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CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR
MODULATING AGENTS

[0001]  This application claims the benefit of U.S. Provisional Application No.
62/828,699, filed on April 3, 2019, the contents of which are incorporated by reference

in its entirety.

[0002] The disclosure provides modulators of Cystic Fibrosis Transmembrane
Conductance Regulator (CFTR), pharmaceutical compositions containing the
modulators, methods of treating cystic fibrosis (CF) and CFTR-mediated disorders

comprising administering the modulators, and processes for making the modulators.

[0003] CF is arecessive genetic disease that affects approximately 70,000 children

and adults worldwide. Despite progress in the treatment of CF, there is no cure.

[0004] In patients with CF, mutations in CFTR endogenously expressed in respiratory
epithelia lead to reduced apical anion secretion, causing an imbalance in ion and fluid
transport. The resulting decrease in anion transport contributes to enhanced mucus
accumulation in the lung and accompanying microbial infections that ultimately cause
death in CF patients. In addition to respiratory disease, CF patients typically suffer from
gastrointestinal problems and pancreatic insufficiency that, if left untreated, result in
death. In addition, the majority of males with CF are infertile, and fertility is reduced
among females with CF.

[0005]  Sequence analysis of the CFTR gene has revealed a variety of disease-causing
mutations (Cutting, G. R. et al. (1990) Nature 346:366-369; Dean, M. et al. (1990) Cell
61:863:870; and Kerem, B-S. et al. (1989) Science 245:1073-1080; Kerem, B-S et al.
(1990) Proc. Natl. Acad. Sci. USA 87:8447-8451). To date, greater than 2000 mutations
in the CF gene have been identified. CF mutations are listed in the “Cystic Fibrosis
Mutation Database,” located at http://www.genet.sickkids.on.ca/app, which is
incorporated herein by reference in its entirety. The most prevalent disease-causing
mutation is a deletion of phenylalanine at position 508 of the CFTR amino acid sequence
and is commonly referred to as the /508de/ mutation. This mutation occurs in
approximately 90% of the cases of cystic fibrosis and is associated with severe disease.
[0006] The deletion of residue 508 in CFTR prevents the nascent protein from folding
correctly. This results in the inability of the mutant protein to exit the endoplasmic

reticulum (ER) and traffic to the plasma membrane. As a result, the number of CFTR
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channels for anion transport present in the membrane is far less than observed in cells
expressing wild-type CFTR, i.e., CFTR having no mutations. In addition to impaired
trafficking, the mutation results in defective channel gating. Together, the reduced
number of channels in the membrane and the defective gating lead to reduced anion and
fluid transport across epithelia. (Quinton, P. M. (1990), FASEB J. 4: 2709-2727). The
channels that are defective because of the F508del mutation are still functional, albeit
less functional than wild-type CFTR channels. (Dalemans et al. (1991), Nature Lond.
354: 526-528; Pasyk and Foskett (1995), J. Cell. Biochem. 270: 12347-50). In addition
to F508del, other disease-causing mutations in CFTR that result in defective trafficking,
synthesis, and/or channel gating could be up- or down-regulated to alter anion secretion

and modify disease progression and/or severity.

[0007] CFTR is a cAMP/ATP-mediated anion channel that is expressed in a variety
of cell types, including absorptive and secretory epithelial cells, where it regulates anion
flux across the membrane, as well as the activity of other ion channels and proteins. In
epithelial cells, normal functioning of CFTR is critical for the maintenance of electrolyte
transport throughout the body, including respiratory and digestive tissue. CFTR is
composed of approximately 1480 amino acids that encode a protein which is made up of
a tandem repeat of transmembrane domains, each containing six transmembrane helices
and a nucleotide binding domain. The two transmembrane domains are linked by a
large, polar, regulatory (R)-domain with multiple phosphorylation sites that regulate

channel activity and cellular trafficking.

[0008]  Chloride transport takes place by the coordinated activity of ENaC and CFTR
present on the apical membrane and the Na™-K*-ATPase pump and CI" channels
expressed on the basolateral surface of the cell. Secondary active transport of chloride
from the luminal side leads to the accumulation of intracellular chloride, which can then
passively leave the cell via Cl" channels, resulting in a vectorial transport. Arrangement
of Na™/2C1/K" co-transporter, Na*-K"-ATPase pump, and the basolateral membrane K™
channels on the basolateral surface and CFTR on the luminal side coordinate the
secretion of chloride via CFTR on the luminal side. Because water is probably never
actively transported itself, its flow across epithelia depends on tiny transepithelial

osmotic gradients generated by the bulk flow of sodium and chloride.
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[0009] A number of CFTR modulating compounds have recently been identified.
However, compounds that can treat or reduce the severity of the CF and other CFTR-
mediated diseases, and particularly the more severe forms of these diseases, are still

needed.

[0010]  Thus, one aspect of the disclosure provides CFTR modulating compound
(11R)-6-(2,6-dimethylphenyl)-11-(2-methylpropyl)-12-{spiro[2.3 Jhexan-5-yl }-9-oxa-
2A\°-thia-3,5,12,19-tetraazatricyclo[12.3.1.14,8]nonadeca-1(17),4(19),5,7,14(18),15-
hexaene-2,2,13-trione (Compound I) and pharmaceutically acceptable salts and
deuterated derivatives thereof. Another name for Compound I is (R)-16-(2,6-
dimethylphenyl)-7-isobutyl-6-(spiro[2.3 |hexan-5-yl)-9-oxa-3-thia-2,6-diaza-1(2,4)-
pyrimidina-4(1,3)-benzenacyclononaphan-5-one 3,3-dioxide. Compound I can be

depicted as having the following structure:

[0011] Exemplary deuterated derivatives of Compound I include the following

compounds:
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[0012] Exemplary salts of Compound I and deuterated derivatives of Compound I

include potassium salts, sodium salts, and calcium salts.

[0013]  The disclosure also provides pharmaceutical compositions comprising at least
one of Compound I, deuterated derivatives of Compound I, and pharmaceutically
acceptable salts of Compound I or its deuterated derivatives. In some embodiments, the
compositions may further include at least one additional active pharmaceutical ingredient
and/or at least one carrier. Also disclosed are methods of treating the CFTR-mediated
disease CF, comprising administering at least one of Compound I, deuterated derivatives
of Compound I, and pharmaceutically acceptable salts of Compound I or its deuterated
derivatives. In some embodiments, the method may optionally include administration of
one or more additional active pharmaceutical ingredient(s). In some embodiments, the
additional active pharmaceutical ingredient(s) is a CFTR modulator. In some
embodiments, the CFTR modulator is chosen from CFTR potentiators and CFTR

correctors.

[0014]  The disclosure also provides methods of treating the CFTR-mediated disease

CF, comprising administering to a patient in need thereof at least one of Compound I,
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deuterated derivatives of Compound I, and pharmaceutically acceptable salts of
Compound I or its deuterated derivatives, in combination with one or more of
compounds selected from (R)-1-(2,2-difluorobenzo[d][ 1,3 ]dioxol-5-y1)-N-(1-(2,3-
dihydroxypropyl)-6-fluoro-2-(1-hydroxy-2-methylpropan-2-yl)-1H-indol-5-

yl)cyclopropanecarboxamide (Compound II):
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N-[2,4-bis(1,1-dimethylethyl)-5-hydroxyphenyl]-1,4-dihydro-4-oxoquinoline-3-

carboxamide (Compound III):
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N-(2-(tert-butyl)-5-hydroxy-4-(2-(methyl-d3)propan-2-yl-1,1,1,3,3,3-d6)phenyl)-4-oxo-
1,4-dihydroquinoline-3-carboxamide (Compound III-d):
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and 3-(6-(1-(2,2-difluorobenzo[d][ 1,3 ]dioxol-5-yl)cyclopropanecarboxamido)-3-
methylpyridin-2-yl)benzoic acid (Compound IV):

O OH
NN
O
F. N\
> I
IV,

and pharmaceutically acceptable salts of Compounds II, III, ITI-d, and IV.

Definitions

[0015]  Asused herein, a “deuterated derivative” of Compound I refers to a compound
having the same chemical structure as Compound I, but with one or more hydrogen

atoms replaced by a deuterium atom.

[0016]  Asused herein, “mutations” can refer to mutations in the CF7R gene or the
CFTR protein. A “CFTR gene mutation” refers to a mutation in the CF'7R gene, and a
“CFTR protein mutation” refers to a mutation in the CFTR protein. In general, a genetic
defect or mutation, or a change in the nucleotides in a gene results in a mutation in the

CFTR protein translated from that gene, or a frame shift(s).

[0017]  The term “F508del” refers to a mutant CFTR protein which is lacking the

amino acid phenylalanine at position 508.

[0018]  Asused herein, a patient who is “homozygous” for a particular gene mutation

has the same mutation on both alleles.

[0019]  Asused herein, a patient who is “heterozygous” for a particular gene mutation

has this mutation on one allele, and a different mutation on the other allele.

[0020]  Asused herein, the term “modulator” refers to a compound that increases the
activity of a biological compound such as a protein. For example, a CFTR modulator is
a compound that increases the activity of CFTR. The increase in activity resulting from
a CFTR modulator includes but is not limited to compounds that correct, potentiate,

stabilize and/or amplify CFTR.
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[0021]  Asused herein, the term “CFTR corrector” refers to a compound that
facilitates the processing and trafficking of CFTR to increase the amount of CFTR at the
cell surface. Compounds I, I1, and IV, and their pharmaceutically acceptable salts and

deuterated derivatives are CFTR correctors.

[0022]  Asused herein, the term “CFTR potentiator” refers to a compound that
increases the channel activity of CFTR protein located at the cell surface, resulting in

enhanced ion transport. Compound III and III-d are CFTR potentiators.

[0023]  Asused herein, the term “active pharmaceutical ingredient” or “API” refers to

a biologically active compound.

[0024]  Asused herein, the term “pharmaceutically acceptable salt” refers to a salt
form of a compound of this disclosure wherein the salt is nontoxic. Pharmaceutically
acceptable salts of the compounds of this disclosure include those derived from suitable
inorganic and organic acids and bases. Pharmaceutically acceptable salts are well known
in the art. For example, S. M. Berge, et al. describe pharmaceutically acceptable salts in

detail in J. Pharm. Sci., 1977, 66, 1-19.

[0025]
S. M. Berge, et al. J. Pharm. Sci., 1977, 66, 1-19. For example, Table 1 of that article

Suitable pharmaceutically acceptable salts are, for example, those disclosed in

provides the following pharmaceutically acceptable salts:

Table 1. Pharmaceutically Acceptable Salts

Acetate lodide Benzathine
Benzenesulfonate Isethionate Chloroprocaine
Benzoate Lactate Choline
Bicarbonate Lactobionate Diethanolamine
Bitartrate Malate Ethylenediamine
Bromide Maleate Meglumine
Calcium edetate Mandelate Procaine
Camsylate Mesylate Aluminum
Carbonate Methylbromide Calcium
Chloride Methylnitrate Lithium

Citrate Methylsulfate Magnesium
Dihydrochloride Mucate Potassium
Edetate Napsylate Sodium
Edisylate Nitrate Zinc

Estolate Pamoate (Embonate)

Esylate Pantothenate

Fumarate Phosphate/diphosphate




WO 2020/206080 PCT/US2020/026331

Gluceptate Polygalacturonate
Gluconate Salicylate
Glutamate Stearate
Glycollylarsanilate Subacetate
Hexylresorcinate Succinate
Hydrabamine Sulfate
Hydrobromide Tannate
Hydrochloride Tartrate
Hydroxynaphthoate Teociate
Triethiodide

[0026] Non-limiting examples of pharmaceutically acceptable salts derived from
appropriate acids include: salts formed with inorganic acids, such as hydrochloric acid,
hydrobromic acid, phosphoric acid, sulfuric acid, or perchloric acid; salts formed with
organic acids, such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid,
succinic acid, or malonic acid; and salts formed by using other methods used in the art,
such as ion exchange. Non-limiting examples of pharmaceutically acceptable salts
include adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate,
borate, butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate,
digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate, glucoheptonate,
glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide, 2-
hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate,
malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate,
palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate,
pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate,
undecanoate, and valerate salts. Non-limiting examples of pharmaceutically acceptable
salts derived from appropriate bases include alkali metal, alkaline earth metal,
ammonium, and N*(Ci4alkyl)s salts. This disclosure also envisions the quaternization of
any basic nitrogen-containing groups of the compounds disclosed herein. Suitable non-
limiting examples of alkali and alkaline earth metal salts include sodium, lithium,
potassium, calcium, and magnesium. Further non-limiting examples of pharmaceutically
acceptable salts include ammonium, quaternary ammonium, and amine cations formed
using counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate,
lower alkyl sulfonate, and aryl sulfonate. Other suitable, non-limiting examples of

pharmaceutically acceptable salts include besylate and glucosamine salts.
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[0027] As used herein, the term “amorphous” refers to a solid material having no long-
range order in the position of its molecules. Amorphous solids are generally supercooled
liquids in which the molecules are arranged in a random manner so that there is no well-
defined arrangement, e.g., molecular packing, and no long-range order. Amorphous
solids are generally isotropic, i.e. exhibit similar properties in all directions and do not
have definite melting points. For example, an amorphous material is a solid material
having no sharp characteristic crystalline peak(s) in its X-ray power diffraction (XRPD)
pattern (i.e., is not crystalline as determined by XRPD). Instead, one or several broad
peaks (e.g., halos) appear in its XRPD pattern. Broad peaks are characteristic of an
amorphous solid. See, US 2004/0006237 for a comparison of XRPDs of an amorphous

material and crystalline material.

[0028]  The terms “patient” and “subject” are used interchangeably and refer to an

animal, including humans.

[0029] The terms "effective dose" and "effective amount" are used interchangeably
herein and refer to that amount of a compound that produces the desired effect for which
it is administered (e.g., improvement in CF or a symptom of CF, or lessening the severity
of CF or a symptom of CF). The exact amount of an effective dose will depend on the
purpose of the treatment, and will be ascertainable by one skilled in the art using known
techniques (see, e.g., Lloyd (1999) The Art, Science and Technology of Pharmaceutical
Compounding).

[0030]  As used herein, the terms "treatment," "treating," and the like generally mean
the improvement of CF or its symptoms or lessening the severity of CF or its symptoms,
or a delay in the onset of CF or its symptoms, in a subject. “Treatment,” as used herein,
includes, but is not limited to, the following: increased growth of the subject, increased
weight gain, reduction of mucus in the lungs, improved pancreatic and/or liver function,
reduction of chest infections, and/or reductions in coughing or shortness of breath.
Improvements in or lessening the severity of any of these symptoms can be readily

assessed according to standard methods and techniques known in the art.

[0031]  Asused herein, the term “in combination with,” when referring to two or more
compounds, agents, or additional active pharmaceutical ingredients, means the
administration of two or more compounds, agents, or active pharmaceutical ingredients

to the patient prior to, concurrent with, or subsequent to each other. In some
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embodiments, the methods of the disclosure employ administering to a patient in need
thereof at least one compound chosen from Compound I, deuterated derivatives of
Compound I, and pharmaceutically acceptable salts of Compound I or its deuterated

derivatives, and may optionally employ administration of at least one compound selected

from:
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and pharmaceutically acceptable salts of Compounds I, 111, III-d, and IV.

10
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[0032] Compound I, deuterated derivatives of Compound I, and pharmaceutically
acceptable salts of Compound I or its deuterated derivatives can be independently
administered once daily, twice daily, or three times daily, optionally in combination with
one or more of Compounds II, I, ITI-d, and IV, and pharmaceutically acceptable salts
and deuterated derivatives thereof. In some embodiments, at least one compound chosen
from Compound I, deuterated derivatives of Compound I, and pharmaceutically
acceptable salts of Compound I or its deuterated derivatives, is administered once daily.
In some embodiments, at least one compound chosen from Compound I, deuterated
derivatives of Compound I, and pharmaceutically acceptable salts of Compound I or its
deuterated derivatives, is administered twice daily, optionally in combination with one or
more of Compounds II, III, ITI-d, IV, and pharmaceutically acceptable salts and

deuterated derivatives thereof.

[0033]  One of ordinary skill in the art would recognize that, when an amount of “a
compound or a pharmaceutically acceptable salt thereof” is disclosed, the amount of the
pharmaceutically acceptable salt form of the compound is the amount equivalent to the
concentration of the free base of the compound. It is noted that the disclosed amounts of
the compounds or their pharmaceutically acceptable salts thereof herein are based upon
their free base form. For example, “10 mg of at least one compound chosen from
Compound I and pharmaceutically acceptable salts thereof” includes 10 mg of
Compound I and a concentration of a pharmaceutically acceptable salt of Compound I

equivalent to 10 mg of Compound L.

[0034] In some embodiments, at least one compound chosen from Compound I,
deuterated derivatives of Compound I, and pharmaceutically acceptable salts of
Compound I or its deuterated derivatives, is administered in combination with at least
one compound chosen from Compound 11, deuterated derivatives of Compound II, or

pharmaceutically acceptable salts of Compound II or its deuterated derivatives.

[0035] In some embodiments, at least one compound chosen from Compound I,
deuterated derivatives of Compound I, and pharmaceutically acceptable salts of
Compound I or its deuterated derivatives, is administered in combination with at least
one compound chosen from Compound III, deuterated derivatives of Compound III, and
pharmaceutically acceptable salts of Compound III or its deuterated derivatives. In

some embodiments, the deuterated derivative of Compound III is Compound ITI-d.

11
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[0036] In some embodiments, at least one compound chosen from Compound I,
deuterated derivatives of Compound I, and pharmaceutically acceptable salts of
Compound I or its deuterated derivatives, is administered in combination with at least
one compound chosen from Compound IV deuterated derivatives of Compound IV, and

pharmaceutically acceptable salts of Compound IV or its deuterated derivatives.

[0037] In some embodiments, at least one compound chosen from Compound 1,
deuterated derivatives of Compound I, and pharmaceutically acceptable salts of
Compound I or its deuterated derivatives, is administered in combination with
Compounds II or a pharmaceutically acceptable salt or deuterated derivative thereof and
at least one compound chosen from Compound II1, deuterated derivatives Compound
III, or pharmaceutically acceptable salts thereof. In some embodiments, the deuterated

derivative of Compound III is Compound ITI-d.

[0038] In some embodiments, at least one compound chosen from Compound I, and
pharmaceutically acceptable salts of Compound I or its deuterated derivatives, is
administered in combination with at least one compound chosen from Compound III,
deuterated derivatives of Compound III, and pharmaceutically acceptable salts thereof,
and at least one compound chosen from Compound IV, deuterated derivatives of
Compound IV, and pharmaceutically acceptable salts thereof. In some embodiments, the

deuterated derivative of Compound IIT is Compound II-d.

[0039]  Any of Compound I, deuterated derivatives of Compound I, and
pharmaceutically acceptable salts of Compound I or its deuterated derivatives, together
with one or more of Compounds II, IT1, ITI-d, and IV, and their deuterated derivatives
and pharmaceutically acceptable salts thereof, can be combined in a single
pharmaceutical composition or separate pharmaceutical compositions. Such
pharmaceutical compositions can be administered once daily or multiple times daily,
such as twice daily. In some embodiments, the disclosure features a pharmaceutical
composition comprising at least one compound chosen from Compound I, deuterated
derivatives of Compound I, and pharmaceutically acceptable salts of Compound I or its

deuterated derivatives, and at least one pharmaceutically acceptable carrier.

[0040] In some embodiments, the disclosure features a pharmaceutical composition
comprising at least one compound chosen from Compound I, deuterated derivatives of

Compound I, and pharmaceutically acceptable salts of Compound I or its deuterated

12
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derivatives, at least one compound chosen from Compound I, deuterated derivatives of
Compound II, and pharmaceutically acceptable salts thereof, and at least one

pharmaceutically acceptable carrier.

[0041] In some embodiments, the disclosure features a pharmaceutical composition
comprising at least one compound chosen from Compound I, deuterated derivatives of
Compound I, and pharmaceutically acceptable salts of Compound I or its deuterated
derivatives, at least one compound chosen from Compound III, deuterated derivatives of
Compound III, and pharmaceutically acceptable salts thereof, and at least one
pharmaceutically acceptable carrier. In some embodiments, the deuterated derivative of

Compound III is Compound III-d.

[0042] In some embodiments, the disclosure features a pharmaceutical composition
comprising at least one compound chosen from Compound I, deuterated derivatives of
Compound I, and pharmaceutically acceptable salts of Compound I or its deuterated
derivatives, at least one compound chosen from Compound IV, deuterated derivatives of
Compound IV, and pharmaceutically acceptable salts thereof, and at least one

pharmaceutically acceptable carrier.

[0043] In some embodiments, the disclosure features a pharmaceutical composition
comprising (a) at least one compound chosen from Compound I, deuterated derivatives
of Compound I, and pharmaceutically acceptable salts of Compound I or its deuterated
derivatives, (b) at least one compound chosen from Compound II and pharmaceutically
acceptable salts thereof, (c) at least one compound chosen from Compound III,
Compound III-d, and pharmaceutically acceptable salts thereof, and (d) at least one

pharmaceutically acceptable carrier.

[0044] In some embodiments, the disclosure features a pharmaceutical composition
comprising (a) at least Compound I, deuterated derivatives of Compound I, and
pharmaceutically acceptable salts of Compound I or its deuterated derivatives, (b) at
least one compound chosen from Compound III, Compound III-d, and pharmaceutically
acceptable salts thereof, (c) at least one compound chosen from Compound IV and
pharmaceutically acceptable salts thereof, and (d) at least one pharmaceutically

acceptable carrier.

13
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[0045] In any of the embodiments described above or throughout this specification,
the pharmaceutical salt of Compound I may be a potassium salt. In any of the
embodiments described above or throughout this specification, the pharmaceutical salt of
Compound I may be a sodium salt. In any of the embodiments described above or
throughout this specification, the pharmaceutical salt of Compound I may be a calcium

salt.

[0046] In any of the embodiments described above or throughout the specification,

the deuterated derivative of Compound I may be selected from:
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[0047] In some embodiments, the deuterated derivative of Compound I is Compound
Ia or a pharmaceutically acceptable salt thereof. In some embodiments, the deuterated
derivative of Compound I is Compound Ib or a pharmaceutically acceptable salt thereof.
In some embodiments, the deuterated derivative of Compound I is Compound Ic or a
pharmaceutically acceptable salt thereof. In some embodiments, the deuterated

derivative of Compound I is Compound Id or a pharmaceutically acceptable salt thereof.

14
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[0048]  Any of the embodiments described above may comprise at least one additional
active pharmaceutical ingredient. In some embodiments, the at least one additional
active pharmaceutical ingredient is a CFTR modulator. In some embodiments, the at
least one additional active pharmaceutical ingredient is a CFTR corrector. In some
embodiments, the at least one additional active pharmaceutical ingredient is a CFTR

potentiator.

[0049] In some embodiments, at least one additional active pharmaceutical ingredient
is selected from mucolytic agents, bronchodialators, antibiotics, anti-infective agents,

and anti-inflammatory agents.

[0050]  As described above, pharmaceutical compositions disclosed herein may
comprise at least one pharmaceutically acceptable carrier. The at least one
pharmaceutically acceptable carrier may be chosen from adjuvants and vehicles. The at
least one pharmaceutically acceptable carrier, as used herein, includes any and all
solvents, diluents, other liquid vehicles, dispersion aids, suspension aids, surface active
agents, isotonic agents, thickening agents, emulsifying agents, preservatives, solid
binders, and lubricants, surfactants, disintegrants, and fillers as suited to the particular
dosage form desired. Remington: 7he Science and Practice of Pharmacy, 21st edition,
2005, ed. D.B. Troy, Lippincott Williams & Wilkins, Philadelphia, and Encyclopedia of
Pharmaceutical Technology, eds. J. Swarbrick and J. C. Boylan, 1988-1999, Marcel
Dekker, New York disclose various carriers used in formulating pharmaceutical
compositions and known techniques for the preparation thereof. Except insofar as any
conventional carrier is incompatible with the compounds of this disclosure, such as by
producing any undesirable biological effect or otherwise interacting in a deleterious
manner with any other component(s) of the pharmaceutical composition, its use is
contemplated to be within the scope of this disclosure. Non-limiting examples of
suitable pharmaceutically acceptable carriers include, but are not limited to, ion
exchangers, alumina, aluminum stearate, lecithin, serum proteins (such as human serum
albumin), buffer substances (such as phosphates, glycine, sorbic acid, and potassium
sorbate), partial glyceride mixtures of saturated vegetable fatty acids, water, salts, and
electrolytes (such as protamine sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, and zinc salts), colloidal silica, magnesium

trisilicate, polyvinyl pyrrolidone, polyacrylates, waxes, polyethylene-polyoxypropylene-

15
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block polymers, wool fat, sugars (such as lactose, glucose and sucrose), starches (such as
corn starch and potato starch), cellulose and its derivatives (such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate), powdered tragacanth,
malt, gelatin, talc, excipients (such as cocoa butter and suppository waxes), oils (such as
peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil),
glycols (such as propylene glycol and polyethylene glycol), esters (such as ethyl oleate
and ethyl laurate), agar, buffering agents (such as magnesium hydroxide and aluminum
hydroxide), alginic acid, pyrogen-free water, isotonic saline, Ringer's solution, ethyl
alcohol, phosphate buffer solutions, non-toxic compatible lubricants (such as
magnesium stearate), surfactants (such as sodium lauryl sulfate), coloring agents,
releasing agents, coating agents, sweetening agents, flavoring agents, perfuming agents,

preservatives, and antioxidants.

[0051] It will also be appreciated that a pharmaceutical composition of this
disclosure, including a pharmaceutical composition comprising any of the combinations
described previously, can be employed in combination therapies; that is, the
compositions can be administered concurrently with, prior to, or subsequent to at least
one active pharmaceutical ingredient(s) or medical procedure(s). Pharmaceutical
compositions comprising Compound I, deuterated derivatives of Compound I, and
pharmaceutically acceptable salts of Compound I or its deuterated derivatives, and

optionally including any of the combinations described above can be used to treat CF.

[0052]  Any suitable pharmaceutical compositions known in the art can be used for
Compound I, deuterated derivatives of Compound I, and pharmaceutically acceptable
salts of Compound I or its deuterated derivatives, Compound II, Compound III,
Compound III-d, Compound 1V, and pharmaceutically acceptable salts thereof. Some
exemplary pharmaceutical compositions for Compound II and its pharmaceutically
acceptable salts can be found in WO 2011/119984, WO 2014/014841, and WO
2015/160787, all of which are incorporated herein by reference. Some exemplary
pharmaceutical compositions for Compound III and its pharmaceutically acceptable salts
can be found in WO 2007/134279, WO 2010/019239, WO 2011/019413, WO
2012/027731, and WO 2013/130669, all of which are incorporated herein by reference.
Some exemplary pharmaceutical compositions for Compound III-d and its

pharmaceutically acceptable salts can be found in WO 2017/053455 and WO

16
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2018/080591. Some exemplary pharmaceutical compositions for Compound IV and its
pharmaceutically acceptable salts can be found in WO 2010/037066, WO 2011/127241,
WO 2013/112804, and WO 2014/071122, all of which are incorporated herein by

reference.

[0053] In some embodiments, the pharmaceutical compositions are a tablet. In some

embodiments, the tablets are suitable for oral administration.

[0054] These combinations are useful for treating CF caused by a mutation in the

CFTR gene.

[0055] A CFTR mutation may affect the CFTR quantity, i.e., the number of CFTR
channels at the cell surface, or it may impact CFTR function, i.e., the functional ability
of each channel to open and transport ions. Mutations affecting CFTR quantity include
mutations that cause defective synthesis (Class I defect), mutations that cause defective
processing and trafficking (Class II defect), mutations that cause reduced synthesis of
CFTR (Class V defect), and mutations that reduce the surface stability of CFTR (Class
VI defect). Mutations that affect CFTR function include mutations that cause defective
gating (Class III defect) and mutations that cause defective conductance (Class IV

defect). Some CFTR mutations exhibit characteristics of multiple classes.

[0056] In some embodiments, disclosed herein are methods of treating, lessening the
severity of, or symptomatically treating CF in a patient comprising administering an
effective amount of a compound, pharmaceutically acceptable salt thereof, or a
deuterated analog of any of the foregoing; or a pharmaceutical composition of this
disclosure to a patient, such as a human, wherein the patient has CF. In some
embodiments, the patient has an F508del/minimal function (MF) genotype,
F508del/F508del genotype (homozygous for the F508del mutation), F508del/gating
genotype, or F508del/residual function (RF) genotype. In some embodiments, the

patient is heterozygous for the F508del mutation.

[0057]  Asused herein, “minimal function (MF) mutations” refer to CFTR gene
mutations associated with minimal CFTR function (little-to-no functioning CFTR
protein) and include, for example, mutations associated with severe defects in the ability
of the CFTR channel to open and close (known as defective channel gating or “gating

mutations”); mutations associated with severe defects in the cellular processing of CFTR
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and its delivery to the cell surface; mutations associated with no (or minimal) CFTR

synthesis; and mutations associated with severe defects in channel conductance.

[0058] In some embodiments, the patient has an F508del mutation on one allele and a

mutation on the other allele selected from Table 2.

Table 2. CFTR Mutations

Mutation

Q2X L218X Q525X R792X E1104X
S4X Q220X G542X E822X W1145X
W19X Y275X G350X W882X R1158X
G27X C276X Q552X W846X R1162X
Q39X Q290X R553X Y849X S1196X
W57X G330X E385X R851X W1204X
E60X W401X G673X Q890X L1254X
R75X Q414X Q685X S912X S1255X
L88X S434X R709X Y913X W1282X
E92X S466X K710X Q1042X Q1313X
Q98X S489X Q715X W1089X Q1330X
Y122X Q493X L732X Y1092X E1371X
E193X W496X R764X W1098X Q1382X
W216X C524X R785X R1102X Ql411X
185+1G—>T 711+5G—A  1717-8G—A 2622+1G—A 3121-1G—A
296+1G—A 712-1G—T  1717-1G—A 2790-1G—C 3500-2A—G
206+1G—T 1248+1G—A 1811+1G—C 3040G—C  3600+2insT
405+1G—A  1249-1G—A  1811+1.6kbA—>G (G970R)  3850-1G—A
405+3A—C 1341+1G—A 1811+1643G—T 3120G—A  4005+1G—A
406-1G—A  1525-22A—G  1812-1G—A 3120+1G—A 4374+1G—T
621+1G—T 1525-1G—A  1898+1G—>A 3121-2A—-G

711+1G—T 1898+1G—C

182delT 1078delT 1677delTA 2711delT 3737delA
306insA 1119delA 1782delA 2732insA 3791delC
306delTAGA 1138insG 1824delA 2869insG 3821delT
365-366insT  1154insTC 1833delT 2896insAG  3876delA
394delTT 1161delC 2043delG 2942insT 3878delG
442delA 1213delT 2143delT 2957delT 3905insT
444del A 1259insA 2183AA—>G 3007delG  4016insT
457TAT—G 1288insTA  2184delA 3028delA  4021dupT
541delC 1343delG 2184insA 3171delC  4022insT
574delA 1471delA 2307insA 3171insC 4040delA
663delT 1497delGG  2347delG 3271delGG  4279insA
849delG 1548delG 2585delT 3349insT 4326delTC
935delA 1609del CA  2594delGT 3659delC

CFTRdelel CFTRdelel6-17b 1461ins4

CFTRdele2 CFTRdele17a,17b 1924del7

18



WO 2020/206080 PCT/US2020/026331

Mutation

CFTRdele2,3 CFTRdelel7a-18 2055del9—A
CFTRdele2-4 CFTRdelel9 2105-2117del13insAGAAA
CFTRdele3-10,14b-16 CFTRdele19-21 2372del8
CFTRdeled-7 CFTRdele21 2721delll
CFTRdeled-11 CFTRdele22-24 2991del32
CFTR50kbdel CFTRdele22,23 3667ins4
CFTRdup6b-10 124del23bp 4010del4
CFTRdelell 602del14 4209TGTT—AA
CFTRdeclel3,14a 852del22

CFTRdele14b-17b 991del5

A46D V520F Y569D N1303K

G385E A559T L1065P

R347P R560T R1066C

L467P R5608 L1077P

1507del A561E MI1101K

[0059] In some embodiments, the compositions disclosed herein are useful for
treating or lessening the severity of CF in patients with certain genotypes exhibiting

residual CFTR activity.

[0060] In some embodiments, compositions disclosed herein are useful for treating,
lessening the severity of, or symptomatically treating CF in patients within certain
clinical phenotypes, e.g., a mild to moderate clinical phenotype that typically correlates
with the amount of residual CFTR activity in the apical membrane of epithelia. Such

phenotypes include patients exhibiting pancreatic sufficiency.

[0061] In some embodiments, the compositions disclosed herein are useful for
treating, lessening the severity of, or symptomatically treating patients diagnosed with
pancreatic sufficiency, idiopathic pancreatitis, and congenital bilateral absence of the vas

deferens, or mild lung disease, wherein the patient exhibits residual CFTR activity.

[0062] In some embodiments, this disclosure relates to a method of augmenting or
inducing anion channel activity in vitro or in vivo, comprising contacting the channel
with a composition disclosed herein. In some embodiments, the anion channel is a
chloride channel or a bicarbonate channel. In some embodiments, the anion channel is a

chloride channel.
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[0063] The exact amount of a pharmaceutical composition required will vary from
subject to subject, depending on the species, age, and general condition of the subject,
the severity of the disease, the particular agent, its mode of administration, and the like.
The compounds of this disclosure may be formulated in dosage unit form for ease of
administration and uniformity of dosage. The expression "dosage unit form" as used
herein refers to a physically discrete unit of agent appropriate for the patient to be
treated. It will be understood, however, that the total daily usage of the compounds and
compositions of this disclosure will be decided by the attending physician within the
scope of sound medical judgment. The specific effective dose level for any particular
patient or organism will depend upon a variety of factors including the disorder being
treated and the severity of the disorder; the activity of the specific compound employed;
the specific composition employed; the age, body weight, general health, sex, and diet of
the patient; the time of administration, route of administration, and rate of excretion of
the specific compound employed; the duration of the treatment; drugs used in
combination or coincidental with the specific compound employed, and like factors well

known in the medical arts.

[0064] In some embodiments, the disclosure also is directed to methods of treatment
using isotope-labeled derivatives of the aforementioned compounds, which have the
same structures as disclosed herein except that one or more atoms therein have been
replaced by an atom or atoms having an atomic mass or mass number which differs from
the atomic mass or mass number of the atom which usually occurs naturally (isotope
labeled). Examples of isotopes which are commercially available and suitable for the
disclosure include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorine
and chlorine, for example 2H, *H, 1*C, C, PN, 70, 180, , 3P, 3P, S, BF, and *Cl,
respectively.

[0065] The isotope-labeled compounds and salts can be used in a number of
beneficial ways. They can be suitable for medicaments and/or various types of assays,
such as substrate tissue distribution assays. For example, tritium (*H)- and/or carbon-14
(*C)-labeled compounds are particularly useful for various types of assays, such as
substrate tissue distribution assays, due to relatively simple preparation and excellent
detectability. For example, deuterium (*H)-labeled ones are therapeutically useful with
potential therapeutic advantages over the non->H-labeled compounds. In general,

deuterium (*H)-labeled compounds and salts can have higher metabolic stability as
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compared to those that are not isotope-labeled owing to the kinetic isotope effect
described below. Higher metabolic stability translates directly into an increased in vivo
half-life or lower dosages, which could be desired. The isotope-labeled compounds and
salts can usually be prepared by carrying out the procedures disclosed in the synthesis
schemes and the related description, in the example part and in the preparation part in the
present text, replacing a non-isotope-labeled reactant by a readily available isotope-
labeled reactant.

[0066] In some embodiments, the isotope-labeled compounds and salts are deuterium-
labeled ((*H)-labeled) ones. In some specific embodiments, the isotope-labeled
compounds and salts are deuterium-labeled, wherein one or more hydrogen atoms
therein have been replaced by deuterium. In chemical structures, deuterium is
represented as “’H” or “D.”

[0067] The deuterium-labeled compounds and salts can manipulate the oxidative
metabolism of the compound by way of the primary kinetic isotope effect. The primary
kinetic isotope effect is a change of the rate for a chemical reaction that results from
exchange of isotopic nuclei, which in turn is caused by the change in ground state
energies necessary for covalent bond formation after this isotopic exchange. Exchange
of a heavier isotope usually results in a lowering of the ground state energy for a
chemical bond and thus causes a reduction in the rate-limiting bond breakage. If the
bond breakage occurs in or in the vicinity of a saddle-point region along the coordinate
of a multi-product reaction, the product distribution ratios can be altered substantially.
For explanation: if deuterium is bonded to a carbon atom at a non-exchangeable position,
rate differences of km/kp = 2-7 are typical. For a further discussion, see S. L. Harbeson
and R. D. Tung, Deuterium In Drug Discovery and Development, Ann. Rep. Med. Chem.
2011, 46, 403-417; and T.G. Gant “Using deuterium in drug discovery: leaving the label
in the drug” J. Med. Chem. 2014, 57, 3595-3611, relevant portions of which are
independently incorporated herein by reference.

[0068] Inthe compounds of this disclosure, any atom not specifically designated as a
particular isotope is meant to represent any stable isotope of that atom. Unless otherwise
stated, when a position is designated specifically as “H” or “hydrogen,” the position is
understood to have hydrogen at its natural abundance isotopic composition.

[0069] The concentration of the isotope(s) (e.g., deuterium) incorporated into the

isotope-labeled compounds and salts of the disclosure may be defined by the isotopic
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enrichment factor. The term “isotopic enrichment factor” as used herein means the ratio
between the isotopic abundance and the natural abundance of a specified isotope. In
some embodiments, if a substituent in a compound of the disclosure is denoted
deuterium, such compound has an isotopic enrichment factor for each designated
deuterium atom of at least 3500 (52.5% deuterium incorporation at each designated
deuterium atom), at least 4000 (60% deuterium incorporation), at least 4500 (67.5%
deuterium incorporation), at least 5000 (75% deuterium incorporation), at least 5500
(82.5% deuterium incorporation), at least 6000 (90% deuterium incorporation), at least
6333.3 (95% deuterium incorporation), at least 6466.7 (97% deuterium incorporation), at
least 6600 (99% deuterium incorporation), or at least 6633.3 (99.5% deuterium
incorporation).

[0070]  When discovering and developing therapeutic agents, the person skilled in the
art attempts to optimize pharmacokinetic parameters while retaining desirable in vitro
properties. It may be reasonable to assume that many compounds with poor
pharmacokinetic profiles are susceptible to oxidative metabolism.

[0071]  One of ordinary skill in the art would understand that deuteration of one or
more metabolically labile positions on a compound or active metabolite may lead to
improvement of one or more superior DMPK properties while maintaining biological
activity, as compared to the corresponding hydrogen analogs. The superior DMPK
property or properties may have an impact on the exposure, half-life, clearance,
metabolism, and/or even food requirements for optimal absorption of the drug product.
Deuteration may also change the metabolism at other non-deuterated positions of the
deuterated compound.

[0072] The disclosure provides a process for preparing Compound I, comprising

reacting compound 8:

cl
| 0

N7
N/)\H,SO/COZH

8

with compound 3:
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b»NH
HO

3

and a base and coupling agent to produce Compound L.

[0073] In some embodiments, the base is sodium ferz-butoxide.

[0074]  In some embodiments, the coupling agent is HATU.

[0075]  The disclosure provides an alternative process for preparing Compound I,
comprising:

a) reacting compound 8 and compound 3 with a base, and subsequent treatment with HCI

to produce compound 9:

9; and
b) reacting compound 9 with a base and coupling agent to produce Compound 1.
[0076] In some embodiments, the base of step a) is sodium fert-butoxide.
[0077] In some embodiments, the base is of step b) is triethylamine.
[0078] In some embodiments, the coupling agent is HATU.
[0079]  The disclosure further provides a process for preparing compound
compound 8, comprising:

a) reacting compound 7:
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with methyl 3-chlorosulfonylbenzoate and a first base, subsequent treatment with a
second base, followed by treating the reaction mixture with an acid to produce

compound 8.

[0080] In some embodiments, the first base is lithium ferf-amoxide.
[0081] In some embodiments, the second base is sodium hydroxide.
[0082] In some embodiments, the acid is HCI.
[0083]  The discosure further provides a process for preparing compound
7, comprising treating compound 7-HCI:
Cl
I SN

P
N NH> .HCI

7-HCI

with a base to produce compound 7.

[0084] In some embodiments, the base is sodium hydroxide.
[0085]  The disclosure further provides a process for preparing compound

7-HCI, comprising reacting compound 6:

Cl
)
N/)\N,Boc
Boc
6

with HCI to produce compound 7-HCI.

[0086] The discosure further provides a process for preparing compound 6,
comprising reacting compound S:
Cl
()
Nél\N’ Boc

|
Boc

Cl

5
with 2,6-dimethylphenylboronic acid, a transition-metal catalyst, and base to produce

compound 6.
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[0087] In some embodiments, the transition-metal catalyst is Pd(dppf)Cla.
[0088] In some embodiments, the base is cesium carbonate.

[0089]  The discosure further provides a process for preparing compound 5,
comprising reacting compound 4:

cl
B
cl N/)\NHQ
4

with Boc20 and a base to produce compound S.

[0090] In some embodiments, the base is DMAP.
[0091] The disclosure further provides a process for preparing compound 3:

nE

2

>}~NH2
HO

1

comprising:

a) reacting compound 1:

with compound 2:

0]
2

and a reducing agent to produce compound 3.

[0092] In some embodiments, the reducing agent is NaBH(OAc)s.
[0093] The disclosure provides a process for preparing Compound Ia, comprising

reacting compound 20:
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20

with a base and coupling agent to produce compound Ia.

[0094] In some embodiments, the base is DIEA.

[0095] In some embodiments, the coupling agent is HATU.

[0096] The disclosure further provides a process for preparing compound 20,

comprising reacting compound 19:
>}NH2 HCI
O

~
N
| N/)\ Qé”o

H

19

and compound 17:

17

with a reducing agent to produce compound 20.

[0097] In some embodiments, the reducing agent is NaBH(OAc)s.

[0098]  The disclosure further provides a process for preparing compound 19,

comprising reacting compound 18:
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>}NHBOC
0]

0

B
H

18
with HCl to produce compound 19.

[0099]  The disclosure further provides a process for preparing compound 18,
comprising:
a) reacting compound 8:

Cl

| 0
N7
N/)\N,SO/COZH
H
8

>}NH2
HO

1

with compound 1:

and a base and
b) reacting the product of step a) with Boc2O to produce compound 18.

[00100] In some embodiments, the base is sodium ferz-butoxide.
[00101] The disclosure provides a process for preparing compound 17, comprising
reacting compound 16:

DQC_CDQ

OH
16

with an oxidant to produce compound 17.
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[00102] In some embodiments, the oxidant is CrOs/pyridine.

[00103] The disclosure further provides a process for preparing compound 16,
comprising reacting compound 15:

ch_CDg

X

15
with H» and a transition metal catalyst to produce compound 16.

[00104] In some embodiments, the transition-metal catalytst is palladium on carbon.
[00105] The disclosure further provides a process for preparing compound 15,

comprising reacting compound 14:

14
with a reducing agent to produce compound 15.

[00106] In some embodiments, the reducing agent is Zn.

[00107] The disclosure further provides a process for preparing compound 14,
comprising

a) reacting compound 13:

D, D;

HO/C>Y<C\OH

0O

13
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with a sulfonyl chloride and base, and

b) reacting the product of step a) with a source of iodide to produce compound 14.
[00108] In some embodiments, the sulfonyl chloride is methanesulfonyl chloride.
[00109] In some embodiments, the source of iodide is sodium iodide.

[00110] The disclosure further provides a process for preparing compound 13,

comprising reacting compound 12:

’(oo )\

o) o)

12
with a reducing agent to produce compound 13.

[00111] In some embodiments, the reducing agent is LiAlDa4.

[00112] The disclosure further provides a process for preparing compound 12,

comprising reacting compound 11:

Br

e

11

with a dialkylmalonate and a base to produce compound 12.

[00113] In some embodiments, the dialkylmalonate is diisopropyl propanedioate.
[00114] In some embodiments, the base is sodium hydride.

[00115] The disclosure further provides a process for preparing compound 11,

comprising converting compound 10:
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OH

el

10

into compound 11.

[00116] In some embodiments, the conversion of compound 10 into compound 11 is

performed with CBrs and PPhs.

[00117] The disclosure provides a process for preparing Compound Ib, comprising

reacting compound 22:

22
with a base and coupling agent to produce compound Ib.

[00118] In some embodiments, the base is DIEA.
[00119] In some embodiments, the coupling agent is HATU.
[00120] The disclosure further provides a process for preparing compound 22,

comprising reacting compound 19 with compound 21:

DzC/ED
2
r

21
and a reducing agent to produce compound 22.

[00121] In some embodiments, the reducing agent is NaBD3CN.
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[00122] The disclosure further provides a process for preparing compound 21,
comprising reacting compound 2 with a base and a source of deuterium to produce
compound 21.

[00123] In some embodiments, the base is potassium carbonate.

[00124] In some embodiments, the source of deuterium is D20.

[00125] The disclosure provides a process for preparing Compound Ie, comprising

5 D
NH pe
o)
N7

[ Ao
N N
N \@/
23

with a base a coupling agent to produce compound Ic.

reacting compound 23:

[00126] In some embodiments, the base is DIEA.

[00127] In some embodiments, the coupling agent is HATU.

[00128] The disclosure further provides a process for preparing 23, comprising
reacting compound 19 with compound 2 and a reducing agent to produce compound 23.
[00129] In some embodiments, the reducing agent is NaBD3CN.

[00130] The disclosure provides a process for preparing Compound Id:

comprising reacting compound 35:
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N

cDy (X
P /)N\Q\S,,o COH
N~ N7 2
H
CDs
35

with a base and coupling agent to produce compound Id.

[00131] In some embodiments, the base is DIEA.
[00132] In some embodiments, the coupling agent is COMU.
[00133] The disclosure further provides a process for preparing compound 35,
comprising reacting compound 34:
Cl

CDg 0

B
N
~
NJ\N,S CO,H
H

CDs

34

oY
HO HCI

3-HCl

with compound 3-HCI:

and a base to produce compound 35.

[00134] In some embodiments, the base is sodium ferz-butoxide.
[00135] The disclosure further provides a process for preparing compound 34,
comprising reacting compound 33:
Cl
€Dy SN Qo

N7
7
NJ\N,S\Q/COZMe
H
CD,

33
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with a base to produce compound 34.

[00136] In some embodiments, the base is sodium hydroxide.

[00137] The disclosure further provides a process for preparing compound 33,

comprising reacting compound 32:

32

with methyl 3-chlorosulfonylbenzoate and a base to produce compound 33.

[00138] In some embodiments, the base is lithium zert-amoxide.

[00139] The disclosure further provides a process for preparing compound 32,

comprising reacting compound 31:

Cl
CD; | =N
N/)\,}J,Boc
cD, Boc
31

with an acid to produce compound 32.

[00140] In some embodiments, the acid is HCI.

[00141] The disclosure further provides a process for preparing compound 31,

comprising reacting compound S:

with compound 30:
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and a transition-metal catalyst and a base to produce compound 31.

[00142] In some embodiments, the base is cesium carbonate.
[00143] In some embodiments, the transition-metal catalyst is Pd(dppf)Cla.
[00144] The disclosure further provides a process for preparing 30, comprising
a) converting compound 29:
CD;
Br
CD;
29

into the aryl magnesium iodide derivative,
b) reacting the product of step a) with a trialkyl borate, and

¢) reacting the product of step b) with an acid to produce compound 30.

[00145] In some embodiments, step a) is performed with Mg and L.

[00146] In some embodiments, the trialkyl borate is trimethyl borate.

[00147] In some embodiments, the acid is HCI.

[00148] The disclosure further provides a process for preparing compound 29,

comprising reacting compound 28:

_B
D,C”

C[Br
.B
c r

D,
28

with a reducing agent to produce compound 29.

[00149] In some embodiments, the reducing agent is LiAlDs.
[00150] The disclosure further provides a process for preparing compound 28,
comprising converting compound 27:

_OH
D,C

©:Br
-OH
C

into compound 28.
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[00151] In some embodiments, the convertion of compound 27 into compound 28 is
performed with CBr4 and PPhs.
[00152] The disclosure further provides a process for preparing compound 27,
comprising reacting compound 26:
CO,Me
Br
CO,Me
26

with a reducing agent to produce compound 27.

[00153] In some embodiments, the reducing agent is LiAlDa4.
[00154] The disclosure further provides a process for preparing compound 26,
comprising reacting compound 25:
CO,H
Br
CO,H
25

with a base and alkylating agent to produce compound 26.

[00155] In some embodiments, the base is potassium carbonate.
[00156] In some embodiments, the alkylating agent is iodomethane.
[00157] The disclosure further provides a process for preparing compound 25,

comprising reacting compound 24:

24

with an oxidant to produce compound 25.

[00158] In some embodiments, the oxidant is potassium permanganate.

[00159] The disclosure further provides a process for preparing compound 3-HCI,
comprising treating compound 3 with HCI to produce compound 3-HCI.

[00160] Exemplary embodiments of the disclosure include:

1. A compound selected from Compound I:
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\N

\\ /,

7

deuterated derivatives of Compound I, and pharmaceutically acceptable salts thereof.
2. The compound of embodiment 1, wherein the compound is Compound L.

3. The compound of embodiment 1, wherein the deuterated derivative of Compound
I is selected from:

Compound Ia:

Compound Ib:
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Compound I¢:

>},N§ fD
o
N
| N Qo o)
_
N

I

\
-

N
H

c’

Compound Id:

N

Id,

and pharmaceutically acceptable salts thereof.

4.
5.
6.
7.

The compound of embodiment 1 or 2, wherein the compound is a potassium salt.
The compound of embodiment 1 or 2, wherein the compound is a sodium salt.
The compound of embodiment 1 or 2, wherein the compound is a calcium salt.

A method of treating a CFTR-mediated disorder, comprising administering an

effective amount of the compound of any one of embodiments 1 to 6 to a patient in need

thereof.

8.
9.

The method of embodiment 7, wherein the CFTR-mediated disorder is CF.

The method of embodiment 7, wherein the compound is Compound I or a

pharmaceutically acceptable salt thereof.

10.

The method of any one of embodiments 7 to 9, further comprising administering

one or more compounds selected from:
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Compound II:
N
O
> Ty oo
(0] o F N
\EOH
OH
I,
Compound IIT:
OH
O O
N
Oy
N
H
1,
Compound III-d:
OH CD;
CD;
0 O D,
N
OOy
N
H
III-d, and
Compound IV:
@) OH

-n

\

NN
O
XODXOW\

IV,

-n

and pharmaceutically acceptable salts of Compounds II, III, ITI-d, and IV.

11.  The method of embodiment 10, comprising administering Compound I and
Compound III or Compound II-d.

12. The method of embodiment 10, comprising administering Compound I,

Compound II, and Compound I or Compound III-d.

13. A process for preparing Compound I, comprising reacting compound 8:
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Cl

| 0
\ 7
/
N)\N/S COzH
H
8

with compound 3:
>}NH
HO
3

14. A process for preparing Compound I, comprising:

to produce Compound L.

a) reacting compound 8 with compound 3, and subsequent treatment with HCI to

~E

N

)
\
N/)\H,SUCOZH

9

produce compound 9:

>

and
b) converting compound 9 into Compound L.
15. The process of embodiment 13 or 14, wherein compound 8 is prepared by

a) reacting compound 7:

with methyl 3-chlorosulfonylbenzoate and a first base,

b) treatment with a second base, and
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¢) treating the reaction mixture with HCI to produce compound 8.
16.  The process of embodiment 15, wherein compound 7 is prepared by converting
compound 7-HCI:
Cl
| =N

P

N” "NH, .HCI

7-HCI
into compound 7.
17.  The process of embodiment 16, wherein compound 7-HCl is prepared by
converting compound 6:

Cl

B
N/)\N’BOC

Boc

into compound 7-HCI.
18.  The process of embodiment 17, wherein compound 6 is prepared by reacting
compound 5:

Cl

=N
| él\ .Boc

Cl N I}l

Boc
5
with 2,6-dimethylphenylboronic acid to produce compound 6.
19.  The process of embodiment 18, wherein compound 5 is prepared by converting

compound 4:

into compound 5.
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20. The process of embodiment 13 or 14, wherein compound 3:
>}NH
HO
3
is prepared by reacting compound 1:
HO
1
with compound 2:
(0]
2
to produce compound 3.
21. A process for preparing Compound Ia, comprising converting compound 20:
D2C~cp,
N
o
=
DT
pZ N/S\©/C02H
H
20

into compound Ia.

22.  The process of embodiment 21, wherein compound 20 is produced by reacting

compound 19:
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>}NH2 HCI
0]
I \} /O
N/)\N,S’\©/COZH
H
19
and compound 17:
D2L~cp,
0]
17
to produce compound 20.
23.  The process of embodiment 22, wherein compound 19 is prepared by converting
compound 18:
>}NHBOC
(@)
l WP
N/)\N,s’\©/cozH
H
18
into compound 19.
24, The process of embodiment 23, wherein compound 18 is prepared by

a) reacting compound 8 with compound 1:

>}N H2
HO

1

b) converting the product of step a) into compound 18.
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25.  The process of embodiment 22, wherein compound 17 is prepared by converting

compound 16:

ch_CDz

OH
16
into compound 17.

26.  The process of embodiment 25, wherein compound 16 is prepared by converting

compound 15:

DQC_CDQ

15
into compound 16.

27. The process of embodiment 26, wherein compound 15 is prepared by converting

compound 14:

D, D,
I/Cz SC\I
0]
14
into compound 15.
28. The process of embodiment 27, wherein compound 14 is prepared by converting

compound 13:
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D, D
HO/C$C\OH
0
13
into compound 14.
29.  The process of embodiment 28, wherein compound 13 is prepared by converting

compound 12:

/<oo )\

12
into compound 13.

30. The process of embodiment 29, wherein compound 12 is prepared by reacting

compound 11:

Br

e

11
with diisopropyl propanedioate to form compound 12.

31.  The process of embodiment 30, wherein compound 11 is prepared by converting

compound 10:

44



WO 2020/206080 PCT/US2020/026331

OH

el

into compound 11.

32. A process for preparing Compound Ib, comprising converting compound 22:

D C
2 CD2
NH" HCI
\\/,

\©/C02H

22
into compound Ib.

33.  The process of embodiment 32, wherein compound 22 is prepared by reacting

L,

21

compound 19 with compound 21:

to produce compound 22.

34.  The process of embodiment 33, wherein compound 21 is prepared by converting

compound 2 into compound 21.

35. A process for preparing Compound I¢, comprising converting compound 23:
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5 D
NH poy
0

| s O
N/)\N,\S’\©/COZH
H
23
into compound Ic.
36.  The process of embodiment 35, wherein compound 23 is prepared by reacting

compound 19 with compound 2 to produce compound 23.

37. A process for preparing Compound Id:

comprising converting compound 35:

into compound Id.

38. The process of embodiment 37, wherein compound 35 is prepared by reacting

compound 34:
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Cl
CD3 | ~ N O\ (o)
N/)\N,‘s’\©/cozH
H
CD;
34
with compound 3-HCI:
L.
HO Hcl
3-HCI
to produce compound 35.
39.  The process of embodiment 38, wherein compound 34 is prepared by converting
compound 33:
Cl
CD; =N
LAY CO,Me
ghes
H
CD;
33
into compound 34.
40.  The process of embodiment 39, wherein compound 33 is prepared by reacting
compound 32:
Cl
CDs | SN
N/)\NHZ
CD;
32

with methyl 3-chlorosulfonylbenzoate to produce compound 33.

41.  The process of embodiment 40, wherein compound 32 is prepared by converting

compound 31:
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Cl
CD3 | \)N\
N/ ’}J,Boc
CDs Boc
31

into compound 32.

42.  The process of embodiment 41, wherein compound 31 is prepared by reacting

compound S:
Cl
)
cl N/)\N,Boc
Boc
5
with compound 30:
CD; OH
B.
OH
CD;
30
to produce compound 31.
43.  The process of embodiment 42, wherein compound 30 is prepared by converting
compound 29:
CD;
Cr
CDs
29

into compound 30.

44.  The process of embodiment 43, wherein compound 29 is prepared by converting

compound 28:
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D,C” Br
Br
c Br
D,
28
into compound 29.
45.  The process of embodiment 44, wherein compound 28 is prepared by converting
compound 27:
D, el
o4
C/OH
D,
27
into compound 28.
46.  The process of embodiment 45, wherein compound 27 is prepared by converting
compound 26:
COzMe
Br
CO,Me
26
into compound 27.
47.  The process of embodiment 46, wherein compound 26 is prepared by converting
compound 25:
CO,H
Br
CO,H
25

into compound 26.

48.  The process of embodiment 47, wherein compound 25 is prepared by converting

compound 24:
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24

into compound 25.

49.  The process of embodiment 38, wherein compound 3-HCIl is prepared by treating
compound 3 with HCI to produce compound 3-HCL

Examples
Abbreviations
Boc anhydride ((Boc):0): di-tert-butyl dicarbonate
DCM: dichloromethane
DIEA (DIPEA): N,N-diisopropylethylamine
DMAP: 4-Dimethylaminopyridine
DMF: N,N-dimethylformamide
DMSO: dimethyl sulfoxide
HATU: 1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxid
hexafluorophosphate
COMU: (1-Cyano-2-ethoxy-2-oxoethylidenaminooxy )dimethylamino-morpholino-
carbenium hexafluorophosphate
MeOH: methanol
THF: tetrahydrofuran
EtOAc: ethyl acetate
Pd(dppf)Clz: [1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(II)
MeTHF: 2-Methyltetrahydrofuran

General UPLC/HPLC Analytical Methods

[00161] LC Method A: Analytical reverse phase UPLC using an Acquity UPLC BEH
Cis column (50 x 2.1 mm, 1.7 um particle) made by Waters (pn: 186002350), and a dual
gradient run from 1-99% mobile phase B over 3.0 min. Mobile phase A = H20 (0.05 %
CF3COzH). Mobile phase B = CH3CN (0.035 % CF3CO:H). Flow rate = 1.2 mL/min,

injection volume = 1.5 pL, and column temperature = 60 °C.
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[00162] LC Method B: Merck Millipore Chromolith SpeedROD Cis column (50 x 4.6
mm) and a dual gradient run from 5 - 100% mobile phase B over 6 min. Mobile phase A
= water (0.1 % CF3COzH). Mobile phase B = acetonitrile (0.1 % CF3CO:H).

[00163] LC Method C: Merck Millipore Chromolith SpeedROD Ciz column (50 x 4.6
mm) and a dual gradient run from 5 - 100% mobile phase B over 12 min. Mobile phase

A =water (0.1 % CF3CO2H). Mobile phase B = acetonitrile (0.1 % CF3CO:H).

Example 1: Synthesis of (11R)-6-(2,6-Dimethylphenyl)-11-(2-methylpropyl)-12-
{spiro[2.3]hexan-5-yl}-9-o0xa-22%-thia-3,5,12,19-
tetraazatricyclo[12.3.1.14,8|nonadeca-1(17),4(19),5,7,14(18),15-hexaene-2,2,13-

trione (Compound I)

Synthesis of (2R)-4-Methyl-2-(spiro[2.3]hexan-5-ylamino)pentan-1-ol (3)

/0 S T« q— *}f
HO
4 HO

[00164] A mixture of spiro [2.3]hexan-5-one (100 g, 1.040 mol) and (2R)-2-amino-4-
methyl-pentan-1-ol (123.5 g, 1.054 mol) in dichloroethane (DCE) (1.5 L) was stirred at
ambient temperature for 1 h. To the mixture was added sodium triacetoxyborohydride
(228 g, 1.076 mol) portionwise. The mixture was stirred at ambient temperature for 18

h. The reaction mixture was diluted with HCI (1.1 L of 2 M, 2.200 mol) until pH was ~1.
The aqueous phase was separated and the organic phase extracted with HCI (600 mL of 2
M, 1.200 mol). The organic phase was separated and the aqueous layer was basified
with NaOH (550 g of 50 %w/w, 6.875 mol) affording a solution at ~ pH 12. The mixture
was extracted 2X with EtOAc (1 L) and the combined organic phases were washed with
brine (150 mL), dried over MgSOQs, filtered, and concentrated in vacuo to afford (2R)-4-
methyl-2-(spiro[2.3 Jhexan-5-ylamino)pentan-1-ol (160.7 g, 78%) as a clear oil. Used
without further purification. ESI-MS m/z calc. 197.17796, found 198.2 (M+1)";
Retention time: 0.54 minutes (LC method A).
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Synthesis of tert-Butyl N-tert-butoxycarbonyl-N-(4,6-dichloro-pyrimidin-2-
yl)carbamate (5)
Cl Cl

() ()
cl N/)\NHZ -« N/J\I}I’BOC
Boc
[00165] To a solution of 4,6-dichloropyrimidin-2-amine (300 g, 1.829 mol) in DCM
(2.1 L) was added (Boc)0O (838 g, 3.840 mol) followed by DMAP (5.6 g, 45.84 mmol).
The mixture was stirred at ambient temperature for 6 h. Additional DMAP (5.6 g, 45.84
mmol) was added and the reaction was continued to stir at ambient temperature for 24 h.
The mixture was diluted with water (2.1 L) and the organic phase separated. The organic
phase was washed with water (2.1 L), 2.1 L of brine, dried over MgSOQu4, filtered over
celite and concentrated in vacuo affording a light orange oil which had a silt in the slurry.
The mixture was diluted with ~500 mL of heptane and filtered using an M filter. The
precipitate (starting material) was washed with 250 mL of heptane. The filtrate was
concentrated in vacuo affording a thick orange oil which was seeded with solid from a
previous experiment and crystallized on standing, to afford tert-butyl N-tert-
butoxycarbonyl-N-(4,6-dichloropyrimidin-2-yl)carbamate (645 g, 97%) as a light orange
hard solid. 'H NMR (400 MHz, DMSO-ds) & 8.07 (s, 1H), 1.44 (s, 18H). ESI-MS m/z
calc. 363.07526, found 364.1 (M+1)"; Retention time: 2.12 minutes (LC method A).

Synthesis of tert-Butyl N-tert-butoxycarbonyl-N-[4-chloro-6-(2,6-dimethyl-
phenyl)pyrimidin-2-yljcarbamate (6)
Cl Cl

QH + | ~N | =N
B«
@; OH ¢ N/)\N,Boc E— N/)\N,Boc
Boc Boc

[00166] All solvents were degassed prior to use. To a slurry of tert-butyl N-tert-
butoxycarbonyl-N-(4,6-dichloropyrimidin-2-yl)carbamate (88 g, 241.6 mmol), (2,6-
dimethylphenyl)boronic acid (approximately 36.24 g, 241.6 mmol) and Cs2COs3
(approximately 196.8 g, 604.0 mmol) in DME (704 mL) and water (176 mL) were
added. Pd(dppf)Clz (approximately 8.839 g, 12.08 mmol) was added and the mixture

was vigorously stirred under Nz at 80 °C (reflux) for 1 h (no starting material remained).
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The reaction was cooled to ambient temperature and diluted with water (704 mL). The
aqueous phase was separated and extracted with EtOAc (704 mL). The organic phase
was washed with 700 mL of brine, dried over MgSOs, filtered and concentrated in vacuo.
The crude product was chromatographed on a 1500 g silica gel column eluting with 0-
30% EtOAc/hexanes. The product fractions (eluted at 15% EtOAc) were combined and
concentrated in vacuo atfording tert-butyl N-tert-butoxycarbonyl-N-[4-chloro-6-(2,6-
dimethylphenyl)pyrimidin-2-yl]carbamate (81.3 g, 78%) as a clear oil, which
crystallized on standing. "H NMR (400 MHz, DMSO-ds) & 7.88 (s, 1H), 7.30 (dd, J =
8.2,7.0 Hz, 1H), 7.21 - 7.16 (m, 2H), 2.03 (s, 6H), 1.38 (s, 18H). ESI-MS m/z calc.
433.17682, found 434.1 (M+1)"; Retention time: 2.32 minutes (LC method A).

Synthesis of 4-Chloro-6-(2,6-dimethylphenyl)pyrimidin-2-amine
(hydrochloride salt) (7-HCI)

Cl Cl
=N =N
| /)\ Boc > | /)\
N ITI’ N NH, HCI
Boc

[00167] tert-Butyl N-tert-butoxycarbonyl-N-[4-chloro-6-(2,6-dimethylphenyl)
pyrimidin-2-yl]carbamate (514.8 g, 915.9 mmol) was dissolved in dichloromethane (4
L). Hydrogen chloride in p-dioxane (1 L, 4 mol) was added and the mixture was stirred
overnight at ambient temperature. The resulting precipitate was collected by vacuum
filtration and dried in vacuo to obtain 4-chloro-6-(2,6-dimethylphenyl)pyrimidin-2-
amine hydrochloride (213.5 g, 64%) as a white solid (213.5 g, 82%). 'H NMR (250
MHz, DMSO-ds) § 7.45-6.91 (m, 3H), 6.73 (s, 1H), 2.08 (s, 6H). ESI-MS m/z calc.
233.072, found 234.1 (M+1)"; Retention time: 2.1 minutes (LC Method C).

Synthesis of 4-Chloro-6-(2,6-dimethylphenyl)pyrimidin-2-amine (7)

Cl Cl
B B
N"SNH, HCl N/)\NHz

[00168] 4-Chloro-6-(2,6-dimethylphenyl)pyrimidin-2-amine (Hydrochloride salt) (166
g, 614.5 mmol) and 4-chloro-6-(2,6-dimethylphenyl)pyrimidin-2-amine (Hydrochloride
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salt) (30 g, 111.0 mmol) were suspended in DCM (2.5 L), treated with NaOH (725 mL
of 1 M, 725.0 mmol) and stirred at ambient temperature for 1 h. The mixture was
transferred into a separatory funnel and left standing overnight. The DCM phase was
separated and the aqueous phase with insoluble material was extracted twice more with
DCM (2 x 500ml). The combined brown DCM phases were stirred with magnesium
sulfate and charcoal for 1 h, filtered and the yellow solution concentrated to a volume of
~ 500 mL. The solution was diluted with heptane (750 mL) and DCM was removed
under reduced pressure at 60 °C to give a cream suspension. It was stirred at ambient
temperature for 1 h, filtered, washed with cold heptane and dried to give 4-chloro-6-(2,6-
dimethylphenyl)pyrimidin-2-amine (157 g, 91%) as a cream solid.

'H NMR (400 MHz, DMSO-ds) & 7.28 - 7.14 (m, 3H), 7.10 (d, J = 7.5 Hz, 2H), 6.63 (s,
1H), 2.06 (s, 6H). ESI-MS m/z calc. 233.07198, found 234.0 (M+1)"; Retention time:
1.45 minutes (LC method A).

Synthesis of 3-[[4-Chloro-6-(2,6-dimethylphenyl)pyrimidin-2-
yl]sulfamoyl]benzoic acid (8)

i Cl

Q.0 SN o
AN N N\ l \ /o
+ S CO,Me N’
| By o - N/)\N,s CO,H
N~ NH, H

[00169] 4-Chloro-6-(2,6-dimethylphenyl)pyrimidin-2-amine (235 g, 985.5 mmol) was
dissolved in MeTHF (2.3 L) and cooled in an ice bath under stirring and nitrogen. To
the cold solution methyl 3-chlorosulfonylbenzoate (347 g, 1.479 mol) was added in one
portion (seems slightly endothermic) and to the cold pale yellow solution a solution of 2-
methyl-butan-2-ol (Lithium salt) (875 mL of 3.1 M, 2.712 mol) (in heptane) was added
dropwise over 1.25 h (exothermic, internal temperature from 0 °C to 10 °C). Theice
bath was removed and the greenish solution was stirred for 4 h at ambient temperature.
To the greenish solution cold HCI (2 L of 1.5 M, 3.000 mol) was added, the phases
separated and the organic phase was washed once with water (1L) and once with brine
(500 mL). The aqueous phases were back extracted once with MeTHF (350 mL) and the
organic phases were combined. This yellow MeTHF solution of methyl 3-[[4-chloro-6-
(2,6-dimethylphenyl)pyrimidin-2-yl |sulfamoyl Jbenzoate (ESI-MS m/z calc. 431.07065,
found 432.0 (M+1)*; Retention time: 1.81 minutes) was treated with NaOH (2.3 L of 2
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M, 4.600 mol) and stirred at ambient temperature for 1 h. The phases were separated and
the NaOH phase was washed twice with MeTHF (2 x 500 mL) and the combined organic
phases were extracted once with 2M NaOH (1 x 250 mL).

[00170] The combined NaOH phases were combined, stirred in an ice bath and slowly
acidified by addition of HCI (416 mL of 36 %w/w, 4.929 mol) while keeping the internal
temperature between 10 and 20 °C. At the end of the addition (pH ~5-6) the final pH was
adjusted to 2-3 by addition of solid citric acid. The formed yellow tacky suspension was
stirred at ambient temperature over night to give a cream crisp suspension. The solid
was collected by filtration, washed with plenty of water and sucked dry for 3 h. The
solid was dried under reduced pressure with a nitrogen leak at 45-50 °C for 120 h. 3-[[4-
chloro-6-(2,6-dimethylphenyl)pyrimidin-2-yl]sulfamoyl]benzoic acid (395 g, 96%) was
isolated as an off-white solid. 'H NMR (400 MHz, DMSO-ds) § 13.44 (s, 1H), 12.46 (s,
1H), 8.48 - 8.39 (m, 1H), 8.25 - 8.15 (m, 1H), 8.15 - 8.08 (m, 1H), 7.68 (t, J = 7.8 Hz,
1H), 7.31 (s, 1H), 7.28 - 7.18 (m, 1H), 7.10 (d, J = 7.6 Hz, 2H), 1.84 (s, 6H). ESI-MS
m/z calc. 417.055, found 418.0 (M+1)"; Retention time: 1.56 minutes. (LC method A).

Synthesis of (11R)-6-(2,6-Dimethylphenyl)-11-(2-methylpropyl)-12-
{spiro[2.3]hexan-5-yl}-9-0xa-2A%-thia-3,5,12,19-tetraazatricyclo[12.3.1.14,8]-
nonadeca-1(17),4(19),5,7,14(18),15-hexaene-2,2,13-trione (Compound I)

N

Cl 2 -

NH —_— x
] o N Q.0 o]

|\//ht“s"o COH+ H L
A
[00171] (2R)-4-Methyl-2-(spiro[2.3 ]hexan-5-ylamino)pentan-1-ol (1.42 g, 7.197
mmol), 3-[[4-chloro-6-(2,6-dimethylphenyl)pyrimidin-2-yl]sulfamoyl]benzoic acid
(3.077 g, 7.209 mmol), and sodium fert-butoxide (2.731 g, 28.42 mmol) were combined
in THF (25 mL) and stirred at ambient temperature for 1 h (slight exotherm). After 1 h,
the reaction mixture was added dropwise to a stirred solution of HATU (5.436 g, 14.30
mmol) in DMF (50 mL). The reaction was stirred an additional 16 h at ambient
temperature. The reaction was evaporated to an oil. The resulting oil was partitioned

between ethyl acetate (100 mL) and a 1M HCI solution (100 mL). The organics were
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separated, washed with additional 1M HCI (100 mL), then brine (100 mL). The organics
were dried over sodium sulfate and evaporated.
[00172] The crude product was purified by silica gel chromatography eluting with 0-
80% ethyl acetate in hexanes to give amorphous (11R)-6-(2,6-dimethylphenyl)-11-(2-
methylpropyl)-12-{spiro[2.3]hexan-5-yl}-9-oxa-2)°-thia-3,5,12,19-
tetraazatricyclo[12.3.1.14,8]nonadeca-1(17),4(19),5,7,14(18), 15-hexaene-2,2,13-trione
(1.73 g, 42%). 'H NMR (400 MHz, DMSO-ds) & 13.07 (s, 1H), 8.40 (s, 1H), 7.96 - 7.85
(m, 1H), 7.77 - 7.60 (m, 2H), 7.30 - 7.20 (m, 1H), 7.12 (d, J = 7.6 Hz, 2H), 6.38 (s, 1H),
5.12(dd,J=10.6,42 Hz, 1H), 440 (t,J=11.1 Hz, 1H), 4.23 (p, J =8.5Hz, 1H), 3.78 -
3.66 (m, 1H), 3.31 - 3.22 (m, 2H), 2.23 - 1.83 (m, 8H), 1.72 - 1.60 (m, 1H), 1.30 (s, 1H),
1.20 - 1.10 (m, 1H), 0.73 (d, J = 6.7 Hz, 3H), 0.56 - 0.41 (m, 4H), 0.21 (d, J = 6.3 Hz,
3H). ESI-MS m/z calc. 560.2457, found 561.4 (M+1); Retention time: 2.01 minutes
(LC method A).
Alternative Synthesis of Compound 1

Synthesis of 3-[[4-(2,6-Dimethylphenyl)-6-[(2R)-4-methyl-2-(spiro[2.3]hexan-

5-ylamino) pentoxy|pyrimidin-2-yl]sulfamoyl]benzoic acid (hydrochloride salt) (9)
NH
C. £ *}
NH S
b 'f : _COH % ’f : LCOH

[00173] To a solution of (2R)-4-methyl-2-(spiro[2.3 Jhexan-5-ylamino)pentan-1-ol
(52.26 g, 264.9 mmol) and 3-[[4-chloro-6-(2,6-dimethylphenyl)pyrimidin-2-
yl]sulfamoylbenzoic acid (103 g, 242.8 mmol) in MeTHF (700 mL) was added sodium
tert-butoxide (93.4 g, 971.9 mmol) portion-wise keeping the reaction temperature <40°C.
The addition is exothermic and the reaction temperature was controlled using an ice-
water bath and addition rate of the base. The reaction was stirred for 2 h at ambient
temperature. The reaction was quenched with the slow addition of HCI (1.2 L of 1 M,
1.200 mol) and stirred for 5 min. The mixture was transferred to a separatory funnel
using MeTHF. The aqueous phase was separated and extracted with 250 mL of MeTHF.
The combined organic phases were washed with 500 mL of brine, dried over MgSOa,
filtered and concentrated in vacuo. The light yellow solid was slurried with EtOAc (200
mL) and stirred for 1 h. The solid was collected using a M frit and washing 3X with 10
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mL of EtOAc. The oft-white solid was air dried and dried in vacuo for 20 hto afford 3-
[[4-(2,6-dimethylphenyl)-6-[(2R)-4-methyl-2-(spiro[ 2.3 ]hexan-5-

ylamino)pentoxy [pyrimidin-2-yl]sulfamoyl]benzoic acid (Hydrochloride salt) (120 g,
76%). ESI-MS m/z calc. 578.2563, found 579.2 (M+1)"; Retention time: 1.02 minutes.
(LC method A).

Synthesis of (11R)-6-(2,6-Dimethylphenyl)-11-(2-methylpropyl)-12-
{spiro[2.3]hexan-5-yl}-9-o0xa-2A%-thia-3,5,12,19-
tetraazatricyclo[12.3.1.14,8]nonadeca-1(17),4(19),5,7,14(18),15-hexaene-2,2,13-
trione (Compound I)

>)\NH .HCI

(0] _— O

N \N
Q.0 | \\//

[00174] 3-[[4-(2,6-Dimethylphenyl)-6-[(2R)-4-methyl-2-(spiro[2.3 ]hexan-5-
ylamino)pentoxy [pyrimidin-2-yl]sulfamoyl Jbenzoic acid (Hydrochloride salt) (4.41 g,
7.169 mmol) and HATU (2.80 g, 7.364 mmol) were combined in DMF (100 mL) and
triethylamine (3.0 mL, 21.52 mmol) was added. The reaction was stirred at ambient
temperature for 5 h. The reaction mixture was poured into a stirred solution of water
(150 mL) and HCI (35 mL of 1 M, 35.00 mmol). The mixture was stirred for 20 min and
the resulting white solid was collected by filtration. The solid was dissolved in ethyl
acetate (100 mL) and washed with 1M HCI (100 mL), brine (100 mL), then dried over
sodium sulfate and evaporated. The crude product was purified by silica gel
chromatography eluting with 0-70% ethyl acetate in hexanes to give amorphous (11R)-6-
(2,6-dimethylphenyl)-11-(2-methylpropyl)-12-{spiro[2.3]hexan-5-yl }-9-oxa-21°-thia-
3,5,12,19-tetraazatricyclo[12.3.1.14,8 nonadeca-1(17),4(19),5,7,14(18),15-hexaene-
2,2,13-trione (2.94 g, 73%). 'H NMR (400 MHz, DMSO-ds) & 13.07 (s, 1H), 8.40 (s,
1H), 7.91 (broad s, 1H), 7.68 (broad s, 2H), 7.25 (t, ] = 7.9 Hz, 1H), 7.12 (d, ] = 7.4 Hz,
2H), 6.38 (s, 1H), 5.12 (dd, J = 10.7, 4.2 Hz, 1H), 4.40 (t, ] = 11.1 Hz, 1H), 4.23 (p, J =
8.5 Hz, 1H), 3.79 - 3.65 (m, 1H), 3.31 - 3.22 (m, 2H), 2.21 - 1.84 (m, 8H), 1.72 - 1.61
(m, 1H), 1.36 - 1.23 (m, 1H), 1.21 - 1.10 (m, 1H), 0.73 (d, J = 6.6 Hz, 3H), 0.55 - 0.41
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(m, 4H), 0.21 (d, J = 6.2 Hz, 3H). ESI-MS m/z calc. 560.2457, found 561.5 (M+1)*;
Retention time: 2.02 minutes (LC method A).
[00175] Salts of Compound I were prepared according to the following Examples.

Example 2: Synthesis of a potassium salt of Compound I

Sy
O
XN o —_— XN o
' \\/,O o I e\\/’o o}
@

I
[00176] (11R)-6-(2,6-Dimethylphenyl)-11-(2-methylpropyl)-12-{spiro[2.3]hexan-5-
yl}-9-oxa-2A%-thia-3,5,12, 19-tetraazatricyclo[ 12.3.1.14,8nonadeca-
1(17),4(19),5,7,14(18),15-hexaene-2,2,13-trione (2 g, 3.448 mmol) was dissolved in
methanol (20 mL) and slowly treated with KOH (6.896 mL of 0.5 M, 3.448 mmol) (in
methanol) under stirring. The clear solution was stirred at ambient temperature for 1 h,
evaporated to give a glass and dried under house vacuum with nitrogen leak at 50-55 °C
for 16h to give amorphous (11R)-6-(2,6-dimethylphenyl)-11-(2-methylpropyl)-12-
{spiro[2.3]hexan-5-yl }-9-oxa-2A%-thia-3,5,12,19-tetraazatricyclo[12.3.1.14,8]-nonadeca-
1(17),4(19),5,7,14(18),15-hexaene-2,2,13-trione (Potassium Ion) (2.033 g, 98%) as an
off-white solid. 'H NMR (500 MHz, DMSO-ds) & 8.40 (s, 1H), 7.82 - 7.74 (m, 1H),
7.53 - 7.46 (m, 2H), 7.12 (t, T = 7.5 Hz, 1H), 7.03 (d, ] = 7.6 Hz, 2H), 5.78 (s, 1H), 5.09
(dd,J=10.5, 4.3 Hz, 1H), 4.17 (p, ] = 8.6 Hz, 1H), 4.06 (t, J = 11.0 Hz, 1H), 3.88 (dq, J
=11.1,7.3, 5.5 Hz, 1H), 3.28 (dt, J = 14.5, 9.3 Hz, 2H), 2.07 (dt, ] = 24.5, 9.2 Hz, 2H),
1.96 (s, 6H), 1.58 (ddd, T = 14.0, 10.9, 2.8 Hz, 1H), 1.29 (ddt, J = 13.3, 6.9, 2.8 Hz, 1H),
1.17(ddd, J=13.7,10.6,2.9 Hz, 1H), 0.71 (d, J =6.6 Hz, 3H), 0.52 (dd, ] =83, 5.6 Hz,
2H), 0.50 - 0.40 (m, 2H), 0.21 (d, J = 6.4 Hz, 3H).
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Example 3: Synthesis of a sodium salt of Compound I

= w& B @w&

[00177] (11R)-6-(2,6-Dimethylphenyl)-11-(2-methylpropyl)-12-{spiro[2.3hexan-5-
yl1}-9-oxa-2A%-thia-3,5,12, 19-tetraazatricyclo[12.3.1.14,8]nonadeca-
1(17),4(19),5,7,14(18),15-hexaene-2,2,13-trione (2 g, 3.448 mmol) was suspended in
water (25 mL) and slowly treated with NaOH (3.448 mL of 1 M, 3.448 mmol) under
stirring. The suspension was stirred at ambient temperature for 1.25 h to give a cloudy
solution. The cloudy solution was filtered clear over a syringe filter (0.2 um) and the
clear colorless filtrate was lyophilized for two days to give amorphous (11R)-6-(2,6-
Dimethylphenyl)-11-(2-methylpropyl)-12-{spiro[2.3]hexan-5-yl }-9-oxa-2A’-thia-
3,5,12,19-tetraazatricyclo[12.3.1.14,8 Jnonadeca-1(17),4(19),5,7,14(18),15-hexaene-
2,2,13-trione (Sodium salt) (2 g, 99%) as a colorless fluffy solid. 'H NMR (500 MHz,
DMSO-ds) & 8.40 (s, 1H), 7.78 (ddd, ] = 5.6, 3.5, 1.6 Hz, 1H), 7.52 - 7.45 (m, 2H), 7.12
(t,J=7.5Hz, 1H), 7.02 (d, J =7.6 Hz, 2H), 5.77 (s, 1H), 5.09 (dd, J = 10.5, 4.3 Hz, 1H),
4.16 (p, T = 8.5 Hz, 1H), 4.06 (t, T = 10.9 Hz, 1H), 3.89 (dq, J = 11.3, 7.5, 5.6 Hz, 1H),
3.28 (dt, J = 14.5, 9.3 Hz, 2H), 2.07 (dt, ] = 24.7, 9.3 Hz, 2H), 1.96 (s, 6H), 1.58 (td, J =
11.3,10.8, 5.7 Hz, 1H), 1.28 (ddd, T =9.6, 6.5, 3.0 Hz, 1H), 1.17 (ddd, J = 13.6, 10.5, 2.8
Hz, 1H), 0.71 (d, J = 6.6 Hz, 3H), 0.52 (dd, J = 8.3, 5.6 Hz, 2H), 0.50 - 0.41 (m, 2H),
0.21(d, J=6.4 Hz, 3H).
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Example 4: Synthesis of a calcium salt of Compound I

A *”‘”’t\j AL *‘”"’t\j

(Ca*")os
[00178] (11R)-6-(2,6-Dimethylphenyl)-11-(2-methylpropyl)-12-{spiro[2.3]hexan-5-
yl1}-9-oxa-2A°-thia-3,5,12, 19-tetraazatricyclo[ 12.3.1.14,8nonadeca-
1(17),4(19),5,7,14(18),15-hexaene-2,2, 13-trione (Sodium salt) (500 mg, 0.8566 mmol)
was stirred in water (5 mL) for 10 min to give a clear solution. A solution of CaClz (46.8
mg, 0.4217 mmol) in water (0.5 mL) was added resulting in the precipitation of a
gelatinous solid to give a semi-solid mass. Another portion of water (5 mL) was added
and the suspension stirred at ambient temperature for 23 h. The solid was collected by
filtration, washed with plenty of water (~3 x 5-10 mL) and dried under vacuum with a
nitrogen bleed at 55-60 °C for 14 h to give amorphous (11R)-6-(2,6-dimethylphenyl)-11-
(2-methylpropyl)-12-{spiro[2.3]hexan-5-y1}-9-oxa-2A%-thia-3,5,12,19-tetraazatricyclo-
[12.3.1.14,8]nonadeca-1(17),4(19),5,7,14(18),15-hexaene-2,2,13-trione (Calcium salt
(0.5)) (423 mg, 85%) as an off white solid. 'H NMR (500 MHz, DMSO-ds) & 8.40 (s,
1H), 7.78 (td, J = 4.4, 1.6 Hz, 1H), 7.50 (d, J = 4.7 Hz, 2H), 7.13 (t, T = 7.5 Hz, 1H), 7.03
(d,J=7.5Hz, 2H), 5.81 (s, 1H), 5.09 (dd, J = 10.5, 4.3 Hz, 1H), 4.17 (p, ] = 8.6 Hz, 1H),
4.08(t,J=11.0Hz, 1H),3.87(dq, J=11.1, 7.3, 5.4 Hz, 1H), 3.28 (dt, J= 142, 9.3 Hz,
2H), 2.07 (dt, J = 24.3, 9.1 Hz, 2H), 1.99 - 1.95 (m, 6H), 1.59 (ddd, J = 14.0, 10.8, 2.8
Hz, 1H), 1.28 (tt, T = 6.4, 3.0 Hz, 1H), 1.17 (ddd, J = 13.6, 10.4, 2.8 Hz, 1H), 0.71 (d, ] =
6.6 Hz, 3H), 0.55 - 0.40 (m, 4H), 0.21 (d, J = 6.4 Hz, 3H).
ESI-MS m/z calc. 560.2457, found 561.0 (M+1)"; Retention time: 2.1 minutes (LC
method A).
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Example 5: Synthesis of (11R)-6-(2,6-Dimethylphenyl)-11-(2-methylpropyl)-12-
[(1,1,2,2-tetradeutero)spiro[2.3]hexan-5-yl]-9-0xa-22°%-thia-3,5,12,19-
tetraazatricyclo[12.3.1.14,8|nonadeca-1(17),4(19),5,7,14(18),15-hexaene-2,2,13-

trione (Compound Ia)

Synthesis of [2-Bromo-1-(bromomethyl)ethoxy]methylbenzene (11)
OH Br

[00179] To a solution of 2-benzyloxypropane-1,3-diol (24.3 g, 129.36 mmol) in
anhydrous CH2Clz (350 mL) under argon atmosphere at O °C was added PhsP (72.177 g,
272.43 mmol) followed by CBr4 (91.258 g, 272.43 mmol) (one portion addition caused a
huge gas generation). The reaction mixture was stirred at 0 °C for 2.5 h. To the reaction
mixture was added water (150 mL) and dichloromethane (600 mL). The organic layer
was separated, dried over sodium sulfate, filtered and concentrated under reduced
pressure. Then, 10% ether in hexane (500 mL) was added, sonicated and filtered. The
solid cake was washed with 10% ether in hexane (300 mL). The solid was discarded and
the combined filtrates were concentrated under reduced pressure to give the crude
product. The crude product was purified by flash chromatography (loaded in CH2Cl2)
(330g Si0y, eluting 0 to 4% ether in hexane) to afford [2-bromo-1-
(bromomethyl)ethoxymethylbenzene (23.39 g, 59%) as a colorless liquid.

'H NMR (500 MHz, Chloroform-d) & 7.49 - 7.30 (m, 5H), 4.70 (s, 2H), 3.83 (p, J = 5.2
Hz, 1H), 3.60 (d, ] = 5.2 Hz, 4H). ESI-MS m/z calc. 305.92548, NO MS was observed.
Retention time: 5.47 minutes (LC Method C).

Synthesis of Diisopropyl 3-benzyloxycyclobutane-1,1-dicarboxylate (12)

1

Br 0Q )\
YT @H% L

O

.
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[00180] NaH (6.42 g, 160.52 mmol, 60% oil suspension) was suspended in dry DMF
(280 mL) under Argon. Diisopropyl propanedioate (26.49 g, 26.731 mL, 139.33 mmol)
in anhydrous DMF (20 mL) was added dropwise while keeping the temperature around
20 °C. On cessation of gas evolution, [2-bromo-1-(bromomethyl)ethoxy]-
methylbenzene (21.334 g, 69.264 mmol) in anhydrous DMF (20 mL) was added. The
reaction mixture was stirred at 140 °C for 26 h before being cooled to ambient
temperature and poured into a saturated aqueous solution of NH4Cl (500 mL) to prevent
emulsion formation. The solution was extracted with hexane (3 x 500 mL), washed with
water (300 mL), brine (300 mL), dried over anhydrous Na2SQOs, filtered and concentrated
under reduced pressure to remove hexane. The crude product obtained was purified by
flash chromatography (loaded in hexane) (330g SiOz, eluting 0 to 15% ether in hexane)
to afford diisopropyl 3-benzyloxycyclobutane-1,1-dicarboxylate (26.84 g, 90%) as a
colorless liquid. Note: The product contained 22% of diisopropyl propanedioate. 'H
NMR (250 MHz, CDCl3) § 7.58 - 7.14 (m, 5H), 5.22 - 4.90 (m, 2H), 4.43 (s, 2H), 4.15
(p,J=7.2 Hz, 1H), 2.89 - 2.68 (m, 2H), 2.63 - 2.40 (m, 2H), 1.43 - 0.99 (m, 12H). ESI-
MS m/z calc. 334.178, found 335.3 (M+1)"; Retention time: 5.94 minutes (LC Method
C).

Synthesis of [3-Benzyloxy-1-[dideuterio(hydroxy)methyl]cyclobutyl]-
dideuterio-methanol (13)

/<O o D, D
C_ C~
>\ HO %? OH

O (0]

- o
& .
[00181] To a solution of diisopropyl 3-benzyloxycyclobutane-1,1-dicarboxylate (26.84
g, 62.604 mmol) in anhydrous THF (250 mL) at 0 °C was added lithium
tetradeuterioalumanuide (6.11 g, 145.55 mmol) portion by portion. After the addition
was competed, the reaction was stirred at ambient temperature for 2 days before being

re-cooled to 0°C. Water (6.2 mL) was added dropwise followed by 15% aqueous sodium

hydroxide (6.2 mL) and water (18.6 mL). The resulting solution was stirred at ambient
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temperature for 30 min before being filtered through Celite and washed with THF. The
filtrate was concentrated under reduced pressure.

[00182] The residue obtained was dissolved in ethyl acetate (450 mL), washed with
water (100 mL x 3) and brine (100 mL). The organic layer was separated, and the
aqueous layer was extracted with ether (3 x 150 mL). The combined organic layers were
dried over anhydrous magnesium sulfate, filtered, and concentrated under reduced
pressure to afford a crude white solid. The crude product was purified by flash
chromatography (loaded in CH2Clz) (330g SiOz, eluting 0 to 50% acetone in hexane) to
afford [3-benzyloxy-1-[dideuterio(hydroxy)methyl]cyclobutyl]-dideuterio-methanol
(9.95 g, 68%) as a white solid. 'H NMR (500 MHz, Chloroform-d) § 7.40 - 7.32 (m,
4H), 7.32 - 7.28 (m, 1H), 4.42 (s, 2H), 4.17 - 3.99 (m, 1H), 2.48 - 2.05 (m, 4H), 1.87 -
1.79 (m, 2H). ESI-MS m/z calc. 226.1507, found 227.4 (M+1)", retention time 2.94
minutes (LC Method C).

Synthesis of [3,3-Bis|[dideuterio(iodo)methyl]cyclobutoxy]-
methylbenzene (14)

D, D, D, D,
C_ C-on OO~

"9 <

o} _— 0.
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[00183] To a solution of [3-benzyloxy-1-[dideuterio(hydroxy)methyl]-cyclobutyl]-
dideuterio-methanol (9.95 g, 43.967 mmol) in anhydrous CH2Cl2 (420 mL) was added
EtsN (17.860 g, 24.6 mL, 176.50 mmol), then cooled to 0 °C. Methanesulfonyl chloride
(14.652 g, 9.9 mL, 127.91 mmol) was added dropwise, and the resulting solution was
stirred at this temperature for 2 h before being quenched with saturated sodium
bicarbonate solution (200 mL). Dichloromethane (400 mL) was added; the organic layer
was separated, washed with brine (150 mL), dried over anhydrous magnesium sulfate,
filtered and concentrated under reduced pressure. The residue obtained was placed under
high vacuum to afford the bis-mesylate intermediate as a pale yellow liquid. The bis-
mesylate was dissolved in anhydrous acetone (300 mL), and Nal (49.08 g, 327.43 mmol)
was added. The reaction solution was heated at 50 °C for 5 days. The reaction solution

was filtered and washed with acetone.
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[00184] The filtrate was concentrated under reduced pressure. To the residue obtained
was added ether (800 mL) and a 10% sodium sulfite solution (250 mL x 2). The organic
solution was separated, dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The crude product was purified by flash chromatography
(loaded in CH2Cl2) (330g SiOz, eluting 0 to 5% ether in hexane) to afford [3,3-
bis[dideuterio(iodo)methyl]cyclobutoxy|methylbenzene (15.813 g, 81%) as a pale
yellow oil. 'H NMR (500 MHz, Chloroform-d) & 7.42 — 7.28 (m, 5H), 4.42 (s, 2H), 3.93
(tt, 1 =72, 6.1 Hz, 1H), 2.40 — 2.23 (m, 2H), 2.07 — 1.92 (m, 2H).

ESI-MS m/z calc. 445.9542, found 464.3 (M+18)"; Retention time: 6.53 minutes (LC
Method C).

Synthesis of S5-Benzyloxy-1,1,2,2-tetradeuterio-spiro[2.3]hexane (15)

D, Do
OO~ D,C-CD,

%; &
[00185] To a solution of [3,3-bis[dideuterio(iodo)methyl]cyclobutoxy]-methylbenzene
(15.81 g, 35.441 mmol) in a mixture of ethanol (70 mL) and water (30 mL) was added
Zn (9.96 g, 152.32 mmol). The resulting solution was refluxed for 2 h. The reaction
solution was cooled to ambient temperature, and then diluted with dichloromethane (400
mL) and water (100 mL). The organic layer was separated, washed with brine, dried over
anhydrous magnesium sulfate, filtered, and concentrated under reduced pressure. The
crude product was purified by flash chromatography (loaded in CH2Cl2) (220g SiOa,
eluting 0 to 4% ether in hexane) to afford 5-benzyloxy-1,1,2,2-tetradeuterio-
spiro[2.3]Thexane (6.77 g, 94%) as a colorless oil. 'H NMR (250 MHz, CDCl3) & 7.60 -
7.09 (m, SH), 4.45 (s, 2H), 4.30 (p, ] = 6.9 Hz, 1H), 2.41 - 2.22 (m, 2H), 2.22 - 1.99 (m,
2H). ESI-MS m/z calc. 192.14522, no MS was observed. Retention time: 5.62 minutes
(LC Method C).
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Synthesis of 1,1,2,2-Tetradeuteriospiro[2.3]hexan-S-ol (16)
D,C-CD,
ch_CDZ

O —_—

Ej on

[00186] To a solution of 5-benzyloxy-1,1,2,2-tetradeuterio-spiro[2.3 Jhexane (6.58 g,
34.219 mmol) in methyl acetate (35 mL) was added 5% Pd/C (1.01g, 9.4907 mmol), and
the mixture was stirred under hydrogen atmosphere for 20 h. Another 5% Pd/C (0.51g,
4.7923 mmol) amount was added to the reaction mixture, and it was stirred under a
hydrogen atmosphere for another 20 h. The catalyst was filtered off and rinsed with
diethyl ether (30 ml). The solvent was distilled off slowly at atmospheric pressure. The
residue was distilled under vacuum (Bp2o =72 °C) to give 1,1,2,2-

tetradeuteriospiro[2.3 Jhexan-5-ol (3.18 g, 91%) as a clear liquid.

'H NMR (250 MHz, CDCl3) § 4.53 (q, J = 6.5 Hz, 1H), 2.28 — 2.19 (m, 4H), 1.72 (d, ] =
5.7 Hz, 1H).

Synthesis of 1,1,2,2-Tetradeuteriospiro[2.3]hexan-S-one (17)
D2C_CD2 DzC_CDZ

OH O
[00187] CrOs/pyridine complex was obtained by adding CrOs3 (9.95 g, 99.506 mmol)
in pyridine (95 mL). To this solution was added dropwise a solution of 1,1,2,2-
tetradeuteriospiro[2.3 Jhexan-5-ol (3.16 g, 30.929 mmol) in pyridine (35 mL). The
reaction mixture was stirred at ambient temperature for 21 h. After cooling down, water
(50 mL) was added and then extracted with diethyl ether (200 mL x 3). The organic
phase was washed with 2N aqueous HCI until the aqueous phase reached pH=4, then
washed with saturated aqueous NaHCO3 (200 mL) and water (200 mL). After being
dried over sodium sulfate, the solvent was slowly removed by distillation at atmospheric
pressure. The residue was distilled (Bpi4 = 40-43 °C) to obtain 1,1,2,2-
tetradeuteriospiro[2.3]hexan-5-one (2.36 g, 71%). 'H NMR (500 MHz, Chloroform-d) &
3.16 (s, 4H).
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Synthesis of 3-[[4-[(2R)-2-(tert-Butoxycarbonylamino)-4-methyl-pentoxy]-6-
(2,6-dimethylphenyl)pyrimidin-2-yl]sulfamoyl]benzoic acid (18)

al Z}NHBOC
+
NH, _—
HO

| N\ =N [0Ne}
N/J\N’S COH | Y COH
H e

[00188] To a stirring solution of (2R)-2-amino-4-methyl-pentan-1-ol (12.419 g, 105.97
mmol) in anhydrous THF (200 mL) at ambient temperature under nitrogen was added
sodium tert-butoxide (15.276 g, 158.95 mmol). The reaction mixture was stirred for 10
min and 3-[[4-chloro-6-(2,6-dimethylphenyl)pyrimidin-2-yl]sulfamoylbenzoic acid
(22.14 g, 52.983 mmol) was added. The reaction mixture was placed on a water bath
preheated to 60 °C and stirred for 20 min. After cooling to ambient temperature, di-tert-
butyl dicarbonate (69.381 g, 317.90 mmol) was added and the reaction mixture was
stirred for 3 h. The reaction was quenched with saturated aqueous ammonium chloride
(150 mL). Volatiles were removed under vacuum and the aqueous layer was acidified to
pH ~3 with 10% aqueous citric acid. The product was extracted with ethyl acetate (3 x
200 mL). Combined organic layers were washed with brine (80 mL), dried over
anhydrous sodium sulfate and concentrated to a residual volume of ~250 mL. The
product was precipitated out into excess hexanes (750 mL) and collected by vacuum
filtration. The obtained white solid was repurified by silica gel chromatography using O-
40% acetone (0.15% acetic acid buffer) gradient in hexanes (0.15% acetic acid buffer) to
afford 3-[[4-[(2R)-2-(tert-butoxycarbonylamino)-4-methyl-pentoxy]-6-(2,6-
dimethylphenyl)pyrimidin-2-yl]sulfamoyl]benzoic acid (20.73 g, 61%) as a white solid.
ESI-MS m/z calc. 598.2461, found 599.4 (M+1)"; Retention time: 5.85 minutes (LC
Method C).
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Synthesis of 3-[[4-[(2R)-2-Amino-4-methyl-pentoxy]-6-(2,6-
dimethylphenyl)pyrimidin-2-yl]sulfamoyl]benzoic acid (hydrochloride salt) (19)

>)~NHBOC >)~NH2 .HCI
@) (o)

|\NO I\NOO

N/)\N,‘\s” CO,H N/J\N,‘\s” CO,H
T Rl

[00189] To a stirring solution of 3-[[4-[(2R)-2-(tert-butoxycarbonylamino)-4-methyl-
pentoxy]-6-(2,6-dimethylphenyl)pyrimidin-2-yl]sulfamoyl]benzoic acid (20.73 g, 34.624
mmol) in DCM (200 mL) at ambient temperature was added HCI (87 mL of 4 M solution
in 1,4-dioxane, 346.24 mmol). The reaction mixture was stirred for 2 h. Volatiles were
removed under vacuum and the obtained solid was triturated with diethyl ether (150
mL). After removal of the volatiles, the product was dried under vacuum to afford 3-[[4-
[(2R)-2-amino-4-methyl-pentoxy]-6-(2,6-dimethylphenyl)pyrimidin-2-
yl]sulfamoyl]benzoic acid (hydrochloride salt) (19.68 g, 100%) as a white solid.

'H NMR (250 MHz, DMSO-ds) & 8.56 - 8.27 (m, 4H), 8.14 (t, ] = 6.8 Hz, 2H), 7.70 (t, J
=7.8Hz, 1H), 7.34 - 7.18 (m, 1H), 7.17 - 7.02 (m, 2H), 6.31 (s, 1H), 4.42 - 4.23 (m,
1H), 4.23 - 4.06 (m, 1H), 3.5-3.4 (m, 1H, overlapped with water), 2.01 (s, 6H), 1.82 -
1.31 (m, 3H), 1.02 - 0.78 (m, 6H). ESI-MS m/z calc. 498.1937, found 499.3 (M+1)";
Retention time: 1.63 minutes (LC Method B).

Synthisis of 3-[[4-(2,6-Dimethylphenyl)-6-[(2R)-4-methyl-2-[(1,1,2,2-
tetradeuteriospiro[2.3]hexan-5-yl)amino]pentoxy|pyrimidin-2-yl]sulfamoyl]-
benzoic acid (hydrochloride salt) (20)

D2C~cp,

>}NH2 HCl D:Ccp, >}NH Hal
% o
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[00190] A 4 mL vial was charged with 3-[[4-[(2R)-2-amino-4-methyl-pentoxy]-6-(2,6-

dimethylphenyl)pyrimidin-2-yl]sulfamoyl]benzoic acid (Hydrochloride salt) (100 mg,

0.1869 mmol), 1,1,2,2-tetradeuteriospiro[2.3 Jhexan-5-one (53 mg, 0.5292 mmol),
anhydrous DCM (0.30 mL) and sodium acetoxyborohydride (Sodium salt) (133 mg,
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0.6275 mmol). The vial was briefly purged with nitrogen and the mixture was stirred at
ambient temperature for 1.5 h at which time LCMS showed 87% conversion. More
borohydride (90 mg) was added and the mixture was stirred for an additional 30 min. A
bit of methanol was added and the mixture was concentrated and dissolved in DMSO
(total final volume 3 mL). The mixture was purified by reverse phase preparative HPLC
(C18) using a gradient of acetonitrile in water (1 to 99% over 15 min) and HCl as a
modifier. The pure fractions were collected and the solvents evaporated to give 3-[[4-
(2,6-dimethylphenyl)-6-[(2R)-4-methyl-2-[(1,1,2,2-tetradeuteriospiro[2.3 Jhexan-5-
yl)amino]pentoxy |pyrimidin-2-ylJsulfamoyl]benzoic acid (Hydrochloride salt) (93 mg,
80%) as a white solid. The product (94.5% pure, contains 5.5% of M+3 = 585.51
impurity) was used for the next step without any further purification. ESI-MS m/z calc.

582.2814, found 583 .46 (M+1)"; Retention time: 1.27 minutes (LC method A).

Synthesis of (11R)-6-(2,6-Dimethylphenyl)-11-(2-methylpropyl)-12-[(1,1,2,2-
tetradeutero)spiro[2.3]hexan-5-yl]-9-0xa-225-thia-3,5,12,19-
tetraazatricyclo[12.3.1.14,8|nonadeca-1(17),4(19),5,7,14(18),15-hexaene-2,2,13-

trione (Compound Ia)
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[00191] A 20 mL flask was charged under nitrogen with HATU (157 mg, 0.4129
mmol), anhydrous DMF (6 mL), and DIEA (0.15 mL, 0.8612 mmol). A solution of 3-
[[4-(2,6-dimethylphenyl)-6-[(2R)-4-methyl-2-[(1,1,2,2-tetradeuteriospiro[2.3 Jhexan-5-
yl)amino]pentoxy [pyrimidin-2-yl]sulfamoyl]benzoic acid (Hydrochloride salt) (93 mg,
0.1502 mmol) in anhydrous DMF (4 mL) was added dropwise through syringe over a
period of 4 min. The mixture was stirred at ambient temperature for 17 h. The mixture
was concentrated and diluted with DMSO (2 mL). The solution was microfiltered
through a Whatman 0.45 pM PTFE syringe filter disc and purified by reverse phase

preparative HPLC (C18) using a gradient of acetonitrile in water (1 to 99% over 15 min)
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and HCI as a modifier. Evaporation gave a residue that was triturated in DCM/hexanes.
Evaporation of the solvents gave (11R)-6-(2,6-dimethylphenyl)-11-(2-methylpropyl)-12-
[(1,1,2,2-tetradeutero)spiro[2.3 Jhexan-5-yl]-9-oxa-2A%-thia-3,5,12,19-
tetraazatricyclo[12.3.1.14,8]nonadeca-1(17),4(19),5,7,14(18),15-hexaene-2,2,13-trione
(48 mg, 54%) as an off-white solid. 'H NMR (500 MHz, DMSO-ds) § 13.01 (broad s,
1H), 8.41 (s, 1H), 7.92 (d, J = 7.5 Hz, 1H), 7.78 - 7.60 (m, 2H), 7.26 (t, J = 7.6 Hz, 1H),
7.13 (d, J = 7.6 Hz, 2H), 6.38 (s, 1H), 5.13 (dd, J = 10.7, 4.2 Hz, 1H), 439 (t, J= 11.1
Hz, 1H), 4.23 (p, J = 8.5 Hz, 1H), 3.73 (t, ] = 11.6Hz, 1H), 3.30 - 3.20 (m, 2H), 2.31 -
1.77 (m, 8H), 1.67 (t, J = 13.9, Hz, 1H), 1.32 - 1.24 (m, 1H), 1.16 (ddd, J = 13.7, 10.4,
2.7Hz, 1H), 0.73 (d, J = 6.6 Hz, 3H), 0.22 (d, ] = 6.3 Hz, 3H). ESI-MS m/z calc.
564.2708, found 565.46 (M+1)"; Retention time: 2.05 minutes (LC method A).

[00192] Deuterium content was determined by liquid chromatography mass
spectrometry using a Sciex triple quad instrument. About 0.1 mg/mL of the sample was
dissolved in MeOH. 10 pL of the sample was diluted in 1 mL MeOH. 1 pL of the sample
was injected in the instrument. Column: Phenomenex Synergy Fusion RP 4 um, 80A
50x2 mm. Flow rate: 0.5 mL/min. Gradient: 40%B to 95% B in 3.5 min. Mobile phase
A: 0.1% Formic acid in water. B: acetonitrile. The selected ion monitoring method was
used. The mass spectrometer was operated in a positive ionization mode with an ESI
source. The percentage of each ion monitored was as follows: Da: 98.52%, Ds3: 1.45%

D2:0.00%, D1:0.02%; D0:0.02%.

Example 6: Synthesis of a potassium salt of Compound Ia

ch\

By — oy

la

[00193] Compound Ia is dissolved in methanol and slowly treated with KOH (0.5 M in

methanol) under stirring. The solution is stirred at ambient temperature for 1 h,
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evaporated, and dried under house vacuum with nitrogen leak at 50-55 °C for 16 h to

give Compound Ia (Potassium Ion).

Example 7: Synthesis of a sodium salt of Compound Ia

D2C‘002 D2C~cp,

\N SN o
| oL o)
®

la
[00194] Compound Ia is suspended in water and slowly treated with NaOH (1 M)
under stirring. The suspension is stirred at ambient temperature for 1.25 h. The solution
is filtered clear over a syringe filter (0.2 um) and the clear filtrate is lyophilized for two

days to give Compound Ia (Sodium salt).

Example 8: Synthesis of a calcium salt of Compound Ia

DQC‘CDz DZC\CDZ
SN SN
e 2P e 2P
(Ca?*)y5

[00195] Compound Ia (Sodium salt) is stirred in water for 10 min. A solution of
CaCl: in water is added. Another portion of water is added and the suspension stirred at
ambient temperature for 23 h. The solid is collected by filtration, washed with plenty of
water, and dried under vacuum with a nitrogen bleed at 55-60 °C for 14 h to give

Compound Ia (Calcium salt (0.5)).
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Example 9: Synthesis of (11R)-6-(2,6-Dimethylphenyl)-11-isobutyl-2,2-dioxo-12-
(4,4,5,6,6-pentadeuteriospiro[2.3]hexan-5-yl)-9-o0xa-22°-thia-3,5,12,19-
tetrazatricyclo[12.3.1.14,8]nonadeca-1(18),4,6,8(19),14,16-hexaen-13-one
(Compound Ib)

Synthesis of 4,4,6,6-Tetradeuteriospiro[2.3]hexan-5-one (21)

g

O
[00196] A mixture of spiro[2.3]hexan-5-one (2.17 g, 22.574 mmol) and potassium
carbonate (8 g, 57.885 mmol) in triglyme (24 mL) and D20 (8 mL) was stirred at 70 °C
for 24 h. After cooling to ambient temperature, the reaction was extracted with ether (5 x
16 mL). The combined ether layers were dried over anhydrous sodium sulfate and
filtered. The filtrate was concentrated under atmosphere pressure to remove diethyl ether,
and then it was distilled under reduced pressure (50-60 mBar, 50 to 60 °C) to furnish
4,4,6,6-tetradeuteriospiro[2.3 Jhexan-5-one (1.07 g, 13%) as a clear liquid.
[00197] A second reaction was run. A mixture of spiro[2.3]hexan-5-one (2 g, 20.806
mmol) and potassium carbonate (7.0 g, 50.649 mmol) in triglyme (21 mL) and D20 (7
mL) was stirred at 70 °C for 24 h. After being cooled to ambient temperature, the
solution was extracted with diethyl ether (5 x 14 mL). The combined ether layers were
dried over anhydrous sodium sulfate. The ether was removed under atmosphere pressure.
The residue was distilled under vacuum (50-60 mbar, 50-60 °C) to furnish 4,4,6,6-
tetradeuteriospiro[2.3 Jhexan-5-one (1.222 g, 37%) as a clear liquid. Both batches of
crude product were combined and subjected to another deuterium exchange reaction.
[00198] Into a solution of crude 4,4,6,6-tetradeuteriospiro[2.3]hexan-5-one (2.29 g,
8.4601 mmol) in triglyme (6 mL) was added a solution of potassium carbonate (2.9231
g,21.150 mmol) in D20 (3 mL). The reaction mixture was stirred at 70 °C for 24 h.
After being cooled to ambient temperature, the reaction was extracted with diethyl ether
(3 x 10 mL). The combined ether layers were dried over anhydrous sodium sulfate and
concentrated under atmosphere pressure. To the residue was added a saturated sodium
bisulfite solution (20 mL), and it was stirred for 1 h. The aqueous layer was extracted
with diethyl ether (3 x 20 mL). The organic layer was discarded. The aqueous layer was
basified with 10% NaOH (aq), and then it was extracted with diethyl ether (3 x 20 mL).
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The ether was removed by distillation under 1 atm pressure to furnish a 9.01% solution
of 4,4,6,6-tetradeuteriospiro[2.3 Jhexan-5-one (2.55 g, 27%) in triglyme and diethyl
ether. This triglyme solution was used for the next step without any further purification.

'H NMR (250 MHz, Chloroform-d) & 0.77 (d, J = 0.3 Hz, 4H).

Synthesis of 3-[[4-(2,6-Dimethylphenyl)-6-[(2R)-4-methyl-2-[(4,4,5,6,6-
pentadeuteriospiro[2.3]hexan-5-yl)amino]pentoxy]pyrimidin-2-

yl]sulfamoyl]benzoic acid (hydrochloride salt) (22)

D,C
Dyma =
NH, .HCI D
o NH el
D,C 0

SN
A ¥

| o
N~ N~ COH A8 CO,H
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[00199] A 4 mL vial was charged under nitrogen with 3-[[4-[(2R)-2-amino-4-methyl-

O

O

-

pentoxy ]-6-(2,6-dimethylphenyl)pyrimidin-2-yl]sulfamoyl]benzoic acid (Hydrochloride
salt) (43 mg, 0.08037 mmol), 4,4,6,6-tetradeuteriospiro[2.3 Jhexan-5-one (157 mg of 9
%w/w, 0.1411 mmol) (9% pure material in triglyme solution ), and
cyano(trideuterio)boranuide (Sodium salt) (19 mg, 0.2885 mmol). The vial was purged
with nitrogen, capped and the resulting suspension was vigorously stirred at ambient
temperature for 1h and 15 min. The reaction was quenched by the addition of deuterated
methanol-ds4 (1 mL, 24.68 mmol). The solution was microfiltered through a Whatman
0.45 uM PTFE syringe filter disc and purified by reverse phase preparative HPLC (C18)
using a gradient of acetonitrile in water (1 to 99% over 15 min) and HCI as a modifier.
The pure fractions were collected and the solvents evaporated with a genevac to give 3-
[[4-(2,6-dimethylphenyl)-6-[(2R)-4-methyl-2-[(4,4,5,6,6-pentadeuterio-spiro[ 2.3 [hexan-
5-yl)amino]pentoxy Jpyrimidin-2-yl]sulfamoyl]benzoic acid (Hydrochloride salt) (24 mg,
48%). ESI-MS m/z calc. 583.28766, found 584.45 (M+1)*; Retention time: 1.26
minutes. Significant presence of d4 product also visible (M+H = 583) (LC method A).
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Synthesis of (11R)-6-(2,6-Dimethylphenyl)-11-isobutyl-2,2-dioxo-12-
(4,4,5,6,6-pentadeuteriospiro[2.3]hexan-5-yl)-9-o0xa-22°-thia-3,5,12,19-
tetrazatricyclo[12.3.1.14,8]nonadeca-1(18),4,6,8(19),14,16-hexaen-13-one

(Compound Ib)
205

D
D CD2 ><CD2
NH .HCI
o]
| WY \\ //

[00200] A 100 mL flask was charged under nitrogen with 3-[[4-(2,6-dimethylphenyl)-
6-[(2R)-4-methyl-2-[(4,4,5,6,6-pentadeuteriospiro[2.3 Jhexan-5-

yl)amino]pentoxy [pyrimidin-2-yl]sulfamoyl]benzoic acid (Hydrochloride salt) (24 mg,
0.03870 mmol), HATU (53 mg, 0.1394 mmol), anhydrous DMF (2.5 mL) and DIEA (40
uL, 0.2296 mmol). The mixture was stirred at ambient temperature for 2.5 days. The
mixture was concentrated and diluted with DMSO (2 mL). The solution was
microfiltered through a Whatman 0.45 uM PTFE syringe filter disc and purified by
reverse phase preparative HPLC (C18) using a gradient of acetonitrile in water (1 to 99%
over 15 min) and HCI as a modifier. Genevac evaporation gave (11R)-6-(2,6-
dimethylphenyl)-11-isobutyl-2,2-dioxo-12-(4,4,5,6,6-pentadeuteriospiro[ 2.3 Jhexan-5-
yl)-9-oxa-2A%-thia-3,5,12,19-tetrazatricyclo[ 12.3.1.14,8 nonadeca-1(18),4,6,8(19),14,16-
hexaen-13-one (4.2 mg, 19%) as an off-white solid.

'H NMR (500 MHz, DMSO-ds) § 13.41 - 11.69 (broad m, 1H), 8.40 (s, 1H), 7.91 (d, ] =
7.4 Hz, 1H), 7.77 - 7.60 (m, 2H), 7.25 (t, J = 7.7 Hz, 1H), 7.12 (d, J = 7.6 Hz, 2H), 6.38
(s, 1H),5.12(dd, J=10.8,42 Hz, 1H),439 (t,J=11.1 Hz, 1H),3.72 (td,J =11.4,6.0
Hz, 1H), 2.25 - 1.85 (m, 6H), 1.66 (ddd, J = 14.0, 10.6, 2.8 Hz, 1H), 1.39 - 1.25 (m, 1H),
1.15 (ddd, T=13.8, 10.5, 2.8 Hz, 1H), 0.72 (d, J = 6.6 Hz, 3H), 0.54 - 0.36 (m, 4H), 0.21
(d, 7= 6.3 Hz, 3H). ESI-MS m/z calc. 565.2771, found 566.43 (M+1)"; Retention time:
2.04 minutes. (LC method A).

[00201] Deuterium content was determined by liquid chromatography mass
spectrometry using a Sciex triple quad instrument. About 0.1 mg/mL of the sample was

dissolved in MeOH. 10 pL of the sample was diluted in 1 mL MeOH. 1 pL of the sample
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was injected in the instrument. Column: Phenomenex Synergy Fusion RP 4 pm, 80A
50x2 mm. Flow rate: 0.5 mL/min. Gradient: 40%B to 95% B in 3.5 min. Mobile phase
A: 0.1% Formic acid in water. B: acetonitrile. The selected ion monitoring method was
used. The mass spectrometer was operated in a positive ionization mode with an ESI
source. The percentage of each ion monitored was as follows: Ds: 58.66%, Da: 34.01%,

D3: 6.81%, D2:0.47%, D1:0.03%; Do:0.02%.

Example 10: Synthesis of a potassium salt of Compound Ib
ch/i ch/i
><CD2 ><CD2
N_ D N D
(0] O
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[00202] Compound Ib is dissolved in methanol and slowly treated with KOH (0.5 M
in methanol) under stirring. The solution is stirred at ambient temperature for 1 h,
evaporated, and dried under house vacuum with nitrogen leak at 50-55 °C for 16 h to

give Compound Ib (Potassium Ion).

Example 11: Synthesis of a sodium salt of Compound Ib

[00203] Compound Ib is suspended in water and slowly treated with NaOH (1 M)

under stirring. The suspension is stirred at ambient temperature for 1.25 h. The solution
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is filtered clear over a syringe filter (0.2 um) and the clear filtrate is lyophilized for two

days to give Compound Ib (Sodium salt).

Example 12: Synthesis of a calcium salt of Compound Ib

[00204] Compound Ib (Sodium salt) is stirred in water for 10 min. A solution of
CaCl: in water is added. Another portion of water is added and the suspension stirred at
ambient temperature for 23 h. The solid is collected by filtration, washed with plenty of
water, and dried under vacuum with a nitrogen bleed at 55-60 °C for 14 h to give

Compound Ib (Calcium salt (0.5)).

Example 13: Synthesis of (11R)-12-(5-Deuteriospiro[2.3]hexan-5-yl)-6-(2,6-
dimethylphenyl)-11-isobutyl-2,2-diox0-9-0xa-2A%-thia-3,5,12,19-
tetrazatricyclo[12.3.1.14,8]nonadeca-1(18),4,6,8(19),14,16-hexaen-13-one
(Compound Ic)

Synthesis of 3-[[4-[(2R)-2-[(S-Deuteriospiro[2.3]hexan-5-yl)amino]-4-methyl-

pentoxy]-6-(2,6-dimethylphenyl)pyrimidin-2-yl]sulfamoyl]benzoic acid
(hydrochloride salt) (23)

NH, .HCI ) D
b g NH HCI
_—
\N
COZH

\\/,

N7 CO,H
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[00205] A 4 mL vial was charged with 3-[[4-[(2R)-2-amino-4-methyl-pentoxy]-6-(2,6-
dimethylphenyl)pyrimidin-2-yl]sulfamoyl Jbenzoic acid (Hydrochloride salt) (99 mg,
0.1850 mmol), spiro[2.3]hexan-5-one (50 mg, 0.5201 mmol), anhydrous DCM (0.30
mL) and sodium cyanoborodeuteride (36 mg, 0.5466 mmol) . The vial was briefly
purged with nitrogen and the mixture (thick suspension at the beginning) was vigorously
stirred at ambient temperature for 2 h at which time LCMS showed about 50%
conversion. Deuterated methanol-ds (1 mL, 24.62 mmol) was added and the mixture
was concentrated and dissolved in DMSO (total final volume 3 mL). The mixture was
purified by reverse phase preparative HPLC (C18) using a gradient of acetonitrile in
water (1 to 99% over 15 min) and HCI as a modifier. The pure fractions were collected
and the solvents evaporated to give 3-[[4-[(2R)-2-[(5-deuteriospiro[2.3 ]hexan-5-
yl)amino]-4-methyl-pentoxy]-6-(2,6-dimethylphenyl)-pyrimidin-2-yl]sulfamoyl|benzoic
acid (Hydrochloride salt) (28 mg, 25%) as a white solid. ESI-MS m/z calc. 579.2626,
found 580.42 (M+1)"; Retention time: 1.42 minutes (LC method A).

Synthesis of (11R)-12-(5-Deuteriospiro[2.3]hexan-5-yl)-6-(2,6-
dimethylphenyl)-11-isobutyl-2,2-diox0-9-0xa-2A%-thia-3,5,12,19-
tetrazatricyclo[12.3.1.14,8]nonadeca-1(18),4,6,8(19),14,16-hexaen-13-one
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[00206] A 20 mL flask was charged under nitrogen with HATU (48 mg, 0.1262
mmol), anhydrous DMF (2 mL) and DIEA (45 pL, 0.2584 mmol). A solution of 3-[[4-
[(2R)-2-[(5-deuteriospiro[ 2.3 [hexan-5-yl)amino]-4-methyl-pentoxy]-6-(2,6-

(Compound Ic)

dimethylphenyl)pyrimidin-2-yl]sulfamoyl Jbenzoic acid (Hydrochloride salt) (28 mg,
0.04544 mmol) in anhydrous DMF (1 mL) was added dropwise through syringe and the
mixture was stirred at ambient temperature for 14 h. The mixture was concentrated and

diluted with DMSO (2 mL). The solution was microfiltered through a Whatman 0.45 uM
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PTFE syringe filter disc and purified by reverse phase preparative HPLC (C18) using a
gradient of acetonitrile in water (1 to 99% over 15 min) and HCI as a modifier.
Evaporation gave a residue that was triturated in DCM/hexanes. Evaporation of the
solvents gave (11R)-12-(5-deuteriospiro[2.3 Jhexan-5-yl)-6-(2,6-dimethylphenyl)-11-
isobutyl-2,2-diox0-9-oxa-2A\%-thia-3,5,12,19-tetrazatricyclo[12.3.1.14,8Jnonadeca-
1(18),4,6,8(19),14,16-hexaen-13-one (11 mg, 42%) as a white solid. 'H NMR (400
MHz, DMSO-ds) § 12.52 (broad m, 1H), 8.40 (s, 1H), 7.90 (br s, 1H), 7.67 (br s, 2H),
7.24 (1,1 =7.9Hz, 1H), 7.12 (d, J = 7.6 Hz, 2H), 6.37 (br s, 1H), 5.11 (dd, J = 10.8, 4.2
Hz, 1H), 439 (t,J=11.0 Hz, 1H), 3.74 (d, J=11.4 Hz, 1H), 3.27 (dd, J=10.1, 5.0 Hz,
2H), 2.24 - 1.81 (m, 8H), 1.66 (t, J = 11.8 Hz, 1H), 1.38 - 1.23 (m, 1H), 1.23 - 1.00 (m,
1H), 0.72 (d, J = 6.6 Hz, 3H), 0.59 - 0.37 (m, 4H), 0.21 (d, J = 6.2 Hz, 3H). 'H NMR
shows about 95% of D1 analog and about 5% of non-deuterated analog. ESI-MS m/z
calc. 561.252, found 562.48 (M+1)"; Retention time: 2.07 minutes (LC method A).

Example 14: Synthesis of a potassium salt of Compound I¢

(B — sy

Ic
[00207] Compound I¢ is dissolved in methanol and slowly treated with KOH (0.5 M in
methanol) under stirring. The solution is stirred at ambient temperature for 1 h,
evaporated, and dried under house vacuum with nitrogen leak at 50-55 °C for 16 h to

give Compound Ie¢ (Potassium Ion).
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Example 15: Synthesis of a sodium salt of Compound Ic
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Ic
[00208] Compound I¢ is suspended in water and slowly treated with NaOH (1 M)
under stirring. The suspension is stirred at ambient temperature for 1.25 h. The solution
is filtered clear over a syringe filter (0.2 um) and the clear filtrate is lyophilized for two

days to give Compound Ic¢ (Sodium salt).

Example 16: Synthesis of a calcium salt of Compound Ic

(Ca2+

[00209] Compound I¢ (Sodium salt) is stirred in water for 10 min. A solution of CaClz
in water is added. Another portion of water is added and the suspension stirred at
ambient temperature for 23 h. The solid is collected by filtration, washed with plenty of
water, and dried under vacuum with a nitrogen bleed at 55-60 °C for 14 h to give

Compound Ic (Calcium salt (0.5)).
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Example 17: Synthesis of (11R)-6-]2,6-di(trideutero)methylphenyl]-11-(2-
methylpropyl)-12-{spiro[2.3]hexan-5-yl}-9-o0xa-22%-thia-3,5,12,19-
tetraazatricyclo[12.3.1.14,8|nonadeca-1(17),4(19),5,7,14(18),15-hexaene-2,2,13-
trione (Compound Id)

Synthesis of 2-Bromobenzene-1,3-dicarboxylic acid (25)
CO,H
Br
CO,H
[00210] To a stirring solution of 2-bromo-1,3-dimethyl-benzene (35.25 g, 190.48
mmol) in a mixture of tert-butanol (150 mL) and water (150 mL) at ambient temperature
was portion-wise added potassium permanganate (61 g, 385.99 mmol). After the addition
was complete, the reaction mixture was heated to 85 °C for 3 h. After cooling to ambient
temperature, another portion of potassium permanganate (62 g, 392.32 mmol) was
added. The reaction mixture was then heated to 85 °C for 16 h. The reaction mixture was
filtered hot through a pad of celite, and the filter cake was washed with a hot 1:1 mixture
of tert-butanol and water (2 x 100 mL). The combined filtrates were concentrated under
vacuum to a residual volume of ~200 mL and acidified to pH ~1 with concentrated
sulfuric acid. The mixture was cooled to 0 °C and left standing for 2 h. The precipitated
product was collected by filtration, and the aqueous filtrate was further extracted with
ethyl acetate (2 x 80 mL). The combined organic layers were washed with brine (40 mL),
dried over anhydrous sodium sulfate and concentrated. All product fractions were
combined, washed with hexanes (2 x 100 mL), and dried under vacuum to afford 2-
bromobenzene-1,3-dicarboxylic acid (24.86 g, 51%) as a white solid. The product was
carried forward to the next step without any further purification.
'H NMR (250 MHz, DMSO-de) 8 7.71 (d, J = 7.6 Hz, 2H), 7.53 (t, ] = 7.6 Hz, 1H).
ESI-MS m/z calc. 243.9371, found 245.3 (M+1)*; Retention time: 1.63 minutes (LC
Method C).
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Synthesis of Dimethyl 2-bromobenzene-1,3-dicarboxylate (26)

COQH COQMG
Br Br
CO,H CO,Me

[00211] To a stirring solution of 2-bromobenzene-1,3-dicarboxylic acid (25.15 g,
102.64 mmol) in anhydrous DMF (250 mL) at ambient temperature under nitrogen was
added anhydrous K2COs (31.5 g, 227.92 mmol), followed by iodomethane (32.376 g,
14.2 mL, 228.10 mmol). The reaction mixture was stirred at this temperature for 24 h.
The reaction mixture was poured into brine (750 mL), and the product was extracted
with ethyl acetate (3 x 250 mL). The combined organic layers were washed with brine
(450 mL), dried over anhydrous sodium sulfate and concentrated to afford dimethyl 2-
bromobenzene-1,3-dicarboxylate (28.45 g, 94%) as an amber oil. The product was
carried to the next step without further purification. 'H NMR (250 MHz, DMSO-ds) &
7.91 - 7.74 (m, 2H), 7.70 - 7.52 (m, 1H), 3.88 (s, 6H). ESI-MS m/z calc. 271.9684,
found 273 .4 (M+1)"; Retention time: 4.23 minutes (LC Method C).

Synthesis of [2-Bromo-3-[dideuterio(hydroxy)methyl]phenyl]-dideuterio-
methanol (27)

-OH
COo,Me D,C

_OH
CO,Me c©

D2
[00212] To a stirring suspension of lithium aluminum deuteride (200 mg, 5.0044
mmol) in anhydrous THF (3 mL) at O °C under nitrogen was dropwise added a solution
of dimethyl 2-bromobenzene-1,3-dicarboxylate (585 mg, 2.1422 mmol) in anhydrous
THF (1 mL). After the addition was complete, the reaction mixture was stirred at this
temperature for 1 h. The reaction mixture was diluted with THF (10 mL) and quenched
using a standard Fieser protocol. Salts were filtered off and washed with THF (2 x 10
mL). The combined filtrates were concentrated under vacuum to afford [2-bromo-3-
[dideuterio(hydroxy)methyl]phenyl]-dideuterio-methanol (416 mg, 79%) as a white
solid. The product was carried to the next step without further purification.
'H NMR (250 MHz, DMSO-ds) & 7.44 - 7.39 (m, 3H), 5.37 (s, 2H). ESI-MS m/z calc.
220.0037, found 203.3 (M+1-18)"; Retention time: 1.8 minutes (LC Method C).
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Synthesis of 2-Bromo-1,3-bis[bromo(dideuterio)methyl]benzene (28)

DZC DZC
Br Br
_—
OH Br

[00213] To a stirring suspension of [2-bromo-3-[dideuterio(hydroxy)methyl]phenyl]-
dideuterio-methanol (12.56 g, 56.811 mmol) in anhydrous DCM (370 mL) at ambient
temperature under nitrogen was added carbon tetrabromide (45.3 g, 136.60 mmol),
followed by a portionwise addition of triphenylphosphine (35.8 g, 136.49 mmol) over a
15-minute period. After the addition was complete, the reaction mixture became a
homogeneous solution and was stirred at this temperature for 1 h. The reaction mixture
was concentrated under vacuum to a residual volume of ~100 mL and poured into
diethyl ether (600 mL). The white precipitate was filtered off and washed with diethyl
ether (2 x 50 mL). The combined filtrates were collected and concentrated under vacuum
to a residual volume of ~100 mL and poured into hexanes (600 mL). The white
precipitate was filtered off and washed with hexanes (2 x 100 mL). The combined
filtrates were collected and concentrated under vacuum. The crude product was purified
by silica gel chromatography using 0 - 10% ethyl acetate gradient in hexanes to afford 2-
bromo-1,3-bis[bromo(dideuterio)methyl]benzene (15.56 g, 71%) as a white solid.

'H NMR (250 MHz, DMSO-ds) 8 7.60 (d, J = 7.6 Hz, 2H), 7.39 (t, ] = 7.5 Hz, 1H).

Synthesis of 2-Bromo-1,3-bis(trideuteriomethyl)benzene (29)

o CD,
o C[
_
C:,Br CDs
D>

[00214] To a stirring suspension of lithium aluminum deuteride (3.65 g, 91.330 mmol)
in anhydrous THF (70 mL) at 0 °C under nitrogen was added dropwise a solution of 2-
bromo-1,3-bis[bromo(dideuterio)methyl Jbenzene (15.5 g, 40.216 mmol) in anhydrous
THF (70 mL). After the addition was complete, the reaction mixture was stirred at this
temperature for 1 h. The reaction mixture was diluted with THF (100 mL), and quenched

using a standard Fieser workup protocol. Salts were filtered off and washed with THF (2
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x 50 mL). The combined filtrates were concentrated under vacuum. The residue was re-
dissolved in hexanes (200 mL), filtered and concentrated under vacuum to afford 2-
bromo-1,3-bis(trideuteriomethyl)benzene (5.58 g, 68%) as a pale yellow oil. The product
was carried to the next step without further purification.

"H NMR (250 MHz, DMSO-ds) § 7.23 - 7.11 (m, 3H).

Synthesis of [2,6-Bis(trideuteriomethyl)phenyl]boronic acid (30)
CDs CD3 OH
L — o
CD; CD3
[00215] To a stirring suspension of magnesium turnings (1.8 g, 74.059 mmol) and
iodine (15 mg, 0.0030 mL, 0.0591 mmol) in anhydrous THF (20 mL) at ambient
temperature under nitrogen was slowly added a solution of 2-bromo-1,3-
bis(trideuteriomethyl)benzene (9.89 g, 46.578 mmol) in anhydrous THF (50 mL). Once
initiated, the reaction is exothermic and the rate of addition was adjusted to keep the
reaction temperature below the boiling point of THF. After the addition was complete,
the reaction mixture was stirred at 65 °C for 1 h. The prepared solution of Grignard
reagent was cooled down to ambient temperature and added dropwise to a solution of
trimethyl borate (24.232 g, 26 mL, 233.20 mmol) in anhydrous THF (60 mL) cooled to -
78 °C under nitrogen. After the addition was complete, the reaction mixture was stirred
at -78 °C for 3 h, then allowed to warm up to ambient temperature and stirred overnight.
The reaction mixture was cooled to 0 °C and aqueous HCI (95 mL of 1 M, 95.000 mmol)
was slowly added. After the addition was complete, the reaction mixture was warmed up
to ambient temperature and stirred for 3 h. Water (100 mL) was added and the volatiles
were removed under vacuum. The aqueous layer was extracted with ethyl acetate (3 x
200 mL). The combined organic layers were washed with brine (80 mL), dried over
anhydrous sodium sulfate and concentrated. The obtained residue was triturated with
hexanes (100 ml). The precipitated product was collected by filtration and dried under
vacuum to afford [2,6-bis(trideuteriomethyl)phenyl]boronic acid (4.667 g, 61%) as a
white solid. 'H NMR (500 MHz, DMSO-ds) & 8.11 (broad s, 2H), 7.06 (dd, J=7.9, 7.1
Hz, 1H), 6.91 (d, J = 7.5 Hz, 2H).
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Synthesis of tert-Butyl N-[4-[2,6-bis(trideuteriomethyl)phenyl]-6-chloro-
pyrimidin-2-yl]-N-tert-butoxycarbonyl-carbamate (31)

Cl Cl
Dl © L
~ P —_— ~ P
OH cl N I}I’BOC N '}'BOC
CDs3 Boc Boc

CDs3
[00216] A stirring solution of [2,6-bis(trideuteriomethyl)phenyl]boronic acid (1.565 g,
10.031 mmol) and tert-butyl N-tert-butoxycarbonyl-N-(4,6-dichloropyrimidin-2-
yl)carbamate (5.48 g, 15.046 mmol) in a mixture of 1,2-dimethoxyethane (30 mL) and
water (10 mL) at ambient temperature was degassed with nitrogen for 30 min. Under
nitrogen, cesium carbonate (8.18 g, 25.106 mmol) and [1,1'-bis(diphenylphosphino)-
ferrocene]dichloropalladium(II) (735 mg, 1.0045 mmol) were added. The reaction
mixture was heated to 80 °C for 3 h. After cooling to ambient temperature, the reaction
mixture was diluted with water (120 mL), and the product was extracted with ethyl
acetate (3 x 150 mL). The combined organic layers were washed with brine (50 ml),
dried over anhydrous sodium sulfate and concentrated. The crude product was purified
by silica gel chromatography using 0 - 10% diethyl ether gradient in hexanes to afford
tert-butyl N-[4-[2,6-bis(trideuteriomethyl)phenyl]-6-chloro-pyrimidin-2-y1]-N-tert-
butoxycarbonyl-carbamate (3.6919 g, 79%) as pale yellow oil. ESI-MS m/z calc.
439.2145, found 440.4 (M+1)"; Retention time: 7.48 minutes (LC Method C).

Synthesis of 4-[2,6-Bis(trideuteriomethyl)phenyl]-6-chloro-pyrimidin-2-
amine (32)

cl cl
cD; \)N\ a0, | \)N\
N7 r}rBOC - N7 NH,
cp, B CD,

[00217] To a stirring solution of tert-butyl N-[4-[2,6-bis(trideuteriomethyl)phenyl]-6-
chloro-pyrimidin-2-yl]-N-tert-butoxycarbonyl-carbamate (3.66 g, 8.3188 mmol) in DCM
(30 mL) at ambient temperature was added a solution of HCI (12 mL of 4 M, 48.000
mmol) in 1,4-dioxane. The reaction mixture was stirred at this temperature for 20 h.
Volatiles were removed under vacuum, the obtained white solid was re-suspended in

saturated aqueous NaHCOs3 (150 mL) and stirred at ambient temperature for 15 min. The
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product was extracted with ethyl acetate (3 x 100 mL). The combined organic layers
were washed with brine (50 mL), dried over anhydrous sodium sulfate and concentrated
to afford 4-[2,6-bis(trideuteriomethyl)phenyl]-6-chloro-pyrimidin-2-amine (1.842 g,
87%) as a white solid. ESI-MS m/z calc. 239.1096, found 240.3 (M+1)"; Retention time:
4.44 minutes (LC Method C).

Synthesis of Methyl 3-[[4-[2,6-bis(trideuteriomethyl)phenyl]-6-chloro-
pyrimidin-2-yl]sulfamoyl]benzoate (33)
Cl

S Q CD
D, N \ // M 3

[00218] To a stirring solution of 4-[2,6-bis(trideuteriomethyl)phenyl]-6-chloro-
pyrimidin-2-amine (1.8 g, 7.5083 mmol) and methyl 3-chlorosulfonylbenzoate (2.64 g,
11.250 mmol) in anhydrous THF (50 mL) at O °C under nitrogen was added dropwise a
solution of lithium tert-amoxide (3.2120 g, 11 mL of 40 %w/w, 13.656 mmol) in
heptanes. After the addition was complete, the reaction mixture was stirred at this
temperature for 2 h. The reaction mixture was quenched cold with 1 M aqueous HCI
(120 mL), then warmed up to ambient temperature and volatiles were removed under
vacuum. The product was extracted with ethyl acetate (3 x 150 mL). Combined organic
layers were washed with brine (50 mL), dried over anhydrous sodium sulfate and
concentrated. The crude product was purified by silica gel chromatography using O -
20% ethyl acetate gradient in hexanes to afford methyl 3-[[4-[2,6-bis(trideuterio-
methyl)phenyl]-6-chloro-pyrimidin-2-yl|sulfamoyl]benzoate (2.786 g, 80%) as a white
solid. ESI-MS m/z calc. 437.1083, found 438.3 (M+1)"; Retention time: 5.95 minutes
Final purity was determined by reverse phase HPLC using LC Method C.

Synthesis of 3-[[4-]2,6-Bis(trideuteriomethyl)phenyl]-6-chloro-pyrimidin-2-
yl]sulfamoyl]benzoic acid (34)
Cl Cl
CD; SN o CDs

L ep . BR%
/ g
NS CO,Me NSNS CO,H
H H
CD,
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[00219] To a stirring solution of methyl 3-[[4-[2,6-bis(trideuteriomethyl)phenyl]-6-
chloro-pyrimidin-2-yl]sulfamoyl[benzoate (2.751 g, 6.2818 mmol) in THF (40 mL) at
ambient temperature was added aqueous NaOH (26 mL of 1 M, 26.000 mmol). The
reaction mixture was stirred at this temperature for 2 h. Water (100 mL) was added, and
volatiles were removed under vacuum. The residual aqueous layer was extracted with
ethyl acetate (1 x 100 mL), and the organic layer was discarded. The aqueous layer was
acidified with 2 M aqueous HCI to pH ~1, and the product was extracted with ethyl
acetate (3 x 100 mL). Combined organic layers were washed with brine (50 mL), dried
over anhydrous sodium sulfate and concentrated to afford 3-[[4-[2,6-bis(trideuterio-
methyl)phenyl]-6-chloro-pyrimidin-2-yl]sulfamoyl]benzoic acid (1.719 g, 62%) as a
white solid. "H NMR (500 MHz, DMSO-ds) § 13.43 (s, 1H), 12.44 (s, 1H), 8.44 (t, ] =
1.8 Hz, 1H), 8.18 (dt, ] = 7.8, 1.4 Hz, 1H), 8.13 (ddd, J = 7.9, 2.0, 1.2 Hz, 1H), 7.68 (t, J
=7.8Hz, 1H), 7.31 (s, 1H), 7.24 (dd, J = 8.0, 7.2 Hz, 1H), 7.10 (d, J = 7.6 Hz, 2H).
ESI-MS m/z calc. 423.0927, found 424.0 (M+1)"; Retention time: 2.28 minutes (LC
Method B).

Synthesis of 3-[[4-[2,6-Bis(trideuteriomethyl)phenyl]-6-[(2R)-4-methyl-2-

(spiro[2.3]hexan-5-ylamino)pentoxy|pyrimidin-2-yl|sulfamoyl]|benzoic acid

(Hydrochloride salt) (35)
NH
Z} HCl

cl g
+
——-
s [N Q o >}NH ¢Ds SN q o
2 Ho | 2
N/)\N,S CO,H N/)\N/S CO,H
H H
cD, CDs

[00220] 1Ina 20 mL flask, 3-[[4-[2,6-bis(trideuteriomethyl)phenyl]-6-chloro-
pyrimidin-2-yl]sulfamoyl]benzoic acid (157 mg, 0.3704 mmol) and (2R)-4-methyl-2-
(spiro[2.3]hexan-5-ylamino)pentan-1-ol (Hydrochloride salt) (90 mg, 0.3850 mmol)
were charged under nitrogen with anhydrous THF (2 mL) (suspension). Sodium zerz-
butoxide (156 mg, 1.623 mmol) was added (slight exotherm and dissolution of solids).
The suspension was stirred at ambient temperature for 5.5 h. The mixture was
partitioned between ethyl acetate (30 mL) and aqueous 1M HCI (30 mL) and brine (20
mL). After separation, the aqueous phase was further extracted with EtOAc (2 x 30 ml).

The combined extracts were dried over sodium sulfate and the solvents evaporated to

85



WO 2020/206080 PCT/US2020/026331

give a crude material. The material was dissolved in DMSO (4 mL). The solution was
microfiltered through a Whatman 0.45 uM PTFE syringe filter disc and purified by
reverse phase preparative HPLC (C18) using a gradient of acetonitrile in water (1 to 99%
over 15 min) and HCI as a modifier. Evaporation gave 3-[[4-[2,6-bis(trideuterio-
methyl)phenyl]-6-[(2R)-4-methyl-2-(spiro[2.3]hexan-5-ylamino)pentoxy Jpyrimidin-2-
yl]sulfamoyl]benzoic acid (Hydrochloride salt) (135 mg, 59%) as a white solid.

ESI-MS m/z calc. 584.29395, found 585.73 (M+1)"; Retention time: 1.22 minutes (LC
method A).

Synthesis (2R)-4-Methyl-2-(spiro[2.3]hexan-S-ylamino)pentan-1-ol
(hydrochloride salt) (3-HCI)

N R

[00221] HCI 354 mL of 4 M, 1.416 mol) (4 M in dioxane) was added to a stirring
(mechanical) solution of (2R)-4-methyl-2-(spiro[2.3 Jhexan-5-ylamino)pentan-1-ol (254
g, 1.287 mol) in diethyl ether (2.286 L) in an ice/water bath over 20 minutes, keeping the
internal temp between 10 °C and 22°C. After the addition was complete, the solution
was stirred at ambient temperature for 1.5 h. The product was filtered out and rinsed
with 2000 mL diethyl ether. The exact same process was repeated again on the exact
same scale (a total of 508 g of amino alcohol starting material was used). The product
was dried under vacuum at 35 °C overnight and gave 562.3 g. (2R)-4-methyl-2-
(spiro[2.3]hexan-5-ylamino)pentan-1-ol (Hydrochloride salt) (562.3 g, 93%). 'H NMR
(500 MHz, DMSO-ds) 8 9.17 - 8.84 (m, 2H), 5.38 (s, 1H), 3.99 (p, J = 7.2 Hz, 1H), 3.70
-3.60 (m, 1H), 3.55 - 3.45 (m, 1H), 3.03 - 2.91 (m, 1H), 2.63 - 2.54 (m, 2H), 2.20 - 2.05
(m, 2H), 1.73 - 1.60 (m, 1H), 1.60 - 1.48 (m, 1H), 1.43 - 1.30 (m, 1H), 0.93 - 0.83 (m,
6H), 0.55 - 0.45 (m, 2H), 0.45 - 0.36 (m, 2H).
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Synthesis of (11R)-6-[2,6-di(trideutero)methylphenyl]-11-(2-methylpropyl)-
12-{spiro[2.3]hexan-5-yl}-9-0xa-2A°-thia-3,5,12,19-
tetraazatricyclo[12.3.1.14,8|nonadeca-1(17),4(19),5,7,14(18),15-hexaene-2,2,13-
trione (Compound Id)

>}NH.HCI >}N
o) _— o
D SN
ch; SN o o ¢0s QL0 o
\ 7
| N/J\N:S// oM N/)\N,s
H
H

CD,
[00222] A 20 mL flask was charged under nitrogen with COMU (244 mg, 0.5697
mmol), anhydrous DMF (8 mL) and DIEA (0.22 mL, 1.263 mmol). A solution of 3-[[4-
[2,6-bis(trideuteriomethyl)phenyl]-6-[(2R )-4-methyl-2-(spiro[ 2.3 Jhexan-5-
ylamino)pentoxy [pyrimidin-2-yl]sulfamoyl]benzoic acid (Hydrochloride salt) (135 mg,
0.2173 mmol) in anhydrous DMF (4 mL) was added dropwise through syringe over a
period of 3 min. The mixture was stirred at ambient temperature for 17 h. The mixture
was concentrated and diluted with DMSO (2 mL). The solution was microfiltered
through a Whatman 0.45 pM PTFE syringe filter disc and purified by reverse phase
preparative HPLC (C18) using a gradient of acetonitrile in water (1 to 99% over 15 min)
and HCI as a modifier. Evaporation gave a residue that was triturated in DCM/hexanes.
Evaporation of the solvents gave (11R)-6-[2,6-di(trideutero)-methylphenyl]-11-(2-
methylpropyl)-12-{spiro[2.3]hexan-5-y1}-9-oxa-2A%-thia-3,5,12,19-tetraazatricyclo-
[12.3.1.14,8]nonadeca-1(17),4(19),5,7,14(18),15-hexaene-2,2,13-trione (73.4 mg, 60%)
as an off-white solid. 'H NMR (400 MHz, DMSO-ds) & 13.47 - 11.72 (broad m, 1H),
8.40 (s, 1H), 7.99 - 7.81 (m, 1H), 7.82 - 7.52 (m, 2H), 7.26 (t, ] = 7.7 Hz, 1H), 7.12 (d, J
=7.6 Hz, 2H), 6.37 (br s, 1H), 5.12 (dd, ] = 10.7, 42 Hz, 1H), 4.39 (t, ] = 11.1 Hz, 1H),
4.23 (p,J=8.5Hz, 1H), 3.72 (t, ] = 10.4 Hz, 1H), 3.30 - 3.22 (m, 2H, overlapped with
water), 2.09 (dt, J = 19.0, 9.4 Hz, 2H), 1.66 (t, ] = 12.5 Hz, 1H), 1.38 - 1.24 (br m, 1H),
1.15 (dd, J = 14.0, 10.4 Hz, 1H), 0.72 (d, J = 6.6 Hz, 3H), 0.61 - 0.35 (m, 4H), 0.21 (d, J
= 6.2 Hz, 3H). ESI-MS m/z calc. 566.2834, found 567.69 (M+1)"; Retention time: 2.05
minutes (LC method A).
[00223] Deuterium content was determined by liquid chromatography mass

spectrometry using a single quad instrument. About 0.1 mg/mL of the sample was

87



WO 2020/206080 PCT/US2020/026331

dissolved in MeOH. 10 pL of the sample was diluted in 1 mL MeOH. 1 pL of the sample
was injected into the instrument. Column: Agilent SB C18, 1.8 um, 2.1 x 50 mm. Flow
rate: 0.7 mL/min. Gradient: 40% B to 100% B in 2.5 min. Mobile phase A: 0.1%
trifluoroacetic acid in water. B: acetonitrile. The selected ion monitoring method was
used. The mass spectrometer was operated in a positive ionization mode with an ESI
source. The percentage of each ion monitored was as follows: De: 88.49%, Ds: 8.14%,

D4: 0.93%, D3: 0.52%, D2:1.93%, D1:0.00%; Do:0.00%.

Example 18: Synthesis of a potassium salt of Compound Id

5 5

CD

\\/, @\\//

[00224] Compound Id is dissolved in methanol and slowly treated with KOH (0.5 M
in methanol) under stirring. The solution is stirred at ambient temperature for 1 h,
evaporated, and dried under house vacuum with nitrogen leak at 50-55 °C for 16 h to

give Compound Id (Potassium Ion).

Example 19: Synthesis of a sodium salt of Compound Id

@D L

CD; N - CD; 0

\\/, )\@ ) /,

Id

[00225] Compound Id is suspended in water and slowly treated with NaOH (1 M)

under stirring. The suspension is stirred at ambient temperature for 1.25 h. The solution
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is filtered clear over a syringe filter (0.2 um) and the clear filtrate is lyophilized for two

days to give Compound Id (Sodium salt).

Example 20: Synthesis of a calcium salt of Compound Id

D3 \N D; \N
@\\/, @\\’/
(CaZ+

[00226] Compound Id (Sodium salt) is stirred in water for 10 min . A solution of
CaCl: in water is added. Another portion of water is added and the suspension stirred at
ambient temperature for 23 h. The solid is collected by filtration, washed with plenty of
water, and dried under vacuum with a nitrogen bleed at 55-60 °C for 14 h to give

Compound Id (Calcium salt (0.5)).

Bioactivity Assays

Solutions
[00227] Base medium (ADF+++) consisted of Advanced DMEM/Ham’s F12, 2 mM
Glutamax, 10 mM HEPES, 1pg/ml penicillin/streptomycin.
[00228] Intestinal enteroid maintenance medium (IEMM) consisted of ADF+++, 1x
B27 supplement, 1x N2 supplement, 1.25 mM N-acetyl cysteine, 10 mM Nicotinamide,
50 ng/mL hEGF, 10 nM Gastrin, 1 pg/mL hR-spondin-1, 100 ng/mL hNoggin, TGF-b
type 1 inhibitor A-83-01, 100 ug/mL Primocin, 10 pM P38 MAPK inhibitor SB202190.
[00229] Bath 1 Buffer consisted of 1 mM MgClz, 160 mM NaCl, 4.5 mM KCl, 10 mM
HEPES, 10 mM Glucose, 2 mM CaCla.
[00230] Chloride Free Buffer consisted of 1 mM Magnesium Gluconate, 2 mM
Calcium Gluconate, 4.5 mM Potassium Gluconate, 160 mM Sodium Gluconate, 10 mM
HEPES, 10 mM Glucose.
[00231] Bathl Dye Solution consisted of Bath 1 Buffer, 0.04% Pluronic F127, 20 uM
Methyl Oxonol, 30 uM CaCCinh-A01, 30 uM Chicago Sky Blue.
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[00232] Chloride Free Dye Solution consisted of Chloride Free Buffer, 0.04% Pluronic
F127, 20 uM Methyl Oxonol, 30 uM CaCCinh-A01, 30 uM Chicago Sky Blue.
[00233] Chloride Free Dye Stimulation Solution consisted of Chloride Free Dye
Solution, 10 pM forskolin, 100 uM IBMX, and 300 nM Compound III.

Cell Culture
[00234] Human intestinal epithelial enteroid cells were obtained from the Hubrecht
Institute for Developmental Biology and Stem Cell Research, Utrecht, The Netherlands
and expanded in T-Flasks as previously described (Dekkers JF, Wiegerinck CL, de Jonge
HR, Bronsveld I, Janssens HM, de Winter-de Groot KM, Brandsma AM, de Jong NWM,
Bijvelds MJC, Scholte BJ, Nieuwenhuis EES, van den Brink S, Clevers H, van der Ent
CK, Middendorp S and M Beekman JM. A functional CFTR assay using primary cystic
fibrosis intestinal organoids. Nat. Med. 2013 Jul;19(7):939-45.

Enteroid Cell Harvesting and Seeding

[00235] Cells were recovered in cell recovery solution, collected by centrifugation at
650 rpm for 5 min at 4 °C, resuspended in TryPLE and incubated for 5 min at 37 °C.
Cells were then collected by centrifugation at 650 rpm for 5 min at 4 °C and resuspended
in IEMM containing 10 uM ROCK inhibitor (RI). The cell suspension was passed
through a 40 pm cell strainer and resuspended at 1x106 cells/mL in IEMM containing 10
uM RI. Cells were seeded at 5000 cells/well into multi-well plates and incubated for
overnight at 37 °C, 95% humidity and 5% COz prior to assay.

Membrane Potential Dye Assay
[00236] Enteroid cells were incubated with test compound in IEMM for 18-24 h at 37

°C, 95% humidity and 5% CO:. Following compound incubations, a membrane potential
dye assay was employed using a FLIPR Tetra to directly measure the potency and
efficacy of the test compound on CFTR-mediated chloride transport following acute
addition of 10 pM forskolin and 300 nM N-[2,4-bis(1,1-dimethylethyl)-5-
hydroxyphenyl]-1,4-dihydro-4-oxoquinoline-3-carboxamide. Briefly, cells were washed
5 times in Bath 1 Buffer. Bath 1 Dye Solution was added and the cells were incubated
for 25 min at ambient temperature. Following dye incubation, cells were washed 3 times
in Chloride Free Dye Solution. Chloride transport was initiated by addition of Chloride
Free Dye Stimulation Solution and the fluorescence signal was read for 15 min. The
CFTR-mediated chloride transport for each condition was determined from the AUC of
the fluorescence response to acute forskolin and 300 nM N-[2,4-bis(1,1-dimethylethyl)-
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5-hydroxyphenyl]-1,4-dihydro-4-oxoquinoline-3-carboxamide stimulation. Chloride

transport was then expressed as a percentage of the chloride transport following
treatment with 1 M (14S)-8-[3-(2-{Dispiro[2.0.2.1]heptan-7-yl } ethoxy)-1H-pyrazol-1-
yl]-12,12-dimethyl-2A°-thia-3,9,11,18,23-pentaazatetracyclo[17.3.1.111,14.05,10]-
tetracosa-1(22),5,7,9,19(23),20-hexaene-2,2 4-trione, 3 uM ((R)-1-(2,2-difluoro-
benzo[d][1,3]dioxol-5-y1)-N-(1-(2,3-dihydroxypropyl)-6-fluoro-2-(1-hydroxy-2-

methylpropan-2-yl)-1H-indol-5-yl)cyclopropanecarboxamide and 300 nM acute N-[2,4-

bis(1,1-dimethylethyl)-5-hydroxyphenyl]-1,4-dihydro-4-oxoquinoline-3-carboxamide

triple combination positive control (% Activity). Table 3 provides CFTR modulating

activity for Compound I and exemplary deuterated derivatives of Compound L.

Table 3. CFTR Modulating Activity for Compound I and Exemplary Deuterated

Derivatives of Compound I

Compound

Chemical Structure

Max. Activity

ECso

Compound I

+++

-+

Compound Ia

+++

+++
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Compound Chemical Structure Max. Activity | ECso
Compound Ib /? +++ +++

D.C
2 ><CD2
N D
(0]
N
[ 1 QP
I~ rd
N N
H
Compound I¢ g +++ +++
>}N D
(0]
N
| /N Q\S/,O
N™ N~
H
Compound Id g +++ +++
s
O
CcD =
SR,
N N~
H
CD;

Max Activity: +++ is >60%; ++ is 30-60%; + is <30%. ECso: +++is <1 uM.

Other Embodiments

[00237]

The foregoing discussion discloses and describes merely exemplary

embodiments of this disclosure. One skilled in the art will readily recognize, from such

discussion and from the accompanying claims, that various changes, modifications, and

variations can be made therein without departing from the spirit and scope of this

disclosure as defined in the following claims.
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We claim:

1. A compound selected from Compound I:

\N

\\ /,

)

deuterated derivatives of Compound I, and pharmaceutically acceptable salts thereof.
2. The compound of claim 1, wherein the compound is Compound 1.

3. The compound of claim 1, wherein the deuterated derivative of Compound I is
selected from:

Compound Ia:

Compound Ib:
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Compound I¢:

Compound Id:

Id,
and pharmaceutically acceptable salts thereof.
4. The compound of claim 1 or 2, wherein the compound is a potassium salt.
5. The compound of claim 1 or 2, wherein the compound is a sodium salt.
6. The compound of claim 1 or 2, wherein the compound is a calcium salt.
7. A method of treating a CFTR-mediated disorder, comprising administering an

effective amount of the compound of any one of claims 1 to 6 to a patient in need
thereof.

8. The method of claim 7, wherein the CFTR-mediated disorder is CF.

9. The method of claim 7, wherein the compound is Compound I or a
pharmaceutically acceptable salt thereof.

10. The method of any one of claims 7 to 9, further comprising administering one or

more compounds selected from:
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Compound II:
oY
O
< Tk
OH
o 0 F N
\EOH
OH
I,
Compound III:
OH
O O
N
sen
N
H
T,
Compound III-d:
OH CD;
CDs
o 9 CcD;
N
OO
N
H
III-d, and
Compound IV:
Os OH

X
oo
o§

ZT
7 N,

and pharmaceutically acceptable salts of Compounds I, 111, III-d, and IV.

11. The method of claim 10, comprising administering Compound I and Compound

I or Compound ITI-d.

12. The method of claim 10, comprising administering Compound I, Compound II,

and Compound III or Compound III-d.
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13. A process for preparing Compound I, comprising reacting compound 8:
Cl
| e
N/)\N:SO/COZH
H
8
with compound 3:
N
HO
3
to produce Compound 1.
14. A process for preparing Compound I, comprising:

a) reacting compound 8 with compound 3, and subsequent treatment with HCI to

~E

N7

B
N/)\”,S\Q/COZH

9

produce compound 9:

and
b) converting compound 9 into Compound 1.
15.  The process of claim 13 or 14, wherein compound 8 is prepared by
a) reacting compound 7:
Cl
l ~N

PR

N~ “NH,

7

with methyl 3-chlorosulfonylbenzoate and a first base,
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b) treatment with a second base, and
¢) treating the reaction mixture with HCI to produce compound 8.
16.  The process of claim 15, wherein compound 7 is prepared by converting

compound 7-HCI:

Cl
()
N™  'NH, .HCI
7-HCI
into compound 7.
17.  The process of claim 16, wherein compound 7-HCl is prepared by converting
compound 6:
Cl
| =N
N/)\N,Boc
Boc
6
into compound 7-HCL.
18.  The process of claim 17, wherein compound 6 is prepared by reacting compound
5:
Cl
/fi)N\ .Boc
Cl N l}l
Boc
5

with 2,6-dimethylphenylboronic acid to produce compound 6.

19.  The process of claim 18, wherein compound 5 is prepared by converting
compound 4:
Cl

into compound 5.
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20. The process of claim 13 or 14, wherein compound 3:
>__}NH
HO
3
is prepared by reacting compound 1:
HO
1
with compound 2:
(0]
2
to produce compound 3.
21. A process for preparing Compound Ia, comprising converting compound 20:
D2C~cp,
N
o
=
DT
pZ N,S\©/C02H
H
20

into compound Ia.
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22.  The process of claim 21, wherein compound 20 is produced by reacting

>}—NH2 HCI
o)

Q.0

)
\ /4
N/)\H,S/\(jCOZH

19

compound 19:

and compound 17:

17
to produce compound 20.

23. The process of claim 22, wherein compound 19 is prepared by converting

>>7NHBOC
(@]

B

Q0
\
H

18

compound 18:

into compound 19.
24, The process of claim 23, wherein compound 18 is prepared by

a) reacting compound 8 with compound 1:
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>)7NH2
HO

1
b) converting the product of step a) into compound 18.

25.  The process of claim 22, wherein compound 17 is prepared by converting

compound 16:

DzC_CDz
OH
16
into compound 17.
26.  The process of claim 25, wherein compound 16 is prepared by converting
compound 15:
ch_CDz
O
15
into compound 16.
27.  The process of claim 26, wherein compound 15 is prepared by converting

compound 14:
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D, D,
I/CE SC\I
o}
14
into compound 15.
28.  The process of claim 27, wherein compound 14 is prepared by converting
compound 13:
D, D
HO/C¢C\OH
o)
13
into compound 14.
29.  The process of claim 28, wherein compound 13 is prepared by converting

compound 12:

/400 )\

12

into compound 13.
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30.  The process of claim 29, wherein compound 12 is prepared by reacting

compound 11:

Br

e

11
with diisopropyl propanedioate to form compound 12.

31.  The process of claim 30, wherein compound 11 is prepared by converting

compound 10:

OH
0)
@) OH
10
into compound 11.
32. A process for preparing Compound Ib, comprising converting compound 22:

CD2
NH HCI
~N
N
| o)
N\ 2
N/)\H,SUCOZH

22

into compound Ib.
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33.  The process of claim 32, wherein compound 22 is prepared by reacting

DZC}?EDZ

21

compound 19 with compound 21:

to produce compound 22.

34.  The process of claim 33, wherein compound 21 is prepared by converting
compound 2 into compound 21.

35. A process for preparing Compound I¢, comprising converting compound 23:

into compound Ic.
36.  The process of claim 35, wherein compound 23 is prepared by reacting
compound 19 with compound 2 to produce compound 23.

37. A process for preparing Compound Id:

w5y

comprising converting compound 35:
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N

W\ /
N/)\N,s’ COH
H
CDs
35
into compound Id.
38.  The process of claim 37, wherein compound 35 is prepared by reacting
compound 34:
Cl
CD3 | ~ N o\ e}
N/)\N,‘s’\©/cozH
H
CD;,
34
with compound 3-HCI:
>}NH
HO Hcl
3-HCl
to produce compound 35.
39.  The process of claim 38, wherein compound 34 is prepared by converting

compound 33:

Cl
CD3 | \N O ,/O

N\
-
N)\N/ CO,Me
H
CD;

33

into compound 34.
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40.  The process of claim 39, wherein compound 33 is prepared by reacting

compound 32:

32
with methyl 3-chlorosulfonylbenzoate to produce compound 33.
41.  The process of claim 40, wherein compound 32 is prepared by converting

compound 31:
Cl

3] SN
N/J\I}I’BOC

Boc

CD
CD,
31
into compound 32.

42, The process of claim 41, wherein compound 31 is prepared by reacting

compound 5:

with compound 30:

to produce compound 31.
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43.  The process of claim 42, wherein compound 30 is prepared by converting

compound 29:
CD;

ff
CD;

29
into compound 30.
44, The process of claim 43, wherein compound 29 is prepared by converting

compound 28:

.B
D,C""

Br
[:[,B
Cr

D
28
into compound 29.
45.  The process of claim 44, wherein compound 28 is prepared by converting

compound 27:

_OH
D,C

into compound 28.
46.  The process of claim 45, wherein compound 27 is prepared by converting

compound 26:

CO,Me
Br
CO,Me
26
into compound 27.
47. The process of claim 46, wherein compound 26 is prepared by converting

compound 25:
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CO,H
Br
CO,H
25
into compound 26.
48.  The process of claim 47, wherein compound 25 is prepared by converting
compound 24:
Br
24

into compound 285.

49.  The process of claim 38, wherein compound 3-HCl is prepared by treating
compound 3 with HCI to produce compound 3-HCI.
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