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FIG. 1
(57) Abstract: Provided are processes for the preparation of (.S')-tcrt-bntyl 4,5-diamino-5-oxopentanoate, or a salt, solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof. Also provided are solid forms of various intermediates and products 
obtained from the processes.
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PROCESSES FOR THE PREPARATION OF (S)-TERT-BUTYL 4,5-DIAMINO-5-
OXOPENT  ANOATE

[0001] This application claims priority to U.S. Provisional Application No. 62/548,268, 
filed August 21, 2017, the entirety of which is incorporated herein by reference.

1. FIELD

[0002] Provided herein are processes for the preparation of (S)-tert-butyl 4,5-diamino-5- 
oxopentanoate, or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue 
thereof. The compound can be used in making pharmaceutically active compounds that contain 
an (5)-2-aminoglutarimide moiety, for example, (5)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-l- 
oxoisoindolin-2-yl)piperidine-2,6-dione.

2. BACKGROUND

[0003] Certain compounds containing a glutarimide moiety have been reported to show 
pharmaceutical properties suitable for clinical development. One example is (5)-3-(4-((4- 
(morpholinomethyl)benzyl)oxy)-l-oxoisoindolin-2-yl)piperidine-2,6-dione. The compound is 
described in U.S. Patent Publication No. 2011/0196150, which is incorporated herein by 
reference in its entirety.

[0004] Processes for synthesizing enantiomerically enriched or enantiomerically pure 3- 
(4-((4-(morpholinomethyl)benzyl)oxy)-l-oxoisoindolin-2-yl)piperidine-2,6-dione have been 
previously described in U.S. Patent Publication No. 2014/0046058, which is incorporated herein 
by reference in its entirety. The processes utilize (5)-tert-butyl 4,5-diamino-5-oxopentanoate 
hydrochloride as a key starting material for the construction of the (S)-2-aminoglutarimide 
moiety.

[0005] The synthesis of (S)-tert-butyl 4,5-diamino-5-oxopentanoate hydrochloride has 
been previous reported. For example, one recent report describes synthesis of (5)-tert-butyl 4,5- 
diamino-5-oxopentanoate hydrochloride from Cbz-(L)-Glu(tBu)-OH. J. Med. Chem. 2016, 
59(19), 9107-9123 (supporting information).
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[0006] This reported method, however, is not suitable for scale up. It describes removing 
solvent to dryness, which leads to an uncontrolled precipitation (which in turn can lead to 
variable purity). It also describes the use of high volumes (up to 56 volumes, i.e., 56 mL per 
gram), which is inefficient on large scales. Additionally, the process does not describe control of 
the stereogenic (chiral) center. There is no literature about the chiral purity of the products.

[0007] (0)-tert-Butyl 4,5-diamino-5-oxopentanoate hydrochloride is commercially 
available, normally only at gram quantities. The price normally ranges from $300 to $800 per 
100 g of the product, which could be costly for large scale preparation of glutarimide-containing 
compounds. The delivery normally takes several weeks (e g., about 12 weeks), and the chemical 
purity of the commercial product is normally reported to be about 95—98%. The analytical data 
for the chiral purity is often not well defined.

[0008] Despite of its current availability, a need still exists for the development of 
alternative synthetic processes for (SJ-tert-butyl 4,5-diamino-5-oxopentanoate hydrochloride.

3. SUMMARY

[0009] Provided herein are processes for the preparation of a compound of Formula (I):
O

O^O‘Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof. A 
compound of Formula (I) has a chemical name of (5)-tert-butyl 4,5-diamino-5-oxopentanoate. 
The processes comprise an optional step of preparing a salt of the compound.

[0010] In one embodiment, provided herein are processes for the preparation of a
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compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or
isotopologue thereof, comprising a ring-opening reaction of a N-protected oxazolidin-5-one
moiety with ammonia or a protected amine.

[0011] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a ring-opening reaction of an oxazolidine-2,5-dione moiety 

with ammonia.

[0012] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a ring-opening reaction of a N-protected pyrrolidin-2-one 
moiety with a tert-butoxide nucleophile.

[0013] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a Michael addition reaction of 2- 
((diphenylmethylene)amino)acetonitrile, 2-((diphenylmethylene)amino)acetamide, or 2- 
((diphenylmethylene)amino)acetate ester to tert-butyl acrylate.

[0014] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a Michael addition reaction of 2-phenyloxazol-5(4H)-one to 
tert-butyl acrylate.

[0015] Also provided herein are processes for the preparation of a compound of Formula 

(XIV):
o o

ο (XIV)
or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof. The 
processes utilize a compound of Formula (I) as one of the starting material.
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[0016] Also provided herein are processes for the preparation of a compound of Formula
(XV):

Q
,CO2R8

CHO
OR7 (XV)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof. The 
compound of Formula (XV) can be used as another starting material for the preparation of a 
compound of Formula (XIV). ■

[0017] In one embodiment, provided herein are intermediate compounds used in or 
product compounds prepared by the processes provided herein, including solid forms (e.g., 
crystalline forms) thereof.

[0018] In one embodiment, provided herein are solid forms (e.g., Form A) comprising 
Compound 7 of the formula:

O
CbzHNYXNH2

^CO2H

7

[0019] In one embodiment, provided herein are solid forms (e.g., Form A) comprising 
racemic Compound 7 of the formula:

O
c1,zHN'Anh2

co2h
rac-7

[0020], In one embodiment, provided herein are solid forms (e.g., Form A) comprising 
Compound 8 of the formula:
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Ο 
CbzHN^A^^

CO2tBu

8

[0021] In one embodiment, provided herein are solid forms (e.g., Form A) comprising 

racemic Compound 8 of the formula:
O

CbzHN^ANH2

CO2tBu
rac-8

[0022] In one embodiment, provided herein are solid forms (e.g., Form A and Form B) 
comprising Compound 1 of the formula:

O
cih’nYXnh2

CO2tBu

1

[0023] In one embodiment, provided herein are solid forms (e.g., Form A) comprising 

racemic Compound 1 of the formula:
O

CIHsN NH2

CO2tBu 

rac-1

[0024] In one embodiment, provided herein are solid forms (e.g., Form A) comprising 

Compound 35 of the formula:
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CO2Me

CHO
OH

35

[0025] In one embodiment, provided herein are solid forms (e.g., Form 1) comprising 
Compound 37 of the formula:

[0026] In one embodiment, provided herein are solid forms (e.g., Form 1) comprising 
racemic Compound 37 of the formula:

5. BRIEF DESCRIPTION OF THE FIGURES

[0027] FIG. 1 provides a representative X-ray powder diffraction (XRPD) pattern of 
Form A of Compound 7.

[0028] FIG. 2 provides a representative differential scanning calorimetric (DSC) 
thermogram of Form A of Compound 7.

[0029] FIG. 3 provides a representative XRPD pattern of Form A of racemic Compound
7.

[0030] FIG. 4 provides a representative DSC thermogram of Form A of racemic
Compound 7.

[0031] FIG. 5 provides a representative XRPD pattern of Form A of Compound 8.
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[0032] FIG. 6 provides a representative DSC thermogram of Form A of Compound 8.

[0033] FIG. 7 provides a representative XRPD pattern of Form A of racemic Compound

8.

[0034] FIG. 8 provides a representative DSC thermogram of Form A of racemic 

Compound 8.

[0035] FIG. 9 provides a representative XRPD pattern of Form A of Compound 1.

[0036] FIG. 10 provides a representative DSC thermogram of Form A of Compound 1.

[0037] FIG. 11 provides a representative XRPD pattern of Form B of Compound 1.

[0038] FIG. 12 provides a representative DSC thermogram of Form B of Compound 1.

[0039] FIG. 13 provides a representative XRPD pattern of Form A of racemic
Compound 1.

[0040] FIG. 14 provides a representative DSC thermogram of Form A of racemic 
Compound 1.

[0041] FIG. 15 provides a representative XRPD pattern of Form A of Compound 35.

[0042] FIG. 16 provides a representative DSC thermogram of Form A of Compound 35.

[0043] FIG. 17 provides a representative XRPD pattern of Form 1 of Compound 37.

[0044] FIG. 18 provides a representative DSC thermogram of Form 1 of Compound 37.

[0045] FIG. 19A provides a chiral HPLC chromatogram from a typical reaction of 
preparing Compound 37 from Compound 35.

[0046] FIG. 19B provides a chiral HPLC chromatogram from an atypical reaction of 
preparing Compound 37 from Compound 35.

[0047] FIG. 20 provides a representative XRPD pattern of Form 1 of racemic Compound

37.
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[0048] FIG. 21 provides a representative DSC thermogram of Form 1 of racemic
Compound 37.

[0049] FIG. 22 provides a representative crystal molecular structure of Form A of 
Compound 35.

[0050] FIG. 23 provides a representative crystal molecular structure of Form 1 of 
Compound 37.

5. DETAILED DESCRIPTION

5.1 Definition

[0051] As used herein and unless otherwise indicated, the term “process(es)” provided 
herein refers to the methods provided herein which are useful for preparing a compound 
provided herein. Modifications to the methods provided herein (e.g., starting materials, reagents, 
protecting groups, solvents, temperatures, reaction times, purification) are also encompassed by 
the present disclosure. In general, the technical teaching of one embodiment provided herein can 
be combined with that disclosed in any other embodiments provided herein.

[0052] The use of the word “a” or “an” when used in conjunction with the term
“comprising” in the claims and/or the specification can mean “one”, but it is also consistent with 
the meaning of “one or more”, “at least one” and “one or more than one.”

[0053] As used herein, the terms “comprising” and “including” can be used 
interchangeably. The terms “comprising” and “including” are to be interpreted as specifying the 
presence of the stated features or components as referred to, but does not preclude the presence 
or addition of one or more features, or components, or groups thereof. Additionally, the terms 
“comprising” and “including” are intended to include examples encompassed by the term 
“consisting of’. Consequently, the term “consisting of’ can be used in place of the terms 
“comprising” and “including” to provide for more specific embodiments of the invention.

[0054] The term “consisting of’ means that a subject-matter has at least 90%, 95%, 97%, 
98% or 99% of the stated features or components of which it consists. In another embodiment 
the term “consisting of’ excludes from the scope of any succeeding recitation any other features 
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or components, excepting those that are not essential to the technical effect to be achieved.

[0055] As used herein, the terms “or” is to be interpreted as an inclusive “or” meaning 
any one or any combination. Therefore, “A, B or C” means any of the following: “A; B; C; A 
and B; A and C; B and C; A, B and C”. An exception to this definition will occur only when a 
combination of elements, functions, steps or acts are in some way inherently mutually exclusive.

[0056] As used herein, and unless otherwise indicated, the term “adding,” “reacting,” 
“treating,” or the like means contacting one reactant, reagent, solvent, catalyst, reactive group or 
the like with another reactant, reagent, solvent, catalyst, reactive group or the like. Reactants, 
reagents, solvents, catalysts, reactive group or the like can be added individually, simultaneously 
or separately and can be added in any order. They can be added in the presence or absence of 
heat and can optionally be added under an inert atmosphere. “Reacting” can refer to in situ 
formation or intramolecular reaction where the reactive groups are in the same molecule.

[0057] As used herein, and unless otherwise indicated, the term “transforming” refers to 
subjecting the compound at hand to reaction conditions suitable to effect the formation of the 
desired compound at hand.

[0058] As used herein, and unless otherwise indicated, the term “salt” includes, but is not 
limited to, salts of acidic or basic groups that may be present in the compounds provided herein. 
Compounds that are basic in nature are capable of forming a wide variety of salts with various 
inorganic and organic acids. The acids that may be used to prepare salts of such basic 
compounds are those that form salts comprising anions including, but not limited to, acetate, 
benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate, 
carbonate, chloride, bromide, iodide, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, 
fumarate, gluceptate, gluconate, glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, 
hydroxynaphthoate, isethionate, lactate, lactobionate, malate, maleate, mandelate, mesylate, 
methylsulfate, muscate, napsylate, nitrate, panthothenate, phosphate/diphosphate, 
polygalacturonate, salicylate, stearate, succinate, sulfate, tannate, tartrate, teoclate, triethiodide, 
and pamoate. Compounds that include an amino group also can form salts with various amino 
acids, in addition to the acids mentioned above. Compounds that are acidic in nature are capable 
of forming base salts with various cations. Non-limiting examples of such salts include alkali

9
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metal or alkaline earth metal salts and, in some embodiments, calcium, magnesium, sodium,
lithium, zinc, potassium, and iron salts. Compounds that are acidic in nature are also capable of
forming base salts with compounds that include an amino group.

[0059] As used herein, and unless otherwise specified, the term “solvate” means a 
compound that further includes a stoichiometric or non-stoichiometric amount of solvent bound 
by non-covalent intermolecular forces. Where the solvent is water, the solvate is a hydrate.

[0060] As used herein, and unless otherwise specified, the term “stereoisomer” 
encompasses all enantiomerically/stereomerically pure and enantiomerically/stereomerically 
enriched compounds provided herein.

[0061] If the stereochemistry of a structure or a portion thereof is not indicated, e.g., with 
bold or dashed lines, the structure or portion thereof is to be interpreted as encompassing all 
enantiomerically pure, enantiomerically enriched, diastereomerically pure, diastereomerically 
enriched, and racemic mixtures of the compounds.

[0(562] Unless otherwise indicated, the terms “enantiomerically enriched” and 

“enantiomerically pure,” as used interchangeably herein, refer to compositions in which the 
percent by weight of one enantiomer is greater than the amount of that one enantiomer in a 
control mixture of the racemic composition (e.g., greater than 1:1 by weight). For example, an 
enantiomerically enriched preparation of the (^-enantiomer, means a preparation of the 
compound having greater than 50% by weight of the (S)-enantiomer relative to the (R)- 
enantiomer, such as at least 75% by weight, and even such as at least 80% by weight. In some 
embodiments, the enrichment can be much greater than 80% by weight, providing a 
“substantially optically enriched,” “substantially enantiomerically enriched,” “substantially 
enantiomerically pure” or a “substantially non-racemic” preparation, which refers to preparations 
of compositions which have at least 85% by weight of one enantiomer relative to other 
enantiomer, such as at least 90% by weight, and such as at least 95% by weight. In one 
embodiment, the compositions have about 99% by weight of one enantiomer relative to other 
enantiomer. In one embodiment, the compositions have greater than at least 99% by weight of 
one enantiomer relative to other enantiomer. In some embodiments, the enantiomerically 
enriched composition has a higher potency with respect to therapeutic utility per unit mass than
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does the racemic mixture of that composition.

[0063] As used herein and unless otherwise specified, the terms “solid form” and related 
terms refer to a physical form which is not predominantly in a liquid or a gaseous state. As used 
herein, the terms “solid form” and “solid forms” encompass semi-solids. Solid forms may be 
crystalline, amorphous, partially crystalline, partially amorphous, or mixtures of forms.

[0064] The solid forms provided herein may have varying degrees of crystallinity or 
lattice order. The solid forms provided herein are not limited by any particular degree of 
crystallinity or lattice order, and may be 0 - 100% crystalline. Methods of determining the 
degree of crystallinity are known to those of ordinary skill in the, such as those described in 
Suryanarayanan, R., X-Ray Power Diffractometry, Physical Characterization of Pharmaceutical 
Salts, H.G. Brittain, Editor, Mercel Dekkter, Murray Hill, N.J., 1995, pp. 187 - 199, which is 
incorporated herein by reference in its entirety. In some embodiments, the solid forms provided 
herein are about 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100 

% crystalline.

[0065] As used herein and unless otherwise specified, the term “crystalline” and related 
terms used herein, when used to describe a substance, component, product, or form, mean that 
the substance, component, product, or form is substantially crystalline, for example, as 
determined by X-ray diffraction. See, e.g., Remington: The Science and Practice of Pharmacy, 
21st edition, Lippincott, Williams and Wilkins, Baltimore, MD (2005); The United States 
Pharmacopeia, 23rd edition, 1843-1844(1995).

[0066] As used herein and unless otherwise specified, the term “crystal form,” “crystal 
forms,” and related terms herein refer to solid forms that are crystalline. Crystal forms include 
single-component crystal forms and multiple-component crystal forms, and include, but are not 
limited to, polymorphs, solvates, hydrates, and other molecular complexes, as well as salts, 
solvates of salts, hydrates of salts, co-crystals of salts, other molecular complexes of salts, and 
polymorphs thereof. In certain embodiments, a crystal form of a substance may be substantially 
free of amorphous forms and/or other crystal forms. In certain embodiments, a crystal form of a 
substance may contain less than about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 
25%, 30%, 35%, 40%, 45% or 50% of one or more amorphous form(s) and/or other crystal
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form(s) on a weight basis. In certain embodiments, a crystal form of a substance may be 
physically and/or chemically pure. In certain embodiments, a crystal form of a substance may be 
about 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91% or 90% physically and/or chemically 
pure.

[0067] Crystal forms of a substance may be obtained by a number of methods. Such 
methods include, but are not limited to, melt recrystallization, melt cooling, solvent 
recrystallization, recrystallization in confined spaces such as, e.g., in nanopores or capillaries, 
recrystallization on surfaces or templates such as, e.g., on polymers, recrystallization in the 
presence of additives, such as, e.g., co-crystal counter-molecules, desolvation, dehydration, rapid 
evaporation, rapid cooling, slow cooling, vapor diffusion, sublimation, grinding, and solvent
drop grinding.

[0068] Unless otherwise specified, the terms “polymorph,” “polymorphic form,” 
“polymorphs,” “polymorphic forms,” and related terms herein refer to two or more crystal forms 
that consist essentially of the same molecule, molecules or ions. Like different crystal forms, 
different polymorphs may have different physical properties, such as, for example, melting 
temperatures, heats of fusion, solubilities, dissolution rates, and/or vibrational spectra as a result 
of a different arrangement or conformation of the molecules or ions in the crystal lattice. The 
differences in physical properties exhibited by polymorphs may affect pharmaceutical 
parameters, such as storage stability, compressibility and density (important in formulation and 
product manufacturing), and dissolution rate (an important factor in bioavailability). Differences 
in stability can result from changes in chemical reactivity (e.g., differential oxidation, such that a 
dosage form discolors more rapidly when comprised of one polymorph than when comprised of 
another polymorph) or mechanical changes (e.g., tablets crumble on storage as a kinetically 
favored polymorph converts to thermodynamically a more stable polymorph) or both (e.g., 
tablets of one polymorph are more susceptible to breakdown at high humidity). As a result of 
solubility/dissolution differences, in the extreme case, some polymorphic transitions may result 
in lack of potency or, at the other extreme, toxicity. In addition, the physical properties of the 
crystal may be important in processing (for example, one polymorph might be more likely to 
form solvates or might be difficult to filter and wash free of impurities, and particle shape and 
size distribution might be different between polymorphs).

12
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[0069] As used herein and unless otherwise specified, the term “amorphous,” 
“amorphous form,” and related terms used herein, mean that the substance, component or 
product in question is not substantially crystalline as determined by X-ray diffraction. In 
particular, the term “amorphous form” describes a disordered solid form, i.e., a solid form 
lacking long range crystalline order. In certain embodiments, an amorphous form of a substance 
may be substantially free of other amorphous forms and/or crystal forms. In other embodiments, 
an amorphous form of a substance may contain less than about 1%, 2%, 3%, 4%, 5%, 10%, 15%, 
20%, 25%, 30%, 35%, 40%, 45% or 50% of one or more other amorphous forms and/or crystal 
forms on a weight basis. In certain embodiments, an amorphous form of a substance may be 
physically and/or chemically pure. In certain embodiments, an amorphous form of a substance 
may be about 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91% or 90% physically and/or' 
chemically pure. In certain embodiments, an amorphous form of a substance may comprise 
additional components or ingredients (for example, an additive, a polymer, or an excipient that 
may serve to further stabilize the amorphous form). In certain embodiments, amorphous form 
may be a solid solution.

[0070] Amorphous forms of a substance can be obtained by a number of methods. Such 
methods include, but are not limited to, heating, melt cooling, rapid melt cooling, solvent 
evaporation, rapid solvent evaporation, desolvation, sublimation, grinding, ball-milling, cryo
grinding, spray drying, and freeze drying.

[0071] Techniques for characterizing crystal forms and amorphous forms include, but are 
not limited to, thermal gravimetric analysis (TGA), differential scanning calorimetry (DSC), X- 
ray powder diffractometry (XRPD), single-crystal X-ray diffractometry, vibrational 
spectroscopy, e.g., infrared (1R) and Raman spectroscopy, solid-state and solution nuclear 
magnetic resonance (NMR) spectroscopy, optical microscopy, hot stage optical microscopy, 
scanning electron microscopy (SEM), electron crystallography and quantitative analysis, particle 
size analysis (PSA), surface area analysis, solubility measurements, dissolution measurements, 
elemental analysis and Karl Fischer analysis. Characteristic unit cell parameters may be 
determined using one or more techniques such as, but not limited to, X-ray diffraction and 
neutron diffraction, including single-crystal diffraction and powder diffraction. Techniques 
useful for analyzing powder diffraction data include profile refinement, such as Rietveld 
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refinement, which may be used, e.g., to analyze diffraction peaks associated with a single phase 
in a sample comprising more than one solid phase. Other methods useful for analyzing powder 
diffraction data include unit cell indexing, which allows one of skill in the art to determine unit 
cell parameters from a sample comprising crystalline powder.

[0072] Solid forms may exhibit distinct physical characterization data that are unique to a 
particular solid form, such as the crystal forms provided herein. These characterization data may 
be obtained by various techniques known to those skilled in the art, including for example X-ray 
powder diffraction, differential scanning calorimetry, thermal gravimetric analysis, and niiclear 
magnetic resonance spectroscopy. The data provided by these techniques may be used to 
identify a particular solid form. One skilled in the art can determine whether a solid form is one 
of the forms provided herein by performing one of these characterization techniques and 
determining whether the resulting data “matches” the reference data provided herein, which is 
identified as being characteristic of a particular solid form. Characterization data that “matches” 
those of a reference solid form is understood by those skilled in the art to correspond to the same 
solid form as the reference solid form. In analyzing whether data “match,” a person of ordinary 
skill in the art understands that particular characterization data points may vary to a reasonable 
extent while still describing a given solid form, due to, for example, experimental error and 
routine sample-to-sample analysis variation.

[0073] As used herein, and unless otherwise indicated, the term “halo”, “halogen”, or the 
like means -F, -Cl, -Br, or -I.

[0074] As used herein, and unless otherwise indicated, the term “alkyl” means a 
saturated, monovalent, unbranched or branched hydrocarbon chain. Examples of alkyl groups 
include, but are not limited to, (Ci-C6)alkyl groups, such as methyl, ethyl, propyl, isopropyl, 2- 
methyl-1 -propyl, 2-methyl-2-propyl, 2-methyl-l-butyl, 3-methyl-l-butyl, 2-methy 1-3-butyl, 
2,2-dimethyl-l-propyl, 2-methyl-l-pentyl, 3-methyl-l-pentyl, 4-methy 1-1 -pentyl, 2-methyl-2- 
pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 2,2-dimethyl-l-butyl, 3,3-dimethyl-l-butyl, 2- 
ethyl-1-butyl, butyl, isobutyl, /-butyl, pentyl, isopentyl, neopentyl, and hexyl. Longer alkyl 
groups include heptyl, octyl, nonyl and decyl groups. An alkyl group can be unsubstituted or 
substituted with one or more suitable substituents. The alkyl groups may also be isotopologues 
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of the natural abundance alkyl groups by being enriched in isotopes of carbon and/or hydrogen 
(i.e., deuterium or tritium). As used herein, and unless otherwise indicated, the term “alkenyl” 
means an unbranched or branched monovalent hydrocarbon chain, which contains one or more 
carbon-carbon double bonds. As used herein, and unless otherwise indicated, the term “alkynyl” 
means an unbranched or branched monovalent hydrocarbon chain, which contains one or more 
carbon-carbon triple bonds.

[0075] As used herein, and unless otherwise indicated, the term “alkoxy” means an alkyl 
group that is linked to another group via an oxygen atom (i.e., -O-alkyl). An alkoxy group can 
be unsubstituted or substituted with one or more suitable substituents. Examples of alkoxy 
groups include, but are not limited to, (Ci-C6)alkoxy groups, such as -O-methyl, -O-ethyl, -O- 
propyl, -O-isopropyl, -O-2-methyl-1 -propyl, -O-2-methyl-2-propyl, -O-2-methyl-l-butyl, -
O-3-methyl-l-butyl, -O-2-methyl-3-butyl, -O-2,2-dimethyl-1 -propyl, -O-2-methyl-l-pentyl, 
3-O—methyl-1-pentyl, -OM-methyl-1 -pentyl, -O-2-methyl-2-pentyl, -O-3-methyl-2-pentyl, -
O—4-methyl-2-pentyl, —O—2,2-dimethyl-l-butyl, —O—3,3-dimethyl-l-butyl, -0—2-ethy 1-1-butyl, —
O-butyl, -O-isobutyl, -O-/-butyl, -O-pentyl, -O-isopentyl, -O-neopentyl and -O-hexyl.
Longer alkoxy groups include -O-heptyl, -O-octyl, -O—nonyl and -O-decyl groups. The 
alkoxy groups may also be isotopologues of the natural abundance alkoxy groups by being 
enriched in isotopes of carbon, oxygen and/or hydrogen (i.e., deuterium or tritium).

[0076] As used herein, and unless otherwise specified, the term “cycloalkyl” or 
“carbocyclyl” means a species of alkyl, which is cyclic and contains from 3 to 15, 3 to 9, 3 to 6, 
or 3 to 5 carbon atoms, without alternating or resonating double bonds between carbon atoms. It 
may contain from 1 to 4 rings. Examples of unsubstituted cycloalkyls include, but are not 
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and adamantyl. A cycloalkyl may 
be substituted with one or more substituents. In some embodiments, a cycloalkyl may be a 
cycloalkyl fused with aryl or heteroaryl groups.

[0077] As used herein, and unless otherwise specified, the term “heterocycloalkyl” or 
“heterocyclyl” means a cycloalkyl in which one or more, in some embodiments, 1 to 3, carbon 
atoms are replaced by heteroatoms such as, but not limited to, N, S, and O. In some 
embodiments, a heterocycloalkyl group contains from 3 to 15, 3 to 9, 3 to 6, or 3 to 5 carbon and 
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hetero atoms. In some embodiments, a heterocycloalkyl may be a heterocycloalkyl fused with 
aryl or heteroaryl groups. When a prefix such as C3-6 is used to refer to a heterocycloalkyl group, 
the number of carbons (3-6, in this example) is meant to include the heteroatoms as well. For 
example, a C3-6 heterocycloalkyl group is meant to include, for example, tetrahydropyranyl (five 
carbon atoms and one heteroatom replacing a carbon atom).

[0078] As used herein, and unless otherwise specified, the term “aryl” means a 
carbocyclic aromatic ring containing from 5 to 14 ring atoms. The ring atoms of a carbocyclic 
aryl group are all carbon atoms. Aryl ring structures include compounds having one or more 
ring structures such as mono-, bi-, or tricyclic compounds as well as benzo-fused carbocyclic 
moieties such as 5,6,7,8-tetrahydronaphthyl and the like. Specifically, the aryl group may be a 
mono- , bi-, or tricyclic ring. Representative aryl groups include phenyl, anthracenyl, fluorenyl, 
indenyl, azulenyl, phenanthrenyl and naphthyl.

[0079] As used herein, and unless otherwise specified, the term “heteroaryl” refers to a 
monocyclic or multicyclic aromatic ring system, in certain embodiments, of about 5 to about 15 
members where one or more, in some embodiments, 1 to 3, of the atoms in the ring system is a 
heteroatom, that is, an element other than carbon, including but not limited to, N, O or S. The 
heteroaryl group may be optionally fused to a benzene ring. Heteroaryl groups include, but are 
not limited to, furyl, imidazolyl, indolinyl, pyrrolidinyl, pyrimidinyl, tetrazolyl, thienyl, pyridyl, 
pyrrolyl, N-methylpyrrolyl, quinolinyl and isoquinolinyL

[0080] As used herein, and unless otherwise indicated, the term “alcohol” means any 
compound substituted with an -OH group. The alcohol group may also be isotopologues of the 
natural abundance alcohol groups by being enriched in isotopes of oxygen and/or hydrogen (i.e., 
deuterium or tritium).

[0081] As used herein, and unless otherwise indicated, the term “amino” or “amino 
group” means a monovalent group of the formula -NH2, -NH(alkyl), -NH(aryl), -N(alkyl)2, - 
N(aryl)2 or -N(alkyl)(aryl). The amino groups may also be isotopologues of the natural 
abundance amino groups by being enriched in isotopes of carbon, nitrogen and/or hydrogen (i.e., 
deuterium or tritium).
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[0082] Unless otherwise indicated, the compounds provided herein, including 
intermediates useful for the preparation of the compounds provided herein, which contain 
reactive functional groups (such as, without limitation, carboxy, hydroxy, and amino moieties) 
also include protected derivatives thereof. “Protected derivatives” are those compounds in which 
a reactive site or sites are blocked with one or more protecting groups (also known as blocking 
groups). Suitable protecting groups for carboxy moieties include benzyl, /-butyl, and the like as 
well as isotopologues of the like. Suitable protecting groups for amino and amido groups include 
acetyl, trifluoroacetyl, ί-butyloxycarbonyl, benzyloxycarbonyl, and the like. Suitable protecting 
groups for hydroxy include benzyl and the like. Other suitable protecting groups are well known 
to those of ordinary skill in the art. The choice and use of protecting groups and the reaction 
conditions to install and remove protecting groups are described in Greene's Protective Groups 
in Organic Synthesis, 4th edition, John Wiley & Sons, New York, 2007, which is incorporated 
herein by reference in its entirety.

[0083] Amino protecting groups known in the art include those described in detail in T. 
W. Green, Protective Groups in Organic Synthesis. Amino protecting groups include, but are 
not limited to, -OH, -ORaa, -N(RCC)2, -C(=O)Raa, -C(=O)N(RCC)2, -CO2Raa, -SO2Raa, - 
C(=NRcc)Raa, -C(=NRcc)ORaa, -C(=NRCC)N(RCC)2, -SO2N(RCC)2, -SO2RCC, -SO2ORCC, -SORaa, - 
C(=S)N(Rcc)2, -C(=O)SRcc, -C(=S)SRcc, Ci-10 alkyl (e.g., aralkyl groups), C2-10 alkenyl, C2-10 
alkynyl, C3-10 carbocyclyl, 3-14 membered heterocyclyl, C6-14 aryl, and 5-14 membered 
heteroaryl groups, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aralkyl, aryl, 
and heteroaryl is independently substituted with 0, 1,2, 3, 4, or 5 Rdd groups; wherein 

each instance of Raa is, independently, selected from C1-10 alkyl, C1-10
perhaloalkyl, C2-10 alkenyl, C2-10 alkynyl, C3-10 carbocyclyl, 3-14 membered heterocyclyl, Ce-14 
aryl, and 5-14 membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, 
heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,2, 3, 4, or 5 Rdd groups;

each instance of Rbb is, independently, selected from hydrogen, -OH, -ORaa, - 
N(Rcc)2, -CN, -C(=O)Raa, -C(=O)N(Rcc)2, -CO2Raa, -SO2Raa, -C(=NRcc)ORaa, - 
C(=NRCC)N(RCC)2, -SO2N(Rcc)2, -SO2Rcc, -SO2ORcc, -SORaa, -C(=S)N(RCC)2, -C(=O)SRcc, - 
C(=S)SRCC, -P(=O)2Raa, -P(=O)(Raa)2, -P(=O)2N(Rcc)2, -P(=O)(NRcc)2, C1-10 alkyl, C1-10 
perhaloalkyl, C2-10 alkenyl, C2-10 alkynyl, C3-10 carbocyclyl, 3-14 membered heterocyclyl, C6-14 
aryl, and 5-14 membered heteroaryl, or two Rcc groups attached to an Ν atom are joined to form
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a 3-14 membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,2,
3, 4, or 5 Rdd groups.

each instance of Rcc is, independently, selected from hydrogen, Ci-io alkyl, Ci-io 
perhaloalkyl, C2-10 alkenyl, C2-10 alkynyl, C3-10 carbocyclyl, 3-14 membered heterocyclyl, Ce-14 
aryl, and 5-14 membered heteroaryl, or two Rcc groups attached to an N atom are joined to form 
a 3—14 membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, 
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,2, 
3, 4, or 5 Rdd groups.

each instance of Rdd is, independently, selected from halogen, -CN, -NO2, -N3, - 
SO2H, -SO3H, -OH, -ORee, -ON(Rn)2, -N(Rrf)2, -N(Rfr)3+X_, -N(ORee)Rff, -SH, -SRee, - 
SSRee, -C(=O)Ree, -CO2H, -CO2Ree, -OC(=O)Ree, -OCO2Ree, -C(=O)N(RfT)2, -OC(=O)N(Rfr)2, 
—NRffC(=O)Ree, -NRfFCO2Ree, -NRfFC(=O)N(Rfr)2, -C(=NRff)ORee, -OC(=NRff)Ree, - 
OC(=NRff)ORee, -C(=NRfr)N(Rff')2, -OC(=NRn)N(Rfr)2, -NRffC(=NRff)N(Rff)2,-NRffSO2Ree, - 
SO2N(Rff)2, -SO2Ree, —SO2ORee, -OSO2Ree, -S(=O)Ree, -Si(Ree)3, -OSi(Ree)3, -C(=S)N(Rfr)2, - 
C(=O)SRee, -C(=S)SRee, -SC(=S)SRee, -P(=O)2Ree, -P(=O)(Ree)2, -OP(=O)(Ree)2, - 
OP(=O)(ORee)2, C1-6 alkyl, C1-6 perhaloalkyl, C2-6 alkenyl, C2-6 alkynyl, C3-10 carbocyclyl, 3-10 
membered heterocyclyl, Ce-io aryl, 5-10 membered heteroaryl, wherein each alkyl, alkenyl, 
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,2, 
3, 4, or 5 Rgg groups, or two geminal Rdd substituents can be joined to form =O or =S.

each instance of Ree is, independently, selected from C1-6 alkyl, C1-6 perhaloalkyl, 
C2-6 alkenyl, C2-6 alkynyl, C3-10 carbocyclyl, Ce-io aryl, 3-10 membered heterocyclyl, and 3-10 
membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and 
heteroaryl is independently substituted with 0, 1,2, 3, 4, or 5 Rgg groups;

each instance of Rff is, independently, selected from hydrogen, C1-6 alkyl, C1-6 
perhaloalkyl, C2-6 alkenyl, C2-6 alkynyl, C3-10 carbocyclyl, 3-10 membered heterocyclyl, C6-10 
aryl and 5-10 membered heteroaryl, or two Regroups attached to an N atom are joined to form a 
3-14 membered heterocyclyl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl, 
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0, 1,2, 
3, 4, or 5 Rgg groups; and ’

each instance of R8g is, independently, halogen, -CN, -NO2, -N3, -SO2H, -SO3H,
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-OH, -OCi-6 alkyl, -ON(Ci-6 alkyl)2, -N(Ci-6 alkyl)2, -N(Ci-6 alkyl)3X, -NH(Ci-6 alkyl)2X, - 
NH2(Ci—6 alkyl)X, -NH3X, -N(OCi-6 alkyl)(Ci^ alkyl), -N(OH)(Ci^ alkyl), -NH(OH), -SH, - 
SCi-6 alkyl, -SS(Ci-6 alkyl), -C(=O)(Ci-6 alkyl), -CO2H, -CO2(Ci-6 alkyl), -OC(=O)(Ci-6 
alkyl), -OC02(Ci^ alkyl), -C(=O)NH2, -C(=O)N(Ci^ alkyl)2, -OC(=O)NH(Ci-6 alkyl), - 
NHC(=O)( C1-6 alkyl), -N(Ci-6 alkyl)C(=O)( C1-6 alkyl), -NHCO2(Ci-6 alkyl), -NHC(=O)N(Ci- 
6 alkyl)2, -NHC(=O)NH(Ci-6 alkyl), -NHC(=O)NH2, -C(=NH)O(Ci-6 alky 1),-OC(=NH)(C 1-6 
alkyl), -OC(=NH)OCi^ alkyl, -C(=NH)N(Ci-6 alkyl)2, -C(=NH)NH(Ci-6 alkyl), -C(=NH)NH2, 
-OC(=NH)N(Ci-6 alkyl)2, -OC(NH)NH(Ci^ alkyl), -OC(NH)NH2, -NHC(NH)N(Ci^> alkyl)2, - 
NHC(=NH)NH2, -NHSO2(Ci-6 alkyl), -SO2N(Ci-6 alkyl)2, -SO2NH(Ci-6 alkyl), -SO2NH2,- 
SO2C1-6 alkyl, -SO2OC1-6 alkyl, -OSO2C1-6 alkyl, -SOCi^s alkyl, -Si(Ci-6 alkyl)3, -OSi(Ci-6 
alkyl)3 -C(=S)N(Ci-6 alkyl)2, C(=S)NH(Ci-6 alkyl), C(=S)NH2, -C(=O)S(Ci-6 alkyl), - 
C(=S)SCi-6 alkyl, -SC(=S)SCi-6 alkyl, -P(=O)2(Ci-6 alkyl), -P(=O)(Ci^> alkyl)2, -OP(=O)(Ci-6 
alky 1)2, -OP(=O)(OCi-6 alkyl)2, C1-6 alkyl, C1-6 perhaloalkyl, C2-€ alkenyl, C2-6 alkynyl,, C3-io 
carbocyclyl, Ce-ιο aryl, 3-10 membered heterocyclyl, 5-10 membered heteroaryl; or two geminal 
R8g substituents can be joined to form =O or =S;

wherein X- is a counterion.

[0084] As used herein, a “counterion” is a negatively charged group associated with a 
positively charged quarternary amine in order to maintain electronic neutrality. Exemplary 
counterions include halide ions (e.g., F-, Cl-, Br“, I-), NO3 , CIO4 , OH , H2PO4 , HSO4 , 
sulfonate ions (e.g., methansulfonate, trifluoromethanesulfonate, p-toluenesulfonate, 
benzenesulfonate, 10-camphor sulfonate, naphthalene-2-sulfonate, naphthalene-l-sulfonic 
acid-5-sulfonate, ethan-l-sulfonic acid-2-sulfonate, and the like) and carboxylate ions (e.g., 
acetate, ethanoate, propanoate, benzoate, glycerate, lactate, tartrate, glycolate, and the like). 
Counterions also include chrial counterions, some of which may be useful for chiral resolution of 
racemic mixtures. Exemplary chiral counterions include (S)-(+) mandelic acid, (D)-(+) tartaric 
acid, (+) 2,3-dibenzoyl-D-tartaric acid, N-Acetyl-L-leucine, and N-Acetyl-L-phenylalanine.

[0085] For example, amino protecting groups such as amide groups (e.g., -CfOjR83) 
include, but are not limited to, formamide, acetamide, chloroacetamide, trichloroacetamide, 
trifluoroacetamide, phenylacetamide, 3-phenylpropanamide, picolinamide, 3- 
pyridylcarboxamide, /V-benzoylphenylalanyl derivative, benzamide, p-phenylbenzamide, o- 
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nitophenylacetamide, o-nitrophenoxyacetamide, acetoacetamide, (TV - 
dithiobenzyloxycarbonylamino)acetamide, 3-(p-hydroxyphenyl)propanamide, 3-(o- 
nitrophenyl)propanamide, 2-methyl-2-(o-nitrophenoxy)propanamide, 2-methyl-2-(o- 
phenylazophenoxy)propanamide, 4-chlorobutanamide, 3-methyl-3-nitrobutanamide, o- 
nitrocinnamide, A-acetylmethionine derivative, o-nitrobenzamide and o- 
(benzoyloxymethyl)benzamide.

[0086] Amino protecting groups such as carbamate groups {e.g., -C(=O)ORaa) include, 
but are not limited to, methyl carbamate, ethyl carbamante, 9-fluorenylmethyl carbamate 
(Fmoc), 9-(2-sulfo)fluorenylmethyl carbamate, 9-(2,7-dibromo)fluoroenylmethyl carbamate, 
2,7-di-i-buty 1—[9—(10,10-dioxo-l0,10,10,10-tetrahydrothioxanthyl)]methyl carbamate (DBD- 
Tmoc), 4-methoxyphenacyl carbamate (Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2- 
trimethylsilylethyl carbamate (Teoc), 2-phenylethyl carbamate (hZ), l-(l-adamantyl)-l- 
methylethyl carbamate (Adpoc), l,l-dimethyI-2-haloethyl carbamate, 1,1-dimethy 1—2,2— 
dibromoethyl carbamate (DB-/-BOC), 1,1-dimethy 1-2,2,2-trichloroethyl carbamate (TCBOC), 
l-methyl-l-(4-biphenylyl)ethyl carbamate (Bpoc), 1-(3,5-di-/-butylphenyl)-l-methylethyl 
carbamate (r-Bumeoc), 2-(2’— and 4’-pyridyl)ethyl carbamate (Pyoc), 2-(N,N- 
dicyclohexylcarboxamido)ethyl carbamate, ί-butyl carbamate (Boc), 1-adamantyl carbamate 
(Adoc), vinyl carbamate (Voc), allyl carbamate (Alloc), 1-isopropylallyl carbamate (Ipaoc), 
cinnamyl carbamate (Coc), 4—nitrocinnamyl carbamate (Noc), 8-quinolyl carbamate, N- 
hydroxypiperidinyl carbamate, alkyldithio carbamate, benzyl carbamate (Cbz), μ-methoxybenzyl 
carbamate (Moz), /?-nitobenzyl carbamate, /z-bromobenzyl carbamate, y?-chlorobenzyl 
carbamate, 2,4-dichlorobenzyl carbamate, 4-methylsulfinylbenzyl carbamate (Msz), 9- 
anthrylmethyl carbamate, diphenylmethyl carbamate, 2-methylthioethyl carbamate, 2- 
methylsulfonylethyl carbamate, 2-(p-toluenesulfonyl)ethyl carbamate, [2-(1,3- 
dithianyl)]methyl carbamate (Dmoc), 4—methylthiophenyl carbamate (Mtpc), 2,4- 
dimethylthiophenyl carbamate (Bmpc), 2-phosphonioethyl carbamate (Peoc), 2- 
triphenylphosphonioisopropyl carbamate (Ppoc), l,l-dimethyl-2-cyanoethyl carbamate, m- 
chloro-p-acyloxybenzyl carbamate, /?-(dihydroxyboryl)benzyl carbamate, 5— 
benzisoxazolylmethyl carbamate, 2-(trifluoromethyl)-6-chromonylmethyl carbamate (Tcroc), 
m-nitrophenyl carbamate, 3,5-dimethoxybenzyl carbamate, o-nitrobenzyl carbamate, 3,4- 
dimethoxy-6-nitrobenzyl carbamate, phenyl(o-nitrophenyl)methyl carbamate, /-amyl 
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carbamate, 5-benzyl thiocarbamate, />-cyanobenzyl carbamate, cyclobutyl carbamate, 
cyclohexyl carbamate, cyclopentyl carbamate, cyclopropylmethyl carbamate, p-decyloxybenzyl 
carbamate, 2,2-dimethoxycarbonylvinyl carbamate, o-{/V,A-dimethylcarboxamido)benzyl 
carbamate, l,l-dimethyl-3-(A/jV-dimethylcarboxamido)propyl carbamate, 1,1- 
dimethylpropynyl carbamate, di(2-pyridyl)methyl carbamate, 2-furanylmethyl carbamate, 2- 
iodoethyl carbamate, isoborynl carbamate, isobutyl carbamate, isonicotinyl carbamate, p-(p 
methoxy phenylazo) benzyl carbamate, 1-methylcyclobutyl carbamate, 1-methylcyclohexyl 
carbamate, l-methyl-l-cyclopropylmethyl carbamate, l-methyl-l-(3,5-dimethoxyphenyl)ethyl 
carbamate, l-methyl-l-(p-phenylazophenyl)ethyl carbamate, 1-methy 1-1 -phenylethyl 
carbamate, l-methyl-l-(4-pyridyl)ethyl carbamate, phenyl carbamate, p-(phenylazo)benzyl 
carbamate, 2,4,6-tri-t-butylphenyl carbamate, 4-(trimethylammonium)benzyl carbamate, and 
2,4,6-trimethylbenzyl carbamate.

[0087] Amino protecting groups such as sulfonamide groups (e.g., -S(=O)2Raa) include, 
but are not limited to,p-toluenesulfonamide (Ts), benzenesulfonamide, 2,3,6,-trimethyl-4- 
methoxybenzenesulfonamide (Mtr), 2,4,6-trimethoxybenzenesulfonamide (Mtb), 2,6-dimethyl- 
4-methoxybenzenesulfonamide (Pme), 2,3,5,6-tetramethyM-methoxybenzenesulfonamide 
(Mte), 4-methoxybenzenesulfonamide (Mbs), 2,4,6-trimethylbenzenesulfonamide (Mts), 2,6- 
dimethoxy—4-methylbenzenesulfonamide (iMds), 2,2,5,7,8-pentamethylchroman-6- 
sulfonamide (Pmc), methanesulfonamide (Ms), β-trimethylsilylethanesulfonamide (SES), 9- 
anthracenesulfonamide, 4-(4’,8’-dimethoxynaphthylmethyl)benzenesulfonamide (DNMBS), 
benzylsulfonamide, trifluoromethylsulfonamide, and phenacylsulfonamide.

[0088] Other amino protecting groups include, but are not limited to, phenothiazinyl- 
(lO)-carbonyl derivative, yV’-p-toluenesulfonylaminocarbonyl derivative, N’- 
phenylaminothiocarbonyl derivative, A-benzoylphenylalanyl derivative, A-acetylmethionine 
derivative, 4,5-diphenyl-3-oxazolin-2-one, A-phthalimide, 7V-dithiasuccinimide (Dts), N-2,3- 
diphenylmaleimide, A-2,5-dimethylpyrrole, TV— 1,1,4,4-tetramethyldisilylazacyclopentane 
adduct (STABASE), 5-substituted l,3-dimethyl-l,3,5-triazacyclohexan-2-one, 5-substituted 
l,3-dibenzyl-l,3,5-triazacyclohexan-2-one, 1-substituted 3,5-dinitro-4-pyridone, N- 
methylamine, 7V-allylamine, A-[2-(trimethylsilyl)ethoxy]methylamine (SEM), N-3- 
acetoxypropylamine, A-(l-isopropyM-nitro-2-oxo-3-pyroolin-3-yl)amine, quaternary 
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ammonium salts, 7V-benzylamine, TV-di(4-methoxyphenyl)methylamine, N-5- 
dibenzosuberylamine, AMriphenylmethylamine (Tr), 2V-[(4- 
methoxyphenyl)diphenylmethyl]amine (MMTr), /V-9-phenylfluorenyIamine (PhF), TV-2,7- 
dichloro—9-fluorenylmethyleneamine, /V-ferrocenylmethylamino (Fem), A-2-picolylamino N- 
oxide, JV-l,l-dimethylthiomethyleneamine, 7V-benzylideneamine, N-p- 
methoxybenzylideneamine, 7V-diphenylmethyleneamine, 7V-[(2- 
pyridyl)mesityl]methyleneamine, W—(7V’,7V’-dimethylaminomethylene)amine, N,N’- 
isopropylidenediamine, TV-/2-nitrobenzylideneamine, 7V-salicylideneamine, N-5- 
chlorosalicylideneamine, TV—(5-chloro-2-hydroxyphenyl)phenylmethyleneamine, N- 
cyclohexylideneamine, 7V-(5,5-dimethyl-3-oxo-l-cyclohexenyl)amine, TV-borane derivative, 
7V-diphenylborinic acid derivative, /V-[phenyl(pentacarbonylchromium- or 
tungsten)carbonyl]amine, TV-copper chelate, A-zinc chelate, A-nitroamine, A—nitrosoamine, 
amine A-oxide, diphenylphosphinamide (Dpp), dimethylthiophosphinamide (Mpt), 
diphenylthiophosphinamide (Ppt), dialkyl phosphoramidates, dibenzyl phosphoramidate, 
diphenyl phosphoramidate, benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4- 
dinitrobenzenesulfenamide, pentachlorobenzenesulfenamide, 2-nitro—4- 
methoxybenzenesulfenamide, triphenylmethylsulfenamide and 3-nitropyridinesulfenamide 
(Npys).

[0089] As used herein, and unless otherwise indicated, the term “hydroxyl protecting 
group” refers to a protecting group suitable for preventing undesired reactions at a hydroxyl 
group. Examples of hydroxyl protecting groups include, but are not limited to, allyl, methyl, 2- 
methoxy ethoxy methyl (MEM), methoxymethyl (MOM), methoxythiomethyl, r-butoxymethyl, 
tri-isopropylsilyloxymethyl (TOM), ethyl, I-ethoxyehtyl, isopropyl, ί-butyl, benzyl, trityl (Tr), 
dimethoxytrityl (DMT), monomethoxytrityl (MMT),/j-methoxybenzyl (PMB), acetyl, 
chloroacetyl, trichloroacetyl, trifluoroacetyl, pivaloyl (Piv), benzoyl,/>-phenylbenzoyl, 
trimethylsilyl (TMS), triisopropylsilyl (TIPS), t-butyldimethylsilyl (TBDMS), and 
tetrahydropyranyl. Additional examples of hydroxyl protecting groups are described in Greene's 
Protective Groups in Organic Synthesis, 4th edition, John Wiley & Sons, New York, 2007, 
which is incorporated herein by reference in its entirety.

[0090] As used herein, and unless otherwise indicated, acronyms or symbols for groups
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or reagents have the following definition: HPLC = high performance liquid chromatography;
THF = tetrahydrofuran; CH3CN = acetonitrile; HOAc = acetic acid; DCM = dichloromethane.

[0091] As used herein, and unless otherwise indicated, the term “substituted” or 
“substitution,” when used to describe a chemical structure or moiety, refers to a derivative of that 
structure or moiety wherein one or more of its hydrogen atoms is replaced with a substituent 
such as, but not limited to: alkyl, alkenyl, alkynyl, and cycloalkyl; alkoxyalkyl; aroyl; halo;
haloalkyl (e.g., trifluoromethyl); heterocycloalkyl; haloalkoxy (e.g., trifluoromethoxy); hydroxy; 
alkoxy; cycloalkyloxy; heterocylooxy; oxo; alkanoyl; aryl; heteroaryl (e.g., indolyl, imidazolyl, 
furyl, thienyl, thiazolyl, pyrrolidyl, pyridyl, and pyrimidyl); arylalkyl; alkylaryl; heteroaryl;
heteroarylalkyl; alkylheteroaryl; heterocyclo; heterocycloalkyl-alkyl; aryloxy, alkanoyloxy; 
amino; alkylamino; arylamino; arylalkylamino; cycloalkylamino; heterocycloamino; mono- and 
di-substituted amino; alkanoylamino; aroylamino; aralkanoylamino; aminoalkyl; carbamyl (e.g., 
CONH2); substituted carbamyl (e.g., CONH-alkyl, CONH-aryl, CONH-arylalkyl or instances 
where there are two substituents on the nitrogen); carbonyl; alkoxycarbonyl; carboxy; cyano;
ester; ether; guanidino; nitro; sulfonyl; alkylsulfonyl; arylsulfonyl; arylalkylsulfonyl; 
sulfonamido (e.g., SO2NH2); substituted sulfonamido; thiol; alkylthio; arylthio; arylalkylthio; 
cycloalkylthio; heterocyclothio; alkylthiono; arylthiono; and arylalkylthiono. In some 
embodiments, a substituent itself may be substituted with one or more chemical moieties such as, 
but not limited to, those described herein.

[0092] As used herein, and unless otherwise indicated, the terms “about” and 
“approximately” are used to specify that the values given are approximate. For example, the 
term “about,” where it is used in connection with reaction temperatures, denotes that the 
temperature deviations within 30%, 25%, 20%, 15%, 10%, or 5% are encompassed by the 
temperature indicated. Similarly, the term “about,” where it is used in connection with reaction 
time, denotes that the time period deviations within 30%, 25%, 20%, 15%, 10%, or 5% are 
encompassed by the time period indicated.

[0093] As used herein, and unless otherwise specified, the terms “about” and 
“approximately,” when used in connection with a numeric value or a range of values which is 
provided to characterize a particular solid form, e.g., a specific temperature or temperature range,
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such as, for example, that describing a melting, dehydration, desolvation or glass transition 
temperature; a mass change, such as, for example, a mass change as a function of temperature or 
humidity; a solvent or water content, in terms of, for example, mass or a percentage; or a peak 
position, such as, for example, in analysis by IR or Raman spectroscopy or XRPD; indicate that 
the value or range of values may deviate to an extent deemed reasonable to one of ordinary skill 
in the art while still describing the particular solid form. For example, in particular 
embodiments, the terms “about” and “approximately,” when used in this context, indicate that 
the numeric value or range of values may vary within 25%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 
5%, 4%, 3%, 2%, 1.5%, 1%, 0.5%, or 0.25% of the recited value or range of values. For 
example, in some embodiment, the value of XRPD peak position may vary by up to ±0.2 degrees 
20 while still describing the particular XRPD peak. As used herein, a tilde (i.e., preceding a 
numerical value or range of values indicates “about” or “approximately.”

[0094] As used herein, and unless otherwise indicated, the term “hydrogenation” refers to 
a chemical process that adds hydrogen atom to an unsaturated bond.

[0095] As used herein, and unless otherwise indicated, an “isotopologue” is an 
isotopically enriched compound. The term “isotopically enriched” refers to an atom having an 
isotopic composition other than the natural isotopic composition of that atom. “Isotopically 
enriched” may also refer to a compound containing at least one atom having an isotopic 
composition other than the natural isotopic composition of that atom. The term “isotopic 
composition” refers to the amount of each isotope present for a given atom, and “natural isotopic 
composition” refers to the naturally occurring isotopic composition or abundance for a given 
atom.

[0096] The disclosure can be understood more fully by reference to the following 
detailed description and illustrative examples, which are intended to exemplify non-limiting 
embodiments.

[0097] Although most embodiments and examples provided herein are directed to the 
(S)-enantiomer of a compound, it is to be understood that the corresponding (J?)-enantiomer of a 
compound can be prepared by the provided processes when the stereochemistry of chiral 
reactant, reagent, solvent, catalyst, ligand or the like is reversed.
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5.2 Processes

[0098] Provided herein are processes for the preparation of a compound of Formula (I):
O

h^n/nh2

0^0‘Bu (I)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof. A compound 
of Formula (I) has a chemical name of (5)-tert-butyl 4,5-diamino-5-oxopentanoate. The 
processes comprise an optional step of preparing a salt of the compound.

[0099] In certain embodiments, the processes provided herein result in improved chiral 
purity for one or more intermediates and/or products throughout the route.

[00100] Also provided herein are processes for the preparation of a compound of Formula 
(XIV):

O O 
QJl \^NH2

OR7 O'Bu
Ο (XIV)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof. The 
processes utilize a compound of Formula (I) as one of the starting material. In one embodiment, 
the processes involve a reductive amination reaction between a compound of Formula (I) and a 
compound of Formula (XV) (or a synthetic equivalent thereof).

[00101] Also provided herein are processes for the preparation of a compound of Formula 

(XV):
^^,CO2R8
L1

OR7 (XV)
or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof. The 
compound of Formula (XV) can be used as another starting material for the preparation of a
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compound of Formula (XIV). In one embodiment, the processes involve a formylation reaction
of a compound of Formula (XVI).

5.2.1 Process 1 for the Preparation of a Compound of Formula (I)

[00102] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a ring-opening reaction of a N-protected oxazolidin-5-one 
moiety with ammonia or a protected amine. The processes comprise an optional step of 
preparing a salt of the compound.

[00103] In one embodiment, provided herein is a process for preparing a compound of
Formula (I):

O

0^0‘Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising ‘

(a) contacting a compound of Formula (II):

rI-N^^Asq '

O^OH (Π)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein R1 is 
a suitable amino protecting group, with

NH2-R2
wherein R2 is hydrogen or a suitable amino protecting group, to provide a compound of Formula
(III): .
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O OH (HI)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;
(b) transforming the compound of Formula (III), or a solvate, hydrate, enantiomer, 

mixture of enantiomers, or isotopologue thereof, to a compound of Formula (IV):

O'o'Bu (IV)
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;

(c) deprotecting the -NH-R1 group and, when R2 is a suitable amino protecting 
group, deprotecting the -NH-R2 group to provide a compound of Formula (I), or a solvate, 
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof; and

(d) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the compound.

[00104] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I):

O^O'Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(c) deprotecting the -NH-R1 group and, when R2 is a suitable amino protecting 
group, deprotecting the -NH-R2 group in a compound of Formula (IV):
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H Ϊ 2

-- H

O^O‘Bu (IV)
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein R* is 
a suitable amino protecting group, and R2 is hydrogen or a suitable amino protecting group, to 
provide a compound of Formula (I), of a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof; and

(d) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the compound.

[00105] In one embodiment, the compound of Formula (IV), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a process 
comprising

(b) transforming a compound of Formula (III):
H 9

r1nVn-r! .
O^OH (HI)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to a 
compound of Formula (IV), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof.

[00106] In one embodiment, the compound of Formula (III), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a process 
comprising .

(a) contacting a compound of Formula (II):

rI-N^J^q

O^OH (Π)
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or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with NH2-R2
to provide a compound of Formula (III), or a solvate, hydrate, enantiomer, mixture of
enantiomers, or isotopologue thereof.

[00107] In one embodiment, R2 is hydrogen, i.e., NH2-R2 is NH3. In one embodiment, the 
NH3 in step (a) is provided in the form of gaseous ammonia. In one embodiment, the NH3 in 
step (a) is provided in the form of an ammonia solution. In one embodiment, the ammonia 
solution is an ammonia solution in water (e.g., NH4OH). In one embodiment, the ammonia 
solution is an ammonia solution in an alcohol. In one embodiment, the alcohol is methanol, 
ethanol, n-propanol, or isopropanol, or a mixture thereof. In one embodiment, the ammonia 
solution is an ammonia solution in MeOH.

[00108] In one embodiment, the NH3 in step (a) is provided in the form of ammonium salt. 
In one embodiment, the ammonium salt is (NH4)2CO3, NH4HCO3, NH4OAC, NH4H2PO4, 
(NH4)2HPO4, or (NH4)3PO4. In one embodiment, the NH3 in step (a) is provided in the form of 
NH4HCO3.

[00109] In one embodiment, R2 is a suitable amino protecting group. In one embodiment, 
the deprotection of the -NH-R1 group and the deprotection of the -NH-R2 group in step (c) are 
conducted separately. In one embodiment, the deprotection of the -NH-R1 group and the 
deprotection of the -NH-R2 group in step (c) are conducted simultaneously.

[00110] In one embodiment, R2 is allyl, Z-butyl, methoxymethyl (MOM), 
methylthiomethyl (MTM), benzyloxymethyl (BOM), 2,2,2-trichloroethoxymethyl, t- 
butyldimethylsiloxymethyl, pivaloyloxymethyl, cyanomethyl, pyrrolidinomethyl, methoxy, 
benzyloxy, methylthio, triphenylmethylthio, t-butyldimethylsilyl (TBDMS), triisopropylsilyl 
(TIPS), 4-methoxyphenyl, 4-(methyoxymethoxy)phenyl, 2-methoxy-l-naphthyl, benzyl, 4- 
methoxybenzyl, 2,4-dimethoxybenzyl, 3,4-dimethoxybenzyl, 2-acetoxy-4-methoxybenzyl, 2- 
nitrobenzyl, bis(4-methoxyphenyl)methyl (DAM), bis(4-methoxyphenyl)phenylmethyl, bis(4- 
methylsulfinylphenyl)methyl, triphenylmethyl (Tr), 9-phenylfluorenyl (Pf), 
bis(trimethylsilyl)methyl, ί-butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz), methoxycarbonyl, 
ethoxycarbonyl, /2-toluenesulfonyl (Ts), butenyl, (_E)-2-(methoxycarbonyl)vinyl, diethoxymethyl, 
l-methoxy-2,2-dimethylpropyl, or 2-(4-methylphenylsulfonyl)ethyL In one embodiment, R2 is 
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benzyl (Bn), 4-methoxybenzyl (PMB), or 3,4-dimethoxybenzyl (DMPM). In one embodiment,
R2 is 1-phenylethyl. In one embodiment, R2 is (5)-1 -phenylethyl. In one embodiment, R2 is (R)-
1-phenylethyl.

[00111] In one embodiment, R1 is allyl, ί-butyl, methoxymethyl (MOM), 
methy 1thiomethyl (MTM), benzyloxymethyl (BOM), 2,2,2-trichloroethoxymethyl, /- 
butyldimethylsiloxymethyl, pivaloyloxymethyl, cyanomethyl, pyrrolidinomethyl, methoxy, 
benzyloxy, methylthio, triphenylmethylthio, /-butyldimethylsilyl (TBDMS), triisopropylsilyl 
(TIPS), 4-methoxyphenyl, 4-(methyoxymethoxy)phenyl, 2-methoxy-l-naphthyl, benzyl, 4- 
methoxybenzyl, 2,4-dimethoxybenzyl, 3,4-dimethoxybenzyl, 2-acetoxy-4-methoxybenzyl, 2- 
nitrobenzyl, bis(4-methoxyphenyl)methyl (DAM), bis(4-methoxyphenyl)phenylmethyl, bis(4- 
methylsulfinylphenyl)methyl, triphenylmethyl (Tr), 9-phenylfluorenyl (Pf), 
bis(trimethylsilyl)methyl, /-butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz), methoxycarbonyl, 
ethoxycarbonyl, y?-toluenesulfonyl (Ts), butenyl, (£)-2-(methoxycarbonyl)vinyl, diethoxymethyl, 
l-methoxy-2,2-dimethylpropyl, or 2-(4-methylphenylsulfonyl)ethyl. In one embodiment, R1 is 
benzyl (Bn), 4-methoxybenzyl (PMB), 3,4-dimethoxybenzyl (DMPM), benzyloxycarbonyl 
(Cbz), or p-methoxybenzyloxycarbonyl (Moz). In one embodiment, R1 is benzyloxycarbonyl 
(Cbz).

[00112] In one embodiment, step (c) occurs under a hydrogenation condition. In one 
embodiment, the hydrogenation occurs in the presence of a Pd catalyst. In one embodiment, the 
Pd catalyst is Pd/C. In one embodiment, the hydrogenation occurs in the presence of a 
Palladium, Platinum, Rhodium, or Ruthenium catalyst on different supports that include carbons, 
alumina, alkaline earth carbonates, clays, ceramics, and celite. In one embodiment, the 
hydrogenation occurs in a solvent of MeOH. In one embodiment, the hydrogenation occurs in a 
solvent of ethanol, isopropanol, 1-propanol, butanol, THF, 2-MeTHF, MTBE, isopropyl acetate, 
ethyl acetate, DMF, DMAc, or NMP. In one embodiment, the hydrogenation occurs under a 
transfer hydrogenation condition. In one embodiment, the transfer hydrogenation condition 
includes cyclohexene, cyclohexadiene, formic acid, or ammonium formate.

[00113] In one embodiment, step (b) comprises reacting the compound of Formula (III), or 
a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with isobutylene
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or equivalent to provide a compound of Formula (IV), or a solvate, hydrate, enantiomer, mixture
of enantiomers, or isotopologue thereof. In one embodiment, the isobutylene equivalent is t-
butyl 2,2,2-trichloroacetimidate. In one embodiment, the isobutylene equivalent is O-/-Bu-DIC

I

f H
isourea). In one embodiment, the O-r-Bu-DIC isourea is formed by reacting 
diisopropylcarbodiimide (DIC) with /-butanol and a Cu(I) salt. In one embodiment, the O-/-Bu- 
DIC isourea is formed by reacting diisopropylcarbodiimide (DIC) with /-butanol and a Cu(I) salt 
in the presence of oxygen. In one embodiment, the oxygen is present in an amount of up to 
about 22% of the atmosphere. In one embodiment, the oxygen is present in an amount of from 
about 1% to about 10% of the atmosphere. In one embodiment, the oxygen is present in an 
amount of from about 2% to about 6% of the atmosphere. In one embodiment, the oxygen is 
present in an amount of about 4% of the atmosphere. In one embodiment, the Cu(I) salt is CuCl. 
In one embodiment, the Cu(I) salt is CuBr. In one embodiment, the Cu(I) salt is Cui. Other 
methods for transforming an acid to a t-butyl ester that are generally known to those of ordinary 
skill in the art can also be used in step (b).

[00114] Step (d) comprises optionally converting the compound of Formula (I), or a 
solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the 
compound. In one embodiment, the salt is a HCI, HBr, HOAc, or PhSChH salt. In one 
embodiment, the salt is a HCI salt. Methods for salt formation that are generally known to those 
of ordinary skill in the art can be used in step (d).

[00115] In one embodiment, the compound of Formula (II), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a process 
comprising contacting a compound of the Formula:

H ?
RtN^^OH

O' OH
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or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a 
formaldehyde source. In one embodiment, the formaldehyde source is paraformaldehyde. In 
one embodiment, the formaldehyde source is 1,3,5-trioxane. In one embodiment, the reaction 
occurs in the presence of an acid. In one embodiment, the acid is p-TsOH. In one embodiment, 
the acid is MsOH. In one embodiment, the acid is benzenesulfonic acid. In one embodiment, 
the acid is trifluoromethanesulfonic acid. In one embodiment, the acid is trifluoroacetic acid. In 
one embodiment, the acid is sulfuric acid. In one embodiment, the acid is trichloroacetic acid. 
In one embodiment, the acid is present in a catalytic amount. In one embodiment, the reaction 
occurs in a solvent of PhMe. In one embodiment, the reaction occurs in a solvent of acetonitrile.

[00116] In one embodiment, provided herein is a process for preparing a compound of
Formula (I):

O

O^O'Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(a) contacting Compound 4 of the Formula:

CbzN^A>Q

^CO2H 

4

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with
Me

Ph'^'NH2

to provide Compound 5 of the Formula:
O Me 

CbzHN^kNXph 

sH 

co2h

5

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;

32



WO 2019/040109 PCT/US2018/000358

(b) transforming Compound 5, or a solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof, to Compound 6 of the Formula:

O Me 
CbzHN^lNAph 

sH 

CO2tBu

6

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;
(c) deprotecting Compound 6, or a solvate, hydrate, enantiomer, mixture of 

enantiomers, or isotopologue thereof, to provide a compound of Formula (I), or a solvate, 
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof; and

(d) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a HC1 salt of the compound.

[00117] In one embodiment, provided herein is a process for preparing a compound of 

Formula (I):
O

0^0‘Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 

comprising
(c) deprotecting Compound 6 of the Formula:

O Me
• CbzHNx>fNXph .

-H
CO2tBu

6

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to provide a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof; and

(d) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a HC1 salt of the compound.
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[00118] In one embodiment, Compound 6, or a solvate, hydrate, enantiomer, mixture of
enantiomers, or isotopologue thereof, is prepared by a process comprising

(b) transforming Compound 5 of the Formula:
O Me 

CbzHN^NAph 

SH 

co2h

5

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to Compound 
6, or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof.

[00119] In one embodiment, Compound 5, or a solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof, is prepared by a process comprising

(a) contacting Compound 4 of the Formula:

CbzN^Ao

^co2h

4

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with
Me

Ph^NH2

to provide Compound 5, or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof.

[00120] In one embodiment, step (a) occurs in a solvent of MeOH.

[00121] In one embodiment, step (b) comprises reacting Compound 5, or a solvate,
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with t-butyl 2,2,2- 
trichloroacetimidate. In one embodiment, the reaction occurs in the presence of BF3 etherate. In 
one embodiment, the reaction occurs in a solvent of DCM.

[00122] In one embodiment, step (b) comprises reacting Compound 5, or a solvate, 
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with Ο-ί-Bu-DIC isourea.
In one embodiment, the O-r-Bu-DIC isourea is formed by reacting diisopropylcarbodiimide
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(DIC) with /-butanol and a Cu(I) salt. In one embodiment, the O-/-Bu-DIC isourea is formed by 
reacting diisopropylcarbodiimide (DIC) with /-butanol and a Cu(I) salt in the presence of 
oxygen. In one embodiment, the oxygen is present in an amount of up to about 22% of the 
atmosphere. In one embodiment, the oxygen is present? in an amount of from about 1% to about 
10% of the atmosphere. In one embodiment, the oxygen is present in an amount of from about 
2% to about 6% of the atmosphere. In one embodiment, the oxygen is present in an amount of 
about 4% of the atmosphere. In one embodiment, the Cu(I) salt is CuCl. In one embodiment, 
the Cu(I) salt is CuBr. In one embodiment, the Cu(I) salt is Cui. In one embodiment, the 
reaction occurs in a solvent of 2-MeTHF. In one embodiment, the reaction occurs in a solvent of 
THF, DCM, MTBE, 1,4-dioxane, or Et2O.

[00123] In one embodiment, step (c) occurs via hydrogenation in the presence of Pd/C. . 
In one embodiment, the hydrogenation occurs in the presence of a Palladium, Platinum, 
Rhodium, or Ruthenium catalyst on different supports that include carbons, alumina, alkaline 
earth carbonates, clays, ceramics, and celite. In one embodiment, the hydrogenation occurs in a 
solvent of McOII. In one embodiment, the hydrogenation occurs in a solvent of ethanol, 
isopropanol, 1-propanol, butanol, THF, 2-MeTHF, MTBE, isopropyl acetate, ethyl acetate, 
DMF, DMAc, or NMP. In one embodiment, the hydrogenation occurs under a transfer 
hydrogenation condition. In one embodiment, the transfer hydrogenation condition includes 
cyclohexene, cyclohexadiene, formic acid, or ammonium formate.

[00124] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I):

O

O‘Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(a) contacting Compound 4 of the Formula:
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CbzN^A-θ

^COzH

4

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with NH3 to 
provide Compound 7 of the Formula:

O
0^ΗΝγΑΝΗ2

^CO2H

7

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;
(b) transforming Compound 7, or a solvate, hydrate, enantiomer, mixture of 

enantiomers, or isotopologue thereof, to Compound 8 of the Formula:
O

CteHNYANH2

CO2tBu
8

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;
(c) deprotecting Compound 8, or a solvate, hydrate, enantiomer, mixture of 

enantiomers, or isotopologue thereof, to provide a compound of Formula (I), or a solvate, 
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof; and

(d) optionally converting the compound of Formula (1), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a HC1 salt of the compound.

[00125] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I):

O
H2N>Ahz

0^0‘Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising
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(c) deprotecting Compound 8 of the Formula:
O 

CbzHN^A^

CO2tBu
8

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to provide a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof; and

(d) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a HC1 salt of the compound.

[00126] In one embodiment, Compound 8, or a solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof, is prepared by a process comprising

(b) transforming Compound 7 of the Formula:
O

^co2h

7

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to Compound 
8, or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof.

[00127] In one embodiment, Compound 7, or a solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof, is prepared by a process comprising

(a) contacting Compound 4 of the Formula:
/-θ

CbzN^0

^CO2H

4

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with NFb to 
provide Compound 7 of the Formula:
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Ο 
CbzHN^A  ̂

^co2h 

7

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof.

[00128] In one embodiment, NH3 in step (a) is provided in the form ofNH4OH. In one 
embodiment, step (a) occurs in a solvent of MeOH.

[00129] In one embodiment, step (b) comprises reacting Compound 7, or a solvate, 
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with t-butyl 2,2,2- 
trichloroacetimidate. In one embodiment, the reaction occurs in the presence of BF3 etherate. In 
one embodiment, the reaction occurs in a solvent of DCM.

[00130] In one embodiment, step (b) comprises reacting Compound 7, or a solvate, 
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with O-t-Bu-DIC isourea. 
In one embodiment, the O-r-Bu-DIC isourea is formed by reacting diisopropylcarbodiimide 
(DIC) with r-butanol and a Cu(I) salt. In one embodiment, the O-t-Bu-DIC isourea is formed by 
reacting diisopropylcarbodiimide (DIC) with /-butanol and a Cu(I) salt in the presence of 
oxygen. In one embodiment, the oxygen is present in an amount of up to about 22% of the 
atmosphere. In one embodiment, the oxygen is present in an amount of from about 1% to about 
10% of the atmosphere. In one embodiment, the oxygen is present in an amount of from about 
2% to about 6% of the atmosphere. In one embodiment, the oxygen is present in an amount of 
about 4% of the atmosphere. In one embodiment, the Cu(I) salt is CuCl. In one embodiment, 
the Cu(I) salt is CuBr. In one embodiment, the Cu(I) salt is Cui, In one embodiment, the 
reaction occurs in a solvent of 2-MeTHF. In one embodiment, the reaction occurs in a solvent of 
THF, DCM, MTBE, 1,4-dioxane, or Et2O.

[00131] In one embodiment, step (c) occurs via hydrogenation in the presence of Pd/C. . 
In one embodiment, the hydrogenation occurs in the presence of a Palladium, Platinum, 
Rhodium, or Ruthenium catalyst on different supports that include carbons, alumina, alkaline 
earth carbonates, clays, ceramics, and celite. In one embodiment, the hydrogenation occurs in a 
solvent of MeOH. In one embodiment, the hydrogenation occurs in a solvent of ethanol, 
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isopropanol, 1-propanol, butanol, THF, 2-MeTHF, MTBE, isopropyl acetate, ethyl acetate, 
DMF, DMAc, or NMP. In one embodiment, the hydrogenation occurs under a transfer 
hydrogenation condition. In one embodiment, the transfer hydrogenation condition includes 
cyclohexene, cyclohexadiene, formic acid, or ammonium formate.

[00132] In one embodiment, Compound 4, or a solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof, is prepared by a process comprising Compound 3 of the 
Formula:

O 
CbzHN^AQH

^CO2H 

3

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a 
formaldehyde source. In one embodiment, the formaldehyde source is paraformaldehyde. In 
one embodiment, the formaldehyde source is 1,3,5-trioxane. In one embodiment, the reaction 
occurs in the presence of an acid, In one embodiment, the acid is p-TsOH. In one embodiment, 
the acid is MsOH. In one embodiment, the acid is benzenesulfonic acid. In one embodiment, 
the acid is trifluoromethanesulfonic acid. In one embodiment, the acid is trifluoroacetic acid. In 
one embodiment, the acid is sulfuric acid. In one embodiment, the acid is trichloroacetic acid. 
In one embodiment, the acid is present in a catalytic amount. In one embodiment, the reaction 
occurs in a solvent of PhMe. In one embodiment, the reaction occurs in a solvent of acetonitrile.

[00133] In one embodiment, Compound 3, or a solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof, is prepared by a process comprising protecting Compound 
2 of the Formula:

O 
ΠζΝ^Αοη

^co2h

2

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with CbzCl. 
In one embodiment, the reaction occurs in the presence of an base. In one embodiment, the base 
is NaOH.
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5.2.2 Process 2 for the Preparation of a Compound of Formula (I)

[00134] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a ring-opening reaction of an oxazolidine-2,5-dione moiety 
with ammonia. The processes comprise an optional step of preparing a salt of the compound.

[00135] In one embodiment, provided herein is a process for preparing a compound of
Formula (I):

O

O^O‘Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(a) contacting a compound of Formula (V):

ηνα
o (V)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein R3 is 
a Ci-io alkyl, with NH3 to provide a compound of Formula (VI):

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;
(b) when R3 is not tert-butyl, transforming the R3 group to tert-butyl to provide a 

compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, and

(c) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the compound.

[00136] In one embodiment, the NH3 in step (a) is provided in the form of gaseous 
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ammonia. In one embodiment, the NH3 in step (a) is provided in the form of an ammonia 
solution. In one embodiment, the ammonia solution is an ammonia solution in water (e.g., 
NH4OH). In one embodiment, the ammonia solution is an ammonia solution in an alcohol. In 
one embodiment, the alcohol is methanol, ethanol, n-propanol, or isopropanol, or a mixture 
thereof. In one embodiment, the ammonia solution is an ammonia solution in MeOH.

[00137] In one embodiment, the NFb in step (a) is provided in the form of ammonium salt. 
In one embodiment, the ammonium salt is (NH^CCh, NH4HCO3, NH4OAC, ΝΉ4Η2ΡΟ4, 
(NH4)2HPO4, or (NH4)3PO4. In one embodiment, the NH3 in step (a) is provided in the form of 
NH4HCO3.

[00138] In one embodiment, R3 is a C1.5 alkyl. In one embodiment, R3 is tert-butyl. In 
one embodiment, R3 is methyl, ethyl, n-propyl, or isopropyl. In one embodiment, R3 is methyl.

[00139] In one embodiment, step (b) comprises contacting the compound of Formula (VI), 
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with t-BuOH, 
optionally in the presence of a tert-butoxide salt. In one embodiment, the tert-butoxide salt in 
step (b) is LiO’Bu, NaO'Bu, or KO'Bu. In one embodiment, the tert-butoxide salt in step (b) is 
KXTBu.

[00140] In one embodiment, the compound of Formula (V), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a process 
comprising contacting a compound of Formula (VII):

O O

nh2 (VII)
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a 
cyclization reagent.

[00141] In one embodiment, the cyclization reagent is thionyl chloride, sulfuryl chloride, 
4-dimethylaminopyridine, phosgene, diphosgene, triphosgene, oxalyl chloride, a carbodiimide., 
an anhydride or a mixed anhydride. In one embodiment, the cyclization reagent is benzotriazole- 
l-yl-oxy-tris-(dimethylamino)-phosphonium hexafluorophosphate (BOP), N,N’- 
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carbonyldiimidazole (CDI), 3-(diethoxyphosphoryloxy)-l,2,3-benzotriazin-4(3H)-one (DEPBT), 
l-ethyl-3-(3-dimethyllaminopropyl)carbodiimide (EDCI), 2-(7-aza-lH-benzotriazole-l-yl)- 
1,1,3,3-tetramethyluronium hexafluorophosphate (HATU), 2-(lH-benzotriazole-l-yl)-l,l,3,3- 
tetramethyluronium hexafluorophosphate (HBTU), 1-hydroxybenzotriazole (HOBt), 
benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBOP), 2-(lH- 
benzotriazole-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (TBTU), O-(3,4-dihydro-4- 
oxo-l,2,3-benzotriazine-3-yl)-N,N,N,N-tetramethyluronium tetrafluoroborate (TDBTU), 3- 
(diethyloxyphosphoryloxy)-l,2,3-benzotriazin-4(3Z/)-one (DEPBT), dicyclohexylcarbodiimide 
(DCC), N,N’-diisopropylcarbodiimide (DIC), or 1-hydroxy-7-azabenzotriazole (HOAt). In one 
embodiment, the cyclization reagent is triphosgene. In one embodiment, the cyclization reagent 
is Ν,Ν’-carbonyldiimidazole (CDI).

[00142] Step (c) comprises optionally converting the compound of Formula (I), or a 
solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the 
compound. In one embodiment, the salt is a HCI, HBr, HOAc, or PhSChH salt. In one 
embodiment, the salt is a HCI salt. Methods for salt formation that are generally known to those 
of ordinary skill in the art can be used in step (c).

[00143] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I):

O

O^O'Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(a) contacting Compound 9 of the Formula:
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or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with NH3 to
provide Compound 10 of the Formula:

O O

nh2
10

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;
(b) transforming Compound 10, or a solvate, hydrate, enantiomer, mixture of 

enantiomers, or isotopologue thereof, to a compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, and

(c) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a HC1 salt of the compound.

[00144] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I):

O
Η'"ΤΛ·ΝΗ2

0^0‘Bu (])

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(b) transforming Compound 10 of the Formula:
0 0 .

N H2
nh2

10

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, and

(c) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a HCl salt of the compound.

[00145] In one embodiment, Compound 10, or a solvate, hydrate, enantiomer, mixture of
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enantiomers, or isotopologue thereof, is prepared by a process comprising
(a) contacting Compound 9 of the Formula:

O
9

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with NH3 to 
provide Compound 10, or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof.

[00146] In one embodiment, NH3 in step (a) is provided in the form of NH4OH. In one 
embodiment, step (a) occurs in a solvent of MeOH.

[00147] In one embodiment, step (b) comprises contacting the compound of Formula (VI), 
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with t-BuOH, 
in the presence of KCBu.

[00148] In one embodiment, Compound 9, or a solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof, is prepared by a process comprising contacting an amino 
acid compound of the Formula: .

O O

NH2

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a 
cyclization reagent. In one embodiment, the cyclization reagent is triphosgene. In one 
embodiment, the cyclization reagent is N,N’-carbonyldiimidazole (CDI).

[00149] In one embodiment, the amino acid compound, or a solvate, hydrate, enantiomer, 
mixture of enantiomers, or isotopologue thereof, is prepared by a process comprising 
transforming Compound 2 of the Formula:

NH2
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or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to the amino 
acid compound, or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue 
thereof, under a condition suitable for ester formation. In one embodiment, the condition is 
reacting with MeOH in the presence of an acid. In one embodiment, the acid is HCL

[00150] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I):

O

O^O‘Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(a) contacting Compound 12 of the Formula:

°

ο
12

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with NH3 to 
provide a compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof; and

(c) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a HCl salt of the compound.

[00151] In one embodiment, the NH3 in step (a) is provided in the form of NH4HCO3.

[00152] In one embodiment, Compound 12, or a solvate, hydrate, enantiomer, mixture of
enantiomers, or isotopologue thereof, is prepared by a process comprising contacting Compound 
11 of the Formula:
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or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a
cyclization reagent. In one embodiment, the cyclization reagent is triphosgene. In one
embodiment, the cyclization reagent is N,N’-carbonyldiimidazole (CDI).

[00153] In one embodiment, Compound 11, or a solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof, is prepared by a process comprising transforming 
Compound 2 of the Formula:

O O

2 NH2

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to Compound 
11, or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, under a 
condition suitable for ester formation. In one embodiment, the condition is reacting with 
isobutylene in the presence of BF3 Et2O.

5.2.3 Process 3 for the Preparation of a Compound of Formula (I)

[00154] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a ring-opening reaction of a N-protected pyrrolidin-2-one 
moiety with a tert-butoxide nucleophile. The processes comprise an optional step of preparing a 
salt of the compound.

[00155] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I):

O

0^0‘Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(a) contacting a compound of Formula (VIII):
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Ο

GY'S"' "NH2
VJ (VIII)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein R4 is 
a suitable amino protecting group, with a t-butoxide nucleophile to provide a compound of 
Formula (IX):

H I
Ρ4ΝΎ^ΝΗ2

O^O'Bu (IX)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;
(b) deprotecting the -NH-R4 group to provide a compound of Formula (I), or a 

solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof; and
(c) optionally converting the compound of Formula (I), or a solvate, hydrate, 

enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the compound.

[00156] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I):

O
h*n^nh2

Cr O'Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(b) deprotecting the -NH-R4 group in a compound of Formula (IX):
Η ?

R4 ΝΎ^ΝΗ2

O^O'Bu (IX) 
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or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein R4 is 
a suitable amino protecting group, to provide a compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof; and

(c) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the compound.

[00157] In one embodiment, the compound of Formula (IX), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a process 
comprising

(a) contacting a compound of Formula (VIII):

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a t- 
butoxide nucleophile to provide a compound of Formula (IX), or a solvate, hydrate, enantiomer, 
mixture of enantiomers, or isotopologue thereof.

[00158] In one embodiment, R4 is allyl, /-butyl, methoxymethyl (MOM), 
methylthiomethyl (MTM), benzyloxymethyl (BOM), 2,2,2-trichloroethoxymethyl, /- 
butyldimethylsiloxymethyl, pivaloyloxymethyl, cyanomethyl, pyrrolidinomethyl, methoxy, 
benzyloxy, methylthio, triphenylmethylthio, /-butyldimethylsilyl (TBDMS), triisopropylsilyl 
(TIPS), 4-methoxyphenyl, 4-(methyoxymethoxy)phenyl, 2-methoxy-1 -naphthyl, benzyl, 4- 
methoxybenzyl, 2,4-dimethoxybenzyl, 3,4-dimethoxybenzyl, 2-acetoxy-4-methoxybenzyl, 2- 
nitrobenzyl, bis(4-methoxyphenyl)methyl (DAM), bis(4-methoxyphenyl)phenylmethyl, bis(4- 
methylsulfinylphenyl)methyl, triphenylmethyl (Tr), 9-phenylfluorenyl (Pf), 
bis(trimethylsilyl)methyl, /-butoxy carbonyl (Boc), benzyloxy carbonyl (Cbz), methoxycarbonyl, 
ethoxycarbonyl, p-toluenesulfonyl (Ts), butenyl, (E)-2-(methoxycarbonyl)vinyl, diethoxymethyl, 
l-methoxy-2,2-dimethylpropyl, or 2-(4-methylphenylsulfonyl)ethyl. In one embodiment, R4 is 
benzyl (Bn), 4-methoxybenzyl (PMB), 3,4-dimethoxybenzyl (DMPM), benzyloxycarbonyl 
(Cbz), p-methoxybenzyloxycarbonyl (Moz), or /-butoxycarbonyl (Boc). In one embodiment, R4 
is benzyloxycarbonyl (Cbz). In one embodiment, R4 is Boc.

[00159] Depending on R4, deprotecting conditions generally known to those of ordinary 
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skill in the art can be used in step (b). In one embodiment, step (b) occurs under a hydrogenation 
condition. In one embodiment, the hydrogenation occurs in the presence of a Pd catalyst. In one 
embodiment, the Pd catalyst is Pd/C. . In one embodiment, the hydrogenation occurs in the 
presence of a Palladium, Platinum, Rhodium, or Ruthenium catalyst on different supports that 
include carbons, alumina, alkaline earth carbonates, clays, ceramics, and celite. In one 
embodiment, the hydrogenation occurs in a solvent of MeOH. In one embodiment, the 
hydrogenation occurs in a solvent of ethanol, isopropanol, 1-propanol, butanol, THF, 2-MeTHF, 
MTBE, isopropyl acetate, ethyl acetate, DMF, DMAc, or NMP. In one embodiment, the 
hydrogenation occurs under a transfer hydrogenation condition. In one embodiment, the transfer 
hydrogenation condition includes cyclohexene, cyclohexadiene, formic acid, or ammonium 
formate.

[00160] In one embodiment, the tert-butoxide nucleophile in step (a) is LiO(Bu, NaO'Bu, 
or KO‘Bu. In one embodiment, the tert-butoxide nucleophile in step (a) is KO*Bu.

[00161] In one embodiment, the compound of Formula (VIII), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a process 
comprising protecting Compound 14 of the Formula:

14

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to provide the 
compound of Formula (VIII), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof.

[00162] Step (c) comprises optionally converting the compound of Formula (1), or a 
solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the 
compound. In one embodiment, the salt is a HC1, HBr, HO Ac, or PhSOsH salt. In one 
embodiment, the salt is a HC1 salt. Methods for salt formation that are generally known to those 
of ordinary skill in the art can be used in step (c).

[00163] In one embodiment, Compound 14, or a solvate, hydrate, enantiomer, mixture of 
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enantiomers, or isotopologue thereof, is prepared by a process comprising transforming 
Compound 13 of the Formula:

13

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to Compound 
14, or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, under a 
condition suitable for amide formation. In one embodiment, the condition is reacting with 
isobutylchloroformate or other chloroformate derivative, followed by ammonia.

5.2.4 Process 4 for the Preparation of a Compound of Formula (I)

[00164] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (1), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a Michael addition reaction of 2- 
((diphenylmethylene)amino)acetonitrile, 2-((diphenylmethylene)amino)acetamide, or 2- 
((diphenylmethylene)amino)acetate ester to tert-butyl acrylate. The processes comprise an 
optional step of chiral separation. The processes also comprise an optional step of preparing a 
salt of the compound.

[00165] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I-rac):

O 
H2NY^nh2

CTO'Bu (i-rac)
or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising

(a) contacting a compound of Formula (XI): 
Ph^N^R5 

Ph (XI)
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or a solvate, hydrate, or isotopologue thereof, wherein R5 is -CONH2, -CN, or -CO2R6, and R6
is a Ci-10 alkyl, with tert-butyl acrylate in the presence of a base to provide a compound of

Formula (XII):
Ph^N R5 

Ph J

CO2tBu (XII) 

or a solvate, hydrate, or isotopologue thereof;
(b) transforming the compound of Formula (XII), or a solvate, hydrate, or 

isotopologue thereof, to a compound of Formula (XIII):
H2N^R5

CO2tBu (ΧΙΠ)

or a solvate, hydrate, or isotopologue thereof, in the presence of an acid;
(c) when R5 is not -CONH2, transforming the R5 group to -CONH2 to provide a 

compound of Formula (I-rac), or a solvate, hydrate, or isotopologue thereof, wherein the -NH2 
group in the compound of Formula (XIII), or a solvate, hydrate, or isotopologue thereof, is 
optionally protected and deprotected in step (c);

(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 
isotopologue thereof, to provide a compound of Formula (I):

O

O^O'Bu (I)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a salt of the compound.

[00166] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I-rac):
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H2N
Ο

nh2

O'Bu (1-rac)
or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising

(b) transforming a compound of Formula (XII):
PIk .R5

Ph

CO2tBu (XII)

or a solvate, hydrate, or isotopologue thereof, wherein R5 is -CONH2, -CN, or -CO2R6, and R6 
is a Ci-10 alkyl, to a compound of Formula (XIII):

H2N R5

CO2tBu

or a solvate, hydrate, or isotopologue thereof, in the presence of an acid;
(c) when R5 is not -CONH2, transforming the R5 group to -CONH2 to provide a 

compound of Formula (I-rac), or a solvate, hydrate, or isotopologue thereof, wherein the -NH2 
group in the compound of Formula (XIII), or a solvate, hydrate, or isotopologue thereof, is 
optionally protected and deprotected in step (c);

(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 
isotopologue thereof, to provide a compound of Formula (I):

H2NV^NH2

O^O‘Bu (I)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a salt of the compound.

[00167] In one embodiment, the compound of Formula (XII), or a solvate, hydrate, or 
isotopologue thereof, is prepared by a process comprising
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(a) contacting a compound of Formula (XI):
Ph^N^R5 

Ph (XI) 
or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide a compound of Formula (XII), or a solvate, hydrate, or isotopologue thereof.

[00168] In one embodiment, R5 is -CONH2. In one embodiment, R5 is -CN. In one 
embodiment, R5 is -CO2R6, and R6 is a Ci-io alkyl. In one embodiment, R5 is -CO2R6, and R6 is 
a Ci-5 alkyl. In one embodiment, R6 is methyl, ethyl, n-propyl, or isopropyl. In one 
Embodiment, R5 is -CChMe. In one embodiment, R5 is -CChEt.

[00169] In one embodiment, when R5 is not-CONH2, step (c) comprises (cl) protecting 
the -NH2 group with a protecting group, (c2) transforming the R5 group to -CONH2; and (c3) 
deprotecting the protecting group of the -NH2 group.

[00170] In one embodiment, the R5 group is transformed to -CONH2 directly. In one 
embodiment, the R5 group is transformed to a -CCXJH group, and then the -CUUH group is 
transformed to -CONH2.

[00171] In one embodiment, the protecting group for the -NH2 group in step (cl) is allyl, 
/-butyl, methoxymethyl (MOM), methylthiomethyl (MTM), benzyloxymethyl (BOM), 2,2,2- 
trichloroethoxymethyl, t-butyldimethylsiloxymethyl, pivaloyloxymethyl, cyanomethyl, 
pyrrolidinomethyl, methoxy, benzyloxy, methylthio, triphenylmethylthio, i-butyldimethylsilyl 
(TBDMS), triisopropylsilyl (TIPS), 4-methoxyphenyl, 4-(methyoxymethoxy)phenyl, 2-methoxy- 
1-naphthyl, benzyl, 4-methoxybenzyl, 2,4-dimethoxybenzyl, 3,4-dimethoxybenzyl, 2-acetoxy-4- 
methoxybenzyl, 2-nitrobenzyl, bis(4-methoxyphenyl)methyl (DAM), bis(4- 
methoxyphenyl)phenylmethyl, bis(4-methylsulfinylphenyl)methyl, triphenylmethyl (Tr), 9- 
phenylfluorenyl (Pf), bis(trimethylsilyl)methyl, /-butoxycarbonyl (Boc), benzyloxycarbonyl 
(Cbz), methoxycarbonyl, ethoxycarbonyl,/2-toluenesulfonyl (Ts), butenyl, (£)-2- 
(methoxycarbonyl)vinyl, diethoxymethyl, l-methoxy-2,2-dimethylpropyl, or 2-(4- 
methylphenylsulfonyl)ethyl. In one embodiment, the protecting group is benzyl (Bn), 4- 
methoxybenzyl (PMB), 3,4-dimethoxybenzyl (DMPM), benzyloxycarbonyl (Cbz), or p- 
methoxybenzyloxycarbonyl (Moz). In one embodiment, the protecting group is benzyl. In one 
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embodiment, the protecting group is Cbz.

[00172] In one embodiment, the deprotectoin in step (c3) occurs under a hydrogenation 
condition. Depending on the protecting group, other deprotecting conditions generally known to 
those of ordinary skill in the art can be used in step (c3).

[00173] In one embodiment, the base in step (a) is sodium Ci-14 alkoxide, potassium C1-14 
alkoxide, sodium hydride, potassium hydride, calcium hydride, cesium carbonate, lithium 
hexamethyldisilazide (LiHMDS), lithium diisopropylamide (LDA), 2-tert-butyl-l, 1,3,3- 
tetramethyl-guanidine (Barton’s Base), l,8-diazabicyclo[5.4.0]undec-7-ene (DBU), 1,5- 
diazabicyclo[4.3.0]non-5-ene (DBN), l,4-diazabicyclo(2.2.2)octane (DABCO), N,N- 
diisopropylethylamine (DIPEA or Hiinig’s base), pyridine, 2,6-di-tert-butyl-pyridine, 2,6- 
lutidine, lithium tetramethylpiperidide (LiTMP or harpoon base), 7-methyl-1,5,7 
triazabicyclo[4.4.0]dec-5-ene (MTBD), 1,2,2,6,6-pentamethylpiperidine (PMP), 2,2,6,6- 
tetramethylpiperidine (TMP), tributylamine, 2,4,6-tri-tert-butylpyridine, 
tris(trimethylsilyl)amine, n-butyllithium, sec-butyllithium, tert-butyllithium, potassium 
bis(trimethylsilyl)amide, sodium tert-butoxide, tert-butylimino-tris(dimethylamino)phosphorane, 
or 2-tert-butylimino-2-diethylamino-l,3-dimethylperhydro-l,3,2-diazaphosphorine. In one 
embodiment, the base in step (a) is triethylamine, diisopropylethylamine, pyridine, 4- 
dimethylaminopyridine, or l,8-diazabicyclo[5.4.0]undec-7-ene (DBU). In one embodiment, the 
base in step (a) is DBU. In one embodiment, the base in step (a) is CS2CO3.

[00174] In one embodiment, the acid in step (b) is formic acid, acetic acid, trifluoroacetic 
acid, benzoic acid, citric acid, sulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, 
camphorsulfonic acid, methanesulfonic acid, trifluoromethanesulfonic acid, hydrochloric acid, 
sulfuric acid, nitric acid, or phosphoric acid. In one embodiment, the acid in step (b) is HC1, 
citric acid, or p-toluenesulfonic acid.

[00175] In one embodiment, step (d) comprises contacting the compound of Formula (I- 
rac), or a solvate, hydrate, or isotopologue thereof, with a chiral acid to provide a diastereomeric 
mixture of salts, and separating the resulted diastereomeric mixture of salts by selective 
crystallization. In one embodiment, the chiral acid is tartaric acid, 2,3-dibenzoyl tartaric acid, 
mandelic acid, camphorsulfonic acid, N-Ac-N-leucine, or N-Ac-L-phenylalanine. In one
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embodiment, the selective crystallization occurs in a solvent selected from MeOH, isopropanol,
and n-propanol, or a mixture thereof. Others methods for chiral separation that are generally
known to those of ordinary skill in the art can be used in step (d).

[00176] Step (e) comprises optionally converting the compound of Formula (I), or a 
solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the 
compound. In one embodiment, the salt is a HC1, HBr, HOAc, or PhSOsH salt. In one 
embodiment, the salt is a HC1 salt. Methods for salt formation that are generally known to those 
of ordinary skill in the art can be used in step (e).

[00177] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I-rac):

O 
Η*Νγ^ΝΗ2

O O‘Bu (I-rac)

or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising
(a) contacting Compound 15 of the Formula:

Ph^N^CO2Me 

Ph 
15

or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide Compound 17 of the Formula:

CO2tBu 

17

or a solvate, hydrate, or isotopologue thereof;
(b) transforming Compound 17, or a solvate, hydrate, or isotopologue thereof, to 

Compound 18 of the Formula:
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H2N^.CO2Me

CO2tBu

18

or a solvate, hydrate, or isotopologue thereof, in the presence of an acid;
(cl) protecting the -NH2 group to provide Compound 19 of the Formula: 

CbzHN^.CO2Me

CO2tBu 
19

or a solvate, hydrate, or isotopologue thereof;
(c2) transforming the -CChMe group to -CONH2 to provide Compound rac-8 of the 

Formula:

CbzHN
O

^NH2 

CO2tBu
rac-8

or a solvate, hydrate, or isotopologue thereof;
(c3) deprotecting the protecting group of the -NH2 group to provide a compound of 

Formula (I-rac), or a solvate, hydrate, or isotopologue thereof;
(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 

isotopologue thereof, to provide a compound of Formula (I):
O

Cr O'Bu (J)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a HC1 salt of the compound.

[00178] In one embodiment, provided herein is a process for preparing a compound of

56



WO 2019/040109 PCT/US2018/000358

Formula (I-rac):

H2N
O

nh2

O‘Bu (I-rac) 
or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising

(c3) deprotecting the protecting group of the -NH2 group in Compound rac-8 of the 
Formula:

O 
CbzHN

nh2

CO2tBu 
rac-8

or a solvate, hydrate, or isotopologue thereof, to provide a compound of Formula (I-rac), or a 
solvate, hydrate, or isotopologue thereof;

(d) optionally separating the compound of Formula (T-rac), nr a solvate, hydrate., nr 
isotopologue thereof, to provide a compound of Formula (I):

O
H2N

nh2

Cr O*Bu (I)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a HC1 salt of the compound.

[00179] In one embodiment, Compound rac-8, or a solvate, hydrate, or isotopologue 
thereof, is prepared by a process comprising

(c2) transforming the -CChMe group in Compound 19 of the Formula:
CbzHN ._CO2Me

CO2tBu 
19
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or a solvate, hydrate, or isotopologue thereof, to -CONH2 to provide Compound rac-8, or a
solvate, hydrate, or isotopologue thereof.

[00180] In one embodiment, Compound 19, or a solvate, hydrate, or isotopologue thereof, 
is prepared by a process comprising

(cl) protecting the -NH2 group in Compound 18 of the Formula:
H2N,.CO2Me

CO2tBu

18

or a solvate, hydrate, or isotopologue thereof, to provide Compound 19, or a solvate, hydrate, or 
isotopologue thereof.

[00181] In one embodiment, Compound 18, or a solvate, hydrate, or isotopologue thereof, 
is prepared by a process comprising

(b) transforming Compound 17 of the Formula:
Phx^N^COzMe

Ph J

CO2tBu

17

or a solvate, hydrate, or isotopologue thereof, to Compound 18, or a solvate, hydrate, or 
isotopologue thereof, in the presence of an acid.

[00182] In one embodiment, Compound 17, or a solvate, hydrate, or isotopologue thereof, 
is prepared by a process comprising

(a) contacting Compound 15 of the Formula:
Ph^N^CO2Me

Ph
15

or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide Compound 17, or a solvate, hydrate, or isotopologue thereof;

[00183] In one embodiment, the base in step (a) is DBU. In one embodiment, step (a) 
occurs in a solvent of MeCN. In one embodiment, Compound 17, or a solvate, hydrate, or 
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isotopologue thereof, is not isolated after step (a).

[00184] In one embodiment, the acid in step (b) is HCl. In one embodiment, step (b) 
occurs in a solvent of 2-MeTHF. In one embodiment, Compound 18, or a solvate, hydrate, or 
isotopologue thereof, is not isolated after step (b).

[00185] In one embodiment, step (cl) comprises reacting Compound 18, or a solvate, 
hydrate, or isotopologue thereof, with CbzCl. In one embodiment, step (cl) occurs in the 
presence of K2CO3. In one embodiment, step (cl) occurs in a solvent of 2-MeTHF. In one 
embodiment, Compound 19, or a solvate, hydrate, or isotopologue thereof, is not isolated after 
step (cl).

[00186] In one embodiment, step (c2) comprises hydrolyzing Compound 19, or a solvate, 
hydrate, or isotopologue thereof, under a basic condition to provide Compound 20 of the 
Formula:

CbzHN^COzH

CO2tBu 

20

or a solvate, hydrate, or isotopologue thereof; followed by amide formation to provide 
Compound rac-8, or a solvate, hydrate, or isotopologue thereof.

[00187] In one embodiment, the basic condition is the presence of LiOH. In one 
embodiment, the basic condition is the presence potassium trimethylsiloxide (TMSOK). In one 
embodiment, the hydrolysis occurs in a solvent of 2-MeTHF.

[00188] In one embodiment, the amide formation comprises reacting Compound 20, or a 
solvate, hydrate, or isotopologue thereof, with isobutyl chloroformate, followed by NH3.

[00189] In one embodiment, step (c3) occurs via hydrogenation in the presence of a Pd 
catalyst.

[00190] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I-rac):
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Ο
Η2Νγ^ΝΗ2

Ο O‘Bu (1-rac)
or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising

(a) contacting Compound 23 of the Formula:
O

Ph 23

or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide Compound 24 of the Formula: 

O

CO2tBu 
24

or a solvate, hydrate, or isotopologue thereof;
(b) transforming Compound 24, or a solvate, hydrate, or isotopologue thereof, to a 

compound of Formula (I-rac), or a solvate, hydrate, or isotopologue thereof, in the presence of an 
acid;

(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 
isotopologue thereof, to provide a compound of Formula (I):

O

O^O'Bu (i)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a HC1 salt of the compound.

[00191] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I-rac):
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Ο
Η2Νγ^ΝΗ2

Ο O‘Bu (1-rac)
or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising

(b) transforming Compound 24 of the Formula:
O

CO2tBu 
24

or a solvate, hydrate, or isotopologue thereof, to a compound of Formula (I-rac), or a solvate, 
hydrate, or isotopologue thereof, in the presence of an acid;

(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 
isotopologue thereof, to provide a compound of Formula (I):

O

O^O'Bu (I)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a HC1 salt of the compound.

[00192] In one embodiment, Compound 24, or a solvate, hydrate, or isotopologue thereof, 
is prepared by a process comprising

(a) contacting Compound 23 of the Formula: 
O

Ph 23

or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide Compound 24, or a solvate, hydrate, or isotopologue thereof.

[00193] In one embodiment, the base in step (a) is DBU. In one embodiment, the base in 
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step (a) is CS2CO3. In one embodiment, step (a) occurs in a solvent of MeCN.

[00194] In one embodiment, the acid in step (b) is HC1. In one embodiment, step (b) 
occurs in a solvent of 2-MeTHF.

[00195] In one embodiment, Compound 23, or a solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof, is prepared by a process comprising reacting Compound 21 
of the Formula:

η’ν·-Τ·νη2 
HCI

21

or a solvate, hydrate, or isotopologue thereof, with Compound 22 of the Formula:
NH

Ptrf^Ph

22

or a solvate, hydrate, or isotopologue thereof. In one embodiment, the reaction occurs in the 
presence of a base. In one embodiment, the base is NEt3. In one embodiment, the reaction 
occurs in a solvent of 1,2-dichloroethane (DCE).

[00196] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I-rac):

O 
Η^Νγ^ΝΗ2

O O‘Bu (I-rac)
or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising

(a) contacting Compound 25 of the Formula:
Ph^N^CN 

Ph
25

or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide Compound 26 of the Formula:
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CO2tBu 
26

or a solvate, hydrate, or isotopologue thereof;
(b) transforming Compound 26, or a solvate, hydrate, or isotopologue thereof, to 

Compound 27 of the Formula:
H2N^CN

CO2tBu
27

or a solvate, hydrate, or isotopologue thereof, in the presence of an acid;
(cl) protecting the -NH2 group to provide Compound 28 of the Formula:

. BnHN. XJN

CO?tBu 
28

or a solvate, hydrate, or isotopologue thereof;
(c2) transforming the -CN group to -CONH2 to provide Compound 29 of the 

Formula:
O

CO2tBu 
29

or a solvate, hydrate, or isotopologue thereof;
(c3) deprotecting the protecting group of the -NH2 group to provide a compound of 

Formula (I-rac), or a solvate, hydrate, or isotopologue thereof;
(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 

isotopologue thereof, to provide a compound of Formula (I):
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Ο

O‘Bu (1)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a HCI salt of the compound.

[00197] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I-rac):

O
Η2Νγ^ΝΗ2

0^0‘Bu (i-rac) 

or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising
(c3) deprotecting the protecting group of the -NH2 group in Compound 29 of the 

Formula: 
O 

BnHN
NH2

CO2tBu 
29

or a solvate, hydrate, or isotopologue thereof, to provide a compound of Formula (I-rac), or a 
solvate, hydrate, or isotopologue thereof;

(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 
isotopologue thereof, to provide a compound of Formula (I):

O

O^O‘Bu (I)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
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(e) optionally converting the compound of Formula (1), or a solvate, hydrate, or
isotopologue thereof, to a HC1 salt of the compound.

[00198] . In one embodiment, Compound 29, or a solvate, hydrate, or isotopologue thereof,
is prepared by a process comprising

(c2) transforming the -CN group in Compound 28 of the Formula:
BnHN^CN

CO2tBu
28

or a solvate, hydrate, or isotopologue thereof, to -CONH2 to provide Compound 29, or a solvate, 
hydrate, or isotopologue thereof.

[00199] In one embodiment, Compound 28, or a solvate, hydrate, or isotopologue thereof, 
is prepared by a process comprising

(cl) protecting the -NH2 group in Compound 27 of the Formula:
HzN^CN

CO2tBu
27

or a solvate, hydrate, or isotopologue thereof, to provide Compound 28, or a solvate, hydrate, or 
isotopologue thereof.

[00200] In one embodiment, Compound 27, or a solvate, hydrate, or isotopologue thereof, 
is prepared by a process comprising

(b) transforming Compound 26 of the Formula:
Ph^N^/CN

Ph L

CO2tBu
26

or a solvate, hydrate, or isotopologue thereof, to Compound 27, or a solvate, hydrate, or 
isotopologue thereof, in the presence of an acid.

[00201] In one embodiment, Compound 26, or a solvate, hydrate, or isotopologue thereof, 
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is prepared by a process comprising
(a) contacting Compound 25 of the Formula: 

Ph^N^CN 
Ph

25

or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide Compound 26, or a solvate, hydrate, or isotopologue thereof.

[00202] In one embodiment, the base in step (a) is DBU. In one embodiment, step (a) 
occurs in a solvent of MeCN.

[00203] In one embodiment, the acid in step (b) is HC1. In one embodiment, step (b) 
occurs in a solvent of 2-MeTHF. In one embodiment, Compound 27, or a solvate, hydrate, or 
isotopologue thereof, is not isolated after step (b).

[00204] In one embodiment, step (cl) comprises reacting Compound 27, or a solvate, 
hydrate, or isotopologue thereof, with benzaldehyde, followed by a reducing reagent. In one 
embodiment, the reducing reagent is sodium triacetoxyborohydride (STAB).

[00205] In one embodiment, step (c2) comprises hydrolyzing Compound 28, or a solvate, 
hydrate, or isotopologue thereof, in the presence of a formaldehyde catalyst and hydroxide base 
to provide Compound 29, or a solvate, hydrate, or isotopologue thereof. Other methods for 
nitrile hydrolysis that are generally known to those of ordinary skill in the art can be used in step 
(c2).

[00206] In one embodiment, step (c3) occurs via hydrogenation in the presence of a Pd 
catalyst.

5.2.5 Process 5 for the Preparation of a Compound of Formula (I)

[00207] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a Michael addition reaction of 2-phenyloxazol-5(4H)-one to 
tert-butyl acrylate. The processes comprise an optional step of chiral separation. The processes 
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also comprise an optional step of preparing a salt of the compound.

[00208] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I-rac):

H2N
nh2

0^0‘Bu (I-rac)
or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising

(a) contacting Compound 31 of the Formula:

or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide Compound 32 of the Formula:

tBuO2C

N

or a solvate, hydrate, or isotopologue thereof;
(b) contacting Compound 32, or a solvate, hydrate, or isotopologue thereof, with NH3 

to provide Compound 33 of the Formula: 

CO2tBu 

33

or a solvate, hydrate, or isotopologue thereof;
(c) deprotecting the -NHBz group to provide a compound of Formula (I-rac), or a 

solvate, hydrate, or isotopologue thereof;
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(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or
isotopologue thereof, to provide a compound of Formula (I):

O
H2N

nh2

O^O‘Bu (I)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a salt of the compound.

[00209] In one embodiment, provided herein is a process for preparing a compound of 
Formula (I-rac):

O

O O‘Bu (I-rac)
or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising

(c) deprotecting the -NHBz group in Compound 33 of the Formula:
O

CO2tBu 

33

or a solvate, hydrate, or isotopologue thereof, to provide a compound of Formula (I-rac), or a 
solvate, hydrate, or isotopologue thereof;

(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 
isotopologue thereof, to provide a compound of Formula (I):

Η2Ν^Λνη2

0^0‘Bu (I)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and 
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(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or
isotopologue thereof, to a salt of the compound.

[00210] In one embodiment, Compound 33, or a solvate, hydrate, or isotopologue thereof, 
is prepared by a process comprising

(b) contacting Compound 32 of the Formula:
O

tBuO2C

Ph
32

or a solvate, hydrate, or isotopologue thereof, with NH3 to provide Compound 33, or a solvate, 
hydrate, or isotopologue thereof.

[00211] In one embodiment, Compound 32, or a solvate, hydrate, or isotopologue thereof, 
is prepared by a process comprising

(a) contacting Compound 31 of the Formula:
O

ι!ιχ°

Ph

31

or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide Compound 32, or a solvate, hydrate, or isotopologue thereof;

[00212] In one embodiment, the base in step (a) is sodium C1-14 alkoxide, potassium C1-14 
alkoxide, sodium hydride, potassium hydride, calcium hydride, cesium carbonate, lithium 
hexamethyldisilazide (LiHMDS), lithium diisopropylamide (LDA), 2-tert-butyl-1,1,3,3- 
tetramethyl-guanidine (Barton’s Base), l,8-diazabicyclo[5.4.0]undec-7-ene (DBU), 1,5- 
diazabicyclo[4.3.0]non-5-ene (DBN), l,4-diazabicyclo(2.2.2)octane (DABCO), N,N- 
diisopropylethylamine (DIPEA or Hiinig’s base), pyridine, 2,6-di-tert-butyl-pyridine, 2,6- 
lutidine, lithium tetramethylpiperidide (LiTMP or harpoon base), 7-methyl-l,5,7 
triazabicyclo[4.4.0]dec-5-ene (MTBD), 1,2,2,6,6-pentamethylpiperidine (PMP), 2,2,6,6- 
tetramethylpiperidine (TMP), tributylamine, 2,4,6-tri-tert-butylpyridine, 
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tris(trimethylsilyl)amine, n-butyllithium, sec-butyllithium, tert-butyllithium, potassium 
bis(trimethylsilyl)amide, sodium tert-butoxide, tert-butylimino-tris(dimethylamino)phosphorane, 
or 2-tert-butylimino-2-diethylamino-1,3-dimethylperhydro-l,3,2-diazaphosphorine. In one 
embodiment, the base in step (a) is triethylamine, diisopropylethylamine, pyridine, 4- 
dimethylaminopyridine, or l,8-diazabicyclo[5.4.0]undec-7-ene (DBU). In one embodiment, the 
base in step (a) is DBU. In one embodiment, the base in step (a) is CS2CO3.

[00213] In one embodiment, the NH3 in step (b) is provided in the form of gaseous 
ammonia. In one embodiment, the NH3 in step (b) is provided in the form of an ammonia 
solution. In one embodiment, the ammonia solution is an ammonia solution in water (e.g., 
NH4OH). In one embodiment, the ammonia solution is an ammonia solution in an alcohol. In 
one embodiment, the alcohol is methanol, ethanol, n-propanol, or isopropanol, or a mixture 
thereof. In one embodiment, the ammonia solution is an ammonia solution in MeOH.

[00214] In one embodiment, the NH3 in step (b) is provided in the form of ammonium 
salt. In one embodiment, the ammonium salt is (NH4)2CO3, NH4HCO3, Nl-kOAc, NH4H2PO4, 
(NH4)2HPO4, or (NH4)3PO4. In one embodiment, the NH3 in step (b) is provided in the form of 
NH4HCO3.

[00215] In one embodiment, the deprotection in step (c) occurs in the presence of a base. 
Other methods for benzoyl deprotection that are generally known to those skilled in the art can 
be used in step (c).

[00216] In one embodiment, step (d) comprises contacting the compound of Formula (I- 
rac), or a solvate, hydrate, or isotopologue thereof, with a chiral acid to provide a diastereomeric 
mixture of salts, and separating the resulted diastereomeric mixture of salts by selective 
crystallization. In one embodiment, the chiral acid is tartaric acid, 2,3-dibenzoyl tartaric acid, 
mandelic acid, camphorsulfonic acid, N-Ac-N-leucine, or N-Ac-L-phenylalanine. In one 
embodiment, the selective crystallization occurs in a solvent selected from MeOH, isopropanol, 
and n-propanol, or a mixture thereof.

[00217] Step (e) comprises optionally converting the compound ofFormula (I), or a 
solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the
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compound. In one embodiment, the salt is a HC1, HBr, HOAc, or PhSChH salt. In one
embodiment, the salt is a HC1 salt. Methods for salt formation that are generally known to those
of ordinary skill in the art can be used in step (e).

[00218] In one embodiment, Compound 31, or a solvate, hydrate, or isotopologue thereof,
is prepared by a process comprising contacting Compound 30 of the Formula:

O
30

or a solvate, hydrate, or isotopologue thereof, with a cyclization reagent. In one embodiment, the 
cyclization reagent is DCC.

5.2.6 Preparation of a Compound of Formula (XIV)

[00219] The preparation of a compound of Formula (XIV) (i.e., Compound 37) has been
previously described in U.S. Patent Publication No. 2014/0046058, which is incorporated herein 
by reference in its entirety. The preparation is summarized in the scheme below:

O

37-5
(not isolated)

[00220] This process was implemented to manufacture multi-kilo batches of 37, however, 
it has several draw backs: The process involves multiple steps (six bond forming- breaking 
reactions). The process lacks crystalline, isolable intermediates. Compounds 37-3, 37-4, and 37- 
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5 are not crystalline solids. This precludes the use of crystallization for purification. 
Crystallization is generally a preferred method of purification on kilogram or larger scale. As a 
consequence a large purification burden is put on the final step (isolation of 37), two 
crystallizations are required, the first of which has poor physical properties which leads to 
difficult handling. The process involves the use of a radical reaction (37-3 to 37-4) that can 
rapidly generate heat, and the heat can lead to side product formation (ring bromination) that is 
difficult to remove. The process involves the use of a bulky silyl protecting group (on 37-3, 37
4, and 37-5). This is an expensive piece that does not add atoms to the final compound. A need 
still exists for the development of alternative synthetic processes for a compound of Formula 
(XIV), such as Compound 37.

[00221] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (XIV), or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a reductive amination reaction between a compound of a 
compound of Formula (I) and a 2-formylbenzoester (or a synthetic equivalent). The processes 
comprise an optional step of crystallization of the product from a solvent or mixture of solvents. 
In certain embodiments, the processes provided herein are significantly shorter (only two steps 
from a compound of Formula (XVI)) than the previous synthesis and result in higher yields.

[00222] In one embodiment, provided herein is a process for preparing a compound of
Formula (XIV):

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein 
R7 is hydrogen or a suitable hydroxyl protecting group, comprising

(a) contacting a compound of Formula (XV):
CO2R8

CHO
OR7 (XV)
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or an analog of a compound of Formula (XV) that contains an aldehyde-equivalent and/or
carboxylic-equivalent group, or a solvate, hydrate, enantiomer, mixture of enantiomers, or
isotopologue thereof, wherein R8 is hydrogen, alkyl, or aryl, with a compound of Formula (I):

O

O^O'Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to 
provide a compound of Formula (XIV), or a salt, solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof; and

(b) optionally crystallizing the compound of Formula (XIV), or a salt, solvate, 
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, from a solvent or mixture 
of solvents.

[00223] In one embodiment, R7 is hydrogen. In one embodiment, R7 is a hydroxyl 
protecting group. In one embodiment, R7 is a hydroxyl protecting group selected from the group 
consisting of allyl, methyl, 2-methoxyethoxymethyl (MEM), methoxymethyl (MOM), 
methoxythiomethyl, /-butoxymethyl, tri-isopropylsilyloxymethyl (TOM), ethyl, 1-ethoxyehtyl, 
isopropyl, ί-butyl, benzyl, trityl (Tr), dimethoxytrityl (DMT), monomethoxytrityl (MMT), p- 
methoxybenzyl (PMB), acetyl, chloroacetyl, trichloroacetyl, trifluoroacetyl, pivaloyl (Piv), 
benzoyl,/>-phenylbenzoyl, trimethylsilyl (TMS), triisopropylsilyl (TIPS), /-butyldimethylsilyl 
(TBDMS), and tetrahydropyranyl.

[00224] In one embodiment, R8 is alkyl. In one embodiment, R8 is a C1-5 alkyl. In one 
embodiment, R8 is methyl, ethyl, n-propyl, isopropyl, or tert-butyl. In one embodiment, R8 is 
methyl. In one embodiment, R8 is hydrogen. In one embodiment, R8 is aryl. In one 
embodiment, R8 is a Ce-io aryl.

[00225] In one embodiment, an aldehyde-equivalent group is an acetal, hemiacetal, 
thioacetal, dithioacetal, aminal, or hemiaminal. In one embodiment, the aldehyde-equivalent 
group is formed with the adjacent carboxylic-equivalent group (which leads to a fused ring 
structure).

73



WO 2019/040109 PCT/US2018/000358

[00226] In one embodiment, a carboxylic-equivalent group is a carboxylic acid, carboxylic
ester, carboxylic amide, carboxylic halide, lactone, lactam, or thiolactone.

[00227] In one embodiment, the analog of a compound of Formula (XV) that contains an 
aldehyde-equivalent and/or carboxylic-equivalent group is a compound of the formula:

wherein:
each instance of Ra is independently hydrogen, alkyl, aryl, acyl, or carbamoyl;
X is Cl, Br, ORb, SRC, SO3RC, or NRaRa;
Rb is hydrogen, alkyl, aryl, acyl, or silyl; and
Rc is hydrogen, alkyl, or aryl.

• [00228] In one embodiment, the analog of a compound of Formula (XV) that contains an 
aldehyde-equivalent and/or carboxylic-equivalent group is a 4-hydroxy-3-alkoxyisobenzofuran- 
l(3H)-one.

[00229] In one embodiment, step (a) is conducted with a salt of a compound of Formula 
(I) selected from a hydrochloride salt, a sulfonic acid salt, a phosphoric acid salt, an achiral 
carboxylic acid salt, a chiral carboxylic acid salt, and a mineral acid salt. In one embodiment, 
step (a) is conducted with a hydrochloride salt of a compound of Formula (I).

[00230] In one embodiment, step (a) occurs in the presence of a reducing reagent and 
optionally a base. Without being bound by a particular theory, the base can be used to break up 
the salt of a compound of Formula (I), and the base can be absent depending on the identity of 
the salt or lack thereof.

[00231] In one embodiment, the reducing reagent is NaBH(OAc)3, NaBFh, NaBFfaCN, 
silanes, or H2 in combination with a transition metal catalyst. In one embodiment, the transition 
metal catalyst is a Pd, Pt, Rh, or Ir catalyst. In one embodiment, the transition metal catalyst is a 
Pd catalyst. In one embodiment, the reducing reagent is NaBH(OAc)3.
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[00232] In one embodiment, the base is iPnNEt, EtsN, n-BinN, DBU, or tetramethyl
guanidine. In one embodiment, the base is iPnNet.

[00233] In one embodiment, step (a) occurs in a solvent selected from DMAc, MeOH, 
EtOH, trifluoroethanol, i-PrOH, 1-propanol, t-butanol, MeCN, DMF, NMP, THF, 2-MeTHF, 
DCM, and DCE, or a mixture thereof. In one embodiment, step (a) occurs in a solvent of 
DMAc.

[00234] In one embodiment, the reaction temperature of step (a) is no more than about 5 
°C. In one embodiment, the reaction temperature of step (a) after contacting the compound of 
Formula (XV) and the compound of Formula (I) but before adding the reducing reagent is no 
more than about 5 °C. In one embodiment, the reaction temperature is from about 0 °C to about 
5 °C.

[00235] In one embodiment, the crystallization of step (b) occurs in a solvent mixture of 
DMAc and water. In one embodiment, the crystallization of step (b) occurs in a solvent mixture 
of TIIF and heptanes.

5.2.7 Preparation of a Compound of Formula (XV)

[00236] In one embodiment, provided herein are processes for the preparation of a 
compound of Formula (XV), or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising a formylation reaction of a compound of Formula (XVI). The 
processes comprise an optional step of crystallization of the product from a solvent or mixture of 
solvents.

[00237] In one embodiment, provided herein is a process for preparing a compound of 
Formula (XV):

x^.CO2R8

LIY^CHO

OR7 (XV)
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or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein
R7 is hydrogen or a suitable hydroxyl protecting group, and R8 is hydrogen, alkyl, or aryl,
comprising

(a) contacting a compound of Formula (XVI):
^x^CO2R8 

OR7 (XVI)
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a 
formylating reagent, to provide a compound of Formula (XV), or a salt, solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof; and

(b) optionally crystallizing the compound of Formula (XV), or a salt, solvate, 
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, from a solvent or mixture 
of solvents.

[00238] In one embodiment, R7 is hydrogen. In one embodiment, R7 is a hydroxyl 
protecting group. In one embodiment, R7 is a hydroxyl protecting group selected from the group 
consisting of allyl, methyl, 2-methoxyethoxymethyl (MEM), methoxymethyl (MOM), 
methoxythiomethyl, r-butoxymethyl, tri-isopropylsilyloxymethyl (TOM), ethyl, 1-ethoxyehtyl, 
isopropyl, /-butyl, benzyl, trityl (Tr), dimethoxytrityl (DMT), monomethoxytrityl (MMT), p- 
methoxybenzyl (PMB), acetyl, chloroacetyl, trichloroacetyl, trifluoroacetyl, pivaloyl (Piv), 
benzoyl,/j-phenylbenzoyl, trimethylsilyl (TMS), triisopropylsilyl (TIPS), r-butyldimethylsilyl 
(TBDMS), and tetrahydropyranyl.

[00239] In one embodiment, R8 is alkyl. In one embodiment, R8 is a C1-5 alkyl. In one 
embodiment, R8 is methyl, ethyl, n-propyl, isopropyl, or tert-butyl. In one embodiment, R8 is 
methyl. In one embodiment, R8 is hydrogen. In one embodiment, R8 is aryl. In one 
embodiment, R8 is a Ce-io aryl.

[00240] In one embodiment, the formylating reagent in step (a) is hexamethylenetetramine 
(HMTA), a combination of POCh and DMF (e.g., the Vilsmeir-Haack reaction), a combination 
of oxalyl chloride and DMF (e.g., the Vilsmeir-Haack reaction), a combination of CHCh and 
KOH (e.g., the Reimer-Tiemann reaction), a combination of HCN, HC1, and AICI3 (e.g., the
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Gattermann reaction), and a combination of CO and HC1 (eg., the Gattermann-Koch reaction).
In one embodiment, the formylating reagent in step (a) is hexamethylenetetramine (HMTA).
HMTA has a structure of

[00241] In one embodiment, the crystallization of step (b) occurs in a solvent selected 
from MeOH, EtOH, iPrOH, n-propanol, t-butanol, n-butanol, MeCN, DMSO, DMAc, DMF, 
NMP, THF, water, or a mixture thereof. In one embodiment, the crystallization of step (b) 
occurs in a solvent mixture of MeOH and water. In one embodiment, the crystallization of step 
(b) occurs in a solvent mixture of iPrOH and water.

[00242] In one embodiment, step (b) further comprises adjusting the pH by a base. In one 
embodiment, the pH is adjusted to about 2.5 to about 4. In one embodiment, the base is a 
carbonate, phosphate, bicarbonate, hydroxide, acetate, or benzoate base. In one embodiment, the 
base is a carbonate base. In one embodiment, the base is K2CO3. In one embodiment, the base is 
potassium acetate, sodium carbonate, lithium carbonate, hydroxides, bicarbonates, tertiary 
amines, DBU, or guanidine.

[00243] In one embodiment, the product from step (b) is further slurried in a mixture of a 
water miscible solvent and an acid solvent. In one embodiment, the water miscible solvent is 
methanol, ethanol, propanol, acetonitrile, DMF, DMAc, NMP, DMSO, or THF. In one 
embodiment, the water miscible solvent is z-PrOH. In one embodiment, the acid solvent is 
AcOH, sulfonic acids, carboxcylic acids, mineral acids, or amino acids. In one embodiment, the 
acid solvent is AcOH. In one embodiment, the product from step (b) is further slurried in a 
mixture of z-PrOH and AcOH.

[00244] In one embodiment, also provided herein are processes for the preparation of a 
compound of Formula (XV), or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising ortho-metallation of O-protected compound of Formula (XVI), 
followed by reaction with a formylating reagent (e.g, DMF). One embodiment of the process is 
depicted in the scheme below:
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OH

R = H, alkyl, aryl

base DMF

X - OR’ (R'« alkyl, aryl) 
NR"2 (R" = alkyl, aryl)

or related variations (nitrile, thioester, or amide instead of the ester at the 1 -position).

[00245] In one embodiment also provided herein are processes for the preparation of a 
compound of Formula (XV), or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, comprising carboxymetallation of 2-chloro-6-hydroxybenzaldehyde (e.g., 
Pd/COZMeOH) One embodiment of the process is depicted in the scheme below:

X = Cl. Br. OTf

ROH

Pd cat., CO

or related variations (formation of amide with use of amine instead of alcohol ROH)

5.2.8 Preparation of O-ABu-DIC isourea

[00246] In one embodiment, provided herein are processes for the preparation of O-t-Bu- 
DIC isourea of the structure: 

comprising reacting diisopropylcarbodiimide (DIC) with ί-butanol and a Cu(I) salt in the 
presence of oxygen.

[00247] In one embodiment, the oxygen is present in an amount of up to about 22% of the 
atmosphere. In one embodiment, the oxygen is present in an amount of from about 1% to about 
10% of the atmosphere. In one embodiment, the oxygen is present in an amount of from about 
2% to about 6% of the atmosphere. In one embodiment, the oxygen is present in an amount of 
about 4% of the atmosphere.
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[00248] In one embodiment, the Cu(I) salt is Cud. In one embodiment, the Cu(I) salt is
CuBr. In one embodiment, the Cu(I) salt is Cui.

[00249] The O-r-Bu-DIC isourea can be used to prepare the t-butyl ester compounds 
provided herein (e.g., a compound of Formula (IV)) as well as other t-butyl ester compounds 
from the corresponding acid compounds. It is generally known in the chemistry field that 
running organic reactions under oxygen can be hazardous, especially on large scale. Without 
being limited by a particular theory, the amount of oxygen provided herein (e.g., about 4% 
oxygen in nitrogen) is found to be both safe and effective. The advantage provided by the 
presence of oxygen is not trivial, especially on large scale.

5.3 Solid Forms

[00250] In one embodiment, provided herein are intermediate compounds used in or 
product compounds prepared by the processes provided herein, including solid forms (e.g., 
crystalline forms) thereof. In one embodiment, provided herein are solid forms (e.g., Form A) 
comprising Compound 7. In one embodiment, provided herein are solid forms (e.g., Form A) 
comprising racemic Compound 7. In one embodiment, provided herein are solid forms (e.g., 
Form A) comprising Compound 8. In one embodiment, provided herein are solid forms (e.g., 
Form A) comprising racemic Compound 8. In one embodiment, provided herein are solid forms 
(e.g., Form A and Form B) comprising Compound 1. In one embodiment, provided herein are 
solid forms (e.g., Form A) comprising racemic Compound 1. In one embodiment, provided 
herein are solid forms (e.g., Form A) comprising Compound 35. In one embodiment, provided 
herein are solid forms (e.g., Form 1) comprising Compound 37. In one embodiment, provided 
herein are solid forms (e.g., Form 1) comprising racemic Compound 37.

5.3.1 Form A of Compound 7

[00251] In one embodiment, provided herein is a solid form comprising Compound 7 of 
the formula:

79



WO 2019/040109 PCT/US2018/000358

Ο 
06ΖΗΝγΑΝΗ2 

^COzH 

7 5 
wherein the solid form is Form A (of Compound 7).

[00252] A representative XRPD pattern of the Form A is provided in FIG. 1. In one 
embodiment, provided herein is a solid form comprising Compound 7, characterized by 1,2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or all of the XRPD peaks located at 
the following or approximately the following positions: 6.7, 9.0, 10.7, 13.0, 16.6, 17.1, 18.7,
19.6, 20.1, 21.5, 21.8, 23.7, 24.3, 24.9, 25.5, 26.3, 28.7, 29.0, 30.4, 31.5, 31.8, and 34.8 degrees 
20. In one embodiment, the solid form is characterized by 3 of the peaks. In one embodiment, 
the solid form is characterized by 5 of the peaks. In one embodiment, the solid form is 
characterized by 7 of the peaks. In one embodiment, the solid form is characterized by 10 of the 
peaks. In one embodiment, the solid form is characterized by 13 of the peaks. In one 
embodiment, the solid form is characterized by all of the peaks.

[00253] In one embodiment, provided herein is a solid form comprising Compound 7, 
having an XRPD pattern comprising peaks at approximately 9.0, 10.7, and 23.7 degrees 20. In 
one embodiment, the XRPD pattern further comprises peaks at approximately 13.0, 17.1, and 
18.7 degrees 20. In one embodiment, the XRPD pattern further comprises peaks at 
approximately 21.8 and 25.5 degrees 20. In one embodiment, the XRPD pattern comprises 
peaks at approximately 9.0, 10.7, 13.0, 17.1, 18.7, 20.1, 21.5, 21.8, 23.7, 25.5, 28.7, and 30.4 
degrees 20.

[00254] In one embodiment, provided herein is a solid form comprising Compound 7, 
having an XRPD pattern which matches the XRPD pattern presented in FIG. 1.

[00255] In one embodiment, the XRPD patterns are obtained using Cu Ka radiation.

[00256] A representative DSC thermogram of the Form A is presented in FIG. 2. In one
embodiment, provided herein is a solid form comprising Compound 7, having a DSC 
thermogram comprising a thermal event with an onset temperature of about 180 °C. In one 
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embodiment, the thermal event also has a peak temperature of about 180 °C. In one 
embodiment, provided herein is a solid form comprising Compound 7, having a DSC 
thermogram which matches the DSC thermogram presented in FIG. 2.

5.3.2 Form A of Racemic Compound 7

[00257] In one embodiment, provided herein is a solid form comprising racemic 
Compound 7 of the formula:

O 
CbzHN^ANH2

co2h 
rac-7 9

wherein the solid form is Form A (of racemic Compound 7).

[00258] A representative XRPD pattern of the Form A is provided in FIG. 3. In one 
embodiment, provided herein is a solid form comprising racemic Compound 7, characterized by 
1, 2, 3, 4, 5, 6, /, 8, 9, 10, 11, 12, 13, 14, . 15, 16, 17, 18, or all of the XRPD peaks located at the 
following or approximately the following positions: 6.6, 8.5, 10.1, 11.5, 14.9, 17.6, 20.0, 20.8,
23.1, 23.7, 24.7, 24.9, 25.8, 27.5, 27.6, 28.1, 30.7, 33.7, and 35.9 degrees 20. In one 
embodiment, the solid form is characterized by 3 of the peaks. In one embodiment, the solid 
form is characterized by 5 of the peaks. In one embodiment, the solid form is characterized by 7 
of the peaks. In one embodiment, the solid form is characterized by 10 of the peaks. In one 
embodiment, the solid form is characterized by 13 of the peaks. In one embodiment, the solid 
form is characterized by all of the peaks.

[00259] In one embodiment, provided herein is a solid form comprising racemic 
Compound 7, having an XRPD pattern comprising peaks at approximately 8.5, 14.9, and 20.8 
degrees 20. In one embodiment, the XRPD pattern further comprises peaks at approximately
10.1, 20.0, and 23.1 degrees 20. In one embodiment, the XRPD pattern further comprises peaks 
at approximately 24.7 and 33.7 degrees 20. In one embodiment, the XRPD pattern comprises 
peaks at approximately 6.6, 8.5, 10.1, 14.9, 20.0, 20.8, 23.1, 24.7, 27.5, 27.6, 28.1, 30.7, and 33.7 

degrees 20.
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[00260] In one embodiment, provided herein is a solid form comprising racemic
Compound 7, having an XRPD pattern which matches the XRPD pattern presented in FIG. 3.

[00261] In one embodiment, the XRPD patterns are obtained using Cu Ka radiation.

[00262] A representative DSC thermogram of the Form A is presented in FIG. 4. In one
embodiment, provided herein is a solid form comprising racemic Compound 7, having a DSC 
thermogram comprising a thermal event with an onset temperature of about 156 °C. In one 
embodiment, the thermal event also has a peak temperature of about 158 °C. In one 
embodiment, provided herein is a solid form comprising racemic Compound 7, having a DSC 
thermogram which matches the DSC thermogram presented in FIG. 4.

5.3.3 Form A of Compound 8

[00263] In one embodiment, provided herein is a solid form comprising Compound 8 of 
the formula:

O 
CbzHN^A^

CO2tBu 

8

wherein the solid form is Form A (of Compound 8).

[00264] A representative XRPD pattern of the Form A is provided in FIG. 5. In one
embodiment, provided herein is a solid form comprising Compound 8, characterized by 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, or all of the XRPD peaks located at the 
following or approximately the following positions: 6.0, 9.1, 11.3, 12.0, 13.9, 15.3, 16.6, 18.1,
19.4, 21.3, 22.3, 22.8, 24.2, 25.2, 28.0, 28.2, 30.7, 33.5, and 34.2 degrees 20. In one 
embodiment, the solid form is characterized by 3 of the peaks. In one embodiment, the solid 
form is characterized by 5 of the peaks. In one embodiment, the solid form is characterized by 7 
of the peaks. In one embodiment, the solid form is characterized by 10 of the peaks. In one 
embodiment, the solid form is characterized by 13 of the peaks. In one embodiment, the solid 
form is characterized by all of the peaks.
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[00265] In one embodiment, provided herein is a solid form comprising Compound 8, 

having an XRPD pattern comprising peaks at approximately 6.0, 18.1, and 19.4 degrees 20. In 
one embodiment, the XRPD pattern further comprises peaks at approximately 11.3, 13.9, and 
16.6 degrees 20. In one embodiment, the XRPD pattern further comprises peaks at 
approximately 24.2 and 25.2 degrees 20. In one embodiment, the XRPD pattern comprises 
peaks at approximately 6.0,9.1, 11.3, 13.9, 16.6, 18.1, 19.4, 22.3,24.2, 25.2, and 28.2 degrees 
20.

[00266] In one embodiment, provided herein is a solid form comprising Compound 8, 

having an XRPD pattern which matches the XRPD pattern presented in FIG. 5.

[00267] In one embodiment, the XRPD patterns are obtained using Cu Ka radiation.

[00268] A representative DSC thermogram of the Form A is presented in FIG. 6. In one
embodiment, provided herein is a solid form comprising Compound 8, having a DSC 
thermogram comprising a thermal event with an onset temperature of about 139 °C. In one 
embodiment, the thermal event also has a peak temperature of about 140 "C. In one 
embodiment, provided herein is a solid form comprising Compound 8, having a DSC 
thermogram which matches the DSC thermogram presented in FIG. 6.

5.3.4 Form A of Racemic Compound 8

[00269] In one embodiment, provided herein is a solid form comprising racemic 
Compound 8 of the formula:

CteHN^NH2 .

CO2tBu 

rac-8

wherein the solid form is Form A (of racemic Compound 8).

[00270] A representative XRPD pattern of the Form A is provided in FIG. 7. In one 
embodiment, provided herein is a solid form comprising racemic Compound 8, characterized by
1,2,3,4,5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21,22, 23,24, or all of the
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XRPD peaks located at the following or approximately the following positions:-6.4, 8.6, 9.0, 9.6,
10.5, 15.1, 16.0, 16.7, 17.1, 18.1, 18.5, 18.9, 19.3, 19.6, 20.1, 20.3, 20.5, 21.3, 21.4, 22.2, 22.4,
22.6, 22.9, 23.5, and 24.8 degrees 20. In one embodiment, the solid form is characterized by 3 of 
the peaks. In one embodiment, the solid form is characterized by 5 of the peaks. In one 
embodiment, the solid form is characterized by 7 of the peaks. In one embodiment, the solid 
form is characterized by 10 of the peaks. In one embodiment, the solid form is characterized by 
13 of the peaks. In one embodiment, the solid form is characterized by all of the peaks.

[00271] In one embodiment, provided herein is a solid form comprising racemic 
Compound 8, having an XRPD pattern comprising peaks at approximately 6.4, 8.6, and 16.7 
degrees 20. In one embodiment, the XRPD pattern further comprises peaks at approximately
10.5, 17.1, and 20.5 degrees 20. In one embodiment, the XRPD pattern further comprises peaks 
at approximately 15.1 and 19.6 degrees 20. In one embodiment, the XRPD pattern comprises 
peaks at approximately 6.4, 8.6, 10.5, 15.1, 16.0, 16.7, 17.1, 18.1, 19.6, 20.1, 20.3, 20.5, 21.3, 
and 23.5 degrees 20.

[00272] In one embodiment, provided herein is a solid form comprising racemic 
Compound 8, having an XRPD pattern which matches the XRPD pattern presented in FIG. 7.

[00273] In one embodiment, the XRPD patterns are obtained using Cu Ka radiation.

[00274] A representative DSC thermogram of the Form A is presented in FIG. 8. In one
embodiment, provided herein is a solid form comprising racemic Compound 8, having a DSC 
thermogram comprising a thermal event with an onset temperature of about 122 °C. In one 
embodiment, the thermal event also has a peak temperature of about 124 °C. In one 
embodiment, provided herein is a solid form comprising racemic Compound 8, having a DSC 
thermogram which matches the DSC thermogram presented in FIG. 8.

5.3.5 Form A of Compound 1

[00275] In one embodiment, provided herein is a solid form comprising Compound 1 of 
the formula:
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Ο

CO2tBu

1 5
wherein the solid form is Form A (of Compound 1).

[00276] A representative XRPD pattern of the Form A is provided in FIG. 9. In one 
embodiment, provided herein is a solid form comprising Compound 1, characterized by 1, 2, 3, 
4, 5, 6, 7, 8, 9, or all of the XRPD peaks located at the following or approximately the following 
positions: 4.8, 14.4, 15.6, 19.2, 24.1, 24.9, 29.0, 34.0, 34.9, and 39.0 degrees 20. In one 
embodiment, the solid form is characterized by 3 of the peaks. In one embodiment, the solid 
form is characterized by 5 of the peaks. In one embodiment, the solid form is characterized by 7 
of the peaks. In one embodiment, the solid form is characterized by 10 of the peaks. In one 
embodiment, the solid form is characterized by all of the peaks.

[00277] In one embodiment, provided herein is a solid form comprising Compound 1, 

having an XRPD pattern comprising peaks at approximately 4.8, 19.2, and 24.1 degrees 20. In 
one embodiment, the XRPD pattern further comprises peaks at approximately 14.4 and 29.0 
degrees 29. In one embodiment, the XRPD pattern comprises peaks at approximately 4.8, 14.4,
15.6, 19.2, 24.1, 24.9, 29.0, and 34.0 degrees 20.

[00278] In one embodiment, provided herein is a solid form comprising Compound 1, 

having an XRPD pattern which matches the XRPD pattern presented in FIG. 9.

[00279] In one embodiment, the XRPD patterns are obtained using Cu Ka radiation.

[00280] A representative DSC thermogram of the Form A is presented in FIG. 10. In one 
embodiment, provided herein is a solid form comprising Compound 1, having a DSC 
thermogram comprising a first thermal event with an onset temperature of about 197 °C, a 
second thermal event with an onset temperature of about 206 °C, and a third thermal event with 
an onset temperature of about 218 °C. In one embodiment, the first thermal event also has a 
peak temperature of about 197 °C, the second thermal event also has a peak temperature of about
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207 °C, and the third thermal event also has a peak temperature of about 224 °C. In one
embodiment, provided herein is a solid form comprising Compound 1, having a DSC
thermogram which matches the DSC thermogram presented in FIG. 10.

5.3.6 Form B of Compound 1

[00281] . In one embodiment, provided herein is a solid form comprising Compound 1 of 
the formula:

O 
c,H3N>Anh2

CO2tBu 

1 J 
wherein the solid form is Form B (of Compound 1).

[00282] A representative XRPD pattern of the Form B is provided in FIG. 11. In one 
embodiment, provided herein is a solid form comprising Compound 1, characterized by 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21,22, 23, or all of the XRPD peaks 
located at the following or approximately the following positions: 7.7, 12.1, 15.4, 16.0, 18.1, 
18.8, 19.2, 19.4, 22.1, 24.4, 24.9, 27.1, 28.1, 28.6, 29.4, 31.1, 31.4, 32.4, 32.6, 32.8, 34.5, 36.1,
36.2, and 36.9 degrees 20. In one embodiment, the solid form is characterized by 3 of the peaks. 
In one embodiment, the solid form is characterized by 5 of the peaks. In one embodiment, the 
solid form is characterized by 7 of the peaks. In one embodiment, the solid form is characterized 
by 10 of the peaks. In one embodiment, the solid form is characterized by 13 of the peaks. In 
one embodiment, the solid form is characterized by all of the peaks.

[00283] In one embodiment, provided herein is a solid form comprising Compound 1, 

having an XRPD pattern comprising peaks at approximately 12.1, 18.8, and 19.4 degrees 20. In 
one embodiment, the XRPD pattern further comprises peaks at approximately 19.2, 24.9, and 
31.1 degrees 20. In one embodiment, the XRPD pattern further comprises peaks at 
approximately 18.1 and 28.6 degrees 20. In one embodiment, the XRPD pattern comprises 
peaks at approximately 12.1, 18.1, 18.8, 19.2, 19.4, 22.1, 24.4, 24.9, 27.1, 28.6, and 31.1 degrees 
20.
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[00284] In one embodiment, provided herein is a solid form comprising Compound 1,

having an XRPD pattern which matches the XRPD pattern presented in FIG. 11.

[00285] In one embodiment, the XRPD patterns are obtained using Cu Ka radiation.

[00286] A representative DSC thermogram of the Form B is presented in FIG. 12. In one 
embodiment, provided herein is a solid form comprising Compound 1, having a DSC 
thermogram comprising a first thermal event with an onset temperature of about 139 °C, a 
second thermal event with an onset temperature of about 193 °C, a third thermal event with an 
onset temperature of about 205 °C, and a fourth thermal event with an onset temperature of about 
224 °C. In one embodiment, the first thermal event also has a peak temperature of about 146 °C, 
the second thermal event also has a peak temperature of about 197 °C, the third thermal event 
also has a peak temperature of about 208 °C, and the fourth thermal event also has a peak 
temperature of about 224 °C. In one embodiment, provided herein is a solid form comprising 
Compound 1, having a DSC thermogram which matches the DSC thermogram presented in FIG. 

12.

5.3.7 Form A of Racemic Compound 1

[00287] In one embodiment, provided herein is a solid form comprising racemic 
Compound 1 of the formula:

O 
αΗ’Νγ\Η2

CC^tBu 

rac-1 >

wherein the solid form is Form A (of racemic Compound 1).

[00288] A representative XRPD pattern of the Form A is provided in FIG. 13. In one 
embodiment, provided herein is a solid form comprising racemic Compound 1, characterized by
1,2,3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21,22, or all of the XRPD peaks 
located at the following or approximately the following positions: 7.9, 9.2, 12.2, 13.7, 16.2, 16.4, 
17.0, 18.7, 19.7, 20.2, 20.4, 21.0, 21.3, 22.7, 23.7, 25.9, 26.3, 28.1, 29.7, 31.1, 32.2, 33.0, and

87



WO 2019/040109 PCT/US2018/000358

34.2 degrees 2Θ. In one embodiment, the solid form is characterized by 3 of the peaks. In one 
embodiment, the solid form is characterized by 5 of the peaks. In one embodiment, the solid 
form is characterized by 7 of the peaks. In one embodiment, the solid form is characterized by 
10 of the peaks. In one embodiment, the solid form is characterized by 13 of the peaks. In one 
embodiment, the solid form is characterized by all of the peaks.

[00289] In one embodiment, provided herein is a solid form comprising racemic 
Compound 1, having an XRPD pattern comprising peaks at approximately 18.7, 21.3, and 25.9 
degrees 2Θ. In one embodiment, the XRPD pattern further comprises peaks at approximately 
7.9, 20.2, and 22.7 degrees 20. In one embodiment, the XRPD pattern further comprises peaks at 
approximately 9.2 and 19.7 degrees 20. In one embodiment, the XRPD pattern comprises peaks 
at approximately 7.9, 9.2, 13.7, 18.7, 19.7, 20.2, 20.4,21.0,21.3, 22.7, 25.9, and 34.2 degrees 20.

[00290] In one embodiment, provided herein is a solid form comprising racemic 
Compound 1, having an XRPD pattern which matches the XRPD pattern presented in FIG. 13.

[00291] In one embodiment, the XRPD patterns are obtained using Cu Ka radiation.

[00292] A representative DSC thermogram of the Form A is presented in FIG. 14. In one 
embodiment, provided herein is a solid form comprising racemic Compound 1, having a DSC 
thermogram comprising a first thermal event with an onset temperature of about 186 °C, and a 
second thermal event with an onset temperature of about 207 °C. In one embodiment, the first 
thermal event also has a peak temperature of about 189 °C, and the second thermal event also has 
a peak temperature of about 212 °C. In one embodiment, provided herein is a solid form 
comprising racemic Compound 1, having a DSC thermogram which matches the DSC 
thermogram presented in FIG. 14.

5.3.8 Form A of Compound 35

[00293] In one embodiment, provided herein is a solid form comprising Compound 35 of 
the formula: ’
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CO2Me

CHO
OH

35

wherein the solid form is Form A (of Compound 35).

[00294] A representative XRPD pattern of the Form A is provided in FIG. 15. In one 
embodiment, provided herein is a solid form comprising Compound 35, characterized by 1,2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or all of the XRPD peaks located at the following or 
approximately the following positions: 9.1, 12.0, 15.6, 18.1, 19.8, 24.1, 24.6, 25.0, 25.3, 26.2, 
27.1, 28.5, 29.9, 31.8, 36.6, and 37.8 degrees 20. In one embodiment, the solid form is 
characterized by 3 of the peaks. In one embodiment, the solid form is characterized by 5 of the 
peaks. In one embodiment, the solid form is characterized by 7 of the peaks. In one 
embodiment, the solid form is characterized by 10 of the peaks. In one embodiment, the solid 
form is characterized by 13 of the peaks. In one embodiment, the solid form is characterized by 
all of the peaks.

[00295] In one embodiment, provided herein is a solid form comprising Compound 35, 

having an XRPD pattern comprising peaks at approximately 12.0, 15.6, and 24.1 degrees 20. In 
one embodiment, the XRPD pattern further comprises peaks at approximately 9.1, 18.1, and 19.8 
degrees 20. In one embodiment, the XRPD pattern further comprises peaks at approximately 
25.0 and 27.1 degrees 20. In one embodiment, the XRPD pattern comprises peaks at 
approximately 9.1, 12.0, 15.6, 18.1, 19.8, 24.1, 24.6, 25.0, 25.3, 26.2, 27.1, 28.5, and 29.9 
degrees 20.

[00296] In one embodiment, provided herein is a solid form comprising Compound 35, 

having an XRPD pattern which matches the XRPD pattern presented in FIG. 15.

[00297] In one embodiment, the XRPD patterns are obtained using Cu Ka radiation.

[00298] A representative DSC thermogram of the Form A is presented in FIG. 16. In one 
embodiment, provided herein is a solid form comprising Compound 35, having a DSC 
thermogram comprising a first thermal event with an onset temperature of about 58 °C, and a 
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second thermal event with an onset temperature of about 119 °C. In one embodiment, the first 
thermal event also has a peak temperature of about 60 °C, and the second thermal event also has 
a peak temperature of about 163 °C. In one embodiment, provided herein is a solid form 
comprising Compound 35, having a DSC thermogram which matches the DSC thermogram 
presented in FIG. 16.

[00299] In one embodiment, Form A has approximately unit cell dimensions of: a = 19.5 
A, b = 3.8 A, c = 11.3 A, a = 90°, β = 90°, and γ = 90°. In one embodiment, Form A has 
approximately unit cell dimensions of: a = 19.46 A, b = 3.78 A, c = 11.26 A, a = 90°, β = 90°, 
and γ = 90°. In one embodiment, Form A has approximately unit cell dimensions of: a = 19.458 
A, b = 3.781 A, c = 11.261 A, a = 90°, β = 90°, and γ = 90°. In one embodiment, Form A has a 
unit cell of a space group of Pna2\. In one embodiment, Form A has a volume of about 828.43 
A3/cell. In one embodiment, Form A has a Z value of 4. In one embodiment, Form A has a 
density of about 1.444 g/cm3.

5.3.9 Form 1 of Compound 37

[00300] In one embodiment, provided herein is a solid form comprising Compound 37 of 
the formula:

O O

wherein the solid form is Form 1 (of Compound 37).

[00301] A representative XRPD pattern of the Form 1 is provided in FIG. 17. In one 
embodiment, provided herein is a solid form comprising Compound 37, characterized by 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or all ofthe XRPD peaks 
located at the following or approximately the following positions: 5.4, 10.3, 10.7, 11.9, 13.5,
14.4, 16.0, 16.1, 18.0, 18.4, 18.7, 19.2, 19.6, 20.1, 20.7, 21.0, 22.2, 22.3, 23.0, 23.3, 24.7, 25.8,
26.2, and 27.0 degrees 20. In one embodiment, the solid form is characterized by 3 of the peaks. 
In one embodiment, the solid form is characterized by 5 ofthe peaks. In one embodiment, the 
solid form is characterized by 7 of the peaks. In one embodiment, the solid form is characterized

90



WO 2019/040109 PCT/US2018/000358

by 10 of the peaks. In one embodiment, the solid form is characterized by 13 of the peaks. In
one embodiment, the solid form is characterized by all of the peaks.

[00302] In one embodiment, provided herein is a solid form comprising Compound 37, 

having an XRPD pattern comprising peaks at approximately 5.4, 16.0, and 18.0 degrees 20. In 
one embodiment, the XRPD pattern further comprises peaks at approximately 10.7, 20.1, and 
27.0 degrees 20. In one embodiment, the XRPD pattern further comprises peaks at 
approximately 14.4 and 23.0 degrees 20. In one embodiment, the XRPD pattern comprises 
peaks at approximately 5.4, 10.3, 10.7, 11.9, 13.5, 14.4, 16.0, 18.0, 18.4, 18.7, 19.2, 19.6, 20.1, 
21.0, 22.2, 23.0, 24.7, 25.8, and 27.0 degrees 20.

[00303] In one embodiment, provided herein is a solid form comprising Compound 37, 

having an XRPD pattern which matches the XRPD pattern presented in FIG. 17.

[00304] In one embodiment, the XRPD patterns are obtained using Cu Ka radiation.

[00305] A representative DSC thermogram of the Form 1 is presented in FIG. 18. In one 
embodiment, provided herein is a solid form comprising Compound 37, having a DSC 
thermogram comprising a first thermal event with an onset temperature of about 189 °C, and a 
second thermal event with an onset temperature of about 206 °C. In one embodiment, the first 
thermal event also has a peak temperature of about 191 °C, and the second thermal event also has 
a peak temperature of about 208 °C. In one embodiment, provided herein is a solid form 
comprising Compound 37, having a DSC thermogram which matches the DSC thermogram 
presented in FIG. 18.

[00306] In one embodiment, Form 1 has approximately unit cell dimensions of: a = 10.1 
A, b = 10.9 A, c = 32.7 A, a = 90°, β = 90°, and γ = 90°. In one embodiment, Form 1 has 
approximately unit cell dimensions of: a = 10.07 A, b = 10.89A, c = 32.70 A, a = 90°, β = 90°, 
and γ = 90°. In one embodiment, Form 1 has approximately unit cell dimensions of: a = 10.066 
k,b= 10.887 A, c = 32.698 A, a = 90°, β = 90°, and γ = 90°. In one embodiment, Form 1 has a 
unit cell of a space group 01/212121. In one embodiment, Form 1 has a volume of about 3583.0 
A3/cell. In one embodiment, Form 1 has a Z value of 8. In one embodiment, Form 1 has a 
density of about 1.240 g/cm3.
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5.3.10 Form 1 of Racemic Compound 37

[00307] In one embodiment, provided herein is a solid form comprising racemic 
Compound 37 of the formula:

O O

rac-37 θ

wherein the solid form is Form 1 (of racemic Compound 37).

[00308] A representative XRPD pattern of the Form 1 is provided in FIG. 20. In one 
embodiment, provided herein is a solid form comprising racemic Compound 37, characterized by
1,2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,21,22, 23,24, 25, or all ofthe 
XRPD peaks located at the following or approximately the following positions: 7.2, 7.5, 11.4,
12.5, 12.9, 14.3, 14.8, 15.0, 16.1, 16.8, 18.5, 19.7, 20.5, 21.1, 22.6, 23.7, 24.2, 25.2, 25.4, 25.9,
26.5, 28.1, 30.3, 30.6, 37.5, and 39.5 degrees 20. In one embodiment, the solid form is 
characterized by 3 of the peaks. In one embodiment, the solid form is characterized by 5 of the 
peaks. In one embodiment, the solid form is characterized by 7 of the peaks. In one 
embodiment, the solid form is characterized by 10 of the peaks. In one embodiment, the solid 
form is characterized by 13 ofthe peaks. In one embodiment, the solid form is characterized by 
all of the peaks.

[00309] In one embodiment, provided herein is a solid form comprising racemic 
Compound 37, having an XRPD pattern comprising peaks at approximately 7.5, 11.4, and 25.9 
degrees 20. Tn one embodiment, the XRPD pattern further comprises peaks at approximately 
16.8, 19.7, and 25.4 degrees 20. In one embodiment, the XRPD pattern further comprises peaks 
at approximately 12.9 and 22.6 degrees 20. In one embodiment, the XRPD pattern comprises 
peaks at approximately 7.5, 11.4, 12.5, 12.9, 15.0, 16.8, 19.7, 22.6, 25.4, and 25.9 degrees 20.

[00310] In one embodiment, provided herein is a solid form comprising racemic . 
Compound 37, having an XRPD pattern which matches the XRPD pattern presented in FIG. 20.

[00311] In one embodiment, the XRPD patterns are obtained using Cu Ka radiation.
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[00312] A representative DSC thermogram of the Form 1 is presented in FIG. 21. In one 
embodiment, provided herein is a solid form comprising racemic Compound 37, having a DSC 
thermogram comprising a first thermal event with an onset temperature of about 163 °C. In one 
embodiment, the first thermal event also has a peak temperature of about 164 °C. In one 
embodiment, the DSC thermogram further comprises a second thermal event with a peak 
temperature of about 207 °C. In one embodiment, provided herein is a solid form comprising 
racemic Compound 37, having a DSC thermogram which matches the DSC thermogram 
presented in FIG. 21.

[00313] All of the combinations of the above embodiments are encompassed by this 
invention.

6. EXAMPLES

[Q0314] As used herein, the symbols and conventions used in these processes, schemes 
and examples, regardless of whether a particular abbreviation is specifically defined, are 
consistent with those used in the contemporary scientific literature, for example, the Journal of 
the American Chemical Society or the Journal of Biological Chemistry. Specifically, but 
without limitation, the following abbreviations may be used in the examples and throughout the 
specification: g (grams); mg (milligrams); mL (milliliters); pL (microliters); M (molar); mM 
(millimolar); μΜ (micromolar); eq. (equivalent); mmol (millimoles); Hz (Hertz); MHz 
(megahertz); hr or hrs (hour or hours); min (minutes); and MS (mass spectrometry). Unless 
otherwise specified, the water content in a compound provided herein is determined by Karl 
Fisher (KF) method.

[00315] For all of the following examples, unless otherwise specified, standard work-up 
and purification methods known to those skilled in the art can be utilized. Unless otherwise 
specified, all temperatures are expressed in °C (degrees Centigrade). All reactions were 
conducted at room temperature unless otherwise noted. Synthetic methodologies illustrated 
herein are intended to exemplify the applicable chemistry through the use of specific examples 
and are not indicative of the scope of the disclosure.
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Example 1

NaOH 
water

O 
CbzHN 

CbzCI OH

CO2H
3

paraformaldehyde 
p-TsOH

PhMe, 110 °C

Me 

Ph-^NHj

MeOH

CbzHN
O Me

Isobutylene 
or equivalent

1) Pd/C, H2
2) HCI

O Me 
CbzHN^ANAph 

- H

CO2tBu 6

Step 1: Synthesis of Compound 3 

[00316] To L-glutamic acid (2, 10 g, 68.0 mmol) was charged water 60 ml. To the 
resulting suspension, benzyl chloroformate (CbzCI, 9.16 ml, 63.9 mmol) was slowly charged.
2N NaOH (60 mL) was simultaneously charged to maintain a pH of 10-12. The addition rates 
were adjusted to maintain a batch temperature of 0-5 °C. After addition of the CbzCI the mixture 
was stirred at 5 °C for 1 hr then 20 to 25 °C for an additional 16 hr. The mixture was then 
washed with EtOAc. The product containing aqueous layer was acidified to pH=2-3 by adding 
cone. HCI, and was then extracted into EtOAc. The organic layer was dried over NazSO4 and 
concentrated under reduced pressure. The resulted solid was dried in oven at 35-40 °C overnight 
to give 16 g of compound 3 (84%). LC-MS: Calc, m/e (M+l), 282.1; found: 282.2. 'HNMR 
(DMSO-de,): δ (ppm) = 1.68-1.83 (m, 1H), 1.91-2.03 (m, 1H), 2.27-2.35 (m, 2H), 3.99-4.22 (m, 
1H), 5.03 (s, 2H), 7.29-7.40 (m, 5H), 7.59 (d, J= 8.13 Hz, 1H), 12.40 (broad s, 2H).

Step 2: Synthesis of Compound 4

[00317] To Compound 3 (10 g, 35.6 mmol) in toluene (150 ml) was added 
paraformaldehyde (2.67 g, 89 mmol) and toluensulfonic acid (0.62 g, 3.56 mmol). The mixture 
was refluxed with removal of water using a Dean-Stark apparatus for approximately 3 hrs. The 
mixture was concentrated under reduced pressure and the resulting oil was used in next step 
without further purification.

Step 3: Synthesis of Compound 5 
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[00318] Compound 4 (3 g, 10.23 mmol) was diluted in methanol (30 ml, 10 x Vol) 
followed by the addition of (S) α-methyl benzylamine (3.7 g, 30.7 mmol) at room temperature. 
The mixture was stirred at 20-25 °C for 5 days. The mixture was concentrated under reduced 
pressure to remove methanol. The resulting oil was dissolved in water and its pH was adjusted 
to pH 10 with 0.3 M K2CO3. The mixture was washed with EtOAc, then the product containing 
aqueous layer was acidified with 35% HCI to pH=2-3. The resulting suspension was filtered and 
the solid was dried in oven under vacuum to give compound 5 in a yield of 73% (in two steps 
from compound 3). LC-MS m/e calc. 385.2 (M+l); found 385.4. *H NMR (DMSO-d6,): δ 
(ppm) 1.34 (d, J= 6.97 Hz, 3H), 1.64-1.90 (m, 2H), 2.17 (t, 7=8.24 Hz, 2H), 3.98-4.10 (m, 1H), 
4.84-4.93 (m, 1H), 5.05 (s, 2H), 7.17-7.26 (m, 1H), 7.28-7.40 (m, 10H), 8.36 (d, J= 8.14 Hz, 
1H), 12.11 (broads, 1H).

Step 4: Synthesis of Compound 6

O Me 
CbzHN_XNAph 

- H

co2h CH2CI2, BF3 Eto2

CbzHN

CO2tBu

[00319] A suspension of compound 5 (0.1 g, 0.26 mmol) and tert-butyl 2,2,2,- 
trichloroacetimide (0.38 g, 1.71 mmol) in DCM (2 ml) was cooled to 0 °C. BF3 etherate (0.02 
ml, 0.015 mmol) was added to the mixture. The reaction was warmed to room temperature and 
stirred for 2 hr. The reaction was quenched with 10% aqueous K2CO3. The product containing 
organic layer was washed with 10% aqueous K2CO3 then water. The organic layer was 
concentrated under reduced pressure to yield compound 6. LC-MS m/e calc. 441.2 (M+l); 
found 441.4. *HNMR (DMSO-d6,): δ (ppm) 1.33 (s, 3H), 1.37 (s, 9H), 1.64-1.85 (m, 2H), 2.14 
(t, 7= 8.10Hz, 2H), 4.00-4.08 (m, 1H), 4.84-4.94 (m, 1H), 5.07 (s, 2H), 7.19-7.24 (m, 1H), 7.26
7.36 (m, 10H), 8.37 (d, 7= 9.0Hz, 1H).

Step 5: Synthesis of Compound 1

[00320] Compound 6 is converted to Compound 1 using a hydrogen source, such as H2, 
and a catalyst, such as Pd/C (palladium on carbon), optionally followed by treatment with HCI.
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Example 2

η OΗ N X CbzHN^^uParaf°rn^a'dehyde <-O 
h2n^XqH CbzC| Y OH p-TsOH CbzN^0

S TtaOi-T ’> PhMe. 110 °C £

co2h water CO2H
2 3 4 2

nh4oh 9___—* CbzHN^
MeOH Ξ NHj

7co2h

isobutylene 
or equivalent

O 
ΗΟΙΗ,Ν^Α^

CO2tBu

1) Pd/C, H2
2) HCI

O 
Ο6ζΗΝ^ΚΝΗ2

CO2tBu
1

[00321] Example 2 differs from Example 1 in the choice of amine nucleophile for the 
opening of the lactone. In Example 2 ammonia is used directly, whereas in Example 1 a 
protected amine is used.

Step 3: Synthesis of Compound 7

[00322] To the methanol solution (20 ml) of compound 4(1.1 g, 3.75 mmol) was added 
ammonium hydroxide (20-30% by weight, 10 ml, 20 eq) at 20 to 25 °C. The mixture was stirred 
at 20-25 °C for 5 days. The mixture was concentrated under reduced pressure to remove 
methanol. The resulted oil was dissolved in water. The mixture was washed with EtOAc, 
followed by acidification of the aqueous layer with 35% HC1 to pH=2-3. The acidified mixture 
was extracted with EtOAc (20 ml x 3). The organic layer was dried over MgSO4, concentrated 
on rota-vap. The resulted solid was dried in oven under vacuum to give compound 7. LC-MS 
m/e calc. 281.1 (M+l); found 281.2. Ή NMR (DMSO-d6,): δ (ppm) 1.65-1.78 (m, 1H), 1.82
1.95 (m, 1H), 2.24 (t, J= 7.9 Hz, 2H), 3.90-3.98 (m, 1H), 5.06 (s, 2H), 7.07 (s, 1H), 7.30-7.37 
(m, 7H), 12.10 (broads, 1H).
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Example 2A

CO2H 
3

1) 1,3,5-Trioxane, 
MsOH, CH3CN^

2) NH4OH (aq)

O
CbzHNYANH2

^CO2H

7

1) O-tBu-DIC isourea 
2-MeTHF

2) NaHCO3 (aq); H2O

3) n-Heptane
4) MeOH, H2O

O 
CbzHNYANH2

CO2tBu 
8

Pd/C, H2

MeOH

3) H3PO4, CH3CN

CO2tBu

1) iPrOH

2) HCI in iPrOH
3) iPrOHi/PrOAc

HCI H2N

CO2tBu

O 
ΟΡζΗΝ^θπ

1 -free base

Step 1: Synthesis of Compound 7 

[00323] Compound 3, 1,3,5-trioxane, methane sulfonic acid (MsOH) and acetonitrile 
(CH3CN) were charged to a reactor and warmed. The batch was then transferred to ammonium 
hydroxide (NH4OH, aq.) in water and agitated to form the ammonium salt of compound 7, which 
was filtered and isolated. The ammonium salt of compound 7 was charged back to a reactor, 
followed by the addition of acetonitrile, water, phosphoric acid (H3PO4), and compound 7 seeds. 
The resulting compound 7 slurry was filtered, washed with acetonitrile/water, and dried to afford 
final compound 7.

Step 2: Synthesis of Compound 8

[00324] Compound 7 and 2-methyltetrahydrofuran (2-MeTHF) were charged to a reactor, 
followed by O-/-Bu-DIC isourea (formed separately by reacting diisopropylcarbodiimide with 
/-butanol and CuCl and oxygen). The reaction was warmed to form compound 8. After reaction 
completion, non-product containing solids were removed by filtration, the batch was washed 
with sodium bicarbonate solution (NaHCCh) and water, distilled with fresh 2-MeTHF to reduce 
the water content, and crystallized by charging n-heptane and, optionally, compound 8 seeds.
Crude compound 8 was filtered, washed with n-heptane and 2-MeTHF, and dried under reduced 
pressure.
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[00325] Crude compound 8 was charged back to a reactor, methanol (MeOH) was 
charged, the batch was heated to dissolution. Water and compound 8 seeds were charged to 
induce crystallization, followed by additional water. The resulting pure compound 8 was 
filtered, washed with water/methanol, and dried under reduced pressure to yield compound 8.

Step 3: Synthesis of Compound 1

[00326] Compound 8, Pd/C, and methanol were charged to a reactor. The atmosphere was 
exchanged to hydrogen (H2), and the reaction was warmed to afford free base compound 1.
Upon reaction completion the batch was filtered to remove Pd/C. The batch was optionally 
treated with a solid phase or phosphine based solution palladium scavenger.

[00327] The batch was solvent exchanged to isopropanol (iPrOH), a portion of HC1 in 
iPrOH and compound 1 seeds were charged to induce crystallization, followed by charging 
additional HC1 in iPrOH to fully form the salt. Isopropyl acetate (iPrOAc) was charged to 
desaturate. The batch was filtered, washed with iPrOH/iPrOAc, and dried under reduced 
pressure to afford compound 1.
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Example 2B

Step 1: Synthesis of Compound 7

MeCN, 65-75 °C

isolated process 
intermediate solid

[00328] Compound 3 (250 g, 1.00 x wt), 1,3,5-trioxane (96.0 g, 0.384 x wt), and MeCN 
(2L, 8 x vol) were charged to reactor 1. 2x vol to 20x volume MeCN can be used. Alternative 
formaldehyde sources to 1,3,5-trioxane, such as paraformaldehyde, can be used.
Methanesulfonic acid (7.5 ml, 0.030 x vol) was charged to reactor 1. Alternative charges from 
0.01 to 0.1 x vol can be used. Alternative acids, such as benzenesulfonic acid, p-toluenesulfonic 
acid, trifluoromethanesulfonic acid, trifluoroacetic acid, sulfuric acid, or trichloroacetic acid, can 
be used. The reaction mixture was agitated and heated to 70 °C for 12 hours. 60 to 80 °C can be 
used. 6 hours to 36 hours can be used.

[00329] MeCN (2L, .8 x vol) and 23-30% aq. NH4OH (365 mL, 1.46 x vol) were charged 
to reactor 2. 4 to 20 x volume MeCN can be used. A different ammonia source, such as gaseous 
ammonia, can be used.

99



WO 2019/040109 PCT/US2018/000358

[00330] The lactone solution in reactor 1 was added over 4 hr to the ammonia solution in 
reactor 2, maintaining a temperature of about 20 °C. An addition time of 0.5 to 24 hours can be 
used. A temperature of 10 to 50 °C can be used. The batch in reactor 2 was then headted to 
about 30 °C for 13 hrs. A temperature of 10 to 50 °C can be used. A time of 2 to 48 hrs can be 
used. The resulting slurry in reactor 2 was cooled to about 20 °C. A temperature of 4 to 30 °C 
can be used. The slurry in reactor 2 was filtered, and washed with MeCN (0.85 L, 3.4x vol). A 
wash volume of 0 to 10 x MeCN can be used. The resulting ammonium salt was dried under 
vacuum at 35 °C. A temperature of 10 to 50 °C may be used. A nitrogen sweep may be used 
during drying.

[00331] The ammonium salt was charged to reactor 3, along with MeCN (563 mL, 2.25 x 
vol) and H2O (680 mL, 2.72 x vol). 1 to 5 x volumes of MeCN can be used. 1 to 5 x volumes of 
water can be used. IM H3PO4 (250 mL, 1.00 x vol) was charged over at least 0.5 hr, maintaining 
a temperature of 25 °C. Concentrations of 0.1 to 14.8 M phosphoric acid can be used. The 
phosphoric acid can be charged from 0.1 hour to 12 hours. A temperature of 10 to 40 °C can be 
used. Different acids from phosphoric acid can be used such as other mineral acids (HC1, 
H2SO4), or organic acids (citric acid, tartaric acid).

[00332] Final product seeds (0.63 g, 0.0025 x wt) were charged. 0 to 50 wt % seeds can 
be used. The thin slurry was aged for 1 h at 20 °C. Batch can be aged for 0.5 to 12 hours. The 
temperature can be from 0 to 30 °C. IM H3PO4 (550 mL, 2.20 x vol) was charged over 10 hr at 
20 °C. Concentrations of 0.1 to 14.8 M phosphoric acid can be used. The phosphoric acid can 
be charged from 2 hours to 24 hours. A temperature of 10 to 40 °C can be used. Different acids 
from phosphoric acid can be used such as other mineral acids (HC1, H2SO4), or organic acids 
(citric acid, tartaric acid). The slurry in reactor 3 was aged for 1 hr. The batch can be aged for 0 
to 24 hours. The slurry was filtered. The cake was washed with MeCNiFLO (1:2.5 volume 
ratio, IL, 4.00 x vol). Different solvent ratios and volumes may be used. The cake was dried 
under vacuum at 35 °C to provide compound 7 (yield 168 to 175g, 67-70% molar yield). A 
temperature of 10 to 50 °C may be used. A nitrogen sweep may be used during drying.

[00333] The crystallization process described above is capable of upgrading the chiral 
purity of compound 7. In one example, a reaction starting with compound 3 with 98.14% chiral
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purity (1.86% of the D/R enantiomer), yields the product compound 7 with 99.80% chiral purity
(0.2% of the R enantiomer of compound 7).

[00334] Analytical Data for compound 7: HPLC purity: 99.09%. HPLC chiral purity: 
100.0%. Ή NMR (DMSO-r/c, 300 MHz): δ = 7.36 - 7.30 (m, 7 H), 7.03 (s, 1 H), 5.02 (s, 2H), 
3.93 (ddd, J= 8.7, 5.1 Hz, 1 H), 2.23 (t, J= 7.8 Hz, 2 H), 1.94- 1.83 (m, 1 H), 1.78-1.65 (m, 1 
H). 13C NMR (DMSO-rfc, 75 MHz): δ = 173.9, 173.4, 155.9, 137.0, 128.3, 127.7, 127.6, 65.4, 
53.9, 30.3, 27.2. MS Analysis: Calculated: [M+l] = 281.28; Found: [M+l] = 281.2. CHN 
Analysis: Calculated: C: 55.71%; H: 5.75%; Ν: 10.00%; Found: C: 55.46%, H: 5.75%, Ν: 
10.00%.

[00335] One crystalline form was identified for Compound 7 and is designated as Form A 
of compound 7. The form was characterized by XRPD and DSC, and representative results are 
provided in FIG. 1 (XRPD) and FIG. 2 (DSC).

[00336] This synthetic route can be used to make the racemic Compound 7 by starting 
with racemic starting material, or by racemizing the stereogenic center. One crystalline form 
was identified for racemic Compound 7 and is designated as Form A of racemic compound 7. 
The form was characterized by XRPD and DSC, and representative results are provided in FIG.

3 (XRPD) and FIG. 4 (DSC).
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Step 2: Synthesis of Compound 8

CuCI + HO

4% O2 in N2 
20-30 °C

[00337] Isourea reagent preparation: CuCI (2.02g, 0.02x wt) was charged to reactor 1. A 
charge of 0.01 to 0. lOx wt CuCI can be used. Alternative Cu(I) salts such as CuBr or Cui can be 
used. N,N’-diisopropylcarbodiimide (126.8mL, 1.27x vol) was charged to reactor 1. Alternative 
initial charges of N,N’-diisopropylcarbodiimide can be used (0 to 3.17x vol). A 4% O2 
atmosphere was established in reactor 1. An atmosphere of up to 22% O2 can be used. The 
reaction mixture was agitated at 25 °C for 1 hour while maintaining a vessel atmosphere of 4% 
O2. A temperature of 10 to 40 °C can be used. A vessel atmosphere of up to 22% O2 can be 
used. An agitation time of 0 to 12 hours can be used. Ν,Ν’-diisopropylcarbodiimide (190.2mL, 
1.9x vol) was charged to reactor 1 while maintaining a temperature of < 30 °C. Alternative 
secondary charges of Ν,Ν’-diisopropylcarbodiimide can be used (0 to 3.17x vol). A temperature 
of 10 to 40 °C could be used. Tert-butanol (182g, 1.82x wt) was charged to reactor 1 while 
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maintaining a temperature of < 30 °C. Alternative charges of tert-butanol (1.51 to 3.02x wt) can 
be used. A temperature of 10 to 40 °C can be used. A 4% O2 atmosphere was re-established and 
reactor 1 was sealed. A vessel atmosphere of up to 22% O2 can be used. Reactor 1 was agitated 
at 25 °C for 12 hours while maintaining a vessel atmosphere of 4% O2. A vessel atmosphere of 
up to 22% O2 can be used. A temperature of 10 to 40 °C can be used. A reaction time of 4 to 72 
hours can be used.

[00338] Esterification: Compound 7 (100g, lx wt) and 2-MeTHF (IL, lOx vol) were 
charged to reactor 2. 6 to 20x volumes 2-MeTHF can be used. Alternative solvents including 
THF, DCM, MTBE, 1,4-dioxane, Et2O, etc. can be used. Isourea (386mL, 3.86x vol) was 
charged to reactor 2 over 2h, maintaining < 40 °C. Alternative charges from 0.96 to 7.72x vol 
isourea can be used. The isourea can be charged over 1 to 12 hours. 10 to 40 °C can be used. 
Contents of reactor 2 were agitated and heated to 35 °C for 5hrs. 10 to 50 °C can be used. 2 to 
48 hrs can be used. Water (0.01 to IX vol) is optionally charged. Celite (30g, 0.3x wt) was 
charged to reactor 2. 0 to lx wt celite can be used. The batch was filtered into reactor 3 and 
washed twice with 2-MeTHF (400mL, 4x vol per wash). A wash volume of 0 to 8x volumes can 
be used. 0 to 3 washes can be used. The batch was washed twice with sodium bicarbonate 
solution (300mL, 3x vol per wash). A wash volume of 0 to 6x volumes per wash can be used. 0 
to 3 washes could be used. The batch was washed with water (300mL, 3x vol). A wash volume 
of 0 to 6x volumes per wash can be used. 0 to 2 washes can be used. 2-MeTHF was distilled off 
under reduced pressure to lOx vol. A temperature of 25 to 55 °C can be used. A pressure of 150 
to 500 torr can be used. An endpoint volume of 6 to 14x vol 2-MeTHF can be used. Distillation 
continued at lOx vol with addition of 4x vol 2-MeTHF. A temperature of 25 to 55 °C can be 
used. A pressure of 150 to 500 torr can be used. A total volume of 6 to 14x vol 2-MeTHF can 
be used. Addition of 0 to 12x 2-MeTHF could be used. Distillation continued under reduced 
pressure to 5x vol. A temperature of 25 to 55 °C can be used. A pressure of 150 to 500 torr can 
be used. An endpoint of 4 to 8x vol 2-MeTHF can be used. The batch was cooled to 25 °C and 
n-heptane (50mL, 0.5x vol) was charged. A temperature of 10 to 30 °C can be used. A charge 
of 0 to 2x volume n-heptane can be used. The slurry was aged for 0.5 hrs. The slurry can be 
aged for 0.5 to 12 hour. The batch was seeded with product seeds (0.25g, 0.0025x wt). 0 to 50 
wt % seeds can be used. The slurry was aged for 2hr. The slurry can be aged for 0 to 24 hours. 
n-Heptane (1.5L, 15x vol) was charged to reactor 3 over 8 hrs. The n-heptane can be charged 
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from 2 hours to 24 hours. A temperature of 10 to 40 °C can be used. The slurry was aged for 
3hrs. The batch can be aged for 0 to 24 hours. The slurry was filtered in reactor 3, and was 
subjected to slurry wash with 2-MeTHF/n-heptane (1:3 volume ratio, 400mL, 4x vol) and 
displacement wash with 2-MeTHF/n-heptane (1:3 volume ratio, 400mL, 4x vol). Different 
solvent ratios and volumes may be used. The crude product Compound 8 was dried under 
vacuum at 35 °C. A temperature of 10 to 50 °C can be used. A nitrogen sweep can be used 
during drying.

[00339] Recrystallization of crude product: Crude product Compound 8 (85g, lxwt)and
MeOH (595mL, 7x vol) were charged to reactor 4. 6 to lOx volumes MeOH can be used. Water 
was charged (85mL, 1 x vol) to reactor 4 over Ihr. 0.6 to 3.Ox volumes 2-MeTHF could be used. 
Product seeds (0.212g, 0.0025x wt) were charged to reactor 4. 0 to 50 wt % seeds can be used. 
The slurry was aged in reactor 4 for Ihr. The slurry can be aged for 0.5 to 12 hours. Water 
(51 OmL, 6x vol) was charged to reactor 4 over 6 hrs. The water can be charged from 2 hours to 
24 hours. A temperature of 10 to 30 °C could be used. The slurry was aged for 3 hrs. The batch 
can be aged for 0 to 24 hours. The slurry in reactor 4 was filtered and washed with MeOH/HzO 
(1:1 volume ratio, 340mL, 4x vol). Different wash solvent ratios and volumes can be used. The 
product was dried under vacuum at 35 °C to provide Compound 8 (yield 66-78 g, 55-65% molar 
yield). A temperature of 10 to 50 °C can be used. A nitrogen sweep can be used during drying.

[00340] This process is capable of starting with a Compound 7 with 97.2% chiral purity 
(2.8% of the enantiomer of Compound 7) to produce Compound 8 with 99.9% chiral purity 
(0.1% enantiomer of Compound 8) via the crystallization.

[00341] Analytical data for Compound 8: HPLC purity: 99.46%. HPLC chiral purity: 
99.97%. Ή NMR (DMSO-rfc, 300 MHz): δ = 7.36 - 7.30 (m, 7 H), 7.05 (s, 1 H), 5.07 - 5.02 
(m, 2H), 3.93 (ddd, J= 8.7, 5.1 Hz, 1 H), 2.22 (t, J= 7.8 Hz, 2 H), 1.94- 1.82 (m, 1 H), 1.76
1.64 (m, 1 H), 1.38 (s, 9 H). 13C NMR (DMSO-ifc, 75 MHz): δ = 173.8, 172.1, 156.4, 137.5, 
128.8, 128.2, 128.1, 80.1, 65.9, 54.2, 31.9, 28.2, 27.7. MS Analysis: Calculated: [M+l] = 
337.17; Found: [M+l] = 337.1. CHN Analysis: Calculated: C: 60.70%; H: 7.19%; N: 8.33%; 
Found: C: 60.86%, H: 7.06%, N: 8.30%.
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[00342] One crystalline form was identified for Compound 8 and is designated as Form A
of compound 8. The fonn was characterized by XRPD and DSC, and representative results are
provided in FIG. 5 (XRPD) and FIG. 6 (DSC).

[00343] This synthetic route can be used to make the racemic Compound 8 by starting 
with racemic starting material, or by racemizing the stereogenic center. One crystalline form 
was identified for racemic Compound 8 and is designated as Form A of racemic compound 8. 

The form was characterized by XRPD and DSC, and representative results are provided in FIG. 

7 (XRPD) and FIG. 8 (DSC).

Step 3: Synthesis of Compound 1

CO2tBu

10% Pd/C, H2

MeOH, 25 °C

O

CO2tBu

1 froo baoo

O
HCI in IPA  CIH3N'vx^'NH2 

IPA/iPrOAc, 40 °C

CC^tBu
1

[00344] Compound 8 (10.0 g, IX wt), 10% Pd/C (0.250 g, 0.025X wt) and MeOH (100 
mL, 10X vol) were charged to reactor 1. 2X to 20X volume MeOH can be used. Alternate 
alcohol solvents in addition to MeOH can include ethanol, isopropanol, 1-propanol, butanol. 
Solvents can also include THF, 2-MeTHF, MTBE, isopropyl acetate, ethyl acetate, DMF, DMAc 
or NMP. 5% to 10% Pd/C Can be used. In addition, it can be used dry or water wet. Catalysts 
can include, Palladium, Platinum, Rhodium or Ruthenium on different supports that encompass 
carbons, alumina, alkaline earth carbonates, clays, ceramics and celite. Catalyst loading can 
range from 1 wt% to 100 wt%.

[00345] The batch was purged 3 times with N2 followed 3 times with H2. Batch can be 
purged 1 to 10 times with N2 and H2. The batch was pressurized to 15 psi H2. Batch can be 
pressurized with H2 from 15 psi to 60 psi. Transfer hydrogenation conditions can be utilized that 
include cyclohexene, cyclohexadiene, formic acid, and ammonium formate. The batch was 
heated to 20 to 30 °C (target 25 °C). Batch temperature can range from 15 °C to 60 °C. The 
batch was agitated at 20 to 30 °C (target 25 °C) for NLT 4 h. Reaction times between 1 h and 36
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h can be used. Reaction completion was determined by in-process control (IPC).

[00346] The batch was filtered over celite (4.0 g, 0.4X wt, prewetted with MeOH) 
followed by a 1 uM in-line filter or smaller into reactor R-2. Varying amounts of celite can be 
used from no celite to 100 wt% celite. Reactor 1 was washed with 2X vol (20 mL) MeOH and 
filtered over celite pad through 1 uM in-line filter or smaller into reactor R-2. Alternate wash 
volumes from 0 to 10X vol can be used. The celite pad was washed with 2X vol (20mL) MeOH 
through a 1 uM in-line filter or smaller into reactor R-2. Alternate wash volumes from 0 to 10X 
vol can be used. The batch was heated to 35 to 45 °C (target 40 °C). Alternate temperatures 
between 22 to 65 °C can be used. The batch was distilled to 5X vol under reduced pressure 
maintaining a temperature between 30 and 45 °C. Batch can be distilled to dryness or any 
volume between 1 X and 8 X vol. Temperatures between 20 and 83 °C can be used. The batch 
was subject to constant volume distillation under reduced pressure with 12X vol (120 mL) IPA 
maintaining a temperature between 30 and 45 °C and a batch volume of 5X (50 mL). Constant 
volume distillation is not required. Batch can be distilled to dryness and then refilled with IPA. 
Temperatures between 20 and 83 °C can be used. 3X vol (30 mL) Isopropyl acetate was 
charged, maintaining a temperature between 35 and 45 °C. Isopropyl acetate charge can vary 
between IX and 5X vol. Other solvents can be used as antisolvents including, MeCN, toluene, 
MTBE, ethyl acetate, heptanes, and acetone. 0.025X vol (0.250 mL) trioctylphosphine was 
charged. Charge can vary between 0.01 X vol to LOX vol. Alternate Pd scavengers can be used 
that include activated carbons, silica supported resins, and polymer supported resins and fibers. 
Alternative alkyl phoshpines can be used include, triethylphosphine, tributyl phosphine, 
trihexylphosphine. The process can be run without a palladium scavenger.

[00347] HC1 in IPA (0.065X vol (0.650 mL) or 0.1 equiv) was charged dropwise. 
Different concentrations of HC1 in IPA can be used from 1 M to 6M. A different mineral or 
organic acid, such as benzenesulfonic acid, sulfuric acid, hydrobromic acid, or acetic acid could 
be used to make a different salt. The batch was seeded with 0.0 IX wt (100 mg) of Compound 1 

seeds. 0 to 50 wt% seed can be used. The slurry was aged at 35 to 45 °C (target 40 °C) for NLT 
1 h. Slurry can be aged from 0 to 24 h. HC1 in IPA (0.52X vol ( 5.2 mL) or 0.8 equiv) was 
charged dropwise over NLT 3 h maintaining a temperature between 35 and 45 °C. Different 
concentrations of HC1 in IPA can be used from 1 M to 6M. Charge time can be varied from 5 
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min to 24 h. The batch was held at 35 to 45 °C (target 40 °C) for 30 min. Hold times can vary 
from 0 min to 24 h. The batch was cooled to 20 to 25 °C over NLT 2 h. Temperature ramp from 
0.5 h to 12 h can be used. HC1 in 1PA (0.065X vol ( 0.650 mL) or 0.1 equiv ) was charged 
dropwise over 30 min. Different concentrations of HC1 in IPA can be used from 1 M to 6M. 
HC1 addition times may vary from 5 min to 24h. The slurry was aged at 20 to 25 °C for NLT 1 
h. Batch can be aged from 0 h to 24 h. The slurry was filtered over Filter F-2. The cake was 
washed two times with 2X vol (20 mL) 1:1 IPA/iPrOAc. Different solvent volumes and ratios 
may be used. The product was dried under vacuum between 20- 40 °C to provide Compound 1. 

A temperature of 10 to 50 °C can be used. A nitrogen sweep can be used during drying.

[00348] Compound 8 containing 2.27 % of the R-enantiomer can be upgraded to 
Compound 1 with a chiral purity of greater than 99.9 % by this process.

[00349] Analytical data for Compound 1: HPLC purity: 99.12%. HPLC chiral purity: 
99.98%. *H NMR (DMSO-ί/ό, 300 MHz): δ = 8.38 (broad s, 1 H), 8.07 (s, 1 H), 7.55 (s, 1H), 
3.77 (t, J= 6.3 Hz, 1 H), 2.32-2.29 (m, 2 H), 1.99-1.91 (m, 2 H), 1.39 (s, 9 H). 13C NMR 
(DMSO-ife, 75 MHz): δ = 171.5, 170.4, 80.5, 51.8, 30.8, 29.7, 28.2, 26.6. MS Analysis: 
Calculated: [M+l] (free base) = 203.17; Found: [M+l] (free base) = 203.1.

[00350] Two crystalline forms were identified for Compound 1 and are designated as 
Form A and Form B of compound 1. Form A was obtained from isopropanol/isopropylacetate 
system. Form A was characterized by XRPD and DSC, and representative results are provided 
in FIG. 9 (XRPD) and FIG. 10 (DSC). Form B was obtained from methanol/isopropylacetate 
system. Form B was characterized by XRPD and DSC, and representative results are provided 
in FIG. 11 (XRPD) and FIG. 12 (DSC).

[00351] This synthetic route can be used to make the racemic Compound 1 by starting 
with racemic starting material, or by racemizing the stereogenic center. One crystalline form 
was identified for racemic Compound 1 and is designated as Form A of racemic compound 1. 

The form was characterized by XRPD and DSC, and representative results are provided in FIG. 

13 (XRPD) and FIG. 14 (DSC).
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Example 3

2) COCI2, THF

1)MeOH, HCI NH4OH

2) HCI

1) KO ί-Bu (cat) 
t-BuOH

NH2 HCI

[00352] The reaction of L-glutamic acid 2 with methanol in the presence of HCI followed 
by phosgenation reaction provides compound 9. The subsequent addition of ammonia (as a 
solution in water or a solvent such as methanol) forms amide 10. Conversion of methyl ester to 
tert-butyl ester is achieved by catalytic potassium tert-butyloxide in tert-butanol. Lastly, 
formation of HCI salt of the amino-amide provides the target molecule 1.

Example 4

BF3 Et2O 

isobutylene 
65-85%

triphosgene 

orCDI

NH4HCO3

1-free base ^2

HCI

HCI Ah;

1 CO2tBu

[00353] The reaction of L-glutamic acid 2 with isobutylene in THF in the presence of 
catalytic BF3 Et2O and H3PO4 provides 5-tert-butyl ester compound 11. The formation of N- 
carboxylate anhydride 12 is conducted using phosgene or Ν,Ν’-carbonyldiimidazole (CDI). The 
subsequent addition of ammonia (as a solution in water or a solvent such as methanol) provides 
free base amide 1. Lastly, formation of HCI salt of the free base amino-amide provides the target 
molecule 1.

Example 5

13

1) NEt3
2) iBuO2CCI
3) NH3

14
CO2tBu

1 -free base

O
HCI h2N

1 CO2tBu
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Step 1: Synthesis of Compound 14

[00354] The reaction of pyroglutamic acid 13 with triethylamine (or other amine base) 
followed by isobutylchloroformate (or other such chloroformate derivative) provides a mixed 
carbonate intermediate and the subsequent addition of ammonia (as a solution in water or a 
solvent such as methanol) to this species forms primary amide 14. Amide 14 is also prepared by 
alternative carboxylic acid activation procedures generally known in the art followed by reaction 
with an ammonia source.

Step 2: Synthesis of Compound 1

[00355] Selective lactam.N-protection of 14 (with Boc, Cbz or other such protecting
group) renders the oxopyrroldine prone to ring opening by a suitable nucleophile, such as 
tBuOK, to provide 1-free base after removal of the protecting group. Formation of HC1 salt of 
the free base amino-amide provides the target molecule 1..

Example 6

Ph^N. _CO2Me
J + 0CO2tBu

16

DBU 
MeCN

CO2tBu 
(not isolated)

1N HCI 
2-MeTHF

H2N^_CO2Me

Γ 18
- CO2tBu - 

(not isolated)

Ph 15

O

CO2tBu

O

CO2tBu

rac-1 -free base rac'®

1) NEt3
2) iBuO2CCI
3) NH3 in MeOH

CbzHN

CO2tBu
20

aq. LiOH 
or TMSOK 
2-MeTHF

CbzHN

19

1) aq. K2CO3
2) CbzCI 
2-MeTHF

CO2tBu
(not isolated)

HX

CO2tBu

Free 
base 
then HCI

O "‘"JU
HCI =

1 CO2tBu

1-chiral salt
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Step 1: Synthesis of Compound 17

[00356] To a solution of methyl 2-((diphenylmethylene)amino)acetate 15 (24.6 g) in 
MeCN (200 mL) was added DBU (1.45mL) followed by tert-butyl acrylate 16 (17.0 mL). The 
resulting yellow solution was stirred at room temperature (25 °C). After 24 h it was determined 
that the reaction had stalled so an additional portion of tert-butyl acrylate 16 (4.26 mL) was 
added. When the reaction was judged to be complete (~3% SM remaining by LCAP) the 
solution was concentrated under reduced pressure to ~3x vol (~70mL) and taken forward to the 
next step. LCMS for compound 17: LC-MS m/e calc. 382.2 (M+l); found 382.2.

Step 2: Synthesis of Compound 18

[00357] To the stirred MeCN solution of compound 17 was added 2-MeTHF (1 lOmL) and 
IN HC1 (80mL). After 5 h at room temperature (25 °C), the phases were split. The organic 
phase was discarded and the aqueous phase (contains the desired free base 18: (LC-MS m/e calc. 
218.1 (M+l); found 218.0) was taken forward to the next step as an aqueous solution.

Step 3: Synthesis of Compound 19

[00358] The aqueous phase was adjusted from pH ~ 4 to pH ~ 9 using K2CO3 (required 86 
mL of a 10% aq solution) and 2-MeTHF (105mL) was added to the solution. Using a syringe 
pump, benzyl chloroformate (11 mL) was added over 5.5 h and the reaction mixture was reacted 
for two days at 25 °C. The phases were split (aqueous layer —175 mL, organic layer —125 mL) 
and the aqueous layer was discarded. The product containing organic layer (19: LC-MS m/e 
calc. 352.2 (M+l); found 352.2) was taken forward to the next step as a solution in 2-MeTHF.

Step 4: Synthesis of Compound 20

[00359] The crude solution of 19 from previous step was diluted to 150 mL total volume 
with 2-MeTHF and LiOH (10.65 mL of a 10% aq solution) was added. After 3 h, 9.35 mL of 
water was added to improve homogeneity of the aqueous layer. Hydrolysis of the methyl ester 
was monitored by HPLC and the reaction appeared to stall periodically, so additional 0.1 equiv 
portions of LiOH were added as required. At reaction completion a total of 17.4 mL 10% 
aqueous LiOH (1.8 equiv) had been added. The solution was adjusted from pH = 12 to pH = 3 
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using HC1 (required 72 mL of a IN solution) and the phases split. The organic phase was 
washed with half-saturated brine solution (2x20 mL) and transferred to a 500 mL round bottom 
flask. Solvent swap from 2-MeTHF to toluene was performed with azeotropic removal of water 
via a rotary evaporator. The solution was concentrated to ~5x vol (70mL) and seeded with 20. 

A thin seed bed formed over 2 h. Heptane (84mL) was added over 2 h via syringe pump and 
agitated for a further 16 hr. The resulting solids were filtered, washed with 1:2 toluene:heptane 
(60 mL) and dried with vacuum under N2 to yield 20 (13.35 g, 41% over 4 steps) as a white 
solid. LC-MS m/e calc. 338.2 (M+l); found 338.1. 'HNMR (300 MHz, DMSO-d6) δ 1.38 (s, 
9H), 1.70-180 (m, 1H), 1.89-2.00 (m, 1H), 2.20-2.40 (m, 2H), 3.97-4.02 (m, 1H), 5.03 (s, 2H), 
7.31-7.37 (m, 5H), 7.56-7.59 (d, 1H), 12.6 (s, 1H).

[00360] Alternatively, formation of 20 was achieved by reaction of 19 with TMSOK. 
(potassium trimethylsiloxide) (1.0 equiv) in 2-MeTHF.

Step 5: Synthesis of Compound rac-8

[00361] To a solution of20 (1.00 g) in 2-McTHF (10 mL) at 0 °C under bL was added 
triethylamine (0.413mL). Isobutyl chloroformate (0.384 mL) was then added dropwise via 
syringe over 10 minutes. After 10 minutes, ammonia (2.22 mL of a 2M solution in MeOH) was 
added in one portion and the solution was reacted at 0 °C for 3 h. An additional portion of 
isobutyl chloroformate (96pL) was charged to afford >95% conversion. Water (5 mL) was 
added to quench the reaction, the phases were split and aqueous layer extracted with 2-MeTHF 
(2x4mL). The combined organic phases were washed with half-saturated brine solution 
(2x4mL). Azetropic removal of water with 2-MeTHF was accomplished on the rotary 
evaporator and the solution was concentrated to ~10x vol (9.8 mL). Heptane (9.8mL) was added 
over 1 h via syringe pump, and after aging for 1 h an additional 5 mL of heptane was added via 
syringe pump over 1 h. The resulting solids were filtered, washed with 7.5 mL of 3:2 heptane:2- 
MeTHF and dried for 2 h with vacuum under N2 to yield rac-8 (0.630 g, 63% yield) as a white 
solid. LC-MS m/e calc. 337.2 (M+l); found 337.1. 'HNMR(300 MHz, DMSO-de) δ 1.40 (s, 
9H), 1.62-1.81 (m, 1H), 1.82-1.94 (m, 1H), 2.16-2.30 (m, 2H), 3.47 (s, 2H), 3.85-4.00 (m, 1H), 
5.02 (d, 2H), 7.05 (s, 1H), 7.23-7.42 (m, 5H).
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Step 6: Synthesis of Compound rac-1 free base

[00362] Rac-l-free base is prepared from rac-8 in the presence of a hydrogen and a 
palladium catalyst.

Step 7: Synthesis of Compound 1-chiral salt

[00363] The reaction of rac-l-free base with a chiral acid provides 1-chiral salt by 
selective crystallization from a diastereomeric mixture of salts. Chiral acids for diastereomeric 
salt formation include tartaric acid, 2,3-dibenzoyl tartaric acid, mandelic acid, camphorsulfonic 
acid, N-Ac-N-leucine, N-Ac-L-phenylalanine, among others, in a series of organic solvents such 
as MeOH, IPA, n-propanol, among others.

Step 8: Synthesis of Compound 1

[00364] Compound 1 is formed after generation of the free base from 1-chiral salt using a 
suitable inorganic or organic base, followed by addition of HC1.

Example 7

Ο NH NEt3
H,N A + A DCE 

2 ^^NH2 + Ph^Ph ------
HCI

22
21

Free 
base 
then HCI

16

Ph
O

CC^tBu

O"■"Ah,
HCI

1 CO2tBu

HX
NH2

CO2tBu

O
Chiral Acid HX

CO2tBu 

rac-1 -free base
1-chiral salt

Step 1: Synthesis of Compound 23 

[00365] 2-Aminoacetamide hydrochloride 21 (0.553 g) was weighed into a 20 mL 
scintillation vial equipped with a stir bar, pressure relief cap and an N2 needle and DCE (3 mL) 
was added. In a separate vial, triethylamine (0.767 mL) and benzophenone imine 22 (0.839 mL) 
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were dissolved in DCE (3 mL). This solution was transferred to the solution of 21 dropwise via 
syringe over 10 mins. The combined reaction mixture was heated to 80 °C for 16 h. Cooled to 
room temperature and precipitated solids were filtered. The crude filtered solids were slurried in 
heptane/MTBE and stirred overnight at room temperature. The solids were then filtered and 
dried under vacuum with N2. Collected 0.8184 g of compound 23 LC-MS m/e calc. 239.1 
(M+l); found 239.1.

Step 2: Synthesis of Compound 24

[00366] Compound 24 is prepared by Michael addition of compound 23 to tert-butyl 
acrylate 16 in the presence of organic amine bases such as DBU or inorganic bases such as 
CS2CO3 and other carbonates.

Step 3: Synthesis of Compound rac-l-free base

[00367] Rac-l-free base is prepared by hydrolysis of imine 24 in the presence of an 
inorganic acid (such as aqueous HCl) or organic acid (such as citric acid or/?-toluenesulfonic 
acid) in a range of solvents including 2-MeTHF or MTBE, among others.

Step 4: Synthesis of Compound 1-chiral salt

[00368] The reaction of rac-l-free base with a chiral acid provides 1-chiral salt by 
selective crystallization from a diastereomeric mixture of salts. Chiral acids for diastereomeric 
salt formation include tartaric acid, 2,3-dibenzoyl tartaric acid, mandelic acid, camphorsulfonic 
acid, N-Ac-N-leucine, N-Ac-L-phenylalanine, among others, in a series of organic solvents such 
as MeOH, IPA, n-propanol, among others.

Step 5: Synthesis of Compound 1

[00369] Compound 1 is formed after generation of the free base from 1-chiral salt using a 
suitable inorganic or organic base, followed by addition of HCl.
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Example 8

Ph^N^CN 

Ph 25
<=^CO2tBu

16

Ph 1N HCI 
2-MeTHF

CO2tBu

1) benzaldehyde
2) STAB

O
Η2Ν^ΛνΗ2 Pd/C, H2

rac-1 -free base ICO2tBu

BnHN

29 CO2tBu

Chiral Acid HX

q Free
Η N JL base
Η2Ν«<ΝΗ2 then HC| 
HX a ________

1-chiral salt 1
CO2tBu

O

1 CO2tBu

Step 1: Synthesis of Compound 26 

[00370] To a solution of 2-((diphenylmethylene)amino)acetonitrile 25 (6.4 g) in MeCN 
(60 mL) was added DBU (0.433 mL) followed by tert-butyl acrylate 16 (6.37 mL). The resulting 
yellow/orange solution was stirred at room temperature (25 °C). After 16 h, the reaction mixture 
was concentrated on the rotary evaporator and the desired product 26 was isolated using silica 
gel chromatography on an ISCO separations module. Compound 26 LC-MS m/e calc. 349.2 
(M+l); found 349.2. Ή NMR (300 MHz, DMSO-d6) δ 1.39 (s, 9H), 2.18-2.22 (m, 2H), 2.42
2.49 (m, 2H), 4.32 (t, 1H), 7.20-7.24 (m, 2H), 7.33-7.38 (m, 2H), 7.43-7.52 (m, 4H), 7.63-7.66 
(m, 2H).

Step 2: Synthesis of Compound 27

[00371] Compound 27 is prepared by imine hydrolysis of 26 in the presence of an 
inorganic acid (such as aqueous HCI) or organic acid (such as citric acid or /2-toluenesulfonic 
acid) in a range of solvents including 2-MeTHF or MTBE, among others.
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Step 3: Synthesis of Compound 28

[00372] Compound 27 is carried forward without isolation and subjected to reductive 
amination conditions with benzaldehyde such as sodium triacetoxyborohydride (STAB) or other 
similar reducing reagents to provide compound 28.

Step 4: Synthesis of Compound 29

[00373] Amide 29 is prepared by hydrolysis of nitrile 28 in the presence of a 
formaldehyde catalyst and hydroxide base. Alternative nitrile hydrolysis conditions may also be 
used to provide amide 29.

Step 5: Synthesis of Compound rac-l-free base

[00374] Rac-l-free base is prepared by hydrogenation of compound 29 in the presence of 
a palladium catalyst.

Step 6: Synthesis of Compound 1-chiral salt

[00375] The reaction of rac-l-free base with a chiral acid provides 1-chiral salt by 
selective crystallization from a diastereomeric mixture of salts. Chiral acids for diastereomeric 
salt formation include tartaric acid, 2,3-dibenzoyl tartaric acid, mandelic acid, camphorsulfonic 
acid, N-Ac-N-leucine, N-Ac-L-phenylalanine, among others, in a series of organic solvents such 
as MeOH, IPA, n-propanol, among others.

Step 7: Synthesis of Compound 1

[00376] Compound 1 is formed after generation of the free base from 1-chiral salt using a 
suitable inorganic or organic base, followed by addition of HCI.
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Example 9

O

Free 
base 
then HCI

O 
H2N 

Chiral Acid HX

O

CO2tBu
1-chiral salt

CO2tBu 
rac-1 free base

O

CO2tBu

Step 1: Synthesis of Compound 31 

[00377] To a suspension of hippuric acid 30 (1.08 g) in DCM (25 mL) was added DCC 
(1.23 g). After 3 h, the mixture was filtered through a short plug of celite and the filtrate was 
concentrated to an off-white solid on the rotary evaporatory. The crude product was slurried in 
heptane/EtOAc (3:2) and stirred overnight. Filtered off solids (DCU byproduct) and filtrate was 
concentrated to yield desired product 31 (0.631 g) as a yellow solid LC-MS m/e calc. 162.1 
(M+l); found 162.0.

Step 2: Synthesis of Compound 32

[00378] Compound 32 is prepared by Michael addition of azlactone 31 to Zeri-butyl 
acrylate 16 in the presence of organic amine bases such as DBU or inorganic bases such as 
CS2CO3 or other carbonate base.

Step 3: Synthesis of Compound 33

[00379] Compound 33 is prepared by opening of the azlactone ring of compound 32 with 
the addition of ammonia (as a solution in MeOH or water).

Step 4: Synthesis of Compound rac-1 free base
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[00380] Rac-l-free base is prepared by removal of the benzoyl protecting group on

compound 33.

Step 5: Synthesis of Compound 1-chiral salt

[00381] The reaction of rac-l-free base with a chiral acid provides 1-chiral salt by 
selective crystallization from a diastereomeric mixture of salts. Chiral acids for diastereomeric 
salt formation include tartaric acid, 2,3-dibenzoyl tartaric acid, mandelic acid, camphorsulfonic 
acid, N-Ac-N-leucine, N-Ac-L-phenylalanine, among others, in a series of organic solvents such 
as MeOH, IPA, n-propanol, among others.

Step 6: Synthesis of Compound 1

[00382] Compound 1 is formed after generation of the free base from 1-chiral salt using a 
suitable inorganic or organic base, followed by addition of HC1.

Example 10

hexamethylenetetramine 
--------------------------------—►

TFA, 65-70 °C

65% AY
51% IY

OH

CO2Me

CHO

(HPLC ratio of 35:36 = 91:9 to 99:1)

35 36

MW mol gram density liter __

Phenol 152.15 1.0 152.2 1.0
HMTA 140.19 1.1 154.2 1.1
TFA 3.05

[00383] A 5 L jacketed vessel was charged with methyl-3-hydroxybenzoate (34) and 
trifluoroacetic acid (TFA). Cooling was applied to the jacket, and hexamethylenetetramine 
(HMTA) was charged slowly over 10-15 minutes, maintaining an internal temperature of less 
than 30 °C. The resulting solution was heated to an internal temperature of 65-70 °C over 1 h. 
The resulting solution was aged 10-12 h at this temperature, before being cooled to an internal 
temperature of 20-25 °C over 1 h. The end of reaction mixture was concentrated under reduced 
pressure (15-80 mm Hg partial pressure) to 1230-1240 mL total volume (about 8 volumes with 
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respect to 34). The internal temperature during concentration was maintained at no more than
40 °C.

[00384] Separately, a 5 L flask was charged with methanol (MeOH) (150 mL) and water 
(300 mL), along with compound 35 seeds (360 mg). The concentrated reaction solution and a 33 
wt/wt% aqueous K.2CO3 solution (prepared by dissolving 744 g of K2CO3 in 1.54 L of water) 
were added simultaneously, optionally using peristaltic pumps at a rate such that each was added 
over 1 h, maintaining an internal temperature of no more than 30 °C. The pH of the solution in 
the crystallization flask was maintained at pH= 2.5 to 4.0 throughout. The resulting slurry (pH= 
3.3) was aged for at least 2 hours.

[00385] The slurry was filtered, and the cake was manually compressed to -400 mL 
volume. The cake was displaced with 1:3 MeOHrHiO (400 mL). The wet cake was dried at 20
25 °C via vacuum suction/N2 sweep for 3 hours. The solids were collected and the initially 
isolated material was transferred to a 2 L flask with overhead stirring, along with 1:1 1PA:O.58N 
AcOH (600 mL). After aging for 3.5 h with agitation, H2O (300 mL) was added over 2 h. The 
resulting slurry was aged 3-4 hours. The slurry was filtered, and the cake was displaced with 1:3 
1PA:H2O (300 mL). The wet cake was dried at 20-25 °C via vacuum suction/N2 sweep for 3 
hours. The isolate was collected. The solid (96.4 g) assayed at 95.3 wt% desired aldehyde and 
4.7 wt% undesired aldehyde (aldehyde para to ester). Final 99.9 wt% purity of combined 
aldehydes.

[00386] Characterization data for 35: 'FI NMR (300 MHz, CDCI3) δ ppm: 12.20 (s. 1H), 
10.62 (s, 1H), 7.55 (t, IH), 7.46 (d, 1H). 7.18 (d, 1H), 3.95 (s, 3H); 13C NMR (75 MHz, CDCh) δ 
ppm: 197.3, 166.0, 162.9, 135.6, 133.3, 122.3, 122.0. 118.1, 52.6; LRMS [M-H]‘for CiHsCU 
calc'd 179.03, found 178.93.

[00387] Characterization data for 36: *H NMR (300 MHz. CDCh) δ ppm: 10.95 (s, 1H), 
9.97 (s, 1H), 7.68-7.64 (m, 3H), 3.95 (s, 3H); 13C NMR (75 MFIz, CDCh) δ ppm: 196.6, 165.8, 
161.3, 137.4, 133.7, 123.0, 120.5, 119.2, 52.8.

[00388] One crystalline form was identified for Compound 35 and is designated as Form 
A of Compound 35. The form was characterized by XRPD and DSC, and representative results 
are provided in FIG. 15 (XRPD) and FIG. 16 (DSC).
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Example 10A

CO2Me

34
TFA, 65-70 °C

35

[00389] Methyl 3-hydroxybenzoate (250 g, 1.0 equiv, 1.0 X wt) and TFA (5000 L, 20 X 
vol) were charged to reactor 1. Any variety of hydroxybenzoate can be used where methyl can 
be replaced by H, ethyl, propyl, butyl etc. Solvent volumes may vary between 5 X to 100 X vol. 
AcOH may be used as a co-solvent. HMTA (253 g, 1.1 equiv, 1.01 X wt) was charged 
portionwise to reactor 1, maintaining Ti < 50 °C. 1.0 to 1.5 equiv of HMTA can be used. 
Temperatures can vary from 50 to 72 °C. Varying amounts of water are tolerated, between 0 to 5 
wt% water. The batch was heated to 65±5 °C and temperature was maintained for 10-12 hours. 
Temperatures can vary from 55 to 72 °C. Reaction times can vary from 10 to 72 h. The crude 
reaction mixture was cooled to Ti = 20-25 °C. Temperatures can vary from 0 to 50 °C. The 
mixture was concentrated under reduced pressure to ~7 X volumes total. Concentration under 
atmospheric pressure can be used. Reaction can be concentrated between 5 X and 10 X vol.

[00390] A solution of K2CO3 (1200 g, 5.3 eq, 4.8 X wt) in H2O (10 X vol) was prepared in 
reactor 2. K2CO3 can be replaced by inorganic bases that include potassium acetate, sodium 
carbonate, lithium carbonate, hydroxides, and bicarbonates. Organic bases can be utilized that 
include tertiary amines, DBU, guanidine etc. Solvent volumes can vary.

[00391] Reactor 3 was charged with IPA (IX vol), H2O (2 X vol), and seed (0.001 X 
wt%). IPA can be replaced with methanol, ethanol, n-propanol, MeCN, DMSO, DMAc, DMF, 
NMP, THF. Seed load can vary between 0 and 50 wt%. IPA solvent volumes can vary between 
0 to 10X vol. Water or. antisolvent charge can vary between 0 and 10 X vol.

[00392] Solutions in reactor 1 and reactor 2 were simultaneous added into reactor 3, 
maintaining pH = 2-4. An inverse addition into aqueous solutions of bases can be performed. 
pH can vary between 2 and 6. Traditional biphasic workups with aqueous base and non-water 
miscible organic solvents are possible. The slurry in reactor 3 was filtered. The cake was
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subject to displacement wash with 1:3 IPA: H2O (4 X vol). Displacement volumes can vary.
Alternative ratios of IPA:H2O can be used. The solids were dried. Solids can be dried between
0 and 40 °C.

[00393] The isolated solids were re-slurried in reactor 4, where reactor 4 was pre-charged 
with 1:1 z-PrOH:0.55N AcOH (4 X vol). Other water miscible solvents can be used that include 
methanol, ethanol, propanol etc., acetonitrile, DMF, DMAc, NMP, DMSO, and THF. AcOH can 
be replaced by sulfonic acids, carboxcylic acids, mineral acids, amino acids. Other concentration 
of AcOH between 0 to 100 % can be used. Varying ratios of IPA/AcOH can be used. H2O (2 X 
vol) was slowly added, then allowed to age. H2O volumes can vary between 0 and 100 X vol. 
The slurry in reactor 4 was filtered, and the cake was subject to displacement wash with 2:5 
IPA:H2O (3 X vol). Displacement volumes can vary. Alternative ratios of IPA:H2O can be 
used. The solid was dried with vacuum suction/N2 sweep to provide Compound 35. The solid 
can be dried between 0 and 40 °C.

[00394] Characterization data for 35: Ή NMR (300 MHz, CDCh) δ ppm: 12.20 (s, 1H), 
10.62 (s, 1H), 7.55 (t, 1H), 7.46 (d, 1H), 7.18 (d, 1H), 3.95.(s, 3H); 13C NMR (75 MHz, CDCh) δ 
ppm: 197.3, 166.0, 162.9, 135.6, 133.3, 122.3, 122.0, 118.1, 52.6; LRMS [M-H]'for C9H8O4 
calc’d 179.03, found 178.93. XRPD and DSC are consistent with FIG. 15 (XRPD) and FIG. 16 

(DSC).

Example 11

HCI H2N

1 CO2tBuCO2Me

OH

i. i-Pr2NEt, DMAc/H2O

ii. NaBH(OAc)3

88% IY 
(> 99.9% ee)

35

MW mmol gram density mL eq-
1 238.71 345 82.3 1.15
iPnNet 129.24 360 46.5 0.742 62.7 1.20
DMAc 150

120



WO 2019/040109 PCT/US2018/000358

35 (94.2 wt%) 180.16 300 54.0 (57.4) 1.0
AcOH 60.05 450 27.0 1.05 25.7 1.5
NaBH(OAc)3 211.94 420 89.0 1.4

[00395] A vessel was charged with compound 1 HC1 salt and dimethylacetamide (DMAc) 
and the resulting slurry was agitated slowly. Diisopropylethylamine (iPrcNEt) was added, and 
the resulting homogeneous solution was aged at 20-25 °C for 1 h.

[00396] The homogeneous solution was then cooled to 0-5 °C and AcOH was added.
After re-cooling, the aldehyde 35 was added as a solid, maintaining an internal temperature of no 
more than 5 °C. The resulting homogeneous solution was aged 1.5-2 h after the aldehyde 
addition. Sodium triacetoxyborohydride (STAB) was added as a solid in four equal portions 
(separated by about 30 minutes each), maintaining an internal temperature of no more than 5 °C. 
The resulting slurry was aged at 0-5 °C for 8-10 h.

[00397] The jacket was wanned to 20-25 °C over 30-60 min. and the slurry was aged at an
internal temperature of 20-25 °C for 1 h. H2O (300 mL) was added over 30-60 minutes (note: 
gas evolution was observed due to quench of excess STAB) and the resulting homogeneous 
solution was seeded with Compound 37 (0.1 wt%), and the resulting seed bed was aged for 2 h.

[00398] Additional H2O (900 mL) was added over 1.5-2 h and the resulting slurry was 
aged for at least 1 h. The slurry was filtered and the cake was displaced with 1:8 DMAc:H2O 
(250 mL), followed by H2O (250 mL). The wet cake was dried at 20-25 °C via vacuum 
suction/N2 sweep for 12 hours. The isolate was collected (89.6 g) and assayed at 98.8 wt% 
(88.5% IY, 99% e.e.).

[00399] Ή NMR(300 MHz, DMSO-ί/ό) δ ppm: 10.03 (s, 1H), 7.56 (s, 1H), 7.31 (dd, Ji = J2 
= 7.7 Hz, 1H), 7.18 (s, 1H), 7.15 (d, J= 7.5 Hz, 1H), 6.98 (d, J= 7.7 Hz, 1H), 4.71 (dd, Ji = 10.4 
Hz, J2 = 4.4 Hz, 1H), 4.49 (d, J= 17.6 Hz, 1H), 4.31 (d, J= 17.6 Hz, 1H), 2.21-2.09 (m, 3H), 1.32 
(s, 9H); 13CNMR(75 MHz, DMSO-ifc) δ ppm: 172.0, 171.4, 168.2, 133.7, 129.3, 128.3, 79.8, 
53.5, 44.9, 31.8, 27.7, 25.0; LRMS [M+H]+ for C17H22N2O5 calc’d 335.16, found 335.15.

[00400] One crystalline form was identified for Compound 37 and is designated as Form 1. 
The form was characterized by XRPD and DSC, and representative results are provided in FIG.

17 (XRPD) and FIG. 18 (DSC).
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[00401] The procedure above led to a high ratio of enantiomers (> 99.75:0.25) of the 
product 37. Deviation, particularly with respect to temperature control, can lead to ratios of < 
98:2. Example of a chiral HPLC chromatogram from a typical reaction using the procedure 
above is shown in FIG. 19A (Compound 37 eluted at 9.19 min., area 3109516, % area 99.94, 
height 161194; the R-enantiomer eluted at 6.27 min., area 1791, % area 0.06, height 106). 
Example of a chiral HPLC chromatogram from an atypical reaction where the reaction 
temperature was maintained at Ti = 15-20 °C for 6 h after the addition of 35 and prior to the 
addition of STAB is shown in FIG. 19B (Compound 37 eluted at 9.47 min., area 4366151, 
height 259118; the R-enantiomer eluted at 6.32 min., area 80091, height 4543).

Example 11A

Reaction 1: Free Base Compound 1
o

HCI H2N

CO2tBu

iPr2NEt, DMAc

CO2tBu
1 1 free base

HCI
Me^ N Me 

Me^^Me 

iPrNEt-HCI

Reaction 2: Imine Formation

O

CO2tBu
1 free base

DMAc

Reaction 3: Reductive Amination

Me DMAc

O

STAB

-^x^CO2Me
i| ] H

N ^.CONH2

OH

Amine CO2tBu
Intermediate (0.4 mole excess)
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Reaction 4: Lactamiztion

i| I H 
<xA^N^CONH2

OH

Amine CO2tBu
Intermediate

DMAc

Reaction 5: Excess Sodium Triacetoxyborohydride (STAB) Quench

Me

O O O

STAB Me
(0.4 mole excess)

H2O ©
B(OH)4 + AcOH +h2

DMAc

[00402] Compound 1 (60.0 g, 1.15 equiv., 1.52 X wt) was charged to reactor 1. 1.0 to 20 
equiv of Compound 1 can be charged. Compound 1 may he used as the free hase. Alternative 
salts of Compound 1 can be utilized that include (chiral) carboxylic acids, sulfonic acids, 
phosphoric acids, and mineral acids salts.

[00403] DMAc (120 mL, 3.0 X vol) was charged to reactor 1. Varying solvent volumes 
may be used ranging from 1 to 100 X vol. Alternative solvents may be used that include DMF, 
NMP, Acetonitrile, THF, 2-MeTHF, DCM and DCE. Polar protic solvents can be used that 
include methanol, ethanol, trifluoroethanol, isopropanol, 1-propanol and tert-butanol. iPnNEt 
(45.7 mL, 1.2 equiv, 1.16 X vol) was charged to reactor 1, maintaining Ti < 35 °C. Varying 
amounts of iPnNEt can be used ranging from 1 equiv to 20 equiv. Alternative bases may be 
used that include EtsN, n-BuaN, DBU and tetramethyl guanidine. Inorganic bases including 
carbonates and hydroxides, tribasic phosphates can be used. In addition, no base is needed if the 
free-base of Compound 1 is utilized. The solution was agitated at Ti = 30±5 °C for 4-6 hours. 
Batch temperature can range from 0 °C to 40 °C. Batch can be agitated between 5 min and 72 
hours. The crude reaction mixture was cooled to Ti = 0±5 °C. Reaction temperatures can vary 
from 0 to 40 °C. AcOH (18.8 mL, 1.5 equiv, 0.48 X vol) was charged to reactor 1. Varying 
amounts of AcOH can be utilized that range from 0 to 20 equiv. Alternative acids may be 
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utilized that include alternative carboxylic acids (alkyl, aryl, TFA), sulfonic acids, mono basic 
phosphoric acid. Alternative reagents such as Ti('PrO)4, Ti(OEt)4, Al(‘PrO)3, boronic acids, 
orthoformates, and activated molecular sieves can also be used. Solid Compound 35 (39.4 g, 1.0 
equiv, 1.0 X wt) was charged to reactor 1, maintaining 77 < 10 °C. Batch temperature can range 
from Ti < 10 °C to 40 °C. The solution was aged at Ti = 0±5 °C for 2-3 hours. Varying age 
times may be used from 1 h to 24 h. Temperatures may vary from 0 to 40 °C. STAB (69.5g, 1.5 
equiv, 1.65 X wt) was charged in five equal portions, separated by NLT 30 min., maintaining Ti 
< 5 °C. Alternative reducing agents such as NaBFh, NaBFhCN, silanes, and FE in combination 
with transition metal catalysts (Pd, Pt, Rh, Ir„ etc). STAB can be added in 1 to 10 portions 
separated by 0 to 12 h. Varying temperatures may be used from 0 to 40 °C. The solution was 
aged at Ti = 0±5 °C for 8-10 hours. The age times may vary between 5 and 72 hours.
Alternative temperature between 0 and 40 °C can be used. The solution was heated to Ti = 20±5 
°C over 1-2 h and held at this temperature for 2-3 hours. Temperature ramp can vary between 0 
and 5 h. Temperature can vary from 20 to 40 °C. Hold times can range from 0 to 72 h. H2O 
(6.0 X vol) was charged to reactor 1 over 0.5-1 h. Water charge can vary from 3 to 6X vol. 
Time of charge can range between 0 and 12 h. Seed was charged and allowed to age for 1-2 h. 
Seed charge can vary between 0 and 50 wt%. Age time can vary between 0 and 12 h. H2O (18.0 
X vol) was charged to reactor 1 over 4-6 h. Alternative solvent volumes can be used. Charge 
time can vary from 30 min to 12 h. The slurry was aged for NLT 2 h. The batch can be aged 
between 0 add 24 h. The slurry was filtered, and the cake was subject to displacement wash with 
5 X vol of 1:8 DMAc:H2O (vokvol). Different solvent volumes and ratios can be used. The 
cake was subject to displacement wash with H2O (5 X vol). Alternative volumes can be used. 
The product was dried with vac/N2 sweep to provide Compound 37. A temperature of 10 to 50 
°C can be used. A nitrogen sweep can be omitted.

[00404] Analytical Data for compound 37: HPLC purity: 100%. HPLC chiral purity: 
99.98%. Ή NMR (DMSO-r/i, 300 MHz): δ = 10.01 (s, 1H), 7.55 (s, 1H), 7.30 (t, J= 8Hz, 1H), 
7.16-7.14 (m, 2H), 6.99 (d, J=8Hz, 1H), 4.73-4.61 (m, 1H), 4.40 (AB quartet, J=17Hz, 2H), 
2.18-2.10 (m, 3H), 2.03-1.90 (m, 1H), 1.42 (s, 9H). 13C NMR (DMSO-ric, 75 MHz): δ ppm: 
172.0, 171.4, 168.2, 133.7, 129.3, 128.3,79.8,53.5,44.9,31.8,27.7,25.0. LRMS [M+H]+for 
C17H22N2O5 calc’d 335.16, found 335.15. XRPD and DSC are consistent with FIG. 17 (XRPD) 
and FIG. 18 (DSC).
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[00405] In an alternative run, compound 1, dimethylacetamide (DMAc), and N,N- 
diisopropylethylamine (iPnNEt) were charged to a reactor and agitated. The batch was cooled 
and acetic acid (AcOH) was charged, followed by compound 35. Sodium triacetoxyborohydride 
(NaB(OAc)3H) was charged.

[00406] After reaction completion the batch was warmed, water was charged followed by 
compound 37 seeds, and additional water. The resulting solids were filtered, washed with water/ 
DMAc and then with water. The batch was dried under reduced pressure to yield compound 37.

[00407] The synthetic route can be used to make the racemic Compound 37 by starting 
w'ith racemic starting material, or by racemizing the stereogenic center. One crystalline form 
was identified for racemic Compound 37 and is designated as Form 1 of racemic compound 1. 
The form was characterized by XRPD and DSC, and representative results are provided in FIG. 

20 (XRPD) and FIG. 21 (DSC).

Example 12. Single Crystal Experiment for Compound 35

[00408] A single crystal of Compound 35 suitable for single crystal XRD analysis was 
grown from sample Compound 35. The solid Compound 35 was dissolved in the mixture of 
methyl tert-butyl ether/heptane (2.5 mL, 5/1) to give a saturated solution which was stored in 
hood at room temperature. After 14 days, plane-like crystals were found.

[00409] A crystalline sample of Compound 35 was analyzed by single-crystal x-ray 
diffraction (XRD). The XRD analysis confirmed the structure. The empirical formula is 
C9H8O4. (MW = 180.2).

[00410] The structure was solved and refined using the Bruker SHELXTL Software 
Package, using the space group P n a 21, with Z = 4 for the formula unit, C9H8O4. The final 
anisotropic full-matrix least-squares refinement on F2 with 124 variables converged at R1 = 
3.24%, for the observed data and wR2 = 8.41% for all data. The goodness-of-fit was 1.038. The 
largest peak in the final difference electron density synthesis was 0.177 e’/A3 and the largest hole
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was -0.203 e'/A3 with an RMS deviation of 0.047 e'/A3. On the basis of the final model, the
calculated density was 1.444 g/cm3 and F(000), 376 e'.

[00411] The crystal data are provided in Table 1. The details on data collection and 
structure refinement are provided in Table 2. The molecular structure of Form A of Compound 
35 is provided in FIG. 22.

Table 1. Crystal data for Form A of Compound 35

Chemical formula C9H8O4
Formula weight 180.15 g/mol
Temperature 200(2) K
Wavelength 1.54178 A
Crystal size 0.285 x 0.427 x 0.460 mm
Crystal habit clear colourless block
Crystal system orthorhombic
Space group P n a 21

a = 19.4582(9) A a = 90°
Unit cell dimensions b = 3.7807(2) A β = 90°

c= 11.2611(5) A γ = 90°
Volume 828.43(7) A3
Z 4
Density (calculated) 1.444 g/cm3
Absorption coefficient 0.980 mm'1
F(000) 376

Table 2. Data collection and structure refinement for Form A of Compound 35
Theta range for data collection 4.54 to 75.16°
Index ranges -24<=h<=17, -4<=k<=4, -14<=1<= 13
Reflections collected 5258 .
Independent reflections 1606 [R(int) = 0.0348]
Coverage of independent reflections 99.0%
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Example 13. Single Crystal Experiment for Compound 37

Absorption correction Multi-Scan
Max. and min. transmission 0.7680 and 0.6610

Structure solution technique direct methods
Structure solution program xt; version 2014/5
Refinement method Full-matrix least-squares on F2

Refinement program SHELXL-2017/1 (Sheldrick, 2017)

Function minimized Σ w(Fo2 - Fc2)2
Data / restraints I parameters 1606/2/ 124
Goodness-of-fit on F2 1.038
Final R indices
1588 data; Ι>2σ(Ι) 
all data

R1 = 0.0324, wR2 = 0.0838
R1 = 0.0326, wR2 = 0.0841

Weighting scheme
w=l/[a2(Fo2)+(0.0652P)2+0.0418P]
where P=(F02+2Fc2)/3

Absolute structure parameter 0.03(6)
Extinction coefficient 0.0210(40)
Largest diff. peak and hole 0.177 and -0.203 eA’3
R.M.S. deviation from mean 0.047 eA’3

[00412] A single crystal of Compound 37 suitable for single crystal XRD analysis was 
grown from sample Compound 37. The solid Compound 37 was dissolved in the mixture of 
ethyl acetate/methanol (1.2 mL, 4/1) to give a saturated solution which was stored in Dewar 
bottle at room temperature. After 11 days, plane-like crystals were found.

[00413] A crystalline sample of Compound 37 was analyzed by single-crystal x-ray 
diffraction (XRD). The XRD analysis confirmed the structure. The empirical formula is 
C17H22N2O5. (MW = 334.36).

[00414] The structure was solved and refined using the Bruker SHELXTL Software 
Package, using the space group P 21 21 21, with Z = 8 for the formula unit, C17H22N2O5. The 
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final anisotropic full-matrix least-squares refinement on F2 with 463 variables converged at R.1 = 
3.20%, for the observed data and wR.2 = 8.66% for all data. The goodness-of-fit was 1.020. The 
largest peak in the final difference electron density synthesis was 0.205 e'/A3 and the largest hole 
was -0.226 e'/A3 with an RMS deviation of 0.038 e'/A3. On the basis of the final model, the 
calculated density was 1.240 g/cm3 and F(000), 1424 e".

[00415] The crystal data are provided in Table 3. The details on data collection and 
structure refinement are provided in Table 4. The molecular structure of Form 1 of Compound 
37 is provided in FIG. 23.

Table 3. Crystal data for Form 1 of Compound 37

Chemical formula C17H22N2O5

Formula weight 334.36 g/mol
Temperature 200(2)K
Wavelength 1.54178 A
Crystal size 0.356 x 0.404 x 0.592 mm
Crystal system orthorhombic
Space group P21 21 21

a = 10.0655(4) A a = 90°
Unit cell dimensions b = 10.8867(4) A β = 90°

c = 32.6975(13) A γ = 90°
Volume 3583.0(2) A3
Z 8
Density (calculated) 1.240 g/cm3
Absorption coefficient 0.761 mm-1
F(000) 1424

Table 4. Data collection and structure refinement for Form 1 of Compound 37

Theta range for data collection 4.28 to 75.44°
Index ranges -12<=h<=12, -13<=k<=12, -40<=l<=40
Reflections collected 46409
Independent reflections 7386 [R(int) = 0.0227]
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Coverage of independent reflections 99.4%
Absorption correction Multi-Scan
Max. and min. transmission 0.7730 and 0.6610
Structure solution technique direct methods
Structure solution program SHELXT 2014/5 (Sheldrick, 2014)
Refinement method Full-matrix least-squares on F2
Refinement program SHELXL-2017/1 (Sheldrick, 2017)
Function minimized Σ w(Fo2 - Fc2)2
Data / restraints / parameters 7386/0/463
Goodness-of-fit on F2 1.020
Δ/Cmax 0.001
Final R indices
7298 data; Ι>2σ(Ι) 
all data

R1 = 0.0320, wR2 = 0.0863
R1 = 0.0323, wR2 = 0.0866

Weighting scheme
w=l/[a2(Fo2)+( 0.0567P)2+ 0.5087P] 
where P=(F02+2Fc2)/3

Absolute structure parameter 0.02(2)
Largest diff. peak and hole 0.205 and -0.226 eA‘3
R.M.S. deviation from mean 0.038 eA’3

[00416] The embodiments described above are intended to be merely exemplary, and 
those skilled in the art will recognize, or will be able to ascertain using no more than routine 
experimentation, numerous equivalents of specific compounds, materials, and procedures. All 
such equivalents are considered to be within the scope of the claimed subject matter and are 
encompassed by the appended claims.

[00417] All of the patents, patent applications and publications referred to herein are 
incorporated herein in their entireties. Citation or identification of any reference in this 
application is not an admission that such reference is available as prior art to the claimed subject 
matter.
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CLAIMS

What is claimed is:

I. A process for preparing a compound of Formula (I): 
O

O‘Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(a) contacting a compound of Formula (II):

O OH (Π)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein R1 is 
a suitable amino protecting group, with

NH2-R2
wherein R2 is hydrogen or a suitable amino protecting group, to provide a compound of Formula 
(III):

u 9
r,n.J.n.r=

Ξ H

O OH (HI)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;
(b) transforming the compound of Formula (III), or a solvate, hydrate, enantiomer, 

mixture of enantiomers, or isotopologue thereof, to a compound of Formula (IV):
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H 9 
r,n^An.r* 

£ H

O^O'Bu (IV)
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;

(c) deprotecting the -NH-R1 group and, when R2 is a suitable amino protecting 
group, deprotecting the -NH-R2 group to provide a compound of Formula (I), or a solvate, 
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof; and

(d) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the compound.

2. A process for preparing a compound of Formula (I):
O

NH2

U‘ u’bu (i) 

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(c) deprotecting the -NH-R1 group and, when R2 is a suitable amino protecting 
group, deprotecting the -NH-R2 group in a compound of Formula (IV):

H 9 
r1-n^An.r2 

£ H

O^O’Bu (IV)
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein R1 is 
a suitable amino protecting group, and R2 is hydrogen or a suitable amino protecting group, to 
provide a compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof; and

(d) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the compound.

3. The process of claim 2, wherein the compound of Formula (IV), or a solvate, hydrate, 
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enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a process 
comprising

(b) transforming a compound of Formula (III):
H 1? 2

£ H

Cr OH (HI)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to a 
compound of Formula (IV), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof.

4. The process of claim 3, wherein the compound of Formula (III), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a process 
comprising

(a) contacting a compound of Formula (II):

O OH (Π)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with NH2-R2 
to provide a compound of Formula (III), or a solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof.

5. The process of claim 1 or 4, wherein the compound of Formula (II), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a process 
comprising (x) contacting a compound of Formula:

H ?
R1NA^OH

O OH

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a 
formaldehyde source.
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6. The process of claim 5, wherein the formaldehyde source is paraformaldehyde or 1,3,5- 
trioxane.

7. The process of claim 5 or 6, wherein step (x) occurs ih the presence of an acid.

8. The process of claim 7, wherein the acid is p-TsOH, MsOH, benzenesulfonic acid,
trifluoromethanesulfonic acid, trifluoroacetic acid, sulfuric acid, or trichloroacetic acid.

9. The process of any one of claims 1-8, wherein R2 is hydrogen.

10. The process of claim 9, wherein the NH2-R2 (i.e., NH3) in step (a) is provided in the form
of an ammonia solution in water or MeOH or in the form of gaseous ammonia.

11. The process of any one of claims 1-8, wherein R2 is a suitable amino protecting group.

12. The process of claim 11, wherein the deprotection of the -NH-R.1 group and the 
deprotection of the -NH-R2 group in step (c) are conducted separately.

13. The process of claim 11, wherein the deprotection of the -NH-R1 group and the 
deprotection of the -NH-R2 group in step (c) are conducted simultaneously.

14. The process of any one of claims 11-13, wherein R2 is benzyl, 4-methoxybenzyl, or 3,4- 
dimethoxy benzy 1.

15. The process of any one of claims 11-13, wherein R2 is (0)-1-phenylethyl.

16. The process of any one of claims 1-15, wherein R1 is benzyl, 4-methoxybenzyl, 3,4- 
dimethoxybenzyl, benzyloxycarbonyl, or p-methoxybenzyloxycarbonyl.

17. The process of claim 16, wherein R1 is benzyloxycarbonyl.

18. The process of any one of claims 1-17, wherein step (b) occurs in the presence of t-butyl 
2,2,2-trichloroacetimidate.

19. The process of any one of claims 1-17, wherein step (b) occurs in the presence of 0-/- 
Bu-DIC isourea.
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20. The process of claim 19, wherein the O-/-Bu-DIC isourea is formed by reacting 
diisopropylcarbodiimide (DIC) with /-butanol and a Cu(l) salt in the presence of oxygen.

21. The process of claim 20, wherein the oxygen is present in an amount of up to about 22%, 
from about 1% to about 10%, from about 2% to about 6%, or about 4% of the atmosphere.

22. The process of any one of claims 1-21, wherein step (c) occurs under a hydrogenation 
condition.

23. The process of any one of claims 1-22, wherein the compound is converted to a 
hydrochloride salt of the compound in step (d).

24. A process for preparing a compound of Formula (1):

0^0‘Bu (i)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(a) contacting a compound of Formula (V):

A
O (V)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein R3 is 
a Ci-io alkyl, with NH3 to provide a compound of Formula (VI):

NH2

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;
(b) when R3 is not tert-butyl, transforming the R3 group to tert-butyl to provide a 

compound of Formula (I), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, and
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(c) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the compound.

25. The process of claim 24, wherein the NFh in step (a) is provided in the form of an 
ammonia solution in water or MeOH.

26. The process of claim 24, wherein the NFh in step (a) is provided in the form of 
ammonium salt.

27. The process of claim 26, wherein the NFfa in step (a) is provided in the form of 
NH4HCO3.

28. The process of any one of claims 24-27, wherein R3 is tert-butyl.

29. The process of any one of claims 24-27, wherein R3 is methyl.

30. The process of claim 29, wherein step (b) comprises contacting the compound of Formula
(VI), or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with t- 
BuOH, optionally in the presence of a tert-butoxide salt.

31. The process of any one of claims 24-30, wherein the compound of Formula (V), or a 
solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a 
process comprising contacting a compound of Formula (VII):

O O

nh2 (VII)
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a 
cyclization reagent.

32. The process of claim 31, wherein the cyclization reagent is triphosgene or N,N’- 
carbonyldiimidazole (CDI).

33. The process of any one of claims 24—32, wherein the compound is converted to a 
hydrochloride salt of the compound in step (c).

34. A process for preparing a compound of Formula (I):
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O
H2N^k

nh2

O O’Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(a) contacting a compound of Formula (VIII):
F(4 Q 

N 
O=Z nh2

(VIII)
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein R4 is 
a suitable amino protecting group, with a tert-butoxide nucleophile to provide a compound of 
Formula (IX):

H ?
r4N^A

nh2

O^O'Bu (IX)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof;
(b) deprotecting the -NH-R4 group to provide a compound of Formula (I), or a 

solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof; and
(c) optionally converting the compound of Formula (I), or a solvate, hydrate, 

enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the compound.

35. A process for preparing a compound of Formula (I):
O 

H2N-^NH2

O O’Bu (I)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, 
comprising

(b) deprotecting the -NH-R4 group in a compound of Formula (IX):
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Η i?

R4Nx<^NH2

O^O'Bu (IX)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein R4 is 
a suitable amino protecting group, to provide a compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof; and

(c) optionally converting the compound of Formula (I), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, to a salt of the compound.

36. The process of claim 35, wherein the compound of Formula (IX), or a solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a process 
comprising

(a) contacting a compound of Formula (VIII):

υ Λ' ' -η.
\-J (VIII)

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a t- 
butoxide nucleophile to provide a compound of Formula (IX), or a solvate, hydrate, enantiomer, 
mixture of enantiomers, or isotopologue thereof.

37. The process of any one of claims 34-36, wherein R4 is benzyl (Bn), 4-methoxybenzyl - 
(PMB), 3,4-dimethoxybenzyl (DMPM), benzyloxycarbonyl (Cbz), p-methoxybenzyloxycarbonyl 
(Moz), or /-butoxycarbonyl (Boc).

38. The process of claim 37, wherein R4 is Boc or Cbz.

39. The process of any one of claims 34-38, wherein the tert-butoxide nucleophile in step (a) 
is LiO’Bu, NaO'Bu, or KO‘Bu.

40. The process of any one of claims 34-39, wherein the compound of Formula (VIII), or a 
solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, is prepared by a 
process comprising protecting Compound 14 of the Formula:
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14

or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to provide the 
compound of Formula (VIII), or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof.

41. The process of any one of claims 34-40, wherein the compound is converted to a 
hydrochloride salt of the compound in step (c).

42. A process for preparing a compound of Formula (I-rac):
O

O O‘Bu (I-rac)
or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising

(a) contacting a compound of Formula (XI):
Ptl^N^R5

Ph (XI)

or a solvate, hydrate, or isotopologue thereof, wherein R5 is -CONH2, -CN, or -CO2R6, and R6 
is a Ci-10 alkyl, with tert-butyl acrylate in the presence of a base to provide a compound of 
Formula (XII):

Ph^N R5 
Ph J

CO2tBu (X1I)

or a solvate, hydrate, or isotopologue thereof;
(b) transforming the compound of Formula (XII), or a solvate, hydrate, or 

isotopologue thereof, to a compound of Formula (XIII):
H2N^R5

CO2tBu
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or a solvate, hydrate, or isotopologue thereof, in the presence of an acid;
(c) when R5 is not -CONH2, transforming the R5 group to -CONH2 to provide a 

compound of Formula (I-rac), or a solvate, hydrate, or isotopologue thereof, wherein the -NH2 
group in the compound of Formula (XIII), or a solvate, hydrate, or isotopologue thereof, is 
optionally protected and deprotected in step (c);

(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 
isotopologue thereof, to provide a compound of Formula (I):

O 
Η2ΝΥ^νη2

O^O'Bu (I)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a salt of the compound.

43. A process for preparing a compound of Formula (I-rac): 
O

O O*Bu (I-rac)

or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising
(b) transforming a compound of Formula (XII): 

pi-k^n^r5

Ph

CO2tBu (ΧΠ)

or a solvate, hydrate, or isotopologue thereof, wherein R5 is -CONH2, -CN, or -CO2R6, and R6 
is a C1-10 alkyl, to a compound of Formula (XIII):

H2N^,R5

CO2tBu (xnI)

or a solvate, hydrate, or isotopologue thereof, in the presence of an acid;
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(c) when R5 is not -CONH2, transforming the R5 group to -CONH2 to provide a
compound of Formula (I-rac), or a solvate, hydrate, or isotopologue thereof, wherein the -NH2 
group in the compound of Formula (XIII), or a solvate, hydrate, or isotopologue thereof, is 
optionally protected and deprotected in step (c);

(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 
isotopologue thereof, to provide a compound of Formula (I):

Q 
H2N

NH2

O^O‘Bu (I)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a salt of the compound.

44. The process of claim 43, wherein the compound of Formula (XII), or a solvate, hydrate, 
or isotopologue thereof, is prepared by a process comprising

(a) contacting a compound of Formula (XI):
Ph^N^R5 

Ph (XI)

or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide a compound of Formula (XII), or a solvate, hydrate, or isotopologue thereof.

45. The process of any one of claims 42—44, wherein R5 is -CONH2.

46. The process of any one of claims 42-44, wherein R5 is -CN.

47. The process of any one of claims 42—44, wherein R5 is -CChMe.

48. The process of claim 46 or 47, wherein step (c) comprises (cl) protecting the -NH2 group
with a protecting group, (c2) transforming the R5 group to -CONH2; and (c3) deprotecting the 
protecting group of the -NH2 group.

49. The process of claim 48, wherein the R5 group is transformed to -CONH2 directly.
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50. The process of claim 48, wherein the R5 group is transformed to a -COOH group, and 
then the -COOH group is transformed to -CONH2.

51. The process of any one of claims 48-50, wherein the protecting group for the -NH2 
group in step (cl) is benzyl (Bn), 4-methoxybenzyl (PMB), 3,4-dimethoxybenzyl (DMPM), 
benzyloxycarbonyl (Cbz), or p-methoxybenzyloxycarbonyl (Moz).

52. The process of claim 51, wherein the protecting group for the -NH2 group in step (cl) is 
benzyl or Cbz.

53. The process of any one of claims 48-52, wherein the deprotectoin in step (c3) occurs 
under a hydrogenation condition.

54. The process of any one of claims 42-53, wherein the base in step (a) is triethylamine, 
diisopropylethylamine, pyridine, 4-dimethylaminopyridine, or l,8-diazabicyclo[5.4.0]undec-7- 

ene (DBU).

33. The process of claim 54, wherein the base in step (a) is DBU.

56. The process of any one of claims 42-53, wherein the base in step (a) is CS2CO3.

57. The process of any one of claims 42-56, wherein the acid in step (b) is formic acid, acetic
acid, trifluoroacetic acid, benzoic acid, citric acid, sulfonic acid, benzenesulfonic acid, p- 
toluenesulfonic acid, camphorsulfonic acid, methanesulfonic acid, trifluoromethanesulfonic acid, 
hydrochloric acid, sulfuric acid, nitric acid, or phosphoric acid.

58. The process of claim 57, wherein the acid in step (b) is HC1, citric acid, or p- 
toluenesulfonic acid.

59. The process of any one of claims 42-58, wherein step (d) comprises contacting the 
compound of Formula (I-rac), or a solvate, hydrate, or isotopologue thereof, with a chiral acid to 
provide a diastereomeric mixture of salts, and separating the resulted diastereomeric mixture of 
salts by selective crystallization.

60. The process of claim 59, wherein the chiral acid is tartaric acid, 2,3-dibenzoyl tartaric 
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acid, mandelic acid, camphorsulfonic acid, N-Ac-N-leucine, or N-Ac-L-phenylalanine.

61. The process of claim 59 or 60, wherein the selective crystallization occurs in a solvent 
selected from MeOH, isopropanol, and n-propanol, or a mixture thereof.

62. The process of any one of claims 42-61, wherein the compound is converted to a 
hydrochloride salt of the compound in step (e).

63. A process for preparing a compound of Formula (I-rac):
O

O 0‘Bu (I-rac)
or a salt, solvate, hydrate, enantiomer, or isotopologue thereof, comprising

(a) contacting Compound 31 of the Formula: 

Ph 

31

or a solvate, hydrate, or isotopologue thereof, with tert-butyl acrylate in the presence of a base to 
provide Compound 32 of the Formula:

tBuO2C

or a solvate, hydrate, or isotopologue thereof;
(b) contacting Compound 32, or a solvate, hydrate, or isotopologue thereof, with NH3 

to provide Compound 33 of the Formula:
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O
BzHN

CO2tBu

33

or a solvate, hydrate, or isotopologue thereof;
(c) deprotecting the -NHBz group to provide a compound of Formula (I-rac), or a 

solvate, hydrate, or isotopologue thereof;
(d) optionally separating the compound of Formula (I-rac), or a solvate, hydrate, or 

isotopologue thereof, to provide a compound of Formula (I):
O

O^O‘Bu (I)

or a solvate, hydrate, or isotopologue thereof, via a chiral separation condition; and
(e) optionally converting the compound of Formula (I), or a solvate, hydrate, or 

isotopologue thereof, to a salt of the compound.

64. The process of claim 63, wherein the base in step (a) is triethylamine, 
diisopropylethylamine, pyridine, 4-dimethylaminopyridine, or l,8-diazabicyclo[5.4.0]undec-7- 
ene (DBU).

65. The process of claim 64, wherein the base in step (a) is DBU.

66. The process of claim 63, wherein the base in step (a) is CS2CO3.

67. The process of any one of claims 63-66, wherein the NH3 in step (b) is provided in the
form of an ammonia solution in water or MeOH.

68. The process of any one of claims 63-67, wherein step (d) comprises contacting the 
compound of Formula (I-rac), or a solvate, hydrate, or isotopologue thereof, with a chiral acid to 
provide a diastereomeric mixture of salts, and separating the resulted diastereomeric mixture of 
salts by selective crystallization.
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69. The process of claim 68, wherein the chiral acid is tartaric acid, 2,3-dibenzoyl tartaric
acid, mandelic acid, camphorsulfonic acid, N-Ac-N-leucine, or N-Ac-L-phenylalanine.

70. The process of claim 68 or 69, wherein the selective crystallization occurs in a solvent 
selected from MeOH, isopropanol, and n-propanol, or a mixture thereof.

71. The process of any one of claims 63—70, wherein the compound is converted to a 
hydrochloride salt of the compound in step (e).

72. A process for preparing a compound of Formula (XIV):

(XIV)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein 
R7 is hydrogen or a suitable hydroxyl protecting group, comprising

(a) contacting a compound of Formula (XV):
CO2R8

CHO
OR7 (XV)

or an analog of a compound of Formula (XV) that contains an aldehyde-equivalent and/or 
carboxylic-equivalent group, or a solvate, hydrate, enantiomer, mixture of enantiomers, or 
isotopologue thereof, wherein R8 is hydrogen, alkyl, or aryl, with a compound of Formula (I):

O

O^O'Bu (J)

or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, to 
provide a compound of Formula (XIV), or a salt, solvate, hydrate, enantiomer, mixture of 
enantiomers, or isotopologue thereof; and
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(b) optionally crystallizing the compound of Formula (XIV), or a salt, solvate,
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, from a solvent or mixture
of solvents.

73. The process of claim 72, wherein R7 is hydrogen.

74. The process of claim 72, wherein R7 is a hydroxyl protecting group selected from the 
group consisting of allyl, methyl, 2-methoxyethoxymethyl (MEM), methoxymethyl (MOM), 
methoxythiomethyl, /-butoxymethyl, tri-isopropylsilyloxymethyl (TOM), ethyl, 1-ethoxyehtyl, 
isopropyl, /-butyl, benzyl, trityl (Tr), dimethoxytrityl (DMT), monomethoxytrityl (MMT),p- 
methoxybenzyl (PMB), acetyl, chloroacetyl, trichloroacetyl, trifluoroacetyl, pivaloyl (Piv), 
benzoyl, p-phenylbenzoyl, trimethylsilyl (TMS), triisopropylsilyl (TIPS), /-butyldimethylsilyl 
(TBDMS), and tetrahydropyranyl.

75. The process of any one of claims 72—74, wherein R8 is alkyl.

76. The process of claim 75, wherein R8 is methyl. .

77. The process of any one of claims 72-76, wherein the analog of a compound of Formula 
(XV) that contains an aldehyde-equivalent and/or carboxylic-equivalent group is a compound of 
the formula:

wherein:
each instance of Ra is independently hydrogen, alkyl, aryl, acyl, or carbamoyl;
X is Cl, Br, ORb, SRC, SO3RC, or NRaRa;
Rb is hydrogen, alkyl, aryl, acyl, or silyl; and
Rc is hydrogen, alkyl, or aryl.

78. The process of any one of claims 72-77, wherein step (a) is conducted with a salt of a 
compound of Formula (I) selected from a hydrochloride salt, a sulfonic acid salt, a phosphoric 
acid salt, an achiral carboxylic acid salt, and a chiral carboxylic acid salt.
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79. The process of claim 78, wherein step (a) is conducted with a hydrochloride salt of a 
compound of Formula (I).

80. The process of any one of claims 72-79, wherein step (a) occurs in the presence of a 
reducing reagent and optionally a base.

81. The process of claim 80, wherein the reducing reagent is NaBH(OAc)3, NaBH4, 
NaBFhCN, silanes, or H2 in combination with a transition metal catalyst.

82. The process of claim 81, wherein the reducing reagent is NaBH(OAc)3.

83. The process of any one of claims 80-82, wherein the base is iPnNEt, Et3N, n-Bu3N, 
DBU, or tetramethyl guanidine.

84. The process of claim 83, wherein the base is iPrcNet.

85. The process of any one of claims 72—84, wherein step (a) occurs in a solvent selected 
from DMAc, MeOH, EtOH, trifluoroethanol, i-PrOH, 1-propanol, t-butanol, MeCN, DMF, 
NMP, THF, 2-MeTHF, DCM, and DCE, or a mixture thereof.

86. The process of claim 85, wherein step (a) occurs in a solvent of DMAc.

87. The process of any one of claims 72-86, wherein the reaction temperature of step (a) is 
no more than about 5 °C.

88. The process of claim 87, wherein the reaction temperature of step (a) is from about 0 °C 
to about 5 °C.

89. The process of any one of claims 72-88, wherein the crystallization of step (b) occurs in 
a solvent mixture of DMAc and water.

90. The process of any one of claims 72-88, wherein the crystallization of step (b) occurs in 
a solvent mixture of THF and heptanes.

91. A process for preparing a compound of Formula (XV):
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OR7 (XV)
or a salt, solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, wherein 
R7 is hydrogen or a suitable hydroxyl protecting group, and R8 is hydrogen, alkyl, or aryl, 
comprising

(a) contacting a compound of Formula (XVI): 
CO2R8

OR7 (XVI)
or a solvate, hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, with a 
formylating reagent, to provide a compound of Formula (XV), or a salt, solvate, hydrate, 
enantiomer, mixture of enantiomers, or isotopologue thereof; and

(b) optionally crystallizing the compound of Formula (XV), or a salt, solvate, 
hydrate, enantiomer, mixture of enantiomers, or isotopologue thereof, from a solvent or mixture 
of solvents.

92. The process of claim 91, wherein R7 is hydrogen.

93. The process of claim 91, wherein R7 is a hydroxyl protecting group selected from the 
group consisting of allyl, methyl, 2-methoxyethoxymethyl (MEM), methoxymethyl (MOM), 
methoxythiomethyl, /-butoxymethyl, tri-isopropylsilyloxymethyl (TOM), ethyl, 1-ethoxyehtyl, 
isopropyl, /-butyl, benzyl, trityl (Tr), dimethoxytrityl (DMT), monomethoxytrityl (MMT), p- 
methoxybenzyl (PMB), acetyl, chloroacetyl, trichloroacetyl, trifluoroacetyl, pivaloyl (Piv), 
benzoyl,/2-phenylbenzoyl, trimethylsilyl (TMS), triisopropylsilyl (TIPS), /-butyldimethylsilyl 
(TBDMS), and tetrahydropyranyl.

94. The process of any one of claims 91—93, wherein R8 is alkyl.

95. The process of claim 94, wherein R8 is methyl.

96. The process of any one of claims 91-95, wherein the formylating reagent in step (a) is 
hexamethylenetetramine (HMTA), a combination of POCh and DMF, a combination of oxalyl
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chloride and DMF, a combination of CHCh and KOH, a combination of HCN, HC1, and AlCh,
and a combination of CO and HC1.

97. The process of claim 96, wherein the formylating reagent in step (a) is 
hexamethylenetetramine (HMTA).

98. The process of any one of claims 91-97, wherein the crystallization of step (b) occurs in 
a solvent selected from MeOH, EtOH, iPrOH, n-propanol, t-butanol, n-butanol, MeCN, DMSO, 
DMAc, DMF, NMP, THF, water, or a mixture thereof.

99. The process of claim 98, wherein the crystallization of step (b) occurs in a solvent 
mixture of MeOH and water.

100. The process of claim 98, wherein the crystallization of step (b) occurs in a solvent 
mixture of iPrOH and water.

101. A solid form comprising Compound 7 of the formula:
O

CbzHNYANHz

^co2h

7 5
wherein the solid form is Form A of Compound 7.

102. The solid form of claim 101, having an XR.PD pattern comprising peaks at approximately 
9.0, 10.7, and 23.7 degrees 20.

103. The solid form of claim 102, wherein the XRPD pattern further comprises peaks at 
approximately 13.0, 17.1, and 18.7 degrees 20.

104. A solid form comprising racemic Compound 7 of the formula:
' O

01>2ΗΝ'Λνη2

co2h 
rac-7
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wherein the solid form is Form A of racemic Compound 7.

105. The solid form of claim 104, having an XRPD pattern comprising peaks at approximately 
8.5, 14.9, and 20.8 degrees 20.

106. The solid form of claim 105, wherein the XRPD pattern further comprises peaks at 
approximately 10.1, 20.0, and 23.1 degrees 20./

107. A solid form comprising Compound 8 of the formula:
O

CbzHN^A^

CO2tBu 

8 9
wherein the solid form is Form A of Compound 8.

108. The solid form of claim 107, having an XRPD pattern comprising peaks at approximately 

6.0. 18.1. and 19.4 degrees 20.

109. The solid form of claim 108, wherein the XRPD pattern further comprises peaks at 
approximately 11.3, 13.9, and 16.6 degrees 20.

110. A solid form comprising racemic Compound 8 of the formula:

CtaHN-ANH2

CO2tBu 

rac-8

wherein the solid form is Form A of racemic Compound 8.

111. The solid form of claim 110, having an XRPD pattern comprising peaks at approximately 
6.4, 8.6, and 16.7 degrees 20.

112. The solid form of claim 111, wherein the XRPD pattern further comprises peaks at 
approximately 10.5, 17.1, and 20.5 degrees 20.
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113. A solid form comprising Compound 1 of the formula:
O

CO2tBu 

1 . ?

wherein the solid form is Form A of Compound 1.

114. The solid form of claim 113, having an XRPD pattern comprising peaks at approximately 
4.8, 19.2, and 24.1 degrees 20.

115. The solid form of claim 114, wherein the XRPD pattern further comprises peaks at 
approximately 14.4 and 29.0 degrees 2Θ.

116. A solid form comprising Compound 1 of the formula:
O 

CIH3N^l 
- |\|Π2

CO2tBu ‘
' 1

wherein the solid form is Form B of Compound 1.

117. The solid form of claim 116, having an XRPD pattern comprising peaks at approximately
12.1, 18.8, and 19.4 degrees 2Θ.

118. The solid form of claim 117, wherein the XRPD pattern further comprises peaks at 
approximately 19.2, 24.9, and 31.1 degrees 20.

119. A solid form comprising racemic Compound 1 of the formula:

cih’n^nh2 

CO2tBu

rac-1
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wherein the solid form is Form A of racemic Compound 1.

120. The solid form of claim 119, having an XRPD pattern comprising peaks at approximately 
18.7, 21.3, and 25.9 degrees 20.

121. The solid form of claim 120, wherein the XRPD pattern further comprises peaks at 
approximately 7.9, 20.2, and 22.7 degrees 20.

OH

122. A solid form comprising Compound 35 of the formula:
CO2Me

CHO

35

wherein the solid form is Form A of Compound 35.

123. The solid form of claim 122, having an XRPD pattern comprising peaks at approximately 
12.0, 15.6, and 24.1 degrees 20.

124. The solid form of claim 123, wherein the XRPD pattern further comprises peaks at 
approximately 9.1, 18.1, and 19.8 degrees 20.

125. A solid form comprising Compound 37 of the formula:
O O

wherein the solid form is Form 1 of Compound 37.

126. The solid form of claim 125, having an XRPD pattern comprising peaks at approximately 
5.4, 16.0, and 18.0 degrees 20.

127. The solid form of claim 126, wherein the XRPD pattern further comprises peaks at 
approximately 10.7, 20.1, and 27.0 degrees 20.

128. A solid form comprising racemic Compound 37 of the formula:
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Ο Ο

rac-37 0

wherein the solid form is Form 1 of racemic Compound 37.

129. The solid form of claim 128, having an XRPD pattern comprising peaks at approximately
7.5, 11.4, and 25.9 degrees 2Θ.

130. The solid form of claim 129, wherein the XRPD pattern further comprises peaks at 
approximately 16.8, 19.7, and 25.4 degrees 20.

131. A process for the preparation of O-r-Bu-DIC isourea of the structure:

comprising reacting diisopropylcarbodiimide (DIC) with r-butanol and a Cu(I) salt in the 
presence of oxygen.

132. The process of claim 131, wherein the oxygen is present in an amount of up to about 
22%, from about 1% to about 10%, from about 2% to about 6%, or about 4% of the atmosphere.
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The Molecular Structure of Form A of Compound 35

HalkP 2c -2n 
a=19.458A 
b=3.781A 
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The Molecular Structure of Form 1 of Compound 37

Hall:P 2ac 2ab #19 
a=10.066A 
b=10.887A 
c=32.6981 
a=90.000·

FIG. 23
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