesulfonyl-amino]-

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

Second eluting  enantiomer of  (1aRS,7bSR)-5-[2((Z)-4-
diethylaminobut-1-enyl)-4-fluorobenzenesul fonyl-amino]-

1,1a,2,7b-tetrahydrocyclopropal cjchromene-4-carboxylic acid

(1aRS,7bSR)-5-{2-[2-(4-Ethylpiperazin-1-yl)-ethyl]-4-
fluorobenzenesulfonylamino}-1,1a,2,7b-

tetrahydrocyclopropal clchromene-4-carboxylic acid

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

cyclopropafcjchromene-4-carboxylic acid

(1aRS,70SR)-5-{2{(Z)-3-(3-Hydroxyazetidin-1-yl)prop-1-enyl}-
4-fluorobenzene-sulfonylamino}-1,1a,2,7b-

tetrahydrocyclopropal cJchromene-4-carboxylic acid

(1aRS,7bSR)-5-{2[(Z)-3-(Azetidin-1-y})propyl]-4-
fluorobenzenesulfonylamino}-1,1a,2,7b-

tetrahydrocyclopropal c]chromene-4-carboxylic acid

(1aRS,7bSR)-5-[2((Z)-4-Diethylaminobutyl)-4-
fluorobenzenesulfonylaminol-1,1a,2,7b-

tetrahydrocyclopropaf cjchromene-4-carboxylic acid

{(1aRS,7bSR)~5-{2-[N-(4-Dimethylaminobutyl)-N-methylamino}-
benzenesulfonyl-amino }-1,1a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid

il (1aRS,7bSR)-5-{2-[((S)-1-Ethylpyrrolidin-3-ylcarbamoyl)-

methyl]-4-fluoro-benzenesulfonyl-amino}-1,1a,2,7b-
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tetrahydrocyclopropa-{c]chromene-4-carboxylic acid

(1aRS,7bSR)-5-[2-(1-Ethylazetidin-3-yl}-4-fluorobenzene-
sulfonylamino]-1,1a,2,7b-tetrahydro-cyclopropalc]chromene-4-

carboxylic acid

(1aRS,76SR)-5-{2-[((R)-1-Ethylpyrrolidin-3-ylcarbamoyl)-
methyl]-4-fluorobenzenesulfonyl-amino }~1,1a,2,7b-tetrahydro-

cyclopropa[ cjchromene-4-carboxylic acid

(1aR8,7bSR)-5-{2-[2-(Pyrrolidin-1-yl)-ethyl]-4-fluorobenzene-
sulfonylamino }-1,1a,2, 7b-tetrahydrocyclopropalc]chromene-4-

carboxylic acid

(1aR8,7bSR)-5-[2-((R)-1-Ethylpyrrolidin-3-ylmethyl)-4-
fluorobenzenesulfonyl-amino]-1,1a,2,7b-tetrahydro-

cyclopropalclchromene-4-carboxylic acid

First eluting enantiomer of (1aRS,7b68R)-5-[2-((R)-1-ethyl-
pyrrolidin-3-ylmethyl)-4-fluorobenzenesulfonylamino}-1,1a,2, 7b-

tetrahydro-cyclopropalcjchromene-4-carboxylic acid

Second eluting enantiomer of (1aRS,7bSR)-5-[2-((R)-1-
Ethylpyrrolidin-3-ylmethyl}-4-fluorobenzenesulfonyl-amino]-

1,18,2,7b-tetrahydro-cyclopropalcjchromene-4-carboxylic acid

(1aRS,7bSR}-5-{2-[((S)-1-Ethylpyrrolidin-2-yl)cabonyl-
aminomethyl]-4-fluorobenzenesulfonylamino}-1,1a,2,7b-

tetrahvdrocyclopropalclchromene-4-carboxvlic acid

(1aRS,7b6SR)-5-[2-(4-Dimethylaminobutyrylamino)-4-
fluorobenzenesulfonyl-amino}-1,1a,2,7b-tetrahydrocyclopropa-

[¢]chromene-4-carboxylic acid

(1aR8,7bSR)-5-[2-((S)-1-Ethyl-pyrrolidin-3-ylmethyl}-4-

fluorobenzenesulfonyl-amino]-1,12,2,7b-

tetrahydrocyclopropafclchromene-4-carboxylic acid

i (1aRS,7b6SR)-5-{2-(3-Dimethylaminopropylcarbamoyl)benzene-

sulfonylamino]-1,1a,2,7b-tetrahydrocyclopropalc]chromene-4-

carboxylic acid

(1aRS,70SR)-5-(2-{[N-((S)-1-Ethyl-pyrrolidin-3-yI)-N-methyl-
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carbamoyl Jmethyl } -4-fluoro-benzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropa-[¢]chromene-4-carboxylic acid

(1aRS,7bSR)-5-(2-{[N-((R)-1-Ethylpyrrolidin-3-yl)-N-methyl-
carbamoyl jmethyl } -4-fluoro-benzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropa-[c]chromene-4-carboxylic acid

{(1aRS,7bSR)-5- {2{2{(8)—1 -Ethylpyrrolidin-2-yl)ethylamino]-
benzenesulfonyl-amino}-1,1a,2,7b-tetrahydrocyclopropa-

[clchromene-4-carboxylic acid

(1aRS,7bSR)-5-{2-[2-((R)-1-Ethylpyrrolidin-2-yl)ethylamino]-
benzenesulfonyl-amino }-1,1a,2,7b-tetrahydrocyclopropa-

fc]chromene-4-carboxylic acid

(1aRS,7bSR)-5-{2-(3-N,N,-Diethylaminopropylamino)benzene-

| sulfonylamino]}-1,1a,2,7b-tetrabydrocyclopropalc] chromene-4-

carboxylic acid

(1aRS,7bSR)-5-(2-{[((R)-1-Ethylpyrrolidine-2-yl)carbonyl-
aminomethyl }-4-fluorobenzenesulfonylamino)-1,12,2,7b-

tetrahydrocyclopropal c]chromene-4-carboxylic acid

(1aRS,7bSR)-5-{2-[(1-Ethylazetidin-3-ylmethyl)amino|benzene-
sulfonylamino}-1,1a,2,7b-tetrahydrocyclopropal c]chromene-4-

carboxylic acid

First  eluting  enantiomer of  (1aRS,7bSR)-3-[2-((Z)-3-
diethylaminoprop-1-enyl)benzenesulfonylamino}-1,1a,2,7b-

tetrahydrocyclopropal cjchromene-4-carboxylic acid

Second eluting enantiomer of (1aRS,7bSR)-5-[2-((Z)-3-
diethylaminoprop-1-enyl)benzenesulfonylaminol-1,1a,2,7b-

tetrahydrocyclopropal cjchromene-4-carboxylic acid

(1aRS,7bSR)-5-(2-{N-[((R)~1-Ethylpyrrolidine-2-yl)carbonyl]-N-
methylaminomethyl}-4-fluorobenzenesulfonylamino)-1,1a,2,7o-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid

1 (18RS, 7bSR)-5-(2- {N-[((S)-1-Ethylpyrrolidine-2-yl)carbon yl]-N-

methylamino-methyl}-4-fluorobenzenesulfonylamino)-1,1a,2,7b-

tetrahydrocyclopropa[c]chromene-4-carboxylic acid




-175 -

(1aRS,7bSR)~5-[2-(4-Dimethylaminobutylamino)-4-fluoro-
benzenesulfonyl-amino}-1,1a,2, 7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid

{1aRS,70SR)-5-{2-[((R)-1-Ethylpyrrolidin-3-ylmethyl)amino]-
benzenesulfonylamino}-1,1a,2,7b-tetrabydrocyclopropa-

[clchromene-~4-carboxylic acid

(1aRS,7bSR)-5-{2-[{(S)-1-Ethyipyrrolidin-3-ylmethylamino]-
benzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid

(1aRS,7bSR)-5-[2-(4-Ethyl-2-oxopiperazin-1-yimethyl)-4-
fluorobenzene-sulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropa-

[c]lchromene-4-~carboxylic acid

(1aR8,7bSR})-5-[2~(1-Ethylpiperidin-4-ylmethyl)-4-fluoro-
benzenesulfonylamino]-1,1a,2, 7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid

(1aRS,7bSR)-5-{2-12-(1-Ethylazetidin-3-yhethyl}-4-fluoro-
\ benzenesulfonyl-amino}-1,1a,2,7b-tetrahydrocyclopropa-

[¢]chromene-4-carboxylic acid

(1aRS,7bSR)-5-{2-[((S)-1-Azabicyclo[2.2.2]oct-3-
yDamino}benzenesulfonyl-amino}-1,1a,2,7b~

tetrahydrocyclopropalcichromene-4-carboxylic acid

' (1aRS,7bSR)-5- {2-[((R)-1-Azabicyclo[2.2.2]oct-3-
| yl)amino]benzenesulfonyl-amino}-1,1a,2,7b-

tetrahydrocyclopropalclchromene-4-carboxylic acid

(1aRS,7bSR)-5-(2-{[({S)-1-ethylpyrrolidine-3-
carbonylyamino jmethyl } -4-fluoro-benzenesulfonylamino)-

1,1a,2,7b-tetrahydrocyclopropalcjchromene-4-carboxylic acid

(1aR8S,7bSR)-5-{2-[2-((R)-1-Ethylpyrrolidin-3-ylaminoc)ethyl]-4-
fluoro-benzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic actd

(1aRS,76SR)-5-{2-[(R)- 1-Ethylpyrrolidin-3-yl)amino]-

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

(1aRS,7bSR)-5-{2-[((S)-1-Ethylpyrrolidin-3-yl)amino]-
benzenesulfonylamino}-1,1a,2, 7b-tetrahydrocyclopropa-

[clchromene-4-carboxylic acid

(1aRS,7bSR)-5-(2- {[((R)-1-Ethylpyrrolidine-3-carbonyl)amino]-
methyl}-4-fluoro-benzenesulfonylamino)-1,1a,2, 7b-tetrahydro-

cyclopropalclchromene-4-carboxylic acid

(1aRS,7bSR)-5-[2-((Z)-3-Diethylamino-2-methylprop-1-enyl)-4-
fluorobenzene-sulfonylaminol-1,1a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid

(1aRS,7bSR)-5-{2-[2~((R)-1-Ethylpyrrolidin-3-yljethylamino ]~
benzenesulfonylamino}-1,1a,2,7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid

[(1aRS,7b8R)-5- {2-[2-((S)-1-Ethylpyrrolidin-3-yDethylamino]-

benzenesulfonyl-amino}-1,1a,2, 7b-tetrahydrocyclopropa-

[c]chromene-4-carboxylic acid

(1aR,7bS)-5-[2-((S)-1-Ethylpyrrolidin-3-yloxymethyl}-4-fluoro-

benzenesulfonylamino]-1,1a,2,7b-tetrahydrocyclopropa-

+ [c]chromene-4-carboxylic acid

(1aR,7bS)-5-[2-((R)-1-Ethylpyrrolidin-3-yloxymethyl)-4-fluoro-

benzenesulfonviamino]-1,1a.2,7b-tetrahydrocyclopropa-

| [¢)chromene-4-carboxylic acid

(1aR,7bS) -5-[2-(1-Ethylpiperidin-3-ylmethy!)-4-fluorobenzene-
sulfonylaminoe]-1,1a,2,7b-tetrahydrocyclopropalcichromene-4-

carboxylic acid

(1aR,7b8)-5-{2-[2-((R)-1-Ethylpyrrolidin-2-yl)ethyl]}-4-
fluorobenzenesulfonyl-amino}-1,1a,2,7b-tetrahydrocyclopropa-

[e]chromene-4-carboxylic acid

[060439] In vitro pharmacology and ADME testing of the compound of Example 12 as

follows:
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Parameter Compound

MetAP2/MetAP1 1Cso (nM) 25/50,000

MetAP2 off-rate (T1) 3 hours

HT1080 ECs 28/8

Cell cycle (G1 attenuation, nM) 3

Microsomal Stability 72/88/77

Hepatocyte Stability 99/88/62

CYP ICso (M), HLM >10%

Plasma protein binding (h/r/m,%) 77.2/81.1/<70

hERG ICs >33 pM

AMES negative

CEREP screen <35% inhibition at10 uM
across 72 receptors and enzymes

*CYP3A4 signal observed with pre-incubation

Biological Example 2

[60446]

65% high fat diet for 8-10 weeks. Mice were dosed for 10 days by oral gavage with 30
g gavag

Compounds were tested in diet induced obese mice (C57BL6) that wer

eona

mg/kg

of the compounds listed. Their body weights were recorded along with serum chemistries

" including cholesterol.

Compound

Body Weight Change

Chelesterol Change

-6.0%

No change

-35%
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\ ~2.1% No change
SN
- -16% No change
ol
Sy o 0 1/ NNy
H
F/l \/ o7 SoH
-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
iv.
Cl (mL/min/kg) 126 54 14
Vss (L/kg) 3.1 34 1.3
Plasma Ty (h) 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

[06445] NASH was induced in 48 male mice by a single subcutaneous injection of
200 pg 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 NASH mice were randomized into 6 groups of § mice based on body weight. Fight
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.

{60446] 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.

[60447] 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 tefnperature (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. HbA]c¢ 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.

[60449] Liver total lipid-extracts were obtained by Folch’s method (Folch J. eral., 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 limait.

[00450] For HE staining, sections were cut from paraffin blocks of liver tissue
prefixed in Bouin’s solution and stained with Lillie-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 O1l Red O (Sigma-Aldrich). For immunchistochemistry,
sections were cut from frozen liver fissues embedded in Tissue-Tek O.C.T. compound and
fixed in acetone. Endogenous peroxidase activity was blocked using 0.03% H,O, for 5
minutes, followed by incubation with Block Ace (Dainippon Sumitomo Pharma, Japan)

for 10 minutes. The sections were incubated with a 200-fold ditution 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, Invifrogcn, USA), enzyme-substraie

reactions were performed using 3, 3’-diaminobenzidine/H, O, solution (Nichirei, Japan).

[60451] For quantitative analysis of fibrosis, fat deposition and inflammation areas,
bright field images of Sirius 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 magupification, and the positive areas in 5 fields/section were measured using

Imagel 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
normal mice were fed with a normal diet ad [ibitum without any treatment until 9 weeks of
age. Group 2 ( Vehicle): Bight 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 moming 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.

[060454] 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 3 to 9 weeks of age . Group 5: (Compound A [3 mg/kg (BID)]): Bight
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:
No. Dose Volume . Sacrifice
Croup | ice | Testsubstance | o nerday) | (mLike) Regimens (wks)
1 g - - - - 9
2 8 Vehicle - 10 Oral, BID, 5 wks -9 wks 9
AM: Vehicle
3 8 PM: Telmisartan 10 10 Oral, QD, 5 wks -9 wks 9
4 g 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
AM: Vehicle R
7 | 8 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 wet ghf 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.

[60458] 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): 192+ 1.4 g, 3
mg/kg (BID): 18.7 & 1.4 g, 10 mg/kg (BID): 18.7 £ 1.0 g, 30 mg/kg (QOD): 17.9£ 0.9 g).
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[60459] 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 & 30.3 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).

[60460] 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
hepatoceltular 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%).

[60462] 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



- 184 -

depositioﬁ 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 + 9.18%, 30 mg/ke (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%). 4

[60464] 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 HbA ¢ 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 HbAj¢ levels and plasma total
cholesterol levels. The improvement in NAS was atiributable 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 Al. ef 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 HbA1¢ 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 pharmokinetics in e.g., mice or
other rodents. These results suggest that the dosing frequenvcy 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 llustrative and not restrictive. Many variations of the invention will

become apparent to those skilled in the art upon review of this specification.

[60467] What is claimed is:
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CLAIMS

1. Use of a compound represented by

\

\/N\/\ o._,0 gl Sy

\\S’/ H
H
F

07 OH  or a pharmaceutically acceptable salt thereof in the

manuvfacture 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.



