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PROCESSES FOR THE PREPARATION OF (S)-3-(4-((4-
(MORPHOLINOMETHYL)BENZYL)OXY)-1-OXOISOINDOLIN-2-YL)PIPERIDINE-
2,6-DIONE AND PHARMACEUTICALLY ACCEPTABLE FORMS THEREOF

1. CLAIM OF PRIORITY

[0001] Priority is claimed herein to U.S. Provisional Application No. 61/681,477, entitled
“Processes for the Preparation of (S)-3-(4-((4-(Morpholinomethyl)Benzyl)Oxy)-1-
Oxoisoindolin-2-Y1)Piperidine-2,6-Dione and Pharmaceutically Acceptable Forms Thereof,”
filed August 9, 2012. The above-referenced application is incorporated by reference herein in its

entirety.
2. FIELD

[0002] Provided herein are processes for the preparation of enantiomerically enriched or
enantiomerically pure 3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-
2,6-dione, or a pharmaceutically acceptable form thereof, which is useful for treating, preventing

and managing various disorders.
3. BACKGROUND

[0003] Many types of cancers are associated with new blood vessel formation, a process
known as angiogenesis. Several of the mechanisms involved in tumor-induced angiogenesis
have been elucidated. The most direct of these mechanisms is the secretion by the tumor cells of

cytokines with angiogenic properties, including tumor necrosis factor a (TNF-a).

[0004] A variety of other diseases and disorders are also associated with, or characterized
by, undesired angiogenesis. For example, enhanced or unregulated angiogenesis has been
implicated in a number of diseases and medical conditions including, but not limited to, ocular
neovascular diseases, choroidal neovascular diseases, retina neovascular diseases, rubeosis
(neovascularization of the angle), viral diseases, genetic diseases, inflammatory diseases, allergic
diseases, and autoimmune diseases. Examples of such diseases and conditions include, but are
not limited to: diabetic retinopathy; retinopathy of prematurity; corneal graft rejection;

neovascular glaucoma; retrolental fibroplasia; arthritis; and proliferative vitreoretinopathy.
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[0005] Certain 4’-arylmethoxy isoindoline compounds, including 3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, have been reported
to be capable of controlling angiogenesis or inhibiting the production of certain cytokines,
including TNF-a, and useful in the treatment and prevention of various diseases and conditions.
See U.S. Patent Publication No. 2011/0196150, which is incorporated herein by reference in its

entirety.

[0006] Methods for synthesizing racemic 3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione have been previously described in U.S. Patent
Publication No. 2011/0196150. A need still exists for efficient and scalable processes for the
preparation of enantiomerically enriched or enantiomerically pure 3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, or a

pharmaceutically acceptable form thereof.

[0007] Among general approaches for providing enantiomerically enriched or
enantiomerically pure compounds, utilizing naturally or commercially available enantiopure
starting materials is the most straightforward approach and is often preferred for processes of
industrial scale. One of the challenges often encountered by this approach is full or partial
racemization during the synthetic process, which leads to decrease of the enantiomeric excess
(ee) of the material. In order to minimize the chance of racemization, harsh reaction conditions

are often avoided wherever possible.

[0008] In addition to the need for synthetic processes for the preparation of an
enantiomerically enriched or enantiomerically pure compound, a need for a method that can
increase the enantiopurity of a compound still exists, because process deviations can result in
lower ee even if the process is capable of providing the compound with a high ee. Further,
developing a method that can increase the product ee may allow for alternative synthetic routes
to the enantiomerically enriched or enantiomerically pure compound, resulting in lower cost of

goods and a more streamlined manufacturing process.

[0009] General methods for ee enhancement by crystallization based on the
thermodynamic relationship between racemic mixture and enantiopure species have been

reported (Wang et al., Org. Proc. Res. Dev., 2005, 9, 670, Wang et al., Org. Proc. Res. Dev.,

R
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2008, 12, 282; Jacques, J.; Collet, A.; Wilen, S.H. Enatniomers, Racemates and Resolution; John
Wiley & Sons: New York, 1981). Development of a crystallization method for a direct ee
enhancement typically includes three steps: (1) determining the thermodynamically stable phase
of the racemate (conglomerate, racemic compound, or pseudoracemate) at the temperature of

interest, (2) obtaining the key solubility data, and (3) designing the crystallization process.

[0010] The majority of racemic mixtures preferentially form racemic compounds
(reference Jacques book). The saturation solubility of a racemic compound and the pure
enantiomer in the presence of a solvent is known as the eutectic point. The ratio of the solubility,
i.e., the “eutectic enantioexcess” (eeeu), 18 a useful parameter to assess the chiral upgrade
capability for a given system. The ee., is calculated from the relative solubility of the R- and S-
enantiomers: ee., = ([major] - [minor]) / ([major] + [minor]), where [major] is the solubility of
the major enantiomer at the eutectic, and /minor/ is the solubility of the minor enantiomer at the
eutectic. Provided that the most stable crystalline forms of the racemic compound and single
enantiomer are used, in dilute solutions, the ee., should be independent of solvent selection,
unless one or both of the forms are solvates and/or the solvent under study is chiral. The ee., can

be dependent on temperature in all cases.

[0011] In the case of racemic compound, low ee., is desired to increase ee of a
compound in the solids. This occurs when the racemic compound has relatively high solubility
compared to the single enantiomer. In the case of a low ee.y, facile purification can occur by a
trituration or recrystallization of the crude mixture in a specified solvent, followed by filtration,
which will afford enantiomerically enriched or enantiomerically pure solids with a mixture of

both enantiomers dissolved in the filtrate.

[0012] Identifying a low eee, condition often requires extensive solubility screening of a

range of crystalline forms, solvents and conditions, and in many cases still cannot be achieved.
4. SUMMARY

[0013] Provided herein are processes for the preparation of an enantiomerically enriched

or enantiomerically pure compound of Formula (I):
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or a pharmaceutically acceptable form thereof. A compound of Formula (I) has the chemical
name of 3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione. In
one embodiment, the compound is (S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-
2-yl)piperidine-2,6-dione, or a pharmaceutically acceptable form thereof. In one embodiment,
the compound is (5)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-
2,6-dione hydrochloride, which is also known as (35)-3-(4- {[4-(morpholin-4-
ylmethyl)benzyl]oxy}-1-0x0-1,3-dihydro-2 H-isoindol-2-yl)piperidine-2,6-dione hydrochloride
(1:1), or 2,6-piperidinedione, 3-[ 1,3-dihydro-4-[[4-(4-morpholinylmethyl)phenyl methoxy]-1-
oxo0-2H-isoindol-2-yl]-, (35)-, hydrochloride (1:1).

[0014] In one embodiment, provided herein are processes for the preparation of an
enantiomerically enriched or enantiomerically pure compound of Formula (I), or a

pharmaceutically acceptable form thereof, comprising:

(step 1.1) transforming an enantiomerically enriched or enantiomerically pure compound of
Formula (II):
0O O
Z‘]
N
0 z
@)

o/ an

or a salt thercof, wherein
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(1) 7'is NHY, and Z* is OR; or
(i)  Z'is OR, and Z* is NHY;
wherein R and Y are defined herein elsewhere;

to an enantiomerically enriched or enantiomerically pure compound of Formula (III):

O O
Z3
N

N (1),

or a salt thercof, wherein
(i)  Z’isNHY, and Z*is OH; or
(i)  Z’is OH, and Z*is NHY;
under conditions suitable for ester to acid transformation,;
(step 1.2) cyclizing the enantiomerically enriched or enantiomerically pure compound of

Formula (IIT) to an enantiomerically enriched or enantiomerically pure compound of Formula (I-

a):
O /
N
N O

(\N

© (I_a)’
under conditions suitable for cyclization;
(step 1.3) where Y is not hydrogen, deprotecting the enantiomerically enriched or

enantiomerically pure compound of Formula (I-a) to an enantiomerically enriched or

enantiomerically pure compound of Formula (I) under conditions suitable for deprotection; and
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(step 1.4) optionally transforming the enantiomerically enriched or enantiomerically pure
compound of Formula (I) to a pharmaceutically acceptable salt thereof under conditions suitable

for salt formation.

[0015] Also provided herein are methods for increasing the enantiopurity of a compound
of Formula (I), or a salt and/or solvate thereof. In one embodiment, without being limited by any
particular theory, such methods are based on thermodynamic relationship between (S)- and
racemic 3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, or

a salt and/or solvate thereof.
5. BRIEF DESCRIPTION OF THE FIGURES

[0016] FIG. 1 depicts a differential scanning calorimetric (DSC) thermogram of (S)-3-(4-
((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione hydrochloride.

[0017] FIG. 2 depicts an X-ray powder diffractogram (XRD) of (5)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione hydrochloride.

[0018] FIG. 3 depicts a thermogravimetric (TGA) thermogram of (S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione hydrochloride.

[0019] FIG. 4 depicts the eutectic solubility of the HCI salt of (§)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione in IPA/water.

[0020] FIG. 5 depicts the eutectic solubility of the HCI salt of (5)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione as a function of

temperature in various solvent systems.
6. DETAILED DESCRIPTION
6.1 Definition

[0021] As used herein and unless otherwise indicated, the term “process(es)” provided
herein refers to the methods disclosed herein which are useful for preparing a compound

provided herein. Modifications to the methods disclosed herein (e.g., starting materials,
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reagents, protecting groups, solvents, temperatures, reaction times, purification) are also

encompassed by the present disclosure.

EE TS

[0022] 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.

[0023] 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.

[0024] As used herein, and unless otherwise specified, a “one-pot” process refers to a
process of preparing a desired product, wherein all reactants are added simultaneously or
successively, and wherein no separation, isolation, and/or purification of any intermediate
formed is conducted before the formation of the desired product is substantially complete. A
“one-pot” process is preferably conducted in a single container, but may be conducted in more

than one container.

[0025] As used herein, and unless otherwise indicated, a reaction that is “substantially
complete” or is driven to “substantial completion” means that the reaction contains more than
about 50% by percent yield, in one embodiment more than about 60% by percent yield, in one
embodiment more than about 70% by percent yield, in one embodiment more than about 80% by
percent yield, in one embodiment more than about 90% by percent yield, in another embodiment
more than about 95% by percent yield, and in another embodiment more than about 97% by

percent yield of the desired product.

[0026] As used herein, and unless otherwise specified, a “pharmaceutically acceptable
form” includes any pharmaceutically acceptable salts, solvates, stereoisomers, polymorphs, or

prodrugs of a compound.
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[0027] 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 disclosed 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, tricthiodide,
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
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.

[0028] 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.

[0029] As used herein, and unless otherwise specified, the term “prodrug” means a
derivative of a compound that can hydrolyze, oxidize, or otherwise react under biological
conditions (in vitro or in vivo) to provide the compound. Examples of prodrugs include, but are
not limited to, compounds that comprise biohydrolyzable moieties such as biohydrolyzable
amides, biohydrolyzable esters, biohydrolyzable carbamates, biohydrolyzable carbonates,
biohydrolyzable ureides, and biohydrolyzable phosphate analogues. Other examples of prodrugs
include compounds that comprise -NO, -NO,, -ONO, or -ONO, moieties. Prodrugs can typically
be prepared using well-known methods, such as those described in Burger’s Medicinal
Chemistry and Drug Discovery, 172-178, 949-982 (Manfred E. Wolff ed., 5th ed. 1995), and
Design of Prodrugs (H. Bundgaard ed., Elselvier, New York 1985).
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[0030] As used herein, and unless otherwise specified, the terms “biohydrolyzable
carbamate,” “biohydrolyzable carbonate,” “biohydrolyzable ureide” and “biohydrolyzable
phosphate ” mean a carbamate, carbonate, ureide and phosphate, respectively, of a compound
that either: 1) does not interfere with the biological activity of the compound but can confer upon
that compound advantageous properties in vivo, such as uptake, duration of action, or onset of
action; or 2) is biologically inactive but is converted in vivo to the biologically active compound.
Examples of biohydrolyzable carbamates include, but are not limited to, carbamates that include
lower alkylamine, substituted ethylenediamine, aminoacid, hydroxyalkylamine, heterocyclic and

heteroaromatic amine, and polyether amine moieties.

[0031] As used herein, and unless otherwise specified, the term “stereoisomer”
encompasses all enantiomerically/stereomerically pure and enantiomerically/stereomerically

enriched compounds provided herein.

[0032] 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, diastercomerically

enriched, and racemic mixtures of the compounds.

[0033] 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 (S)-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

9 9 <

“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 some

embodiments, the enantiomerically enriched composition has a higher potency with respect to
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therapeutic utility per unit mass than does the racemic mixture of that composition.

[0034] As used herein, and unless otherwise specified, “polymorph” refers to a
crystalline compound existing in more than one crystalline form/structure. When polymorphism
exists as a result of difference in crystal packing it is called packing polymorphism.
Polymorphism can also result from the existence of different conformers of the same molecule in
conformational polymorphism. In pseudopolymorphism, the different crystal types are the result

of hydration or solvation.

[0035] As used herein, and unless otherwise indicated, the term “halo”, “halogen”, or the

like means -F, -Cl, -Br, or -I.

[0036] As used herein, and unless otherwise specified, the term “alkyl” refers to a
saturated straight chain or branched hydrocarbon having a number of carbon atoms as specified
herein. In some embodiments, alkyl groups have 1 to 15, 1to 10, 1 to 6, or 1 to 3 carbon atoms.
Representative saturated straight chain alkyls include -methyl, -ethyl, -n-propyl, -n-butyl, -n-
pentyl, and -n-hexyl; while saturated branched alkyls include -isopropyl, -sec-butyl, -isobutyl, -
tert-butyl, -isopentyl, 2-methylbutyl, 3-methylbutyl, 2-methylpentyl, 3-methylpentyl, 4-
methylpentyl, 2-methylhexyl, 3-methylhexyl, 4-methylhexyl, 5-methylhexyl, 2,3-dimethylbutyl,

and the like. The term “alkyl” also encompasses cycloalkyl.

[0037] As used herein, and unless otherwise specified, the term “heteroalkyl” refers to an
alkyl 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, O and Si, and wherein the nitrogen and sulfur
atoms may optionally be oxidized and the nitrogen atom may optionally be quaternized.
Examples include -CH,-CH,-O-CH3, -CH,-CH,-NH-CH3, -CH,-CH,-N(CH3),, -CH,-S-CH,-
CH3;, -CH,-CH,-S(0)-CH3, -CH,-CH,-S(0),-CHs, -Si(CH3)3, and -CH,-CH=N-OCHj3. Up to two
heteroatoms may be consecutive, such as, for example, -CH,-NH-OCH3; and -CH,-O-Si(CHs)s.
When a prefix such as C,.61s used to refer to a heteroalkyl group, the number of carbons (2-6, in
this example) is meant to include the heteroatoms as well. For example, a C,¢ heteroalkyl group
1s meant to include, for example, -CH,OH (one carbon atom and one heteroatom replacing a
carbon atom) and -CH,SH. In some embodiments, heteroalkyl groups have 2 to 15, 2 to 10, 2 to

6, or 2 to 3 carbon and hetero atoms

-10-
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[0038] As used herein, and unless otherwise specified, the term “cycloalkyl” 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.

[0039] As used herein, and unless otherwise specified, the term “heterocycloalkyl”
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 t0 9, 3 to 6, or 3 to 5 carbon and hetero atoms.
In some embodiments, a heterocycloalkyl may be a heterocycloalkyl fused with aryl or
heteroaryl groups. When a prefix such as Cs_¢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 Cs.s heterocycloalkyl group is meant to include, for example, tetrahydropyranyl (five

carbon atoms and one heteroatom replacing a carbon atom).

[0040] 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.

[0041] 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,

-11-
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pyrrolyl, N-methylpyrrolyl, quinolinyl and isoquinolinyl.

[0042] As used herein, and unless otherwise specified, the term “aralkyl” refers to an

alkyl group in which one of the hydrogen atoms of the alkyl is replaced by an aryl group.

[0043] Where the number of any given substituent is not specified (e.g., “haloalkyl”),
there may be one or more substituents present. For example, “haloalkyl” may include one or

more of the same or different halogens.

[0044] As used herein, and unless otherwise indicated, the term “alcohol” means any

compound substituted with an -OH group.

[0045] As used herein, and unless otherwise indicated, the term “amino” or “amino

group” means a monovalent group of the formula -NH,, -NH(alkyl), -NH(aryl), -N(alkyl),, -
N(aryl), or -N(alkyl)(aryl).

[0046] 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 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 7. W. Green, Protective Groups in Organic Synthesis (Third Ed., Wiley,

New York, 1999), which is incorporated herein by reference in its entirety.

[0047] Amino protecting groups are well known in the art and include those described in
detail in 7. W. Green, Protective Groups in Organic Synthesis. Amino protecting groups
include, but are not limited to, -OH, —OR™, —N(R*),, -C(=0)R™, -C(=0)N(R*®),, -CO,R™, —
SO,R™, —C(=NR*)R™, -C(=NR*)OR™, —C(=NR*)N(R*),, —SO,N(R*),, —SO,R**, -SO,0R*, —
SOR™, —C(=S)N(R),, —C(=0)SR*, —-C(=S)SR*, Cy_y¢ alkyl (e.g., aralkyl groups), C, 1o alkenyl,
Cy_10 alkynyl, Cs_j¢ carbocyclyl, 3—14 membered heterocyclyl, Cs 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 RY groups; wherein
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each instance of R* is, independently, selected from C; o alkyl, C; 19
perhaloalkyl, C, 4 alkenyl, C, o alkynyl, C;5_ 14 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 R% groups;

cach instance of R™ is, independently, selected from hydrogen, ~OH, —~OR™, —
N(R*),, —CN, —-C(=0)R™, -C(=O)N(R*),, -CO,R™, —=SO,R™, —-C(=NR*)OR™, —
C(=ENR“)N(R),, —SO,N(R*),, —-SO,R*, =SO,0R*, ~SOR™, —~C(=S)N(R*‘),, -C(=0)SR**, —
C(=S)SR*, —P(=0),R™, —P(=0)(R™),, —P(=0):N(R*°),, -P(=0)(NR*), C;_19 alkyl, Cy_1¢
perhaloalkyl, C,_1¢ alkenyl, C,_1o alkynyl, Cs_jo carbocyclyl, 3—14 membered heterocyclyl, Ces 14
aryl, and 5-14 membered heteroaryl, or two R* 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,
3,4,0r5 RY groups.

each instance of R* is, independently, selected from hydrogen, C;_j4 alkyl, Cy 19
perhaloalkyl, C, 10 alkenyl, C,_1o alkynyl, Cs_jo carbocyclyl, 3—14 membered heterocyclyl, Cs 14
aryl, and 5-14 membered heteroaryl, or two R* 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,
3,4,0r5 RY groups.

each instance of R is, independently, selected from halogen, —CN, -NO,, —N3, —
SO,H, -SOsH, —OH, —OR*, ~ON(R™),, -N(R™),, -N(R™);"X", -N(OR*)R", —SH, —~SR**, —
SSR*, —C(=0)R*, -CO,H, —CO,R**, ~OC(=0)R**, ~OCO,R*’, ~C(=0)N(R™),, ~OC(=0)N(R™),,
~NR"C(=0)R*, -NR"CO,R*, -NR"C(=0)N(R"),, -C(=NR")OR**, ~-OC(=NR")R*, —
OC(=NRMHOR*, -C(=NRHN(R"),, ~OC(=ENRTHN(RT),, -NRIC(=NRTHN(RT),,-NRTSO,R®, -
SO,N(R™),, —=SO,R*, ~S0,0R*, —0SO,R*, —=S(=0)R, —Si(R**)3, ~OSi(R*®)3, —C(=S)N(R™),, -
C(=0)SR*, —-C(=S)SR*, —=SC(=S)SR**, -P(=0),R*, —P(=0)(R*),, —OP(=0)(R*"),, —
OP(=0)(OR%),, C,_¢ alkyl, Ci_¢ perhaloalkyl, C, ¢ alkenyl, C, 4 alkynyl, C5_1, carbocyclyl, 3—10
membered heterocyclyl, Ce_19 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 R groups, or two geminal R substituents can be joined to form =O or =S.

each instance of R* is, independently, selected from C; ¢ alkyl, C; ¢ perhaloalkyl,
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C,6 alkenyl, C, ¢ alkynyl, C;_1 carbocyclyl, Cs_10 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 R®*® groups;

cach instance of R™ is, independently, selected from hydrogen, C; s alkyl, C; 6
perhaloalkyl, C, ¢ alkenyl, C, ¢ alkynyl, C;3_j¢ carbocyclyl, 3—10 membered heterocyclyl, Ce_10
aryl and 5-10 membered heteroaryl, or two R™ 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 R® groups; and

each instance of R®® is, independently, halogen, —-CN, -NO,, N, —-SO,H, -SO;H,
—OH, —OC s alkyl, -ON(C,_s alkyl),, —N(C_¢ alkyl),, —-N(C_s alkyl)s X, -NH(C_¢ alkyl),X, —
NH,(C -6 alkyl)X, -NH3X, -N(OC,_¢ alkyl)(C,_¢ alkyl), -N(OH)(C,_¢ alkyl), -NH(OH), —SH, —
SC_¢ alkyl, =SS(Cy_s alkyl), -C(=0)(C s alkyl), -CO.H, —CO,(C_¢ alkyl), -OC(=0)(C,_s
alkyl), -OCO,(C,; ¢ alkyl), -C(=O)NH,, —C(=O)N(C,_¢ alkyl),, -OC(=O)NH(C, ¢ alkyl), —
NHC(=0)( Ci_¢ alkyl), -N(Ci_s alkyl)C(=O)( C_s alkyl), -NHCO(C,_s alkyl), -NHC(=O)N(C,-
¢ alkyl),, -NHC(=O)NH(C s alkyl), -NHC(=O)NH,, —C(=NH)O(C,_¢ alkyl),~-OC(=NH)(C,_¢
alkyl), -OC(=NH)OC,_s alkyl, -C(=NH)N(C,_s alkyl),, -C(=NH)NH(C,_s alkyl), -C(=NH)NH,
—OC(=NH)N(C,;_¢ alkyl),, -OC(NH)NH(C, ¢ alkyl), -OC(NH)NH,, -NHC(NH)N(C, ¢ alkyl),, —
NHC(=NH)NH,, -NHSO,(C,_¢ alkyl), -SO,N(C,_¢ alkyl),, -SO,NH(C, ¢ alkyl), -SO,NH,,—
SO,C;_ alkyl, -=SO,0C,_¢ alkyl, -OSO,C,_¢ alkyl, -SOC;_¢ alkyl, —Si(C;_¢ alkyl)s, “OSi(C;_6
alkyl); —C(=S)N(C s alkyl),, C(=S)NH(C,_s alkyl), C(=S)NH,, -C(=0)S(C_¢ alkyl), —
C(=S)SC_¢ alkyl, -SC(=S)SC,_¢ alkyl, —P(=0)»(C,_s alkyl), —P(=0)(C,_s alkyl),, -OP(=0)(C,s
alkyl),, -OP(=0)(OC,_¢ alkyl),, C, ¢ alkyl, C; ¢ perhaloalkyl, C, ¢ alkenyl, C, ¢ alkynyl, , C3 1o
carbocyclyl, Cs 10 aryl, 3—10 membered heterocyclyl, 5-10 membered heteroaryl; or two geminal
R®& gubstituents can be joined to form =0 or =S;

wherein X is a counterion.

[0048] 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~, CI, Br, "), NOs ", ClO4, OH ", H,PO4, HSO, ",
sulfonate ions (e.g., methansulfonate, trifluoromethanesulfonate, p—toluenesulfonate,

benzenesulfonate, 10—camphor sulfonate, naphthalene—2—sulfonate, naphthalene—1—sulfonic
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acid—5-sulfonate, ethan—1-sulfonic acid—2—sulfonate, and the like) and carboxylate ions (e.g.,

acetate, ethanoate, propanoate, benzoate, glycerate, lactate, tartrate, glycolate, and the like).

[0049] For example, amino protecting groups such as amide groups (e.g., —C(=0)R™)
include, but are not limited to, formamide, acetamide, chloroacetamide, trichloroacetamide,
trifluoroacetamide, phenylacetamide, 3—phenylpropanamide, picolinamide, 3—
pyridylcarboxamide, N-benzoylphenylalanyl derivative, benzamide, p—phenylbenzamide, o—
nitophenylacetamide, o—nitrophenoxyacetamide, acetoacetamide, (N'—
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, N—acetylmethionine derivative, o—nitrobenzamide and o—

(benzoyloxymethyl)benzamide.

[0050] Amino protecting groups such as carbamate groups (e.g., —C(=0)OR™) 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—t+-butyl-[9—(10,10-diox0-10,10,10,10-tetrahydrothioxanthyl)methyl carbamate (DBD—
Tmoc), 4-methoxyphenacyl carbamate (Phenoc), 2,2,2—trichloroethyl carbamate (Troc), 2—
trimethylsilylethyl carbamate (Teoc), 2—phenylethyl carbamate (hZ), 1-(1-adamantyl)-1—
methylethyl carbamate (Adpoc), 1,1-dimethyl-2—haloethyl carbamate, 1,1-dimethyl-2,2—
dibromoethyl carbamate (DB—-BOC), 1,1-dimethyl-2,2,2—trichloroethyl carbamate (TCBOC),
I-methyl-1—(4-biphenylyl)ethyl carbamate (Bpoc), 1-(3,5—di—butylphenyl)—1-methylethyl
carbamate (~~Bumeoc), 2—(2°— and 4’—pyridyl)ethyl carbamate (Pyoc), 2—(V,N—
dicyclohexylcarboxamido)ethyl carbamate, #—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), p—methoxybenzyl
carbamate (Moz), p—nitobenzyl carbamate, p—bromobenzyl carbamate, p—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—
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dithianyl)|methyl carbamate (Dmoc), 4-methylthiophenyl carbamate (Mtpc), 2,4—
dimethylthiophenyl carbamate (Bmpc), 2—phosphonioethyl carbamate (Peoc), 2—
triphenylphosphonioisopropyl carbamate (Ppoc), 1,1-dimethyl-2—cyanoethyl carbamate, m—
chloro—p-acyloxybenzyl carbamate, p—(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, r—amyl
carbamate, S-benzyl thiocarbamate, p—cyanobenzyl carbamate, cyclobutyl carbamate,
cyclohexyl carbamate, cyclopentyl carbamate, cyclopropylmethyl carbamate, p—decyloxybenzyl
carbamate, 2,2—dimethoxycarbonylvinyl carbamate, o—(N,N—dimethylcarboxamido)benzyl
carbamate, 1,1-dimethyl-3—(, N—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 —
methoxyphenylazo)benzyl carbamate, 1-methylcyclobutyl carbamate, 1-methylcyclohexyl
carbamate, 1-methyl-1-cyclopropylmethyl carbamate, 1-methyl-1—(3,5-dimethoxyphenyl)ethyl
carbamate, 1-methyl-1—(p—phenylazophenyl)ethyl carbamate, 1-methyl-1-phenylethyl
carbamate, 1-methyl-1—(4—pyridyl)ethyl carbamate, phenyl carbamate, p—(phenylazo)benzyl
carbamate, 2,4,6—tri—+—butylphenyl carbamate, 4—(trimethylammonium)benzyl carbamate, and

2,4,6—trimethylbenzyl carbamate.

[0051] Amino protecting groups such as sulfonamide groups (e.g., —S(=0),R™) 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—tetramethyl-4—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), f—trimethylsilylethanesulfonamide (SES), 9—
anthracenesulfonamide, 4—(4’,8’—dimethoxynaphthylmethyl)benzenesulfonamide (DNMBS),

benzylsulfonamide, trifluoromethylsulfonamide, and phenacylsulfonamide.

[0052] Other amino protecting groups include, but are not limited to, phenothiazinyl—

(10)—carbonyl derivative, N'—p—toluenesulfonylaminocarbonyl derivative, N'-
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phenylaminothiocarbonyl derivative, N~benzoylphenylalanyl derivative, N—acetylmethionine
derivative, 4,5—diphenyl-3—-oxazolin—2-one, N—phthalimide, N—dithiasuccinimide (Dts), N-2,3—
diphenylmaleimide, N-2,5—dimethylpyrrole, N-1,1,4,4—tetramethyldisilylazacyclopentane
adduct (STABASE), 5—substituted 1,3—dimethyl-1,3,5-triazacyclohexan—2—one, 5—substituted
1,3—dibenzyl-1,3,5-triazacyclohexan—2—one, 1-substituted 3,5—dinitro—4—pyridone, N—
methylamine, N-allylamine, N-[2—(trimethylsilyl)ethoxy]methylamine (SEM), N-3—
acetoxypropylamine, N—(1-isopropyl-4—nitro—2—oxo—3—pyroolin—3—yl)amine, quaternary
ammonium salts, N-benzylamine, N—di(4-methoxyphenyl)methylamine, N—5—
dibenzosuberylamine, N—triphenylmethylamine (Tr), N—[(4—
methoxyphenyl)diphenylmethyl]lamine (MMTr), N-9—phenylfluorenylamine (PhF), N-2,7—
dichloro—9—fluorenylmethyleneamine, N—ferrocenylmethylamino (Fecm), N—2—picolylamino N '—
oxide, N—1,1-dimethylthiomethyleneamine, N-benzylideneamine, N—p—
methoxybenzylideneamine, N—diphenylmethyleneamine, N—[(2—
pyridyl)mesityllmethyleneamine, N—(N’,N'-dimethylaminomethylene)amine, N,N'—
isopropylidenediamine, N—p—nitrobenzylideneamine, N—salicylidenecamine, N—5—
chlorosalicylidencamine, N—(5—chloro—2—hydroxyphenyl)phenylmethyleneamine, N—
cyclohexylideneamine, N—(5,5—dimethyl-3—oxo—1—cyclohexenyl)amine, N-borane derivative,
N-diphenylborinic acid derivative, N—[phenyl(pentacarbonylchromium— or
tungsten)carbonyl]amine, N—copper chelate, N—zinc chelate, N—nitroamine, N—nitrosoamine,
amine N-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).

[0053] As used herein, and unless otherwise indicated, acronyms or symbols for groups
or reagents have the following definition: HPLC = high performance liquid chromatography;
TFA = trifluoroacetic acid; TFE = 2,2,2-trifluoroethanol, THF = tetrahydrofuran; CH3;CN =

acctonitrile; HOAc = acetic acid; DCM = dichloromethane.

[0054] As used herein, and unless otherwise indicated, the term “substituted” or
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“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.,
CONH),); 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., SO,NH;); 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.

[0055] As used herein, and unless otherwise indicated, the term “about” is 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.

[0056] As used herein, and unless otherwise specified, a “suitable leaving group” refers
to any atom or group of atoms that can leave the carbon atom to which it is attached.
Specifically, a suitable leaving group is one that can be displaced by an approaching nucleophile.
Those of ordinary skill in the art can determine what atom or group of atoms can serve as a
suitable leaving group. In addition, routine experimentation can identify whether any specific
atom or group of atoms can serve as a suitable leaving group. Preferred suitable leaving groups

include those that are primary (e.g., a primary halo), although leaving groups that are secondary

-18-



WO 2014/025978 PCT/US2013/054099

may also be used. Examples of suitable leaving groups include halogens and sulfonate esters.
Among the halogens, bromo, chloro, iodo, and fluoro are preferred, with bromo and chloro being
particularly preferred halogen-type leaving groups. With respect to sulfonate esters,
methanesulfonate, trifluoromethanesulfonate, trichloromethanesulfonate, 2,2,2-
trifluoroethanesulfonate, 2,2,2-trichloroethanesulfonate, and para-toluenesulfonate are
particularly preferred, although other sulfonate esters and similarly constituted leaving groups

known to those of ordinary skill in the art can be used as well.

[0057] It should be noted that if there is a discrepancy between a depicted structure and a
name given to that structure, the depicted structure is to be accorded more weight. In addition, if
the stereochemistry of a structure or a portion of a structure is not indicated with, for example,

bold or dashed lines, the structure or portion of the structure is to be interpreted as encompassing

all stereoisomers of it.
6.2 Processes
6.2.1 Preparation of compound (I)

[0058] As depicted in Scheme 1 below, provided herein are processes for the preparation
of an enantiomerically enriched or enantiomerically pure compound of Formula (I), or a
pharmaceutically acceptable form thereof, comprising: (step 1.1) transforming an
enantiomerically enriched or enantiomerically pure compound of Formula (II), or a salt thereof,
to an enantiomerically enriched or enantiomerically pure compound of Formula (I1I), or a salt
thereof; (step 1.2) cyclizing the enantiomerically enriched or enantiomerically pure compound of
Formula (IIT) to an enantiomerically enriched or enantiomerically pure compound of Formula (I-
a); (step 1.3) where Y is not hydrogen, deprotecting the enantiomerically enriched or
enantiomerically pure compound of Formula (I-a) to an enantiomerically enriched or
enantiomerically pure compound of Formula (I); and (step 1.4) optionally transforming the
enantiomerically enriched or enantiomerically pure compound of Formula (I) to a
pharmaceutically acceptable salt. In one embodiment, the formation of the glutarimide ring in
the compound of Formula (I) occurs with high preservation of the configuration of the chiral

center. In one embodiment, the process is efficient and scalable.
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Scheme 1

[0059] R may be a suitable carboxy protecting group, including methyl, zert-butyl,

benzyl, and the like. Other suitable protecting groups are well known to those of ordinary skill
in the art. Y may be any suitable amino protecting group. The choice and use of protecting
groups and the reaction conditions to install and remove protecting groups are described in 7. W.
Green, Protective Groups in Organic Synthesis (Third Ed., Wiley, New York, 1999), which is

incorporated herein by reference in its entirety.

[0060] In one embodiment, provided herein is a process for preparing an
enantiomerically enriched or enantiomerically pure compound of Formula (1), or a
pharmaceutically acceptable form thereof, comprising:
(step 1.1) transforming an enantiomerically enriched or enantiomerically pure compound of
Formula (II), or a salt thereof, wherein
(1) Z'is NHY, and Z* is OR; or
(i)  Z'is OR, and Z’ is NHY; wherein
R is substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted aralkyl,
or a suitable protecting group of a carboxy group; and
Y is hydrogen, or a suitable amino protecting group;
to an enantiomerically enriched or enantiomerically pure compound of Formula (III), or a salt
thereof, wherein
(1) Z*is NHY, and Z* is OH; or
(i)  Z’is OH, and Z* is NHY,
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under conditions suitable for ester to acid transformation;

(step 1.2) cyclizing the enantiomerically enriched or enantiomerically pure compound of
Formula (III) to an enantiomerically enriched or enantiomerically pure compound of Formula (I-
a) under conditions suitable for cyclization;

(step 1.3) where Y is not hydrogen, deprotecting the enantiomerically enriched or
enantiomerically pure compound of Formula (I-a) to an enantiomerically enriched or
enantiomerically pure compound of Formula (I) under conditions suitable for deprotection; and
(step 1.4) optionally transforming the enantiomerically enriched or enantiomerically pure
compound of Formula (I) to a pharmaceutically acceptable salt thereof under conditions suitable

for salt formation.

[0061] In one embodiment, the compound of Formula (1) is (S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, which is also known
as (35)-3-(4-{[4-(morpholin-4-ylmethyl)benzyl|oxy } -1-oxo-1,3-dihydro-2 H-isoindol-2-
yl)piperidine-2,6-dione, or 2,6-piperidinedione, 3-[1,3-dihydro-4-[[4-(4-
morpholinylmethyl)phenylJmethoxy]-1-0x0-2H-isoindol-2-yl]-, (35)-.

[0062] In one embodiment, R is C; alkyl; Ci cycloalkyl; Ci¢ haloalkyl; Ca.10
heteroalkyl; Cs heterocycloalkyl; Ci6 alkyl or C,.1¢ heteroalkyl substituted with 1 to 3 aryl; or
-SiR"; wherein each R* is independently C ¢ alkyl or Cs_j4aryl.

[0063] In one embodiment, R is methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl,
isobutyl, tert-butyl, methoxymethyl (MOM), methylthiomethyl (MTM), tetrahydropyranyl
(THP), methoxyethoxymethyl (MEM), 2-(trimethylsilyl)ethoxymethylamine (SEM),
benzyloxymethyl (BOM), 2-(trimethylsilyl)ethyl (TMSE), 2,2,2-trichloroethyl, benzyl,
triphenylmethyl, p-methoxybenzyl, 2,6-dimethoxybenzyl, trimethylsilyl (TMS), triethylsilyl
(TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS), diethylisopropylsilyl (DEIPS),
t-butyldimethylsilyl (TBDMS), or #-butyldiphenylsilyl (TBDPS). In one embodiment, R is
methyl, zert-butyl, or benzyl. In one embodiment, R is methyl. In another embodiment, R is

tert-butyl. In yet another embodiment, R is benzyl.

[0064] In one embodiment, Y is hydrogen.
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[0065] In one embodiment, Y is a suitable amino protecting group. In one embodiment,
Y 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-
I-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, p-toluenesulfonyl (Ts), butenyl, (£)-2-
(methoxycarbonyl)vinyl, diethoxymethyl, 1-methoxy-2,2-dimethylpropyl, or 2-(4-
methylphenylsulfonyl)ethyl. In one embodiment, Y is benzyl, 4-methoxybenzyl, ¢-
butyldimethylsilyl, z-butoxycarbonyl, or benzyloxycarbonyl. In one embodiment, Y is benzyl.

[0066] Methods for transforming an ester to an acid (step 1.1) are well known to those of
ordinary skill in the art. See generally, T. W. Green, Protective Groups in Organic Synthesis
(Third Ed., Wiley, New York, 1999).

[0067] In one embodiment, step 1.1 occurs in the presence of an acid. In some
embodiments, the acid is generated in situ. In one embodiment, step 1.1 occurs in the presence
of an organic acid. In one embodiment, step 1.1 occurs in the presence of R"COOH wherein R®
is hydrogen, substituted or unsubstituted C;_j¢ alkyl, substituted or unsubstituted C;_¢ haloalkyl,
or substituted or unsubstituted Cs.14 aryl. In one embodiment, step 1.1 occurs in the presence of

formic acid, acetic acid, trifluoroacetic acid, or benzoic acid.

[0068] In one embodiment, step 1.1 occurs in the presence of R°SOsH wherein R” is
hydrogen, substituted or unsubstituted C;_j alkyl, substituted or unsubstituted C;_¢ haloalkyl, or
substituted or unsubstituted Cs.14 aryl. In one embodiment, step 1.1 occurs in the presence of
sulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid,
methanesulfonic acid, or trifluoromethanesulfonic acid. In one embodiment, step 1.1 occurs in
the presence of benzenesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid, or

methanesulfonic acid. In one embodiment, step 1.1 occurs in the presence of benzenesulfonic
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acid. In another embodiment, step 1.1 occurs in the presence of p-toluenesulfonic acid. In yet
another embodiment, step 1.1 occurs in the presence of camphorsulfonic acid. In yet another

embodiment, step 1.1 occurs in the presence of methanesulfonic acid.

[0069] In one embodiment, step 1.1 occurs in the presence of an inorganic acid. In one
embodiment, step 1.1 occurs in the presence of hydrochloric acid, sulfuric acid, nitric acid, or

phosphoric acid. In one embodiment, step 1.1 occurs in the presence of hydrochloric acid.

[0070] In one embodiment, step 1.1 occurs in the presence of a base. In some
embodiments, the base is generated in situ. In one embodiment, step 1.1 occurs in the presence
of an alkali metal base. In one embodiment, step 1.1 occurs in the presence of an alkali metal
hydroxide, carbonate, hydrogencarbonate, phosphate, hydrogenphosphate, or
dihydrogenphosphate. In one embodiment, step 1.1 occurs in the presence of LiOH, NaOH,
KOH, Na,CO3, K,CO3, Cs,CO3, NaHCO3, KHCO3, NasPO4, KsPO4, Na,HPO4, K;HPO,,
NaH,PO,, or KH,PO,.

[0071] In one embodiment, step 1.1 occurs in the presence of M-R® or M-OR, wherein
M is alkali metal; and R® is substituted or unsubstituted C;_1o alkyl. In one embodiment, step 1.1
occurs in the presence of sodium methoxide, sodium ethoxide, sodium #-butoxide, potassium
methoxide, potassium ethoxide, or potassium #-butoxide. In one embodiment, step 1.1 occurs in

the presence of sodium #-butoxide, or potassium z-butoxide.

[0072] In one embodiment, step 1.1 occurs in the presence of a nitrogen containing base.
In one embodiment, step 1.1 occurs in the presence of NH4OH, triethylamine,
diisopropylethylamine, pyridine, 4-dimethylaminopyridine, imidazole, or 1,8-

diazabicyclo[5.4.0Jundec-7-ene (DBU).
[0073] In one embodiment, step 1.1 occurs by hydrogenation.

[0074] The cyclization of a compound of Formula (III) (step 1.2) may occur with any
dehydrating agent or any combination of dehydrating agents according to a person of ordinary
skill in the art. In some embodiments, the dehydrating agent is (or the combination of
dehydrating agents are) generated in situ. In some embodiments, the dehydrating agent is (or the

combination of dehydrating agents contains) thionyl chloride, sulfuryl chloride, 4-
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dimethylaminopyridine, phosgene, diphosgene, triphosgene, oxalyl chloride, a carbodiimide, an
anhydride or a mixed anhydride, a phenol, or a compound of Formula (A):

O

N (A)

wherein each of A' and A? is independently an unsubstituted or substituted heteroaryl group. In
some embodiments, the dehydrating agent is (or combination of dehydrating agents contains)
benzotriazole-1-yl-oxy-tris-(dimethylamino)-phosphonium hexafluorophosphate (BOP), N,N’-
carbonyldiimidazole (CDI), 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one (DEPBT),
1-ethyl-3-(3-dimethyllaminopropyl)carbodiimide (EDCI), 2-(7-aza-1H-benzotriazole-1-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate (HATU), 2-(1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HBTU), 1-hydroxybenzotriazole (HOBt),
benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBOP), 2-(1H-
benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU), O-(3,4-dihydro-4-
oxo-1,2,3-benzotriazine-3-yl)-N,N,N,N-tetramethyluronium tetrafluoroborate (TDBTU), 3-
(diethyloxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one (DEPBT), dicyclohexylcarbodiimide
(DCC), N,N’-diisopropylcarbodiimide (DIC), or 1-hydroxy-7-azabenzotriazole (HOAt). In some
embodiments, the dehydrating agent is 1-ethyl-3-(3-dimethyllaminopropyl)carbodiimide (EDCI)
or 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU). In another

embodiment, the dehydrating agent is molecular sieve.

[0075] The cyclization of a compound of Formula (IIT) (step 1.2) may occur when water
is removed from the reaction mixture. In one embodiment of step 1.2, water is removed by
azeotropic distillation. Other techniques to remove water from a reaction mixture are well

known to those of ordinary skill in the art.

[0076] The cyclization of a compound of Formula (III) (step 1.2) may also occur in the

absence of dehydrating agent or without removal of water.

[0077] In one embodiment, wherein Y is hydrogen, a compound of Formula (I-a) is a

compound of Formula (I), and step 1.3 is not necessary.

[0078] In one embodiment, wherein Y is not a hydrogen, a compound of Formula (I-a) is

not a compound of Formula (I), and step 1.3 is necessary. The reaction conditions to install and
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remove suitable amino protecting groups are well known to those of ordinary skill in the art,
including those described in 7. W. Green, Protective Groups in Organic Synthesis (Third Ed.,
Wiley, New York, 1999). In one embodiments, Y is benzyl, and step 1.3 occurs by

hydrogenation.

[0079] Optionally, the compound of Formula (I), or a salt thereof, may be transformed to
a different pharmaceutically acceptable salt by reacting with an acid (step 1.4). In one
embodiment, step 1.4 comprises transforming a free base of a compound of Formula (I) to a
pharmaceutically acceptable salt thereof. In another embodiment, step 1.4 comprises
transforming a salt of a compound of Formula (I) to a free base, and transforming the free base to
a pharmaceutically acceptable salt thereof. In yet another embodiments, step 1.4 comprises
directly transforming a salt of a compound of Formula (I) to a different pharmaceutically
acceptable salt thereof. In one embodiment, the pharmaceutically acceptable salt is

hydrochloride.

[0080] In one embodiment, as depicted in Scheme 1a below, step 1.1 and step 1.2 occur

in one-pot, without isolation of the compound of Formula (I1I).

0 0o 0 0 oo ¥ 0 0
z' 7 N NH
N N N O N O
4
© d z step 1.1 0 4 Z | step 1.2 O step 1.3 o
-H,0 (if necessary, i.e., where
Y is not hydrogen)
N N N N N
(not isolated)
O\) O\) o\/l O\)
(1 — (1) — (1-a) )
(i) Z'is NHY, and 72 is OR; or (i) Z*isNHY, and Z* is OH; or
(i) Z'is OR, and 72 is NHY (i) Z*is OH, and Z* is NHY
Scheme la
[0081] In one embodiment, provided herein is a process for preparing an

enantiomerically enriched or enantiomerically pure compound of Formula (I), or a
pharmaceutically acceptable form thereof, comprising:

(step 1.1) transforming an enantiomerically enriched or enantiomerically pure compound of
Formula (II), or a salt thereof, wherein

(1) 7'is NHY, and Z* is OR; or
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(i)  Z'is OR, and Z’ is NHY; wherein
R is substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted aralkyl,
or a suitable protecting group of a carboxy group; and
Y is hydrogen, or a suitable amino protecting group;

to an enantiomerically enriched or enantiomerically pure compound of Formula (III), or a salt
thereof, wherein

(1) 7*is NHY, and Z* is OH; or

(i)  Z’is OH, and Z* is NHY,
under conditions suitable for ester to acid transformation;
(step 1.2) cyclizing the enantiomerically enriched or enantiomerically pure compound of
Formula (IIT) to an enantiomerically enriched or enantiomerically pure compound of Formula (I-
a) under conditions suitable for cyclization;
(step 1.3) where Y is not hydrogen, deprotecting the enantiomerically enriched or
enantiomerically pure compound of Formula (I-a) to an enantiomerically enriched or
enantiomerically pure compound of Formula (I) under conditions suitable for deprotection; and
(step 1.4) optionally transforming the enantiomerically enriched or enantiomerically pure
compound of Formula (I) to a pharmaceutically acceptable salt therecof under conditions suitable
for salt formation,;

wherein step 1.1 and step 1.2 occur in one-pot.

[0082] In one embodiment, the compound of Formula (I) is (S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione.

[0083] In one embodiment, step 1.1 and step 1.2 occur in one-pot; and R is Cy¢ alkyl;
Cs cycloalkyl; Ci¢ haloalkyl; Cs.10 heteroalkyl; Cs.s heterocycloalkyl; Ci.s alkyl or Cy.19
heteroalkyl substituted with 1 to 3 aryl; or —SiR"; wherein each R* is independently C; ¢ alkyl or
Cs.yqaryl.

[0084] In one embodiment, step 1.1 and step 1.2 occur in one-pot; and R is methyl, ethyl,
propyl, isopropyl, cyclopropyl, butyl, isobutyl, tert-butyl, methoxymethyl (MOM),
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methylthiomethyl (MTM), tetrahydropyranyl (THP), methoxyethoxymethyl (MEM), 2-
(trimethylsilyl)ethoxymethylamine (SEM), benzyloxymethyl (BOM), 2-(trimethylsilyl)ethyl
(TMSE), 2,2,2-trichloroethyl, benzyl, triphenylmethyl, p-methoxybenzyl, 2,6-dimethoxybenzyl,
trimethylsilyl (TMY), triethylsilyl (TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl
(IPDMS), diethylisopropylsilyl (DEIPS), -butyldimethylsilyl (TBDMS), or #-butyldiphenylsilyl
(TBDPS). In one embodiment, step 1.1 and step 1.2 occur in one-pot; and R is methyl, zert-
butyl, or benzyl. In one embodiment, step 1.1 and step 1.2 occur in one-pot; and R is methyl. In
another embodiment, step 1.1 and step 1.2 occur in one-pot; and R is fert-butyl. In yet another

embodiment, step 1.1 and step 1.2 occur in one-pot; and R is benzyl.
[0085] In one embodiment, step 1.1 and step 1.2 occur in one-pot; and Y is hydrogen.

[0086] In one embodiment, step 1.1 and step 1.2 occur in one-pot; and Y is a suitable
amino protecting group. In one embodiment, step 1.1 and step 1.2 occur in one-pot; and Y 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-
I-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, z-butoxycarbonyl (BOC), benzyloxycarbonyl
(Cbz), methoxycarbonyl, ethoxycarbonyl, p-toluenesulfonyl (Ts), butenyl, (£)-2-
(methoxycarbonyl)vinyl, diethoxymethyl, 1-methoxy-2,2-dimethylpropyl, or 2-(4-
methylphenylsulfonyl)ethyl. In one embodiment, step 1.1 and step 1.2 occur in one-pot; and Y is
benzyl, 4-methoxybenzyl, -butyldimethylsilyl, -butoxycarbonyl, or benzyloxycarbonyl. In one

embodiment, step 1.1 and step 1.2 occur in one-pot; and Y is benzyl.

[0087] In one embodiment, step 1.1 and step 1.2 occur in one-pot by hydrogenation. In

one embodiment, R is benzyl, and step 1.1 and step 1.2 occur in one-pot by hydrogenation.

[0088] In one embodiment, step 1.1 and step 1.2 occur in one-pot by

hydrogenation/cyclization, wherein the cyclization is promoted by an acid or base.
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[0089] In one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of a
base. In one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of an alkali
metal hydroxide, carbonate, hydrogencarbonate, phosphate, hydrogenphosphate, or
dihydrogenphosphate. In one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence
of LiOH, NaOH, KOH, Na,CO3, K,CO3, Cs,CO3, NaHCO3, KHCO3, Na;PO4, K3PO4, Na;HPO4,
K;HPO,4, NaH,PO,, or KH,PO,4. In one embodiment, R is methyl, and step 1.1 and step 1.2

occur in one-pot in the presence of NaOH or KOH.

[0090] In one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of
M-R® or M-OR°, wherein M is alkali metal; and R€ is substituted or unsubstituted C;_ o alkyl. In
one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of sodium methoxide,
sodium ethoxide, sodium #-butoxide, potassium methoxide, potassium ethoxide, or potassium #-
butoxide. In one embodiment, R is methyl, and step 1.1 and step 1.2 occur in one-pot in the

presence of sodium fert-butoxide, or potassium fert-butoxide.

[0091] In one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of an
acid. In some embodiments, the acid is generated in situ. In one embodiment, step 1.1 and step
1.2 occur in one-pot in the presence of an organic acid. In one embodiment, step 1.1 and step 1.2
occur in one-pot in the presence of R°COOH wherein R” is hydrogen, substituted or
unsubstituted C_1o alkyl, substituted or unsubstituted C,_;, haloalkyl, or substituted or
unsubstituted Cs_j4 aryl. In one embodiment, step 1.1 and step 1.2 occur in one-pot in the
presence of formic acid, acetic acid, trifluoroacetic acid, or benzoic acid. In one embodiment, R

is tert-butyl, and step 1.1 and step 1.2 occur in one-pot in the presence of trifluoroacetic acid.

[0092] In one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of a

Broensted or Lewis acid. In some embodiments, the acid is generated in situ.

[0093] In one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of
R°SO;H wherein R is hydrogen, substituted or unsubstituted Cy.1o alkyl, substituted or
unsubstituted C;_j9 haloalkyl, or substituted or unsubstituted Cs.14 aryl. In one embodiment, step
1.1 and step 1.2 occur in one-pot in the presence of sulfonic acid, benzenesulfonic acid, p-
toluenesulfonic acid, camphorsulfonic acid, methanesulfonic acid, or trifluoromethanesulfonic

acid. In one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of
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benzenesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid, or methanesulfonic acid. In
one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of benzenesulfonic acid.
In another embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of p-
toluenesulfonic acid. In yet another embodiment, step 1.1 and step 1.2 occur in one-pot in the
presence of camphorsulfonic acid. In yet another embodiment, step 1.1 and step 1.2 occur in
one-pot in the presence of methanesulfonic acid. In one embodiment, R is tert-butyl, and step

1.1 and step 1.2 occur in one-pot in the presence of benzenesulfonic acid.

[0094] In one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of an
inorganic acid. In one embodiment, step 1.1 and step 1.2 occur in one-pot in the presence of
hydrochloric acid, sulfuric acid, nitric acid, or phosphoric acid. In one embodiment, step 1.1 and
step 1.2 occur in one-pot in the presence of hydrochloric acid. In one embodiment, R is tert-

butyl, and step 1.1 and step 1.2 occur in one-pot in the presence of hydrochloric acid.

[0095] Step 1.1 and step 1.2, separately or in one-pot, may occur in any solvent or any
combination of solvents. In some embodiments, the solvent is, or the combination of solvents
contains, diethyl ether, 1,4-dioxane, tetrahydrofuran, ethyl acetate, isopropyl acetate, acetonitrile,
methanol, ethanol, isopropyl alcohol, dimethylformamide, dimethyl sulfoxide, glyme, diglyme,
dimethylacetamide, or N-methyl-2-pyrrolidone. In some embodiments, the solvent is

acetonitrile.

[0096] Step 1.1 and step 1.2, separately or in one-pot, may occur at any reaction
temperature. In some embodiments, the reaction temperature is from about -100 °C to about 200
°C. In some embodiments, the reaction temperature is from about -50 °C to about 150 °C. In
some embodiments, the reaction temperature is from about 0 °C to about 100 °C. In some
embodiments, the reaction temperature is from about 85 °C to about 95 °C. In some

embodiments, the reaction temperature is about 90 °C.

[0097] Step 1.1 and step 1.2, separately or in one-pot, may occur at any reaction time. In
some embodiments, the reaction time is from about 1 minute to about 14 days. In some
embodiments, the reaction time is from about 5 minute to about 48 hours. In some
embodiments, the reaction time is from about 1 hour to about 24 hours. In some embodiments,

the reaction time 1s from about 3 hours to about 12 hours. In some embodiments, the reaction
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time is from about 8 hours to about 9 hours.

[0098] In one exemplary embodiment, Y is hydrogen, R is fert-butyl, and step 1.1 and
step 1.2 occur in one-pot in the presence of benzenesulfonic acid, wherein the solvent is
acetonitrile, the reaction temperature is about 90 °C, and the reaction time is from about 8 hours

to about 9 hours.

[0099] In one exemplary embodiment, Y is hydrogen, R is fert-butyl, and step 1.1 and
step 1.2 occur in one-pot in the presence of benzenesulfonic acid, wherein the solvent is
acetonitrile, the reaction temperature is about 90 °C, the reaction time is from about 8 hours to

about 9 hours, and water is removed by azeotropic distillation.
[00100] Steps 1.3 and 1.4 are as described above and herein.

[00101] In another embodiment, as depicted in Scheme 1b below, without being limited to
any intermediate or any theory, a compound of Formula (I-a) can be prepared from a compound

of Formula (II) in one step.

0 0 0O 0o Y 0 O
z' N NH
N N o) N o)
o) z : o) 1 0
d step 1.i step 1.3
—_— B ——

(if necessary, i.e., where
Y is not hydrogen)

(1) (I-a) @

)] Z'is NHY, and Z? is OR; or
(ii) Z'is OR, and Z*is NHY

Scheme 1b

[00102] In one embodiment, provided herein is a process for preparing an
enantiomerically enriched or enantiomerically pure compound of Formula (1), or a

pharmaceutically acceptable form thereof, comprising:
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(step 1.1) transforming an enantiomerically enriched or enantiomerically pure compound of
Formula (II), or a salt thereof, wherein
(1) 7'is NHY, and Z* is OR; or
(i)  Z'is OR, and Z* is NHY; wherein
R is substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted aralkyl,
or a suitable protecting group of a carboxy group; and
Y is hydrogen, or a suitable amino protecting group;
to an enantiomerically enriched or enantiomerically pure compound of Formula (I-a), or a salt
thereof, under conditions suitable for cyclization;
(step 1.3) where Y is not hydrogen, deprotecting the enantiomerically enriched or
enantiomerically pure compound of Formula (I-a) to an enantiomerically enriched or
enantiomerically pure compound of Formula (I) under conditions suitable for deprotection; and
(step 1.4) optionally transforming the enantiomerically enriched or enantiomerically pure
compound of Formula (I) to a pharmaceutically acceptable salt thereof under conditions suitable

for salt formation.

[00103] In one embodiment, the compound of Formula (I) is (S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione.

[00104] In one embodiment, R is C; alkyl; Ci cycloalkyl; Ci6 haloalkyl; Ca.10
heteroalkyl; Cs heterocycloalkyl; Ci6 alkyl or C,.1¢ heteroalkyl substituted with 1 to 3 aryl; or
—SiR"; wherein each R® is independently Cy alkyl or Cs_14 aryl.

[00105] In one embodiment, R is methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl,
isobutyl, tert-butyl, methoxymethyl (MOM), methylthiomethyl (MTM), tetrahydropyranyl
(THP), methoxyethoxymethyl (MEM), 2-(trimethylsilyl)ethoxymethylamine (SEM),
benzyloxymethyl (BOM), 2-(trimethylsilyl)ethyl (TMSE), 2,2,2-trichloroethyl, benzyl,
triphenylmethyl, p-methoxybenzyl, 2,6-dimethoxybenzyl, trimethylsilyl (TMS), triethylsilyl
(TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS), diethylisopropylsilyl (DEIPS),
t-butyldimethylsilyl (TBDMS), or #-butyldiphenylsilyl (TBDPS). In one embodiment, R is
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methyl, fert-butyl, or benzyl. In one embodiment, R is methyl. In another embodiment, R is

tert-butyl. In yet another embodiment, R is benzyl.
[00106] In one embodiment, Y is hydrogen.

[00107] In one embodiment, Y is a suitable amino protecting group. In one embodiment,
Y 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-
I-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, z-butoxycarbonyl (BOC), benzyloxycarbonyl
(Cbz), methoxycarbonyl, ethoxycarbonyl, p-toluenesulfonyl (Ts), butenyl, (£)-2-
(methoxycarbonyl)vinyl, diethoxymethyl, 1-methoxy-2,2-dimethylpropyl, or 2-(4-
methylphenylsulfonyl)ethyl. In one embodiment, Y is benzyl, 4-methoxybenzyl, #-
butyldimethylsilyl, z-butoxycarbonyl, or benzyloxycarbonyl. In one embodiment, Y is benzyl.

[00108] In one embodiment, step 1.1 occurs by hydrogenation. In one embodiment, R is

benzyl, and step 1.i occurs by hydrogenation.

[00109] In one embodiment, step 1.1 occurs in the presence of a base. In one embodiment,
step 1.1 occurs in the presence of an alkali metal hydroxide, carbonate, hydrogencarbonate,
phosphate, hydrogenphosphate, or dihydrogenphosphate. In one embodiment, step 1.1 occurs in
the presence of LiOH, NaOH, KOH, Na,COs, K,CO3, Cs,CO3, NaHCO3, KHCO3, NazPOy,
K;3POg4, Na,HPO,, K,HPO4, NaH,PO4, or KH,PO4. In one embodiment, R is methyl, and step 1.1
occurs in the presence of NaOH or KOH.

[00110] In one embodiment, step 1.i occurs in the presence of M-R® or M-OR, wherein M
is alkali metal; and R° is substituted or unsubstituted C;.1 alkyl. In one embodiment, step 1.i
occurs in the presence of sodium methoxide, sodium ethoxide, sodium #-butoxide, potassium

methoxide, potassium ethoxide, or potassium #-butoxide. In one embodiment, R is methyl, and
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step 1.1 occurs in the presence of sodium tert-butoxide, or potassium tert-butoxide.

[00111] In one embodiment, step 1.1 occurs in the presence of an acid. In some
embodiments, the acid is generated in situ. In one embodiment, step 1.i occurs in the presence of
an organic acid. In one embodiment, step 1.i occurs in the presence of R"COOH wherein R” is
hydrogen, substituted or unsubstituted C,.;o alkyl, substituted or unsubstituted C,.1 haloalkyl, or
substituted or unsubstituted Cs_14aryl. In one embodiment, step 1.i occurs in the presence of
formic acid, acetic acid, trifluoroacetic acid, or benzoic acid. In one embodiment, R is ferz-butyl,

and step 1.1 occurs in the presence of trifluoroacetic acid.

[00112] In one embodiment, step 1.1 occurs in the presence of a Bronsted or Lewis acid. In

some embodiments, the acid is generated in situ.

[00113] In one embodiment, step 1.1 occurs in the presence of R"SO:H wherein R is
hydrogen, substituted or unsubstituted C;_j alkyl, substituted or unsubstituted C;_¢ haloalkyl, or
substituted or unsubstituted Cs_14 aryl. In one embodiment, step 1.1 occurs in the presence of
sulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid,
methanesulfonic acid, or trifluoromethanesulfonic acid. In one embodiment, step 1.1 occurs in
the presence of benzenesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid, or
methanesulfonic acid. In one embodiment, step 1.1 occurs in the presence of benzenesulfonic
acid. In another embodiment, step 1.1 occurs in the presence of p-toluenesulfonic acid. In yet
another embodiment, step 1.1 occurs in the presence of camphorsulfonic acid. In yet another
embodiment, step 1.1 occurs in the presence of methanesulfonic acid. In one embodiment, R is

tert-butyl, and step 1.1 occurs in the presence of benzenesulfonic acid.

[00114] In one embodiment, step 1.1 occurs in the presence of an inorganic acid. In one
embodiment, step 1.1 occurs in the presence of hydrochloric acid, sulfuric acid, nitric acid, or
phosphoric acid. In one embodiment, step 1.1 occurs in the presence of hydrochloric acid. In

one embodiment, R is fert-butyl, and step 1.1 occurs in the presence of hydrochloric acid.

[00115] Step 1.i may occur in any solvent or any combination of solvents. In some
embodiments, the solvent is, or the combination of solvents contains, diethyl ether, 1,4-dioxane,
tetrahydrofuran, ethyl acetate, isopropyl acetate, acetonitrile, methanol, ethanol, isopropyl

alcohol, dimethylformamide, dimethyl sulfoxide, glyme, diglyme, dimethylacetamide, or N-
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methyl-2-pyrrolidone. In some embodiments, the solvent is acetonitrile.

[00116] Step 1.1 may occur at any reaction temperature. In some embodiments, the
reaction temperature is from about -100 °C to about 200 °C. In some embodiments, the reaction
temperature is from about -50 °C to about 150 °C. In some embodiments, the reaction
temperature is from about 0 °C to about 100 °C. In some embodiments, the reaction temperature
is from about 85 °C to about 95 °C. In some embodiments, the reaction temperature is about 90

°C.

[00117] Step 1.1 may occur at any reaction time. In some embodiments, the reaction time
is from about 1 minute to about 14 days. In some embodiments, the reaction time is from about
5 minute to about 48 hours. In some embodiments, the reaction time is from about 1 hour to
about 24 hours. In some embodiments, the reaction time is from about 3 hours to about 12

hours. In some embodiments, the reaction time is from about 8 hours to about 9 hours.

[00118] In one exemplary embodiment, Y is hydrogen, R is fert-butyl, and step 1.1 occurs
in the presence of benzenesulfonic acid, wherein the solvent is acetonitrile, the reaction

temperature is about 90 °C, and the reaction time is from about 8 hours to about 9 hours.

[00119] In one exemplary embodiment, Y is hydrogen, R is fert-butyl, and step 1.1 occurs
in the presence of benzenesulfonic acid, wherein the solvent is acetonitrile, the reaction
temperature is about 90 °C, the reaction time is from about 8 hours to about 9 hours, and water is

removed by azeotropic distillation.

[00120] In one exemplary embodiment, Y is benzyl, R is methyl, and step 1.1 occurs in the
presence of p-toluenesulfonic acid. In one exemplary embodiment, Y is benzyl, R is methyl, and
step 1.1 occurs in the presence of p-toluenesulfonic acid, wherein the solvent is acetic acid, the

reaction temperature is about 100 °C, the reaction time is about 8§ hours.
[00121] Steps 1.3 and 1.4 are as described above and herein.

[00122] In another embodiment, deprotection of Y may occur concurrently with formation
of the glutarimide ring. As depicted in Scheme 1c¢ below, without being limited to any

intermediate or any theory, a compound of Formula (I) can be prepared from a compound of
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Formula (IT) in one step.
@) 0O O

0
z! NH
N N o)

0 step 1.a

1) @
(i) Z'is NHY, and Z? is OR; or
(ii) Z!is OR, and Z?is NHY

Scheme 1¢

[00123] In one embodiment, provided herein is a process for preparing an
enantiomerically enriched or enantiomerically pure compound of Formula (1), or a
pharmaceutically acceptable form thereof, comprising:
(step 1.a) transforming an enantiomerically enriched or enantiomerically pure compound of
Formula (II), or a salt thereof, wherein
(1) Z'is NHY, and Z* is OR; or
(i)  Z'is OR, and Z* is NHY; wherein
R is substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted aralkyl,
or a suitable protecting group of a carboxy group; and
Y is hydrogen, or a suitable amino protecting group;
to an enantiomerically enriched or enantiomerically pure compound of Formula (I), or a salt
thereof, under conditions suitable for cyclization and deprotection;
(step 1.4) optionally transforming the enantiomerically enriched or enantiomerically pure
compound of Formula (I) to a pharmaceutically acceptable salt thereof under conditions suitable

for salt formation.
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[00124] In one embodiment, the compound of Formula (I) is (5)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione.

[00125] In one embodiment, R is C; alkyl; Ci. cycloalkyl; C;.s haloalkyl; Cy.10
heteroalkyl; Cs. heterocycloalkyl; Ci alkyl or C,.19 heteroalkyl substituted with 1 to 3 aryl; or
—SiR" wherein each R is independently Cy alkyl or Cs_14aryl.

[00126] In one embodiment, R is methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl,
isobutyl, tert-butyl, methoxymethyl (MOM), methylthiomethyl (MTM), tetrahydropyranyl
(THP), methoxyethoxymethyl (MEM), 2-(trimethylsilyl)ethoxymethylamine (SEM),
benzyloxymethyl (BOM), 2-(trimethylsilyl)ethyl (TMSE), 2,2,2-trichloroethyl, benzyl,
triphenylmethyl, p-methoxybenzyl, 2,6-dimethoxybenzyl, trimethylsilyl (TMS), triethylsilyl
(TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS), diethylisopropylsilyl (DEIPS),
t-butyldimethylsilyl (TBDMS), or #-butyldiphenylsilyl (TBDPS). In one embodiment, R is
methyl, fert-butyl, or benzyl. In one embodiment, R is methyl. In another embodiment, R is

tert-butyl. In yet another embodiment, R is benzyl.
[00127] In one embodiment, Y is hydrogen.

[00128] In one embodiment, Y is a suitable amino protecting group. In one embodiment,
Y 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-
I-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, p-toluenesulfonyl (Ts), butenyl, (£)-2-
(methoxycarbonyl)vinyl, diethoxymethyl, 1-methoxy-2,2-dimethylpropyl, or 2-(4-
methylphenylsulfonyl)ethyl. In one embodiment, Y is benzyl, 4-methoxybenzyl, #-
butyldimethylsilyl, z-butoxycarbonyl, or benzyloxycarbonyl. In one embodiment, Y is benzyl.
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[00129] In one embodiment, step 1.a occurs by hydrogenation. In one embodiment, R is

benzyl, and step 1.a occurs by hydrogenation.

[00130] In one embodiment, step 1.a occurs in the presence of a base. In one
embodiment, step 1.a occurs in the presence of an alkali metal hydroxide, carbonate,
hydrogencarbonate, phosphate, hydrogenphosphate, or dihydrogenphosphate. In one
embodiment, step 1.a occurs in the presence of LiOH, NaOH, KOH, Na,COj3, K,COs3, Cs,COs,
NaHCO3;, KHCOs;, Na;PO,4, KiPO4, Na;HPO4, KoHPO4, NaH,PO4, or KH,PO4. In one

embodiment, R is methyl, and step 1.a occurs in the presence of NaOH or KOH.

[00131] In one embodiment, step 1.a occurs in the presence of M-R® or M-OR®, wherein
M is alkali metal; and R® is substituted or unsubstituted C_1o alkyl. In one embodiment, step 1.a
occurs in the presence of sodium methoxide, sodium ethoxide, sodium #-butoxide, potassium
methoxide, potassium ethoxide, or potassium #-butoxide. In one embodiment, R is methyl, and

step 1.a occurs in the presence of sodium zert-butoxide, or potassium zert-butoxide.

[00132] In one embodiment, step 1.a occurs in the presence of an acid. In some
embodiments, the acid is generated in situ. In one embodiment, step 1.a occurs in the presence
of an organic acid. In one embodiment, step 1.a occurs in the presence of R°"COOH wherein R”
is hydrogen, substituted or unsubstituted C;_19 alkyl, substituted or unsubstituted C;_1o haloalkyl,
or substituted or unsubstituted Cs_j4 aryl. In one embodiment, step 1.a occurs in the presence of
formic acid, acetic acid, trifluoroacetic acid, or benzoic acid. In one embodiment, R is fert-butyl,

and step 1.a occurs in the presence of trifluoroacetic acid.

[00133] In one embodiment, step 1.a occurs in the presence of R°SO;H wherein R is
hydrogen, substituted or unsubstituted C;_j alkyl, substituted or unsubstituted C;_¢ haloalkyl, or
substituted or unsubstituted Cs_ 4 aryl. In one embodiment, step 1.a occurs in the presence of
sulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid,
methanesulfonic acid, or trifluoromethanesulfonic acid. In one embodiment, step 1.a occurs in
the presence of benzenesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid, or
methanesulfonic acid. In one embodiment, step 1.a occurs in the presence of benzenesulfonic
acid. In another embodiment, step 1.a occurs in the presence of p-toluenesulfonic acid. In yet

another embodiment, step 1.a occurs in the presence of camphorsulfonic acid. In yet another
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embodiment, step 1.a occurs in the presence of methanesulfonic acid. In one embodiment, R is

tert-butyl, and step 1.a occurs in the presence of benzenesulfonic acid.

[00134] In one embodiment, step 1.a occurs in the presence of an inorganic acid. In one
embodiment, step 1.a occurs in the presence of hydrochloric acid, sulfuric acid, nitric acid, or
phosphoric acid. In one embodiment, step 1.a occurs in the presence of hydrochloric acid. In

one embodiment, R is ferz-butyl, and step 1.a occurs in the presence of hydrochloric acid.

[00135] Step 1.a may occur in any solvent or any combination of solvents. In some
embodiments, the solvent is, or the combination of solvents contains, diethyl ether, 1,4-dioxane,
tetrahydrofuran, ethyl acetate, isopropyl acetate, acetonitrile, methanol, ethanol, isopropyl
alcohol, dimethylformamide, dimethyl sulfoxide, glyme, diglyme, dimethylacetamide, or N-

methyl-2-pyrrolidone. In some embodiments, the solvent is acetonitrile.

[00136] Step 1.a may occur at any reaction temperature. In some embodiments, the
reaction temperature is from about -100 °C to about 200 °C. In some embodiments, the reaction
temperature is from about -50 °C to about 150 °C. In some embodiments, the reaction
temperature 1s from about 0 °C to about 100 °C. In some embodiments, the reaction temperature
is from about 85 °C to about 95 °C. In some embodiments, the reaction temperature is about 90

°C.

[00137] Step 1.a may occur at any reaction time. In some embodiments, the reaction time
is from about 1 minute to about 14 days. In some embodiments, the reaction time is from about
5 minute to about 48 hours. In some embodiments, the reaction time is from about 1 hour to
about 24 hours. In some embodiments, the reaction time is from about 3 hours to about 12

hours. In some embodiments, the reaction time is from about 8 hours to about 9 hours.
[00138] Step 1.4 is as described above and herein.
6.2.2 Preparation of compound (II)

[00139] In one embodiment, as depicted in Scheme 2 below, provided herein is a process
for preparing an enantiomerically enriched or enantiomerically pure compound of Formula (II),

or a salt thereof, comprising:
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(step 2) contacting an enantiomerically enriched or enantiomerically pure compound of
Formula (IV) with a compound with Formula (V), or a salt thereof, wherein

7" and Z? are as defined above and herein; and

L is halogen, -OSO,CH3, -OSO,CF3, -OSO,CCls, -OSO,CH,CF3,
-0S0,CH,CCl3, -OS0,CsHs-p-Me (para-toluenesulfonate), or a suitable leaving group;

under conditions suitable for displacement.

0 O
Z']
: L N
0 N 0 z
z' <— v ©
N 0 V) _
L 22 step 2
@)
o
v 0 (1
(i) Z'is NHY, and Z* is OR; or (i) Z'is NHY, and Z* is OR; or
(i) Z'is OR, and Z? is NHY (ii) Z'is OR, and Z? is NHY
Scheme 2
[00140] L may be any suitable leaving group known to those of ordinary skill in the art.

In one embodiment, L is halogen, -OSO,CH3, -OSO,CF3, -OSO,CCls, -OSO,CH,CF3,
-OSO,CH,CCl;, or -OSO,C¢Hs-p-Me (para-toluenesulfonate). In one embodiment, L is
halogen. In one embodiment, L is fluoro. In another embodiment, L is chloro. In yet another

embodiment, L is bromo. In yet another embodiment, L is iodo.

[00141] 7' 7% R, and Y are as defined above and herein. The selection of R group 18
important for step 2. A sterically hindered R group, such as tert-butyl, generally results in higher
conversion of a compound of Formula (IV) to a compound of Formula (II), than a non-sterically

hindered R group, such as methyl, does.

[00142] The displacement of the leaving group L with the phenol group in a compound of
Formula (IV) (step 2) may occur in the presence of a base. In some embodiments, the base is

generated in situ. In one embodiment, step 2 occurs in the presence of an alkali metal base. In
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one embodiment, step 2 occurs in the presence of an alkali metal hydroxide, carbonate,
hydrogencarbonate, phosphate, hydrogenphosphate, or dihydrogenphosphate. In one
embodiment, step 2 occurs in the presence of LiOH, NaOH, KOH, Na,COs, K,CO3, Cs,COs,
NaHCOs;, KHCO;, Naz;PO4, KsPO4, Na,HPO,4, K,HPO4, NaH,PO4, or KH,PO4. In one

embodiment, step 2 occurs in the presence of K,CO:s.

[00143] In one embodiment, step 2 occurs in the presence of M-R® or M-OR®, wherein M
is alkali metal; and R° is substituted or unsubstituted C.1 alkyl. In one embodiment, step 2
occurs in the presence of sodium methoxide, sodium ethoxide, sodium #-butoxide, potassium

methoxide, potassium ethoxide, or potassium #-butoxide.

[00144] In one embodiment, step 2 occurs in the presence of a nitrogen containing base.
In one embodiment, step 2 occurs in the presence of triethylamine, diisopropylethylamine,

pyridine, 4-dimethylaminopyridine, or 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU).

[00145] Step 2 may occur in any solvent or any combination of solvents. In some
embodiments, the solvent is, or the combination of solvents contains, dicthyl ether, 1,4-dioxane,
tetrahydrofuran, ethyl acetate, isopropyl acetate, acetonitrile, methanol, ethanol, isopropyl
alcohol, dimethylformamide, dimethyl sulfoxide, glyme, diglyme, dimethylacetamide, or N-
methyl-2-pyrrolidone. In one embodiment, the solvent is acetonitrile. In another embodiments,

the solvent is dimethylformamide.

[00146] Step 2 may occur at any reaction temperature. In some embodiments, the reaction
temperature is from about -100 °C to about 200 °C. In some embodiments, the reaction
temperature is from about -50 °C to about 150 °C. In some embodiments, the reaction
temperature is from about 0 °C to about 100 °C. In some embodiments, the reaction temperature

is from about 40 °C to about 50 °C.

[00147] Step 2 may occur at any reaction time. In some embodiments, the reaction time is
from about 1 minute to about 14 days. In some embodiments, the reaction time is from about 5
minute to about 48 hours. In some embodiments, the reaction time is from about 1 hour to about

24 hours. In some embodiments, the reaction time is from about 12 hours to about 24 hours.

[00148] Step 2 may occur at any molar ratio of the compound of Formula (IV) to the
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compound of Formula (V). In some embodiments, the molar ratio of the compound of Formula
(IV) to the compound of Formula (V) is from about 10:1 to about 1:10. In some embodiments,
the molar ratio of the compound of Formula (IV) to the compound of Formula (V) is from about
5:1 to about 1:5. In some embodiments, the molar ratio of the compound of Formula (IV) to the
compound of Formula (V) is from about 3:1 to about 1:3. In some embodiments, the molar ratio
of the compound of Formula (IV) to the compound of Formula (V) is from about 1.5:1 to about
1:1.5. In some embodiments, the molar ratio of the compound of Formula (IV) to the compound
of Formula (V) is from about 1.1:1 to about 1:1.1. In some embodiments, the molar ratio of the

compound of Formula (IV) to the compound of Formula (V) is about 1:1.

[00149] In one embodiment, Y is hydrogen, R is tert-butyl and L is chloro. In one
embodiment, Y is hydrogen, R is tert-butyl and L is chloro, wherein step 2 occurs in the presence
of K,COs. In one exemplary embodiment, Y is hydrogen, R is tert-butyl and L is chloro,
wherein step 2 occurs in the presence of K,COs, the solvent is dimethylformamide, the reaction
temperature is from about 40 °C to about 50 °C, the reaction time is from about 12 hours to
about 24 hours, and the molar ratio of the compound of Formula (IV) to the compound of

Formula (V) is about 1:1.

[00150] The formation of the ether linkage in a compound of Formula (II) may be
achieved by other chemical transformations known to those of ordinary skill in the art. For
example, a Mitsunobu reaction between a compound of Formula (IV), in its racemic form, and
an alcohol of Formula (B), in the presence of diisopropyl azodicarboxylate (DIAD) and PPhs,
has been reported in U.S. Patent Publication No. 2011/0196150.

N S OH
<)

© B)

Silica gel chromatography is often required for the purification of coupling product of a
Mitsunobu reaction. The basic displacement process as depicted in Scheme 2 has the following
advantages over the reported Mitsunobu reaction: (1) efficient and scalable; (2) high conversion;

and (3) simple purification without the need of silica gel chromatography.
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6.2.3 Preparation of compound (V)

[00151] In one embodiment, as depicted in Scheme 3 below, provided herein is a process
for preparing a compound of Formula (V), or a salt thereof, comprising:
(step 3.1) contacting a compound of Formula (VI), wherein

each L is independently halogen, -OSO,CH3, -OSO,CF3, -OSO,CCls,
-OS0O,CH,CF;, -OS0O,CH,CCls, -OSO,CsHs-p-Me (para-toluenesulfonate), or a suitable leaving
group;
with morpholine, or a salt thereof, under conditions suitable for displacement; and

(step 3.2) optionally purifying the compound of Formula (V) by selective extraction.

L /—\ step3.1 L
/—< >4 + HN o — /—< >4
1/ 7 N
(VD OJ V)

Scheme 3

[00152] Each L independently may be any suitable leaving group known to those of
ordinary skill in the art. In one embodiment, each L is independently halogen, -OSO,CH3,
-0OS0,CF;, -OS0,CCls, -OSO,CH,CF3, -OSO,CH,CCl3, or -OSO,CsHas-p-Me (para-
toluenesulfonate). In one embodiment, each L is independently halogen. In one embodiment,

both L are chloro. In another embodiment, one L is chloro and the other L is -OSO,Me.

[00153] The displacement of the leaving group L with morpholine (step 3.1) may occur in
the presence of a base. In some embodiments, the base is generated in situ. In one embodiment,
step 3.1 occurs in the presence of an alkali metal base. In one embodiment, step 3.1 occurs in the
presence of an alkali metal hydroxide, carbonate, hydrogencarbonate, phosphate,
hydrogenphosphate, or dihydrogenphosphate. In one embodiment, step 3.1 occurs in the
presence of LiOH, NaOH, KOH, Na,COs3, K,CO3, Cs,CO3, NaHCO3, KHCO3, NazPO4, K3POy4,
Na,HPO,, K,HPO4, NaH,PO,4, or KH,PO,.

[00154] In one embodiment, step 3.1 occurs in the presence of M-R or M-OR®, wherein
M is alkali metal; and R¢ is substituted or unsubstituted C;_j alkyl. In one embodiment, step 3.1
occurs in the presence of sodium methoxide, sodium ethoxide, sodium #-butoxide, potassium

methoxide, potassium ethoxide, or potassium #-butoxide.
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[00155] In one embodiment, step 3.1 occurs in the presence of a nitrogen containing base.
In one embodiment, step 3.1 occurs in the presence of triethylamine, diisopropylethylamine,
pyridine, 4-dimethylaminopyridine, or 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU). In one
embodiment, step 3.1 occurs in the presence of diisoproprylethylamine. In another embodiment,

morpholine itself serves as the base.

[00156] Step 3.1 may occur in any solvent or any combination of solvents. In some
embodiments, the solvent is, or the combination of solvents contains, diethyl ether, 1,4-dioxane,
tetrahydrofuran, ethyl acetate, isopropyl acetate, acetonitrile, methanol, ethanol, isopropyl
alcohol, dimethylformamide, dimethyl sulfoxide, glyme, diglyme, dimethylacetamide, or N-
methyl-2-pyrrolidone. In one embodiment, the solvent is acetonitrile. In another embodiment,

the solvent is tetrahydrofuran. In yet another embodiment, the solvent is isopropyl acetate.

[00157] The reaction temperature, reaction time and molar ratio of the compound of
Formula (VI) to morpholine are important to achieve the optimal conversion of the compound of
Formula (V). In certain cases, elevated reaction temperature, prolonged reaction time, and/or
large excess of morpholine may result in the formation of a large amount of by-product 1,4-

bis(morpholinomethyl)benzene or a salt thereof.

[00158] Step 3.1 may occur at any reaction temperature. In some embodiments, the
reaction temperature is from about -100 °C to about 200 °C. In some embodiments, the reaction
temperature is from about -50 °C to about 150 °C. In some embodiments, the reaction
temperature is from about 0 °C to about 100 °C. In some embodiments, the reaction temperature

is about room temperature.

[00159] Step 3.1 may occur at any reaction time. In some embodiments, the reaction time
is from about 1 minute to about 14 days. In some embodiments, the reaction time is from about
5 minute to about 48 hours. In some embodiments, the reaction time is from about 1 hour to
about 24 hours. In some embodiments, the reaction time is from about 20 hours to no more than

24 hours.

[00160] Step 3.1 may occur at any molar ratio of the compound of Formula (VI) to

morpholine. In some embodiments, the molar ratio of the compound of Formula (VI) to
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morpholine is from about 10:1 to about 1:10. In some embodiments, the molar ratio of the
compound of Formula (VI) to morpholine is from about 5:1 to about 1:5. In some embodiments,
the molar ratio of the compound of Formula (VI) to morpholine is from about 3:1 to about 1:3.
In some embodiments, the molar ratio of the compound of Formula (VI) to morpholine is from
about 1.5:1 to about 1:1.5. In one embodiment, the molar ratio of the compound of Formula (VI)
to morpholine is about 1:1.5. In another embodiment, the molar ratio of the compound of

Formula (VI) to morpholine is about 1:1.

[00161] Step 3.1 usually results in a mixture of the compound of Formula (V), or a salt
thereof, and by-product 1,4-bis(morpholinomethyl)benzene, or a salt thereof. The mixture may
be optionally separated by selective extraction in a suitable solvent or a combination of suitable
solvents (step 3.2). In some embodiments, the solvent is, or the combination of solvents
contains, diethyl ether, 1,4-dioxane, tetrahydrofuran, ethyl acetate, isopropyl acetate, acetonitrile,
methanol, ethanol, isopropyl alcohol, dimethylformamide, dimethyl sulfoxide, glyme, diglyme,

dimethylacetamide, or N-methyl-2-pyrrolidone. In one embodiment, the solvent is methanol.

[00162] In one exemplary embodiment, both L are chloro, wherein step 3.1 occurs in a
solvent of isopropyl acetate, the reaction temperature is about room temperature, the reaction
time is from about 20 hours to no more than 24 hours, and the molar ratio of the compound of
Formula (VI) to morpholine is about 1:1.5; and the compound of Formula (V) is optionally

purified by selective extraction in methanol.

[00163] In another exemplary embodiment, one L is chloro, and the other L is -OSO,CH3,

wherein step 3.1 occurs in the presence of diisopropylethylamine and the solvent is acetonitrile.
6.2.4 Preparation of compound (IV)

[00164] The compound of Formula (IV) may be prepared using methods known to those
of ordinary skill in the art. For example, the preparation of a compound of Formula (IV),
wherein R is methyl and the compound is in its racemic form, has been reported in U.S. Patent

Publication No. 2011/0196150.

[00165] In one embodiment, provided herein is a process for preparing an

enantiomerically enriched or enantiomerically pure compound of Formula (IV), comprising
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(step 4) deprotecting an enantiomerically enriched or enantiomerically pure compound of
Formula (VII):
0O O
Z‘]
N
O\ 1 22
R O (VII), wherein

(1) Z'is NHY, and Z* is OR; or
(i)  Z'is OR, and Z* is NHY; and
R' is a suitable phenol protecting group;

under conditions suitable for deprotection.

[00166] Suitable phenol 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 7. W. Green, Protective Groups in Organic Synthesis (Third
Ed., Wiley, New York, 1999). In one embodiments, R' is methyl, isopropyl, cyclopropylmethyl,
tert-butyl, cyclohexyl, allyl, propargyl, cyanomethyl, 2-bromoethyl, methoxymethyl (MOM),
methylthiomethyl (MTM), methoxyethoxymethyl (MEM), 2-(trimethylsilyl)ethoxymethylamine
(SEM), tetrahydropyranyl (THP), benzyl, p-methoxybenzyl, 2,6-dimethoxybenzyl, 2,6-
dichlorobenzyl, trimethylsilyl (TMS), triethylsilyl (TES), triisopropylsilyl (TIPS),
dimethylisopropylsilyl (IPDMS), diethylisopropylsilyl (DEIPS), #-butyldimethylsilyl (TBDMS),
or ¢-butyldiphenylsilyl (TBDPS), formate, acetate, benzoate, methyl carbonate, #-butyl carbonate

(BOC), benzyl carbonate, dimethylphosphinyl, methanesulfonate, or toluenesulfonate.

[00167] In one exemplary embodiment, Y is hydrogen, R is zert-butyl and R' is ¢-
butyldimethylsilyl (TBDMS), wherein the reaction occurs in methanol in the presence of

tetrabutylammonium fluoride (TBAF).
6.2.5 Preparation of compound (VII)

[00168] The compound of Formula (VII) may be prepared using methods known to those
of ordinary skill in the art. For example, the preparation of a compound of Formula (VII),
wherein R is methyl, R' is #-butyldimethylsilyl (TBDMS), and the compound is in its racemic
form, has been reported in U.S. Patent Publication No. 2011/0196150.
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[00169] In one embodiment, provided herein is a process for preparing an
enantiomerically enriched or enantiomerically pure compound of Formula (VII), comprising

(step 5) contacting a compound of Formula (VIII):
O

L']
L2
O._; .
R (VIII), wherein
R' is a suitable phenol protecting group; L' and L* are, independently, halogen,
ORZ, OCORZ, OSO2R2, OPO;RZ, or a suitable leaving group;
wherein R? is saturated, partially saturated, or unsaturated C .1 alkyl, optionally
substituted with one or more halogen; or 5 to 10 membered aryl or heteroaryl, optionally

substituted with one or more halogen;

with an enantiomerically enriched or enantiomerically pure compound of Formula (IX), or a salt

thereof:

H,N
72
O (IX), wherein
(1) Z'is NHY, and Z* is OR; or
(i)  Z'is OR, and Z* is NHY;

under conditions suitable for cyclization.

[00170] L' and L? may be, independently, any suitable leaving group known to those of
ordinary skill in the art. In one embodiment, L'and L? are, independently, halogen, methoxy,
-OSOzCHg, -OSOzCFg, -OSOzCC13, -0802CH2CF3, -0802CH2CC13, or -0802C6H4-p-M6

ara-toluenesulfonate). In one embodiment, L' is methoxy, and L? is bromo.
y

[00171] In one exemplary embodiment, Y is hydrogen, R is ert-butyl, R is z-
butyldimethylsilyl (TBDMS), L' is methoxy, and L? is bromo, wherein the reaction occurs in

acetonitrile in the presence of KH,PO,.
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[00172] In another exemplary embodiment, Y is hydrogen, R is methyl, R" is #-
butyldimethylsilyl (TBDMS), L' is methoxy, and L? is bromo, wherein the reaction occurs in

acetonitrile in the presence of diisopropylethylamine.
6.2.6 Preparation of compound (VIII)

[00173] The compound of Formula (VIII) may be prepared using methods known to those
of ordinary skill in the art. For example, the preparation of a compound of Formula (VIII),
wherein R' is #-butyldimethylsilyl, L' is methoxy, and L? is bromo, has been reported in U.S.
Patent Publication No. 2011/0196150.

[00174] In one embodiment, provided herein is a process for preparing a compound of
Formula (VIII), comprising

(step 6) halogenating a compound of Formula (X) at its benzylic position:
O

L']
O.
R" (X

under conditions suitable for halogenations.

[00175] In one embodiment, the halogenation reaction is free radical bromination. The
free radical bromination may be initiated by ultraviolet radiation, sunlight, or heating in the
presence of a radical initiator. The bromination reagents and conditions for free radical
bromination are well known to those of ordinary skill in the art. In one exemplary embodiment,
the bromination reagent is 1-bromopyrrolidine-2,5-dione (NBS), the radical initiator is 2,2’-

(diazene-1,2-diyl)bis(2-methylpropanenitrile) (AIBN), and the solvent is isopropyl acetate.
6.2.7 Preparation of compound (X)

[00176] The compound of Formula (X) may be prepared using methods known to those of
ordinary skill in the art. For example, the preparation of a compound of Formula (X), wherein
R! is #-butyldimethylsilyl, and L' is methoxy, has been reported in U.S. Patent Publication No.
2011/0196150.
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[00177] In one embodiment, provided herein is a process for preparing a compound of
Formula (X), comprising
(step 7) reacting a compound of Formula (XI):
0
L1

OH (XD);

with a protecting group under conditions suitable for protection.

[00178] In one exemplary embodiment, L' is methoxy, wherein the protection occurs in a
solvent of N,N-diemethylformamide, and in the presence of zert-butyldimethylsilyl chloride and

imidazole.
6.2.8 Preparation of compound (XI)

[00179] The compound of Formula (XI) may be prepared using methods known to those
of ordinary skill in the art. For example, the preparation of a compound of Formula (XI),

wherein L' is methoxy, has been reported in U.S. Patent Publication No. 2011/0196150.

[00180] In one embodiment, provided herein is a process for preparing a compound of
Formula (XI), comprising
(step 8) reacting 3-hydroxy-2-methylbenzoic acid with an alcohol under conditions

suitable for esterification.

[00181] The methods for preparing an ester from an acid are well known to those of
ordinary skill in the art. In some embodiments, the esterification occurs by reacting the acid with
an alcohol under an acidic condition. In one exemplary embodiment, the alcohol is methanol

and the reaction occurs in the presence of sulfuric acid.
6.2.9 Additional embodiments

[00182] In one embodiment, provided herein is a process for preparing an
enantiomerically enriched or enantiomerically pure (S)- 3-(4-((4-

(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, wherein Y is
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hydrogen, R is tert-butyl, and step 1.1 and step 1.2 occur in one-pot in the presence of

benzenesulfonic acid; wherein L is chloro, and step 2 occurs in the presence of K,COs.

[00183] In one embodiment, provided herein is a process for preparing an
enantiomerically enriched or enantiomerically pure (S)- 3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, wherein Y is
hydrogen, R is fert-butyl, and step 1.1 and step 1.2 occur in one-pot in the presence of
benzenesulfonic acid; wherein L is chloro, and step 2 occurs in the presence of K,COs; wherein
step 3.1 occurs in a solvent of isopropyl acetate, the reaction temperature is about room
temperature, the reaction time is from about 20 hours to no more than 24 hours, and the molar
ratio of the compound of Formula (VI) to morpholine is about 1:1.5; and the compound of

Formula (V) is optionally purified by selective extraction in methanol.

[00184] In one embodiment, provided herein is a process for preparing an
enantiomerically enriched or enantiomerically pure (S)- 3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, wherein Y is
hydrogen, R is tert-butyl, and step 1.1 and step 1.2 occur in one-pot in the presence of
benzenesulfonic acid; wherein L is chloro, and step 2 occurs in the presence of K,COs; wherein
R' is -butyldimethylsilyl (TBDMS), step 4 occurs in methanol in the presence of
tetrabutylammonium fluoride (TBAF).

[00185] In one embodiment, provided herein is a process for preparing an
enantiomerically enriched or enantiomerically pure (S)- 3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, or a
pharmaceutically acceptable form thercof, comprising:

(step 1.1) transforming an enantiomerically enriched or enantiomerically pure compound of
Formula (II), or a salt thereof, to an enantiomerically enriched or enantiomerically pure
compound of Formula (IIT), or a salt thereof, under conditions suitable for ester to acid
transformation;

(step 1.2) cyclizing the enantiomerically enriched or enantiomerically pure compound of
Formula (IIT) to an enantiomerically enriched or enantiomerically pure compound of Formula (I-

a) under conditions suitable for cyclization;
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(step 1.3) where Y is not hydrogen, deprotecting the enantiomerically enriched or
enantiomerically pure compound of Formula (I-a) to an enantiomerically enriched or
enantiomerically pure compound of Formula (I) under conditions suitable for deprotection; and
(step 1.4) optionally transforming the enantiomerically enriched or enantiomerically pure
compound of Formula (I) to a pharmaceutically acceptable salt thereof under conditions suitable
for salt formation,;

wherein step 1.1 and step 1.2 occur in one-pot; and

wherein the enantiomerically enriched or enantiomerically pure compound of Formula (II) is
prepared by a process comprising:

(step 2) contacting an enantiomerically enriched or enantiomerically pure compound of
Formula (IV) with a compound with Formula (V), or a salt thereof, under conditions suitable for
displacement;

wherein the compound of Formula (V) is prepared by a process comprising:

(step 3.1) contacting a compound of Formula (VI) with morpholine, or a salt thereof, under
conditions suitable for displacement; and

(step 3.2) optionally purifying the compound of Formula (V) by selective extraction;
wherein the enantiomerically enriched or enantiomerically pure compound of Formula (IV) is
prepared by a process comprising:

(step 4) deprotecting an enantiomerically enriched or enantiomerically pure compound of
Formula (VII) under conditions suitable for deprotection;

wherein the enantiomerically enriched or enantiomerically pure compound of Formula (VII) is
prepared by a process comprising:

(step 5) contacting a compound of Formula (VIII) with an enantiomerically enriched or
enantiomerically pure compound of Formula (IX), or a salt thereof, under conditions suitable for
cyclization;

wherein the compound of Formula (VIII) is prepared by a process comprising:

(step 6) halogenating a compound of Formula (X) at its benzylic position under conditions
suitable for halogenation;

wherein the compound of Formula (X) is prepared by a process comprising:

(step 7) reacting a compound of Formula (XI) with a protecting group under conditions

suitable for protection;
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wherein the compound of Formula (XI) is prepared by a process comprising:
(step 8) reacting 3-hydroxy-2-methylbenzoic acid with an alcohol under conditions
suitable for esterification;

wherein R, R, R%, Y, L, L', and L? are as defined above and herein.

[00186] All of the combinations of the above embodiments are encompassed by this
invention.
[00187] It is to be understood that the processes of the present invention are also suitable

for the preparation of the R-enantiomer or racemate of 3-(4-((4-(morpholinomethyl)benzyl)oxy)-
I-oxoisoindolin-2-yl)piperidine-2,6-dione, via replacing the compound of Formula (IX) with its
corresponding R-enantiomer or racemate. Additionally, the racemate of 3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione may be synthesized
by the racemization of any enantiomerically enriched or pure compounds on the synthetic route

according to methods known in the art and provided herein.
6.3  Enhancement of Enantiopurity

[00188] In one embodiment, provided herein are methods of increasing the enantiopurity
of a compound of Formula (I), or a salt and/or solvate thereof. Generally, enantiopurity can be

increased by recrystallization or trituration under conditions that lead to optimal eey.

[00189] In one embodiment, provided herein is a process for increasing or enhancing the
enantiopurity of (§)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-
2,6-dione, or a salt and/or solvate thereof, comprising recrystallization or trituration of a first
sample of (§)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-
dione, or a salt and/or solvate thereof, in a solvent or a mixture of solvents, resulting in a second
sample of (§)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-
dione, or a salt and/or solvate thereof, wherein the second sample has a higher ee than the first

sample.

[00190] In one embodiment, the enantiopurity is increased by recrystallization. In another

embodiment, the enantiopurity is increased by trituration.
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[00191] In one embodiment, the enantiopurity may increase by 1%, 5%, 10%, 15%, 20%,
25%, 30% or more after the recrystallization or trituration as compared to the enantiopurity

before the recrystallization or trituration.

[00192] The first sample of (S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-
2-yD)piperidine-2,6-dione (i.e., the sample whose enantiopurity is to be increased) may be in
anhydrous form, freebase form, hydrate form, solvate form, salt form, or any combination
thereof. In one embodiment, the first sample is in the anhydrous freebase form. In another
embodiment, the first sample is in the freebase hydrate form. In another embodiment, the first
sample is in the freebase THF solvate form. In yet another embodiment, the first sample is in the
HCl salt form. In yet another preferred embodiment, the first sample is in the anhydrous HCI

salt form.

[00193] The ee of the first sample may be from 0% to about 95%. In one embodiment, the
ee of the first sample is from about 25% to about 90%. In one embodiment, the ee of the first

sample is from about 50% to about 80%. In one embodiment, the ee of the first sample is about

75%.

[00194] The recrystallization or trituration may occur in any solvent or any combination of
solvents. In some embodiments, the solvent is, or the combination of solvents contains, water,
diethyl ether, 1,4-dioxane, tetrahydrofuran, ethyl acetate, isopropyl acetate, acetonitrile,
methanol, ethanol, isopropyl alcohol, dimethylformamide, dimethyl sulfoxide, glyme, diglyme,
dimethylacetamide, or N-methyl-2-pyrrolidone. In one embodiment, the solvent is acetonitrile.

In another embodiment, the solvent is tetrahydrofuran.

[00195] In one embodiment, the solvent is an alcohol. In one embodiment, the solvent is
methanol.
[00196] In one embodiment, the solvent is a mixture of alcohol and water. In one

embodiment, the solvent is a mixture of isopropyl alcohol and water. In one embodiment, the
solvent is a 90:10 mixture of isopropyl alcohol and water. In another embodiment, the solvent is

a 95:5 mixture of isopropyl alcohol and water.

[00197] The recrystallization or trituration may occur at any temperature. In some
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embodiments, the temperature is from about 0 °C to about 100 °C. In some embodiments, the
temperature is from about 10 °C to about 80 °C. In one embodiment, the temperature is about 22

°C. In another embodiment, the temperature is about 55 °C.

[00198] The second sample of (S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione (i.e., the compound after increase of enantiopurity) may
be in a same or different form as that of the first sample of (S5)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione. In one embodiment,
the second sample is in a different form as that of the first sample. In another embodiment, the
second sample is in a same form as that of the first sample. In one embodiment, both the first

and the second samples are in the HCI salt form.

[00199] The ee of the second sample is higher than the ee of the first sample. In one
embodiment, the ee of the second sample is no less than about 50%, no less than about 60%, no
less than about 70%, no less than about 80%, no less than about 85%, no less than about 90%, no
less than about 91%, no less than about 92%, no less than about 93%, no less than about 94%, no
less than about 95%, no less than about 96%, no less than about 97%, no less than about 98%, no
less than about 99%, no less than about 99.5%, no less than about 99.9%, no less than about

99.95%, no less than about 99.99%, or about 100%.

[00200] In one embodiment, the first sample of (S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione is in the HCI salt
form having an ee of 75%, the trituration occurs in methanol at 55 °C, resulting in a second
sample of (§)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-
dione in the HCIl salt form having an ee of 97.5%.

[00201] All of the combinations of the above embodiments are encompassed by this

invention.
7. EXAMPLES

[00202] 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
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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); uL (microliters); M (molar); mM
(millimolar); uM (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.

[00203] 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.

Example 1
Synthesis of methyl 2-(bromomethyl)-3-((ferz-butyldimethylsilyl)oxy)benzoate

O
O,Me
Br
"9
Me !
Step 1:
O 0]
Me
OH 1) MeOH, 0.3 eq. H,SO,, 60 °C, 17 hr o]
Me  2)H,0 Me
OH OH
[00204] 3-Hydroxy-2-methylbenzoic acid (250 g, 1.32 mole) was added to methanol

(2500 mL, 10X) in a jacketed bottom drop three neck flask under nitrogen. Sulfuric acid (48.3 g,

0.49 mole) was added to the above solution. The mixture was heated to 60 °C and stirred for 8

-54.-



WO 2014/025978 PCT/US2013/054099

to 17 hours. Once conversion was >98%, the mixture was atmospherically distilled to 3X
volume. The residue was cooled to 20 °C and slowly added to water (500 mL, 2X) over at least
30 minutes. Seeds (2 g, 0.01X) were added and the mixture was agitated at 20 °C for at least 1
hour. Water (1500 mL, 6X) was added at 20 °C over at least 3 hours and the mixture was
agitated at 20 °C for at least one additional hour. The solid was filtered, and washed three times
with 9:1 water: methanol (500 mL, 2X each) until pH > 3. The solid was dried under vacuum at
35 to 45°C until KF <0.1% to give methyl 3-hydroxy-2-methylbenzoate (235.3 g, 86% yield);
'H NMR (DMSO-ds, 300 MHz) 6 9.68 (s, 1H), 7.18 (dd, J=7.5, 1.2 Hz, 1H), 7.08 (t,J = 7.5 Hz,
1H), 7.00 (dd, /= 8.1, 1.2 Hz, 1H), 3.80 (s, 3H), 2.29 (s, 3H) ppm.

Step 2:
O
_Me _Me
o Me  imidazole O
+ t-Bu-Si-Cl ——
Me Me  DMF Me
OH O\Si,Me
I\I/Iet_Bu
[00205] Methyl 3-hydroxy-2-methylbenzoate (110 g, 662 mmol) was added to DMF (660

mL, 6X) in a 3 liter jacketed bottom drop reactor. The mixture was cooled to 5 °C, and
imidazole (113 g, 1655 mmol, 1.03X) was added to the solution. ters-Butyldimethylsilyl
chloride (110 g, 728 mmol, 1X) was added, and the mixture was agitated at 5 °C for 1 hour. The
mixture was warmed up to 20 °C and agitated for at least 2 hours until no more than 0.2% of the
starting phenol was left. Isopropyl acetate (770 mL, 7X) was added, then water (1100 mL, 10X)
was slowly added, keeping temperature below 30 °C. The mixture was agitated, settled, and
split. The organic layer was washed three additional times with water (770 mL, 7X each), and
distilled under vacuum at 40 to 55 °C to 6X volume and until KF was no more than 0.05%. The
methyl 3-((zert-butyldimethylsilyl)oxy)-2-methylbenzoate product was stored as isopropyl
acetate solution, which was used in the next step without further purification (expected 168 g,
90% yield); 'H NMR (DMSO-ds, 300 MHz) § 7.15 (dd, J= 7.8, 1.2 Hz, 1H), 6.97 (t,J = 7.8 Hz,
1H), 6.82 (dd, /= 8.1, 1.2 Hz, 1H), 3.60 (s, 3H), 2.29 (s, 3H), 0.97 (s, 9H), 0.18 (s, 6H) ppm.

Step 3:
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0O 0]
.Me _Me
O NBS, AIBN O
M —_— Br
© PrOAC
O...Me ....Me
Sll\t-Bu Sll\t-Bu
Me Me
[00206] The isopropyl acetate solution of methyl 3-((fert-butyldimethylsilyl)oxy)-2-

methylbenzoate (157 g, 560 mmol, from step 2, with an amount of residue free phenol < 0.2%)
was added to a 3 liter jacketed bottom drop reactor. Additional isopropyl acetate was added and
the mixture was distilled under vacuum at 40 to 55 °C, if necessary, to bring total volume to
about 9X (1410 mL, KF <0.05%). 1-Bromopyrrolidine-2,5-dione (NBS, 103.6 g, 580 mmol,
0.66X) and 2,2’-(diazene-1,2-diyl)bis(2-methylpropanenitrile) (AIBN, 1.9 g, 11 mmol, 0.012X)
were added to the solution. The reaction mixture was heated to 70 °C over at least 2 hours and
stirred at 70 °C for 2 hours. The color changed from orange to yellow. If conversion was less
than 95%, additional 0.05 molar equiv. of NBS was added and the mixture was stirred at 70 °C
for 1 hour. The process was repeated, in necessary, until conversion reached 95%. The mixture
was cooled to 20 °C and held at 20 °C for at least 1 hour. The solid (succinimide) was filtered
and washed with isopropyl acetate (75 mL, 0.5X). The filtrate was washed with solution of
sodium sulfite (157 g, 1X) in water (1413 mL, 9X), followed by water (315 mL, 2X). The
organic layer was distilled under vacuum at 30 to 40 °C to ~2X volume. Additional isopropyl
acetate (315 mL, 2X) was added and distilled back to 2X volume, if necessary, until KF was no
more than 0.1%. Then the organic layer was distilled at 30 to 40 °C to give methyl 2-
(bromomethyl)-3-((tert-butyldimethylsilyl)oxy)benzoate as an oil (expected 180 g, 90% yield);
'H NMR (DMSO-ds, 300 MHz) 6 7.47 (dd, J = 7.8, 1.2 Hz, 1H), 7.37 (t, J= 8.1 Hz, 1H), 7.15
(dd, J=8.1, 1.2 Hz, 1H), 4.96 (s, 2H), 3.86 (s, 3H), 1.03 (s, 9H), 0.30 (s, 6H) ppm.

Example 2
Synthesis of (S)-tert-butyl 5-amino-4-(4-hydroxy-1-oxoisoindolin-2-yl)-5-oxopentanoate

S
N 5
’_>7 /t-BU
OH O

o)

-56-



WO 2014/025978 PCT/US2013/054099

Step 1:
O y o 0 o
o-e  HCl NH, DIEA }NHZ
Br+ HN— - N
,,_>/7 JtBu  CHiCN ‘}O,f-BU
O O...-Me
O\S|i;'\£eau 0 Segy O
Me Me

[00207] Methyl 2-(bromomethyl)-3-((zert-butyldimethylsilyl)oxy)benzoate (250 g, 696

mmol) and (S)-tert-butyl 4,5-diamino-5-oxopentanoate hydrochloride (183 g, 765 mmol) were
added to acetonitrile (2150 mL, 8.6X) in a 5 liter jacketed bottom drop vessel with overhead
agitation under nitrogen. Diisopropylethylamine (DIEA, 303 mL, 1.74 mmol, 1.2X) was added,
and the mixture was heated at 45 to 50 °C for 24 to 45 hours. Once conversion was > 97%, the
mixture was distilled under vacuum below 50 °C to 4X volume. An aqueous wash solution of
KH,PO4 (190 g, 1.32 mmol, 0.75X) in water (2500 mL, 10X) was prepared in a separate vessel.
The reaction mixture was cooled to 20 to 25 °C, and methyl zert-butyl ether (MTBE, 1500 mL,
6X) was added. The mixture was washed twice with half of the phosphate solution and twice
with water (500 mL, 2X). The mixture was atmospherically distilled to 4X volume (1000 mL).
Additional MTBE was added and the mixture was distilled back to 4X volume, if necessary,
until KF was < 0.2%. Methanol (1500 mL, 6X) was then added, and the mixture was distilled
under vacuum at 25 to 35 °C to 4X volume. Additional methanol was added and the mixture
was distilled back to 4X volume, if necessary, until MTBE was no more than 5% with respect to
methanol by mole). The crude (S)-tert-butyl 5-amino-4-(4-((tert-butyldimethylsilyl)oxy)-1-

oxoisoindolin-2-yl)-5-oxopentanoate was used in the next step without further purification.

Step 2:
0O O O O
NH, }NHZ
e TBAF -
- JtBu MeOH - JtBu
O....Me ‘>*O OH ‘>’O
Shigy O ©
Me
[00208] Methanol (1500 mL, 6X) was added to the crude (S)-fert-butyl 5-amino-4-(4-
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((tert-butyldimethylsilyl)oxy)-1-oxoisoindolin-2-yl)-5-oxopentanoate from step 1.
Tetrabutylammonium fluoride trihydrate (35 g, 0.14X) was added. The mixture was agitated at
15 to 25 °C for 12 to 24 hours. The agitation was prolonged, if necessary, until conversion
reached 99.5%. The mixture was distilled under vacuum below 45 °C to 3.5 to 4X volume (875
to 1000 mL). Baffle was inserted into the reactor, the temperature was adjusted to 15 to 25 °C,
and seeds (1.25 g, 0.005X) were added. Water (1750 mL, 7X) was added over 7 hours. The
mixture was agitated for 12 to 24 hours. The solid was filtered, washed with water (500 mL,
2X), and dried under reduced pressure with nitrogen bleed at 40 °C until KF <0.5%. The crude
(S)-tert-butyl 5-amino-4-(4-hydroxy-1-oxoisoindolin-2-yl)-5-oxopentanoate was used in the next

step without further purification.

Step 3:

0 0 0 0
}NHz CH4CN }NHz
N—, —— N—/
- [Bu - t-Bu
‘>70 ‘>70/
OH OH
0 0

[00209] The crude (S)-tert-butyl 5-amino-4-(4-hydroxy-1-oxoisoindolin-2-yl)-5-
oxopentanoate from step 2 was added to acetonitrile (750 mL, 3X) in a 2 liter flask with
overhead agitation, thermocouple and nitrogen atmosphere. The mixture was heated to 60 to 70
°C and agitated in this range for 4 to 5 hours. The mixture was cooled to 15 to 25 °C over4 to 5
hours and agitated in this range for 12 to 24 hours. The solid was filtered, washed with
acetonitrile (250 mL, 1X), and dried under reduced pressure with nitrogen sweep at 35 to 45 °C
until Loss On Drying (LOD) < 1% to give (S)-tert-butyl 5-amino-4-(4-hydroxy-1-oxoisoindolin-
2-yl)-5-oxopentanoate (182 g, 78% yield); MS m/z: 335.1 (M+1); 'H NMR (DMSO-ds, 300
MHz) 6 10.03 (s, 1H), 7.56 (br s, 1H), 7.31 (dd, /= 7.8, 7.8 Hz, 1H), 7.18 (br s, 1H), 7.15 (dd, J
=7.5,0.6 Hz, 1H), 6.98 (dd, /=7.8, 0.6 Hz, 1H), 4.71 (dd, /=10.2, 4.2 Hz, 1H), 4.49 (d, J =
17.7 Hz, 1H), 4.32 (d, /= 17.4 Hz, 1H), 2.21 — 1.93 (m, 4H), 1.34 (s, 9H) ppm.
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Example 3
Synthesis of 4-(4-(chloromethyl)benzyl)morpholine hydrochloride

HCIN D ~
()

o)

H
N
[ j _ HCI cl
Cl o HCl in IPA
of 'PrOAc (_
o/
[00210] 1,4-Bis(chloromethyl)benzene (50 g, 286 mmol) was added to isopropyl acetate
(500 mL, 10X) in a reaction vessel. Once the solid dissolved, morpholine (37.5 mL, 428 mmol)
was added in a single portion. The mixture was stirred at room temperature for 20 to no more
than 24 hours. The solid (morpholine-HCI and bis-morpholine by-product) was filtered and
washed with isopropyl acetate (50 mL). The filtrate was washed twice with water (125 mL) and
once with 5% brine (100 mL). The organic phase was dried azeotropically or with MgSO,4. HCI
in 2-propanol (IPA, 50 mL, 5 — 6 N) was added to the dried organic phase. The first 20 mL was
added slowly to establish a good seed bed. The resulting white solid was filtered, washed with
isopropyl acetate (100 mL), dried on the filter to constant weight to give crude product (39.4 g,
including 80.3% strength product and 19.7% bis-morpholine by-product, 56.4% yield).

[00211] The crude product (2.0 g, 80.3% strength, 48.8 mmol) was added to methanol (20
mL, 10X), and the mixture was stirred at room temperature for 3 hours. The solid (bis-
morpholine by-product) was filtered and NOT rinsed. Isopropyl acetate (20 mL) was added to
the filtrate, and methanol was removed by distillation at atmospheric pressure. Methanol
removal was considered sufficiently complete when the head temperature dropped rapidly from
the boiling temperature of methanol (64 — 65 °C). The mixture was cooled to room temperature
and stirred overnight. The resulting solid was filtered by rapid vacuum filtration, washed with
isopropyl acetate (1 — 2 mL), dried on funnel over vacuum to constant weight, to give 4-(4-

(chloromethyl)benzyl)morpholine hydrochloride as a white crystal product (1.3 g, 81% yield);
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MS m/z: 226.1,228.0 (M+1); "H NMR (DMSO-ds, 300 MHz) 0 11.56 (br s, 1H), 7.65 (d, J = 8.1
Hz, 2H), 7.51 (d, J= 8.1 Hz, 2H), 4.79 (s, 2H), 4.32 (d, /= 5.4 Hz, 2H), 3.94 — 3.78 (m, 4H),
3.20 — 3.00 (m, 4H) ppm; *C NMR (DMSO-ds, 75 MHz) § 138.9, 131.8, 129.3, 129.1, 63.0,
58.4,50.6, 45.5 ppm.

Example 4
Synthesis of (S)-tert-butyl 5-amino-4-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-

yl)-5-oxopentanoate

}NHZ HCI KoCOs o
N— + N
= JBu ( DMF
OH _>/*O J
4 0

[00212] (8)-tert-Butyl 5-amino-4-(4-hydroxy-1-oxoisoindolin-2-yl)-5-oxopentanoate (160
), 4-(4-(chloromethyl)benzyl)morpholine hydrochloride (138 g, 0.87X) and potassium
carbonate (165 g, 1.04X) were added to DMF (960 mL, 6X) in a 5 liter jacketed vessel. The
mixture was heated to 40 to 50 °C and agitated for 12 to 24 hours. The mixture was cooled to 25
to 35 °C, then ethyl acetate (1600 mL, 10X) and water (1600 mL, 10X) were added. The
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mixture was agitated at 25 to 35 °C, settled, and split. Additional ethyl acetate (800 mL, 5X) and
water (800 mL, 5X) were added. The mixture was agitated at 25 to 35 °C, settled, and split. The
combined organic phase was washed four times with water (400 mL, 2.5X). The organic phase
was distilled under vacuum below 50 °C to 6X volume. Additional ethyl acetate (2880 mL,
18X) was continuously added, and the distillation was continued to maintain about 6X volume.
The temperature was adjusted to 40 to 45 °C, then seeds (0.8 g, 0.005X) were added. The
mixture was held for about 30 minutes to build seed bed, then heptane (960 mL, 6X) was added
over about 1.5 hours. The mixture was cooled to 15 to 25 °C over about 1 to 1.5 hours, agitated
at 15 to 25 °C for at least on¢ hour, and held for 16 hours. The solid was filtered, washed with
heptane: ethyl acetate (5X total, 2.5X heptane, 2.5X ethyl acetate), and dried under reduced
pressure with nitrogen sweep at 35 to 45 °C until LOD < 1%, to give (S)-tert-butyl 5-amino-4-(4-
((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)-5-oxopentanoate as a white solid
(215.3 g, 86% yield); MS m/z: 524.3 (M+1); "H NMR (DMSO-ds, 300 MHz) 6 7.57 (br s, 1H),
7.48 — 7.43 (m, 3H), 7.34 (d, J = 8.1 Hz, 2H), 7.29 (d, J = 7.5 Hz, 2H), 7.19 (br s, 1H), 5.21 (s,
2H),4.71 (dd, J=10.2, 4.2 Hz, 1H), 4.54 (d, /= 17.4 Hz, 1H), 4.40 (d, /= 17.7 Hz, 1H), 3.56
(dd,J=4.5,4.5 Hz, 4H), 3.45 (s, 2H), 2.34 (dd, /= 4.5, 4.5 Hz, 4H), 2.15 - 1.99 (m, 4H), 1.32
(s, 9H) ppm; *C NMR (DMSO-dg, 75 MHz) § 171.8, 171.3, 167.8, 153.4, 137.7, 135.3, 133.3,
130.2, 129.5, 129.0, 127.6, 115.1, 114.6, 79.7, 69.4, 66.2, 62.1, 53.5, 53.1, 44.8, 31.8, 27.6, 24.8

Example S
Synthesis of (S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-

dione besylate
0 O

M

-
rd
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E ,Bu “
o _>/’—0 ©—SO3H o} _>_OH @sow o

CH4CN CH4CN
continuous distillation continuous distillation
O o\)N OSO3H O\)N @SoaH
B (not isolated) N
[00213] Benzenesulfonic acid (68.7 g, 0.39X) was added to acetonitrile (1400 mL, 8X) in

a 5 liter jacketed flask equipped with overhead agitation, thermocouple, addition funnel, and a
Dean Stark trap with condenser, with nitrogen flowing from the addition funnel, over the
reaction, and out the condenser. The mixture was atmospherically continuously distilled with
acetonitrile, if necessary, until KF <0.1%. (S)-tert-Butyl 5-amino-4-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)-5-oxopentanoate (175 g, 1X) was then
added. The mixture was distilled at 90 °C at a rate of 1 to 3X volume of acetonitrile per hour for
4 hours. Seeds (1.75 g, 0.01X, as a slurry in 17.5 mL of acetonitrile) were added. The mixture
was continuously distilled at a rate of 1 to 3X volume of acetonitrile per hour for 4 to 5
additional hours (8 to 9 hours total). The mixture was cooled to 15 to 25 °C over about 1 to 4
hours, and agitated at 15 to 25 °C for at least 1 hour. The solid was filtered, washed with
acetonitrile (350 mL, 2X), and dried under reduced pressure at 35 to 50 °C with nitrogen bleed,
to give (5)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione
besylate as a white solid (169.1 g, 83% yield); MS m/z: 450.3 (M+1); '"H NMR (DMSO-ds, 300
MHz) § 10.98 (s, 1H), 9.74 (br s, 1H), 7.61 — 7.56 (m, 4H), 7.53 (d, /= 7.8 Hz, 2H), 7.48 (d, J =
7.8 Hz, 1H), 7.53 — 7.26 (m, 5H), 5.31 (s, 2H), 5.12 (dd, /= 13.2, 5.1 Hz, 1H), 4.44 (d, /=174
Hz, 1H), 4.37 (br d, /= 4.8 Hz, 2H), 4.27 (d, /= 17.4 Hz, 1H), 3.96 (br d, /= 12.6 Hz, 2H), 3.61
(brdd,J=11.4, 11.4 Hz, 2H), 3.26 (br d, J=12.3 Hz, 2H), 3.17 - 3.10 (m, 2H), 2.92 (ddd, J =
17.7,13.8, 5.4 Hz, 1H), 2.59 (br d, /= 16.5 Hz, 1H), 2.43 (dddd, /= 17.4, 13.2, 13.2, 4.2 Hz,
1H), 2.01 — 1.97 (m, 1H) ppm; *C NMR (DMSO-ds, 75 MHz) 6 172.9, 171.0, 168.0, 153.3,
148.2,138.3, 133.4, 131.5, 130.0, 129.9, 128.8, 128.5, 127.9, 127.7, 125.5, 115.4, 115.0, 69.0,
63.2,59.0,51.6,50.9,45.1, 31.2,22.4 ppm.
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Example 6
Synthesis of (S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-
dione hydrochloride

0O 0O

o

-
e

o \) HCI

NaHCO, HCI

—_—

MeOAc, water  |PA

Q @SOSH Q HCI

[00214] (8)-3-(4-((4-(Morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-
dione besylate (75 g, 1X) and sodium bicarbonate (11.4 g, 0.15X) were added to methyl acetate
(1350 mL, 18X) and water (300 mL, 4X) in a 3 liter jacketed bottom drop vessel with overhead
agitation and nitrogen blanket. The mixture was agitated at 15 to 25 °C until the solid dissolved.
The mixture was settled and split. Water (75 mL, 1X) was added to the organic phase, agitated
for 5 minutes at 15 to 25 °C, settled, and split. 6M HCI (24.7 mL, 0.33X) was added to
isopropanol (IPA, 300 mL, 4X) in a separate vessel with good agitation. Seeds (1.5 g, 0.02X)
were added to the HCI/IPA solution and the temperature was adjusted to 35 to 45 °C. The
methyl acetate solution was then added to the HCI/IPA solution over 4 to 5 hours. After
addition, the mixture was agitated at 40 °C for 0.5 hour, cooled to 22 °C over 0.5 hour, and held
at 22 °C overnight (~16 hours). The solid was filtered, washed twice with methyl acetate (225
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mL, 3X, each time), and dried under reduced pressure with nitrogen bleed at 40 °C, to give (S)-3-
(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione hydrochloride
as a white solid (48.1 g, 80% yield, 99.55% purity (HPLC), 98.3% ee); analysis for
C,5H3CIN3Os calculated: C 61.79, H 5.81, N 8.65, Cl 7.30; found C 61.70, H 5.71, N 8.58, Cl
7.46; MS m/z: 450.2 (M+1); "H NMR (DMSO-ds, 300 MHz) 0 11.56 (s, 1H), 10.97 (s, 1H), 7.67
(d,/=8.1Hz, 2H), 7.57 (d,J = 8.1 Hz, 2H), 7.49 (dd, /= 7.8, 7.8 Hz, 1H), 7.33 (d, /= 7.8 Hz,
2H), 5.29 (s, 2H), 5.12 (dd, J=13.2, 5.1 Hz, 1H), 4.44 (d,/=17.4 Hz, 1H), 4.33 (d, /= 5.4 Hz,
2H),4.28 (d, /= 17.4 Hz, 1H), 3.93 — 3.79 (m, 4H), 3.19 (d, /= 11.7 Hz, 2H), 3.17 — 3.00 (m,
2H),2.91 (ddd, /= 18.9, 13.8, 5.4 Hz, 1H), 2.58 (d, /= 18.3 Hz, 1H), 2.43 (dddd, /= 17.4, 13.2,
13.2, 4.2 Hz, 1H), 2.02 — 1.95 (m, 1H) ppm; *C NMR (DMSO-ds, 75 MHz) § 172.8, 171.0,
168.0, 153.4, 138.0, 133.4, 131.7, 130.0, 129.8, 128.9, 127.8, 115.4, 115.0, 69.0, 63.0, 58.6, 51.6,
50.6, 45.1, 31.2, 22.4 ppm; the differential scanning calorimetric (DSC) thermogram is depicted
in FIG. 1; the X-ray powder diffractogram (XRD) is depicted in FIG. 2; the thermogravimetric
(TGA) thermogram is depicted in FIG. 3.

Example 7
Synthesis of (S)-methyl 5-(benzylamino)-4-(4-((4-(morpholinomethyl)benzyl)oxy)-1-

oxoisoindolin-2-yl)-5-oxopentanoate

o)
o
o)
[00215] (8)-Methyl 5-(benzylamino)-4-(4-((4-(morpholinomethyl)benzyl)oxy)-1-

oxoisoindolin-2-yl)-5-oxopentanoate is prepared under the same conditions as examples 2 and 4
by replacing (S)-tert-butyl 4,5-diamino-5-oxopentanoate hydrochloride with (S)-methyl 4-amino-

5-(benzylamino)-5-oxopentanoate.
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Example 8
Synthesis of (S)-1-benzyl-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-
yDpiperidine-2,6-dione

N

O O ;
)—NHBn }N

N— N _)=o

0 _O>*0Me p-TsOH, toluene o}

[00216] A mixture of (S)-methyl 5-(benzylamino)-4-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)-5-oxopentanoate (2.5 mmol) and p-TsOH
monohydrate (1.25 mmol) in toluene, under argon, is refluxed for 8 hours. The solvent is
evaporated. The crude is taken up in ether (50 mL) and washed with saturated aqueous NaHCO3
(2 x 20 mL). The organic layer is dried and purified by silica gel chromatography to afford (S)-
1-benzyl-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione.
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Example 9
Synthesis of (S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-

dione

0O O

W

~
-

0]
Q)
o_J
[00217] (8)-3-(4-((4-(Morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-

dione is prepared from (§)-1-benzyl-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-
yl)piperidine-2,6-dione by hydrogenation in acetic acid in the presence of Pd/C for 2 days.

Example 10
Screening of conditions for enhancement of enantiopurity of (.S)-3-(4-((4-

(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione

[00218] Initially the ece, was evaluated using (5)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione freebase and its
corresponding anhydrous freebase racemic compound in acetonitrile at 22 °C, and was found to
be was unfavorably high (94.7%). A hydrated form of (S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione freebase was
subsequently obtained, and the eee, of the (§)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione hydrate with its corresponding hydrate racemic
compound at 22 °C remained unfavorably high (89.2%). A THF solvate of (S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione was also obtained,
and the ee., of the solvate with its corresponding anhydrate racemic compound at 22°C was
improved (68.5%). However, a THF solvate of (S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-

oxoisoindolin-2-yl)piperidine-2,6-dione is not a suitable drug substance due to the toxicity of
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THF, and so an alternative approach was sought.

[00219] The ee., of the HCI salt of (S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione and the HCI salt of the corresponding racemic
compound was studied and found to be dependent on the ratio of water:co-solvent (isopropanol
was used as co-solvent) at 22 °C, which suggested the presence of a hydrate of either or both of
the (S)-enantiomer or the racemic compound (FIG. 4). Physical characterization confirmed that
the HCl salt of the racemic compound was a hydrate, which was determined to be a
thermodynamically stable crystal form. The HCI salt of the single enantiomer remained as the
thermodynamically stable anhydrous form. The ee, at low water fractions (~5%) was favorably
low (~70%) but the absolute solubility was quite low. The quantities of solvent and equipment
capacity needed to provide chiral upgrade would be impractical and uneconomical. For instance,
to upgrade from 90% ee to 98% ee, it was calculated to require 200 L solvent per kg starting

material.

[00220] A methanol solvate of the HCl salt of racemic 3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione was subsequently
produced and showed a slightly modified XRPD pattern from the corresponding hydrate. In the
presence of methanol, at ambient temperature (22 °C), a favorable ee., between the HCI salts of
(S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione and the
corresponding racemic compound was achieved (72.4%). From this ee.,, it was calculated that
achieving an upgrade from 90% ee to 98% ee would require 46 L solvent per kg starting material

which, while an improvement, is still undesirable.

[00221] Solvated crystalline forms often have lower melting points than their anhydrous
counterparts, and by extension have a relatively greater solubility as temperature is increased,
relative to the corresponding anhydrate. This phenomenon was used to obtain improved ecey.
The eutectic solubility of the HCI salt was determined as a function of temperature for neat
methanol, 90/10 isopropanol/water and 95/5 isopropanol/water (FIG. 5). In all three systems, it
was confirmed that ee,, decreased as temperature increased, as expected from the general

solvate/anhydrate thermodynamic relationship.

[00222] The methanol system showed the strongest sensitivity to temperature and
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generally a low ee.y. The lowest ee., obtained across all crystal forms of (5)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, solvents and
temperatures occurred with the HCI salt in methanol at 55 °C, with ee., = 8%. Based on this
result, it was calculated that to upgrade from 90% ee to 98% ee at 55 °C in methanol would

require 2.1 L solvent per kg starting material, which is a vast improvement over other conditions.

Example 11
Trial run for enhancement of enantiopurity of (S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione hydrochloride

[00223] A crude (S)-3-(4-((4-(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-
yl)piperidine-2,6-dione hydrochloride mixture (4 g) with 75% ee was triturated in 28 mL
methanol at 55 °C for approx. 1.5 hours and then filtered at 55 °C. The wet product was then
washed with methanol and dried in a vacuum oven. The resulting enantiopurity of the dried

product was determined to be 97.5% ee (2.5 g, 70% recovery yield of the (S)-enantiomer).
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CLAIMS

What is claimed is:

1. A process for preparing an enantiomerically enriched or enantiomerically pure

compound of Formula (I):
0

0O
NH
N )

O
N
° M
or a pharmaceutically acceptable form thereof, comprising
(stepl.1) transforming an enantiomerically enriched or enantiomerically pure compound of
Formula (II):

O 0
; ff Z']
N
o) z
0]
e

o (In)

or a salt thereof, wherein
(1) Z'is NHY, and Z* is OR; or
(i)  Z'is OR, and Z* is NHY; wherein
R is substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,

substituted or unsubstituted heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted
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or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted aralkyl,
or a suitable protecting group of a carboxy group; and

Y is hydrogen, or a suitable amino protecting group;
to an enantiomerically enriched or enantiomerically pure compound of Formula (I1I), or a salt

thereof:

N
© (1IT), wherein
(i)  Z’isNHY, and Z*is OH; or
(i)  Z’is OH, and Z*is NHY;
under conditions suitable for ester to acid transformation,;

(step 1.2) cyclizing the enantiomerically enriched or enantiomerically pure compound of

Formula (IIT) to an enantiomerically enriched or enantiomerically pure compound of Formula (I-

a):
O /
N
N O

(\N

° (I-a)
under conditions suitable for cyclization;
(step 1.3) where Y is not hydrogen, deprotecting the enantiomerically enriched or

enantiomerically pure compound of Formula (I-a) to an enantiomerically enriched or

enantiomerically pure compound of Formula (I) under conditions suitable for deprotection; and
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(step 1.4) optionally transforming the enantiomerically enriched or enantiomerically pure
compound of Formula (I) to a pharmaceutically acceptable salt thereof under conditions suitable

for salt formation.
2. The process of claim 1, wherein step 1.1 and step 1.2 occur in one-pot.

3. The process of any one of claims 1-2, wherein step 1.1 occurs in the presence of an

acid.

4. The process of any one of claims 1-3, wherein step 1.1 occurs in the presence of
R°COOH wherein R® is hydrogen, substituted or unsubstituted C 1.1 alkyl, substituted or
unsubstituted Cy._jo haloalkyl, or substituted or unsubstituted Cs.14aryl.

5. The process of any one of claims 1—4, wherein step 1.1 occurs in the presence of

formic acid, acetic acid, trifluoroacetic acid, or benzoic acid.

6. The process of any one of claims 1-5, wherein step 1.1 occurs in the presence of
R"SO;H wherein R is hydrogen, substituted or unsubstituted Cy.1o alkyl, substituted or
unsubstituted C;_j¢ haloalkyl, or substituted or unsubstituted Cs_4 aryl.

7. The process of any one of claims 1-6, wherein step 1.1 occurs in the presence of
sulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid,

methanesulfonic acid, or trifluoromethanesulfonic acid.

8. The process of any one of claims 1-7, wherein step 1.1 occurs in the presence of

benzenesulfonic acid, p-toluenesulfonic acid, camphorsulfonic acid, or methanesulfonic acid.

9. The process of any one of claims 1-8, wherein step 1.1 occurs in the presence of

benzenesulfonic acid.

10. The process of any one of claims 1-9, wherein step 1.2 occurs in the presence of a

dehydrating agent.

11. The process of any one of claims 1-10, wherein step 1.2 occurs in the presence of 1-

ethyl-3-(3-dimethyllaminopropyl)carbodiimide (EDCI) or 2-(1H-benzotriazole-1-yl)-1,1,3,3-
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tetramethyluronium tetrafluoroborate (TBTU).

12. The process of any one of claims 1-11, wherein step 1.2 occurs by azeotropic

distillation.

13. The process of any one of claims 1-12, wherein step 1.1 and step 1.2, separately or in
one-pot, occur in a solvent of, or a combination of solvents containing, diethyl ether, 1,4-
dioxane, tetrahydrofuran, ethyl acetate, isopropyl acetate, acetonitrile, methanol, ethanol,
isopropyl alcohol, dimethylformamide, dimethyl sulfoxide, glyme, diglyme, dimethylacetamide,
or N-methyl-2-pyrrolidone.

14. The process of any one of claims 1-13, wherein step 1.1 and step 1.2, separately or in

one-pot, occur in a solvent of acetonitrile.

15. The process of any one of claims 1-14, wherein the reaction temperature for step 1.1

and step 1.2, separately or in one-pot, is from about -100 °C to about 200 °C.

16. The process of any one of claims 1-15, wherein the reaction temperature for step 1.1

and step 1.2, separately or in one-pot, is about 90 °C.

17. The process of any one of claims 1-16, wherein the reaction time for step 1.1 and step

1.2, separately or in one-pot, is from about 1 minute to about 14 days.

18. The process of any one of claims 1-17, wherein the reaction time for step 1.1 and step

1.2, separately or in one-pot, is from about 8 hours to about 9 hours.

19. A process for preparing an enantiomerically enriched or enantiomerically pure

compound of Formula (I):
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o)

0O
NH
N )

O
N
° 0
or a pharmaceutically acceptable form thereof, comprising
(stepl.i) transforming an enantiomerically enriched or enantiomerically pure compound of
Formula (II):

O 0
; .[‘f Z']
N
0 z2
O
2,

o )

or a salt thereof, wherein
(1) Z'is NHY, and Z* is OR; or
(i)  Z'is OR, and Z* is NHY; wherein
R is substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted aralkyl,
or a suitable protecting group of a carboxy group; and
Y is hydrogen, or a suitable amino protecting group;

to an enantiomerically enriched or enantiomerically pure compound of Formula (I-a):
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N O

N

© (1-a)
under conditions suitable for cyclization;
(step 1.3) where Y is not hydrogen, deprotecting the enantiomerically enriched or
enantiomerically pure compound of Formula (I-a) to an enantiomerically enriched or
enantiomerically pure compound of Formula (I) under conditions suitable for deprotection; and
(step 1.4) optionally transforming the enantiomerically enriched or enantiomerically pure
compound of Formula (I) to a pharmaceutically acceptable salt thereof under conditions suitable

for salt formation.

20. A process for preparing an enantiomerically enriched or enantiomerically pure
compound of Formula (I):
O

0O
NH
N )

o
° M
or a pharmaceutically acceptable form thereof, comprising

(stepl.a) transforming an enantiomerically enriched or enantiomerically pure compound of

Formula (II):
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o)

N 0

or a salt thercof, wherein
(i)  z'isNHY, and Z’ is OR; or
(i1) Z'is OR, and Z* is NHY; wherein
R is substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted aralkyl,
or a suitable protecting group of a carboxy group; and
Y is hydrogen, or a suitable amino protecting group;
to an enantiomerically enriched or enantiomerically pure compound of Formula (I), or a salt
thereof, under conditions suitable for cyclization and deprotection; and
(step 1.4) optionally transforming the enantiomerically enriched or enantiomerically pure
compound of Formula (I) to a pharmaceutically acceptable salt thereof under conditions suitable

for salt formation.

21. The process of any one of claims 1-20, wherein R is C, alkyl; Cs4 cycloalkyl; Cy6
haloalkyl; C,.1¢ heteroalkyl; Cs¢ heterocycloalkyl; C alkyl or C,.19 heteroalkyl substituted with
1 to 3 aryl; or —SiR"; wherein each R* is independently C,¢ alkyl or Cs_14 aryl.

22. The process of any one of claims 1-21, wherein R is methyl, ethyl, propyl, isopropyl,
cyclopropyl, butyl, isobutyl, zerz-butyl, methoxymethyl (MOM), methylthiomethyl (MTM),
tetrahydropyranyl (THP), methoxyethoxymethyl (MEM), 2-(trimethylsilyl)ethoxymethylamine
(SEM), benzyloxymethyl (BOM), 2-(trimethylsilyl)ethyl (TMSE), 2,2,2-trichloroethyl, benzyl,
triphenylmethyl, p-methoxybenzyl, 2,6-dimethoxybenzyl, trimethylsilyl (TMS), triethylsilyl
(TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS), diethylisopropylsilyl (DEIPS),
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t-butyldimethylsilyl (TBDMS), or #-butyldiphenylsilyl (TBDPS).
23. The process of any one of claims 1-22, wherein R is methyl, ters-butyl, or benzyl.
24. The process of any one of claims 1-23, wherein R is tert-butyl.

25. The process of any one of claims 1-24, wherein Y is a suitable amino protecting

group.

26. The process of any one of claims 1-25, wherein Y is benzyl, 4-methoxybenzyl, #-

butyldimethylsilyl, z-butoxycarbonyl, or benzyloxycarbonyl.
27. The process of any one of claims 1-24, wherein Y is hydrogen.

28. The process of any one of claims 1-27, wherein the enantiomerically enriched or

enantiomerically pure compound of formula (II) is prepared by a process comprising:

(step 2) contacting an enantiomerically enriched or enantiomerically pure compound of
Formula (IV):
O O
Z']
voled
OH z
© (V)

with a compound with Formula (V):

Nﬁ@J
()

o V)
or a salt thereof, wherein L is halogen, -OSO,CH3, -OSO,CF3, -OSO,CCls, -OSO,CH,CF3,
-OS0O,CH,CCls, -OS0,Ce¢Ha-p-Me, or a suitable leaving group,

under conditions suitable for displacement.

29. The process of any one of claims 1-28, wherein L is halogen, -OSO,CH3, -OSO,CF;,
'OSOZCCI}, 'OSOZCHQCF}, -OSOzCHzCClg, or -OSOQC6H4-p-MG.

30. The process of any one of claims 1-29, wherein L is halogen.
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31. The process of any one of claims 1-30, wherein L is chloro.

32. The process of any one of claims 1-31, wherein step 2 occurs in the presence of a

base.

33. The process of any one of claims 1-32, wherein step 2 occurs in the presence of

potassium carbonate.

34. The process of any one of claims 1-33, wherein step 2 occurs in a solvent of, or a
combination of solvents containing, diethyl ether, 1,4-dioxane, tetrahydrofuran, ethyl acetate,
isopropyl acetate, acetonitrile, methanol, ethanol, isopropyl alcohol, dimethylformamide,

dimethyl sulfoxide, glyme, diglyme, dimethylacetamide, or N-methyl-2-pyrrolidone.

35. The process of any one of claims 1-34, wherein step 2 occurs in a solvent of

dimethylformamide.

36. The process of any one of claims 1-35, wherein the reaction temperature for step 2 is

from about -100 °C to about 200 °C.

37. The process of any one of claims 1-36, wherein the reaction temperature for step 2 is

from about 40 °C to about 50 °C.

38. The process of any one of claims 1-37, wherein the reaction time for step 2 is from

about 1 minute to about 14 days.

39. The process of any one of claims 1-38, wherein the reaction time for step 2 is from

about 12 hours to about 24 hours.

40. The process of any one of claims 1-39, wherein the molar ratio of the compound of

formula (IV) to the compound of formula (V) is from about 10:1 to about 1:10.

41. The process of any one of claims 1-40, wherein the molar ratio of the compound of

formula (IV) to the compound of formula (V) is from about 1.1:1 to about 1:1.1.

42. The process of any one of claims 1-41, wherein the compound of formula (V), or a

salt thereof, 1s prepared by a process comprising:
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(step 3.1) contacting a compound of Formula (VI):

: L
L (VD)

wherein each L is independently halogen, -OSO,CHs;, -OSO,CF3, -OSO,CCls,
-OS0O,CH,CF3, -OS0O,CH,CCls, -OSO,CsHa-p-Me, or a suitable leaving group;
with morpholine, or a salt thereof, under conditions suitable for displacement; and
(step 3.2) optionally purifying the compound of Formula (V), or a salt thereof, by selective

extraction.

43. The process of any one of claims 1-42, wherein each L is independently halogen,
'OSOZCH}, 'OSOZCF}, 'OSOZCCI}, -OSOzCHzCFg, -OSOQCH2CC13, or -OSOQC6H4-p-MG.

44. The process of any one of claims 1-43, wherein both L are chloro.

45. The process of any one of claims 1-44, wherein step 3.1 occurs in the presence of a

base.

46. The process of any one of claims 1-45, wherein step 3.1 occurs in the presence of a

base and morpholine itself serves as the base.

47. The process of any one of claims 1-46, wherein step 3.1 occurs in a solvent of, or a
combination of solvents containing, diethyl ether, 1,4-dioxane, tetrahydrofuran, ethyl acetate,
isopropyl acetate, acetonitrile, methanol, ethanol, isopropyl alcohol, dimethylformamide,

dimethyl sulfoxide, glyme, diglyme, dimethylacetamide, or N-methyl-2-pyrrolidone.

48. The process of any one of claims 1-47, wherein step 3.1 occurs in a solvent of

isopropyl acetate.

49. The process of any one of claims 148, wherein the reaction temperature for step 3.1

is from about -100 °C to about 200 °C.

50. The process of any one of claims 1-49, wherein the reaction temperature for step 3.1

is about room temperature.

51. The process of any one of claims 1-50, wherein the reaction time for step 3.1 is from
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about 1 minute to about 14 days.

52. The process of any one of claims 1-51, wherein the reaction time for step 3.1 is from

about 20 hours to no more than 24 hours.

53. The process of any one of claims 1-52, wherein the molar ratio of the compound of

formula (VI) to morpholine is from about 10:1 to about 1:10.

54. The process of any one of claims 1-53, wherein the molar ratio of the compound of

formula (VI) to morpholine is about 1:1.5.

55. The process of any one of claims 1-54, wherein step 3.2 occurs in a solvent of

methanol.

56. The process of any one of claims 1-55, wherein the enantiomerically enriched or

enantiomerically pure compound of formula (IV) is prepared by a process comprising:

(step 4) deprotecting an enantiomerically enriched or enantiomerically pure compound of
Formula (VII):
0]
Z‘]
N
O, z2
R O (VII), wherein

R' is a suitable phenol protecting group,

under conditions suitable for deprotection.

57. The process of any one of claims 1-56, wherein R' is methyl, isopropyl,
cyclopropylmethyl, tert-butyl, cyclohexyl, allyl, propargyl, cyanomethyl, 2-bromoethyl,
methoxymethyl (MOM), methylthiomethyl (MTM), methoxyethoxymethyl (MEM), 2-
(trimethylsilyl)ethoxymethylamine (SEM), tetrahydropyranyl (THP), benzyl, p-methoxybenzyl,
2,6-dimethoxybenzyl, 2,6-dichlorobenzyl, trimethylsilyl (TMS), triethylsilyl (TES),
triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS), diethylisopropylsilyl (DEIPS), #-
butyldimethylsilyl (TBDMS), or #-butyldiphenylsilyl (TBDPS), formate, acetate, benzoate,
methyl carbonate, -butyl carbonate (BOC), benzyl carbonate, dimethylphosphinyl,

methanesulfonate, or toluenesulfonate.
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58. The process of any one of claims 1-57, wherein R' is #-butyldimethylsilyl (TBDMS)

and step 4 occurs in methanol in the presence of tetrabutylammonium fluoride (TBAF).

59. The process of any one of claims 1-58, wherein the enantiomerically enriched or
enantiomerically pure compound of formula (VII) is prepared by a process comprising:

(step 5) contacting a compound of Formula (VIII):
O

L‘]
12
Ol (VIII), wherein
L' and L? are, independently, halogen, OR?, OCOR?, OSO,R?, OPO;R?, or a
suitable leaving group;
wherein R? is saturated, partially saturated, or unsaturated Cy.1 alkyl, optionally
substituted with one or more halogen; or 5 to 10 membered aryl or heteroaryl, optionally
substituted with one or more halogen;

with an enantiomerically enriched or enantiomerically pure compound of Formula (IX):

0]
Z']
HoN

22
o (IX), or a salt thereof,

under conditions suitable for cyclization.

60. The process of any one of claims 1-59, wherein R*is methyl, and X is bromo, and

step 5 occurs in acetonitrile in the presence of diisopropylethylamine.

61. The process of any one of claims 1-60, wherein the compound of formula (VIII) is
prepared by a process comprising:

(step 6) halogenating a compound of Formula (X) at its benzylic position:

L‘]
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under conditions suitable for halogenation.

62. The process of any one of claims 1-61, wherein step 6 occurs in isopropyl acetate in
the presence of 1-bromopyrrolidine-2,5-dione (NBS) and 2,2’-(diazene-1,2-diyl)bis(2-
methylpropanenitrile) (AIBN).

63. The process of any one of claims 1-62, wherein the compound of formula (X) is
prepared by a process comprising:
(step 7) reacting a compound of Formula (XI):
)
L‘I

with a protecting group under conditions suitable for protection.

64. The process of any one of claims 1-63, wherein step 7 occurs in N,N-

dimethylformamide in the presence of fert-butyldimethylsilyl chloride and imidazole.

65. The process of any one of claims 1-64, wherein the compound of formula (XI) is
prepared by a process comprising:
(step 8) reacting 3-hydroxy-2-methylbenzoic acid with an alcohol under conditions

suitable for esterification.

66. The process of any one of claims 1-65, wherein step 8 occurs by reacting 3-hydroxy-

2-methylbenzoic acid with methanol in the presence of sulfuric acid.

67. The process of any one of claims 1-66, wherein an enantiomerically enriched or
enantiomerically pure compound of Formula (1), or a pharmaceutically acceptable form thereof,
is prepared by a process comprising:

(step 1.1) transforming an enantiomerically enriched or enantiomerically pure compound of
Formula (IT), or a salt thereof, to an enantiomerically enriched or enantiomerically pure
compound of Formula (III), or a salt thereof, under conditions suitable for ester to acid

transformation;
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(step 1.2) cyclizing the enantiomerically enriched or enantiomerically pure compound of
Formula (IIT) to an enantiomerically enriched or enantiomerically pure compound of Formula (I-
a) under conditions suitable for cyclization;

(step 1.3) where Y is not hydrogen, deprotecting the enantiomerically enriched or
enantiomerically pure compound of Formula (I-a) to an enantiomerically enriched or
enantiomerically pure compound of Formula (I) under conditions suitable for deprotection; and
(step 1.4) optionally transforming the enantiomerically enriched or enantiomerically pure
compound of Formula (I) to a pharmaceutically acceptable salt thereof under conditions suitable
for salt formation;

wherein step 1.1 and step 1.2 occur in one-pot; and

wherein the enantiomerically enriched or enantiomerically pure compound of Formula (II) is
prepared by a process comprising:

(step 2) contacting an enantiomerically enriched or enantiomerically pure compound of
Formula (IV) with a compound with Formula (V), or a salt thereof, under conditions suitable for
displacement;

wherein the compound of Formula (V) is prepared by a process comprising:

(step 3.1) contacting a compound of Formula (VI) with morpholine; or a salt thereof, under
conditions suitable for displacement, and

(step 3.2) optionally purifying the compound of Formula (V) by selective extraction;
wherein the enantiomerically enriched or enantiomerically pure compound of Formula (IV) is
prepared by a process comprising:

(step 4) deprotecting an enantiomerically enriched or enantiomerically pure compound of
Formula (VII) under conditions suitable for deprotection;

wherein the enantiomerically enriched or enantiomerically pure compound of Formula (VII) is
prepared by a process comprising:

(step 5) contacting a compound of Formula (VIII) with an enantiomerically enriched or
enantiomerically pure compound of Formula (IX), or a salt thereof, under conditions suitable for
cyclization;

wherein the compound of Formula (VIII) is prepared by a process comprising:

(step 6) halogenating a compound of Formula (X) at its benzylic position under conditions

suitable for halogenation;
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wherein the compound of Formula (X) is prepared by a process comprising:

(step 7) reacting a compound of Formula (XI) with a protecting group under conditions
suitable for protection;

wherein the compound of Formula (XI) is prepared by a process comprising:

(step 8) reacting 3-hydroxy-2-methylbenzoic acid with an alcohol under conditions

suitable for esterification.

68. A process to increase the enantiopurity of (S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, or a salt and/or
solvate thereof, comprising recrystallization or trituration of a first sample of (S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, or a salt and/or
solvate thereof, in a solvent or a mixture of solvents, resulting in a second sample of (S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione, or a salt and/or

solvate thereof, wherein the second sample has a higher ee than the first sample.
69. The process of claim 68, wherein the solvent is methanol.

70. The process of any one of claims 68—69, wherein both the first and the second

samples are in the HCI salt form.
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70. BOREE K 68-69 HHAT— I ik ¥ 7772, o, 55 —FF b NS R L #08 HCL S K
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BTHI& (S)-3-4-(4-(ImERE) &) f§&)-1-5
M| EME —2- 5 ) IRIE -2, 6- —IIREATZAHRAERNA
3%

[0001] 1. fRSEALIIEE K

[0002]  ZRSCEISK 2012 4F 8 H 9 HIRAZ Y AW APk 0 “ H Tl 4% (S) -3 (4 ((4— ( ik
FEHRL ) WL ) S ) —1- AR IR —2- 2k ) WRIE -2, 6- i S H R 25 B T
v (Processes for the Preparation of (S)—-3-(4-((4- (Morpholinomethyl)Benzyl)
Oxy)—1-Oxoisoindolin-2-Y1)Piperidine—2, 6-Dione and Pharmaceutically Acceptable
Forms Thereof) ” #)3¢ [H Il B B No. 61/681, 477 HILIEAL. ¥ Eid S HiFH a8 S
HARIANEN S

2. ZEBYE

[0003] AR SCHR A H] -l 6 Xk Wit 59 A AR o 2 1) IOt T S A A 4l 18 3= (4 (4 (g A
Be) ARHL) AL ) -1 ARG 2 3k ) WRIE -2, 6- sl nT 2y I K L, O
TR TR A A PR o

3. BEEA
[0004]  VFZ RAIMEAE OB MU T (— PP I A il i ) 5. ] 14
iR 75 S ) LA A2 B 0 S R UL o 3K S ML B B2 (P Lol 2 M 40 e v LA I
B R T AN B R, S R A PR R @ (TNF-a) .
[0005] 22 HAth 308 RT3 it 55 AN U S8 )i A A A 9%, B DL HOMARAE . 4, B 5 sl
2T L A B LR VD BV 22 0 B S, S (AN B T HIR 0T 00 9 ik 8% M
T LS5 003 P Do) B30T I 65 0 BTS20 A% (A DRI I T 8 ) 8 B3 P 0 3B A% P 5
PP AR LRI AN B e PR o IX A R0 R ) S L5, (AN PR T o
PRIGVERIL I T 5 = J LA JBE 5 A TSR R HE e oo AR 8 P 7 YRR 5 DR S5 2 4 1 A
JIE 3 1T 98 3 R IE FE P B0 8 AR IO el A%
[0006]  CAEZRHRIE T HELL 47— 55 B FAEE e IR S 4 (B0 dE 3— (4— ((4— (nEiphdt L )
L) S FE ) —1- S ARG —2- 35 ) WRNE -2, 6- M ) AENE I A 4 ) R
MM+ CELHE INF-a ) (1724, 3F B T 97 AT &R FieE . 2 W3E B &R A
JF5 No. 2011/0196150, K H A I AR AN S .
(00071  FH T &5 B A0 I e 1) 3— (4- ((4- (k2 HF 08 ) R 0 ) 4028 ) —1- 40 AR 57 gl Wi
Wbk —2- 55 ) WRIE -2, 6- T ) 7 v A A AR 56 B B R A JF 5 No. 2011/0196150 Hro A7
SR L T A 0T B e ) A R AR R O B S A AR A ) 3 (4- ((4- (MR AL ) 3k ) 4R
o) —1- SEAC T —2- L) DRIE -2, 6- S ] 25 T XA A L AT AL Tk
[0008] 7 T-H& FH T W e A 4 e 44 1) ONT B S A AR i IR A5 P ) — M v, R R AR
BT A T SR A 0 S WA Al ) A 4 DR A e L 1 T 9, I HLE R L3R T b A
oo EITIEITIE B PR 2 — 2 B R 18] 50 4 B 43 A M T Ak, o3 3500 5 1 6] B e
12
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ftkik i (ee) Wb e A T AN AL RIME 2 1% 2 S 1K, SR [, 30 3 20 57 200 11) I Y 4%
k.

[0009] B 17 5 FH T A ) e S ) A ' A1 1) b il S R AR 4l (R AL S W R 6 LT R 2 4%
ATy AR T B v A 5 WD RN R e A 4 55 1) 9%, DRI DR T Al 22 T L3 3 ee AR, B %071
REE PRI AT iy ee MG Y. HE—2, FF R VT LA & ™ i ee 17732 AT DAGE (k45 %) i S
R AR e 1 PR BT I S A A 208 ) A 5 ) T AR 5 R 2, 1 80 8 it s A S AT A B i ke 1)
(streamlined) Hili&ILHE

[0010]  CLZR4RIE T 5 T-HMH ek & YA WAR AL SR 2 R ) 27 5 Rl i 45 e
ee i — A% J7 ¥k (Wang 25 A, Org. Proc. Res. Dev. , 2005, 9, 670 ;Wang 2% A , Org. Proc. Res.
Dev., 2008, 12, 282 ;Jacques, J. ;Collet, A. ;Wilen, S. H. Enatniomers, Racemates and
Resolution ;John Wiley&Sons:New York, 1981) . H T HE:4HE 5 ee HISE 5 7 VT A0 |
BFE AP (D) B s Y (REY (conglomerate)  AMH etk & W) 8B A1 TEH)
(pseudoracemate) ) 7ERCHER BT PR EA, (2) SRAFOSHEIS A B2 8 s A0 (3) &
URL VRS

[0011] KB4 AMH g R G Lk e AME L&Y (20 Jacques AR ) o AMH
JREAX 5 900 TN A0S W S R AR FE I 7R A A5 RV RIS A P 4 ok L i i (eutectic point) s
T FE R B, B IR G0 Aol 527 (ee,,) ZVEUM & € R I FPEHETTAEJ) (upgrade
capability) NS4, ee. & H R F1 S— KBS AR A XTI BE VS cee .=
([ F2R -0 mny D) /(D FEM I+ 8RN D, Hd [ F20 ] A T35 RS R 2
XTSRRI AR B, [ /DB ] AR TR SRS 1 2D B0 W S R AR IR Al B o A AT
FH A T A 5 A0 B35 e S AL A E ARV I P ) e AR I 4 A TE 3, ee N 24 B W R %
oK, BRAEFTR JE 2 ) —Fh sl iy A g A A/ sliiib 5 iR A2 T . AET a1 e,

ee #B AT LAR PR T L

[0012]  FEAMH TR GG BT, A T 5 mb S e AR T 1) ee K ee,,o XM iE
W) AT B B — o W S K AARE ) s S A P I, T ] A A o FEAR ee, OB TE R, BT LB R
FEF5 E B AT B el 4 SR VR S ) B I DB AT D5 (S r Ak, FRRE A 20 e e A 44
A 1A B0l S5 ) A 4 PR ] 4, 1 Rt W S A AR PRIV 5 W S v T8

[0013]  ZEHIMK ee, S0 5 5 B 45 5 SRR IR S 50U AT S AH I T2 e AEVF
Z N MRAT RS

[0014] 4. K&

[0015]  ASSCHEAE 1 ) £ T il S A 4 B AR 1 o) i S pa AR 4l 1 2 (DD Ak B el HemT 24
RIEXBI777% -

[0016]

13
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O O

-

o)

N
o/ m

(00171 =X (1) MALEW HA2EZFR 3- (4- ((4- (MERRIE 3L ) 38 ) 08 ) -1- | R
M|k —2— 28 ) WRIE -2, 6— . ZE—Pp sty =X, Ak (S)—3- (4- ((4- (b I
) AR ) FE) -1 AR EIIWRIbR —2- JE ) WRIE -2, 6- s nT 2 AL . FE—Fh sy
[, b EYh (S)-3- (4= ((4- (BRI 3L ) 3k ) 4008 ) —1- SRRk —2- 3% ) UKk
WE -2, 6- P $hpR &k, HoARPRA (3S) —3- (4—— {[4- (ndibk —4- FEFHIE ) AL ] 4008 1 -1- %
£ -1, 3— & —2H- S M —2- 35 ) DRIE -2, 6- R e (1:1), 8% 2, 6- WR mE — i,
3-[1,3- =& —4-[[4-(4- mmpkEE AL ) 2RI ] AL J-1- 404K —2H- Selig|ibf -2 3% ],
(3S) - #hmeEh (1:1).

[0018]  AE—Ap it /7 T, AN SCHRARE 1 FH )8 0k it e g 4 A ) ORT B e A AR i =X
(D) MG H eI 25 B J7, T -

[0019] AU 1L 1) RIS TR ) PR IR 25 2F T R T B e g 4 4 1) ) W e A AR 4l )

O O

Z1
N
ZZ

0
o
A (ID AW EILE

N
o/ aIn

[0020] Hr

[0021]  (i)Z'Jy NHY, 1 Z >4 OR ;5%

[0022]  (ii)Z'k OR, F1 Z *4 NHY ;

[0023]  FLrp R FNY AT A e X

[0024]  HE AR R i S ) A B A ) mlont W S f Rl i) 28 (TTT) A A sl L
[0025]

14
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N
o/ (1),

[0026]  Hr

[0027]  (i)Z’Jy NHY, #1 Z “>4 OH ;5%

[0028]  (ii)Z*k OH, 1 Z “>4 NHY ;

[0029]  (APER 1.2) 7E1& TG AAF 1, A ) Bl S A 44 ‘5 42 (1) B0 il e ) Ak 4l 1) =X
(I1D) B A PO Bl S A A4 5 B2 1 slon) e e i f 2l (1) 28 (T-a) IAE 4 -

[0030]

o o Y
N O
o
(\N
= (I_a)a

[0031]  (PER 1.3) 4 Y ANEN, fE18 T WEORY I 2528, 00T L e Ay 4 & B 1 on) B
S ARAE ) (T-a) WA YIRS R X e SR b A4 4 1R slont i e A A 2l i X () fe &
Y s H

[0032] IR 1. 4) ARIEH RIS TR IR AT 5 00T B e A 4 s 8 1 ot Bl S g Ak i 1)
A (D) BSR4 .

[0033]  ASCEFRAL T H TN (D BG P eIl R/ sl 70 40 4 0 il S ) 4l i
(775 e FE—PRS 7 20, ANSZATATRE BSR4, IXFh v 2 56T (S) - FIAMETIEN)
3= (4= (4= (MR EE L ) W3 ) A8UE ) —1- AR IR —2- 3% ) DRng -2, 6- [ 2h
A/ B A TR AT 2 R R

5. MR

[0034] [ 142 T (S)-3—(4- ((4- (MMRILHIIL ) %L ) Sk ) —1- A5G DRI —2— 3 )
WRIE -2, 6- Ml Eh1R £ (1 22 n 43R Hdk (DSO) T &

[0035] &I 2 fiz T (S)—3— (4- ((4- (MGMRILHIIL ) KL ) Sk ) —1- S A5G DRI —2- 3L )
WREE -2, 6— —WHERMR ER 1) X— S Eb RATH & (XRD) .

15
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[0036] ST (S)-3-(4- ((4— (M IpRIE FHIE ) 3L ) 43 ) —1- ARSI Wbk —2- 3 )
WRIE -2, 6- i SRR R I B0 (TGA) T

[0037] 445227 (S)=3- (4= ((4- (MR L ) 538 ) 48 ) — 1 S0 S M| Wbk —2— It )
WRIE -2, 6— (1) HC1 #h7E IPA/ ZK Rk v e 2

[0038] ST (S)-3-(4- (4 (M IpRIE FHIE ) 3L ) 43 ) —1- ARSI Wbk —2- 3 )
WRIE -2, 6— 1) HC1 #7522 P 7 2- v 5230 82 1) ok 50 1) 3 AR s A B

[0039] 6. E4HH

[0040] 6.1 %X

(00411 QA SCAE ) HLBRAE 55 A U, RIEASCIRAIE ) “J57k (T8 7 s Tl & A
SCAREIA A P A SCA TF 0 T3 o AR WA RE XA SCA FF 0T (B, fdh sk} ik
FS RIS S R L SN N R] BB ) B

[0042]  GUASSCAE 0 HBRAE S5 A Ui, RVE <IN N7 “Ab B S5t FR Al — P s b
W) AR ST AR AT s R [ 86 5 ) — T s ) KR 7 R T e S P S e fk
SR ARF T A AT S 3 25 P A8 ] DAL (] B 8843 5 FF L ] B AT AR] i
TN BT LAE AL BOAAFAE T I Ha] AT R R Hb 720 P AU R InAN e i 7AT A
IR B AL s N BE E [R)— 20 1R i 2 1 N RO

[0043]  GUAS A 0 HLERAE 55 A B, KRB “Heib” 23R (at hand) (LA WHEZIE
T AT IR A A P T T s 41

[0044]  GUASCAE FH I HLERAE S A ULH, 4R 7 L2 R 30 S 1 = M i g ik, e [ N
BCE G I SN A, I B AR AR B EE PR (R R AR 5 G2 AN EAT BT I AT ]
B AR 20 5 B B A/ Bk alifh o “— 8 ik e B R g R AT B AT IE R T — A
AP AT

[0045]  GnASCAF ) ELBR AR A U6, “ AR F5ERE (substantially complete) it
S5 F5E (substantial completion) "R NV 2 FR L&t 29 50% (773 % ) fE—
Tl szt 77 A IE 29 60% (F=2% ) A — Mt 7 h I 2 T0% (7R3 9% ) AR ik
Jti 7 P 25 80% (7R % ) AE— RIS 7 s L 90% (PR % ) JAE S — R sL i
Jr AR 21 95% (773 % ) DLAAE i —Fh ety Kb, i 29 97% (F7%% ) B~
Y I o

[0046]  WIASCAS FH 1) HBRAE S A U, “ vl 25 FTE 207 Q4540 G W AT AeT m 245 FH 26 5771
AW ST AR SRR 22 T BT 24

(00471 GuASCAE FH 9 BLERAE 53 B0, RTE “3h 7 @35, (AR A ST A FF 1tk &4 ]
DAAFAE 1) B 1 BB 1 SE T R Bk o RARBME AL SR 5 S R CHLIR FI-G WLER TE ) 2
PRI 3 T DU -5 % X i 1 A0 25 400 1A 1R S T B0 75 9028 7 19 3 1 T S 1, BT ok 36
A, AEANR T R h IR R £ S R £h VIR IR A 3 I A R A EE IR« £ 1D 1%
B A P R R L TR R L L IR L IR A AR IR B L 4 DU TR 2R 2
TR AR KFERR SR (estolate) SRR EY i IR AL A BRI ER AP IR £h VY =R Bh L L
Tk %op 28 L R FE AR £ (glycollylarsanilate) . 2[4 My IR 25 (hexylresorcinate) .
5% (hydrabamine) \F£3E25 IR EE P8 S IEMAIR L FLIR AL L FUPHIE IR £1 L S LR 31 L T oK IR
R BRER Eh . BB h . H 2GR R A N G RE SR (panthothenate) (ERR £h / WL &R

16
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RFUPE IR 3 KB IR 3 A IR IR 1 DR IR 31 I IR 28 FF T IR 2 WA TR L R IR
(teoclate) . = LEEMURER XA ZR IR EL o B T LR IR ZAh, dha L &t nT LU &
P BRI SR o AR TEMAL S REe 5 2l B 25 1T et Eh o Xl 8k ) 1 PR 42 S 451
A FE0% 4 I £R B 4 S 2, IF HAEFELe Sy o Crh, (G40 3 VBR AR VR SR L Eh VR R VB
SR ER . RARRITEAL S Re 5 A FE 2 L AL B Y et -

[0048] WA A I HERAE 1A BB, RE“H A S fRdt— P Fi 2o m ek
vt & R AR 0 I E ) 856 BRI &0 43R A 7K Iy, w5 e A 7K
“W

[0049]  WIASSCAS I ELERAE S A Ul B, ARE “Ai 2y ” 245 vl AR AR 22 241 (AR Ah ik
W) TR KA A B CL AR T 3 N PR R A S P B AL A AT A . A2 1 S A A
Fifi s (AN BR A5 AT A= W A A (R0 38 43 B A 90 » B i mT A= 0 7K At D358 40 by n mT A= 40 7K A 1)
PO« T A A 7K AR TRT I T A A I A R U IR T P A A KA )k PR TR R A A I A D
JIRAN O] ZE K R A BRI BRI A o 1 2 A A S 1) (45 5 -NO L —NO,« —ONO B, —ONO, 5>
PG . A 2530 5 n] LAAS 2N 5 vl 4%, WIHE Burger’s Medicinal Chemistry and
Drug Discovery, 172-178, 949-982 Manfred E.Wolff 43 , =5 5 Jit, 1995) Fl Design of
Prodrugs (H. Bundgaard %i=%, Elselvier, New York1985) HdiiR (1) /54

[0050]  dyiA A FH ) HLBRAE 53 A Ut B, ARTE “ ] AR P 7K At )z 2k H R ISR 7 T AR oK A 1)
BRI IR “ PT AE D 7K A R DR R0 < ] A=K At i R I 0 e 48 B R IR YR AL &4
(P24 25 FH R IR B IR I8~ LR AN IR IR - 1) AN TS B AEDid v, A2 AR N T T
A A WA I T A B A FHRF S (8] 5G4 F R4 50 2) oA s in v, (R ek N i
AR AE D2 G A G ) o T AR K AR T 2 PR R 1) S A A i, (HAS PR T2 0 IR s, o
FAR e FE N BRI & W VR FE R R IR L A IR FN % 05 75 I e A 2R Bk fie s 43

(00511 dyiASCAd FH ) HLBRAE 53 A 3 B, ARTE “ A& SR AR 60 35 Fr A A B e A Ak / SR
Ry R ali (R RO Bl S da A/ STAR e f AR R SR A ST A AL S 4

[0052] Lt SR dn s A FHRH A4 B 26 6 7 45 R a0 5 IR ST AR AR 5%, A2 45 ) sl HL R 0 .
FAETRE Ay IR A4 5 A V) T A T Wl S5 A R 0 Ry T ke S A A B 2 140 ST W S R AR 1) X Bk
SRR E SR ANE E TR S

[0083]  BRAES AT UL I, 75 WG AR SCR] B AT H IR ARTE: 0 WS b 44 s A2 1K MO0 e S A
PRAL 7 JEFR b —Fion) R A4 1) B B 1 20 BOR TN e 46 W ok IR A 4 — Fions
W SRR A i (i, KT 11 Ea ) MAAY. B, (S)— Xl A A i) 6] e S 44 A4
AR RA AT R) - X R R KT 50 % H i (s 5% HiE, I A 2
2/ 80%HE ) 1 (S) - XTW R AR S W] A8 szt 7 A, F A ] Bl KT
2 80 % i, ME “HEAR PO E AR A BT R A AR AR L BRSO B S e
a7 B EEA RSN e R IR TR AR AR B R A B A 2> 85 % A (i, /b
90% H &, JF Hu /b 95% i) (1Mot W A4k B 4 A i il o 763 Le st 7y
o BRSO R Bl e ) A B AR AL S ) BAT L AL S W IR A0 VR G 6 TR 7 N B
e R o

[0054]  QIASCAT F B HERAE S A UL, “ 2 5 47 4 DU — g B a0/ S5iifeAE
et e, T RARER (crystal packing) W ZEFRAFAEZ S AN, JARHR O HEA]
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M Z i (packing polymorphism) « 2 AT DL TS 2 A [F — 2 T IR RA 5
SRR (conformers) 5. EARZ fZ R, AR SRS /K& B A I 45
[0055]  GpA AR () HLBRAE 55 A Ui, RiE “SifR7. “ i3 ” 25248 —F. -Cl. -Br 5¢ - 1.
[0056] i AR SCAS I ) LR IR S A B0 BH , ARTE: “ e 27 45 BA U AR ST s (R i B 1 4 v
AR E B R . e sty o, e 5 B B 1 &2 1601 22 10,1 22 6.8 1 2 34
R 7o AREE IR 1) A e LS - FHE - 236 - IEREE - I T8 R - IE
OO ST VLR I S B R S — 2 — T - e T E - BT 28 - it 2- AR T
e 3- HRE T L 2- FEIE 3L 3 FE Ak (4 WIS IR AL . 2- FE 3k . 3- L 3 4-
O 6- L. 2, 3- THIE TSR . ARE “Iidl” il aa i 2t

(00571  GpASCAE 0 HLERAE 55 A B0, RiE “ Aebidt” 2 4g il — A~ a2 Ay (fE R Lesy
W7 A, 1R 3A) IR AR s (o, (EAR PR NS S, 0 F1 Si) AR, IF AR
J5 7 AT DU 3 gt S8 Ak HL U7 nl DU 3 Mt A A i ek o SE 491 40 4% ~CH,~CH,~0—CH,
—CH,~CH,~NH-CH, —CH,~CH,~N (CH,) ,~ —~CH,~S—CH,—~CH, —CH,~CH,~S (0) —CH,~ —CH,~CH,-S (0) ,—CH
5+ —S1 (CHy) yFH —CH ,~CH = N-0CHyo %2 22 W A~ 2% It~ 1] DL 3% 2L (1), isi Wi —CH,~NH-OCH,
F =CH,~0-S1 (CHy) 5o “HTZUN C, o T-HE 24 b FEIE WS, B £ iE (2159, 2-6 4 )
EIREWAFEARE . BT, Cy oAbt A I R RS 5 41 1 —CH ,0H ( — M Jd 7~ — A%
BRI P24 R T ) Al -CH,SH.  AER-2esi i 77 5 rp, 2o A H A 2 & 15,2 £ 10,2 &
688 2 22 3 MR JE T

[0058]  IASSCAS 1) HLERAE 55 A Ui W, R “Ibedt” & Fir e 38, SO IR B
3& 1538 9.3 8 6,503 & 5 MR T, MIAEAK IR 2 (R A2 B s AL AR i X o L mT LA
BE TR AN RERIIIRGEIE RSB HE, (HAN PR T IR NIE IR T 38 30 38 R LAl
SWIbEdE . PGS DU — AN 2 N HEUREE AR . e s 75 X rh, e 28 ml DU &
T BT A A R

(00591  GpAS SCAH ) HLERAE 55 B, RiE “ A2 b dt” Je R — ek A (R RRaksy
i K, 13 3) AN T B 2% R T W EANFR T NS AT O AR P b 2t o A5 LS 7 =X
o R R 3 & 1503 2 9.3 & 6.1 3 £ 5 MRAIZRIR 1. ARty A,
FeINBEIE T DLUR A 07 2L a8 07 AL I 28 e 5E . Mar g Cy o T-Ha 24N S 21T, sk
%R (AEIZSEHIH, 3-6 A ) BME R AIEIR T B, C3 (APt H M L HE
Bl PUEE G 3 (AN R A — AN B R IR ) o

[0060]  GnAS SCAF ) ELBR AR S5 Ua i, ARIE“ 7 27 RFR M5 5 2 14 NIRRT IR 05 7
5 B A IR 7 AR i - 7 MR B — A2 AN ghy (s ih, —
W =M &Y ) LLRRIERA BRI 7 (W15, 6,7, 8- PUAZEIE ) SMMEY . Rl
H, D5 BEEL TR DUR PR IRE S IRER . AR ) Oy I A AR AL RO L Ay A B
B GEREAIZE AL,

(00611 A SCAd FH I HERAE 55 B0, ARIE “ 405 387 B4a M sl 2 I 05 /IAMA R, 7o 4
Lesizif 75 A, %R R HAAL 5 BLY 15 AN, PR IMA R — N ERZ A (78 L5t 7
L, 1 2 34Y) IR A1, U T3, AR AR T N0 8 S. 4% 07 5L M nT
DTS A 5 KR o 2% 057 FEFE P A0 A, (AN BR PR IR S K AR I | 1 PR bR I g e i i i
B DO R | Iy | BRI R LI T L N— R SRR g e | SRR R R S R R
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[0062] QA SCAS FH I HLERAE 53 Ul B, AR “ 5 bk $8 Ho e B i — AN U R 4 0 JE 3
AR E2E

[0063] M IR EA LM w RIS (Filan “ xiRpe L") EER, il DA E— s A
HUAREE . i, g A3 AT LA HE — AN B2 AN R B AS R () 1< 3%

[0064] QA SCAY FH ) HLERAE S A Ui B, AR “l” 245 H —OH A HURIAE T L &4 .
[0065] WA SCAE P HBRAE 59 A Ui, RiE <& L7 s “F IR H 7 245 F U — M3t
=NH, ~NH O3 )« -NH( D528 )« -N OBt ) o  -NCO5 38 ) o -N (B2t ) (0555 ) »

(00661 Bk A Ut I, & MIASCIR A &4, s Tl s A SCiR it i S
SOVAPEE RER Cln, AR TR R IEM I 5y ) e AE, I FE R AT “IR
FHIRT A A Ferh SN RO AN B AR RS (R 3mSR (4] ) BB IR L84k,
B A PRSI A AR W BN D ZAHN I o DR IE A IR 0 FH g e B sl B 2
{RP LR [ N AR IR LE T. W. Green, Protective Groups in Organic Synthesis (2 —
fix, Wiley, New York, 1999) i, ¥ A I AR AN S5 .

[0067]  ZAIEARAIE SE AT A FIH, FLFEAE T. W. Green, Protective Groups in Organic
Synthesis AR ALY . ZEERPFELHE, (HABRT - OHy - OR™, -N(R*),» -C(=
0)R™. -C( = 0)N(R*),. - CO,R™. - SO,R™, - C( = NR“)R*™. - C( = NR*)OR™. - C( = NR%)
N(R™) 5+ = SO,N(R™) 5+ = SO,RL = SO,0R, = SOR™, - C( = S)N(R*),» - C( = 0)SR™, -C( =
S) SR\ Cy -yt d (I, D5%edE ) C oo\ M2, C oo ghRIE C oo oA IE 3 - 14 JEARFAIE
Co- 147251 5 = 14 JG2% 07 FEFE A, JLrP RN Fe 28 M 2 it i A I L R BRSO e ik | D5
FNZ T H 7 Mg 0.1.2.3.4 BF 5 A RUIE I HUL

[0068]  R™GFRHIILI MAZHIE R C |\ BEdE C (o BRIFEIEC o JJAIEC, oBRIECy
WRINEE 3 - 14 JCARIAIE Cy - D5 SN 5-14 JC% U5 3k, HorP Rp AN bt i RS I A I | )%
PRI LRI 7 F T Ml 0.1.2.3.4 F 5 S RUSEFEY

[0069]  R™4F ¢ Hy BRI Bk 37 Mk (14, - OHy - OR*“. -N(R*),.» -CN, -C(=0)R*. -
C(=0)NR™),. - CO,R™, - SO,R*, = C( = NR*)OR™, - C( = NR)N(R®),» - SO,N(R™),. -
SO,R*\ = S0,0R™. = SOR™., = C( = S)N(R*),» ~C(=0)SR*, - C(=S)SR*, -P(=0),R™\ -
P(=0) R, ~P(=0),NR®),s ~P(=0) (NR) ;o C,_ ot HEC |- (o BHILEHC,_
CorofRIE C oy KIAIE 3-14 JEARIAIE . C oy, 5 BER 514 JUAY T I, B EFE N A
REIEHSE G TE I 3-14 JuARAIEEN 5-14 JuAe 0y BE3A, o Rp AN bt i J oI I A I | %
PREL % LR 2 Fa T gl 0.1.2.3.4 8] 5 /> RIEFEUR.

[0070]  R™“HBRRHILEI AT HE A C ) obEdE. C B PEIE. C, (JRidE. C oo ghRIE
Co_ o PRFRFE .3 - 14 JCHEIAEE . C oy J5 FER 5-14 JOZe 05 5L, B %3 N TIPS R KL
S5 G TE I 3-14 JUHRIA LR 5-14 JuAe 05 B3N, P REANBEE I T PR IE VIR FAJE L R IR I T
FEFN 5 E b Mg 0.1.2.3.4 58 5 4> R HUAR

[0071]  RYEFCH BRI A ST H13% [ 525 - CNL = NO 5« - Nyu = SO,H. - SO,H. - OH, - OR®, -
ONR™) 5w ~NR™) 5w -NR™) X . -N(OR*)R", -SH., -SR*. -SSR, -C( = 0)R*., -
COH. - CO,R*, -0C( = 0)R™. -0CO,R*. -C(=0)NR"),. —0C(=0)N(R™),. -NR"C(=
0)R*. - NR"CO,R™, - NR"C( = 0)N(R™),. - C( = NR")OR*, - 0C( = NR")R**, - 0C( = NR")
OR*, -C(=NR")NR"),. -0C(=NR")NR"™),. -NR"C( = NR")NR"),, -NR"'SO,R**. -
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SO,N(R™) 5. = SO,R™. - SO,0R, = 0SO,R*. - S( = 0)R™, = Si(R*) 4. - 0Si(R*) 4 -C(=S)
NR"), ~C(=0)SR*, -C(=S)SR*. -SC(=S)SR*, -P(=0),R*. -P(=0) (R*),. -

OP(=10) R*), ~OP(=0) (OR™) ;. C, _ kit . C | A RBiIECy JJFEC,_ I C,_ oK
IRHE 3 - 10 TOAIRIE . Co - 07285 - 10 TuA% 05 2, Torh R /NP2 56 L i LRI L 9 EE

BE T FEN AL TT FEUT Y 041,234 BY 5 A REFEEFHEAR, B PIAS o ) R “HUARFE AT
Zi5 = 08 =S,

[0072]  REHEH BRI HIGE A C | ohidE. C | B WBEIE. C,_ T C, bhIE.C L B
IRFE. Coo 7753 — 10 JCARIAIEA 3 - 10 JuAF5 3, L REAMBESE 3  BRIE B A L Y
PRI D BLRI e 57 FEM AT Mg 001.2.3.4 F1 5 A REIEHA AR ,

[0073]  RUBERH B ML H AL C | okidk C, (BB C, JRiF.C, hIE.C,
BRIAHE 3 - 10 JEINIRIE Co_  FFHERN 5 - 10 JCATTIE, BUH TERE N SIS R " HE A 45 &
JER 3 - 14 JUHFAEEEL 5 - 14 Jude 0y A, JLrp AR AN e M 2k R EE VB FAJE L 3R 0k D5 B
2R3 A7 M4 0.1.2.3.4 5L 5 > REFEFHUAL 70

[0074]  REAFUCHI I Sz k&, - CN. = NO o = Nyu = SO,H. - SO.H. - OH. - 0C, _ okt
. - ON(C,_ghtdk ) oo - N(C,_gbidE ) oo - N(C,_bidk ) X - NH(C,_ bedk ) X\ - NH, (C, _ ¢kt
F) Xy = NHX. = N(OC, _okedk ) (C,_ohidk )« - N(OH) (C,_ gkt )+ - NH(OH) » - SH. - SC, ¢
ﬁ%\ _SS(Cl—ﬁﬁ%)\ _C( - O) (Cpaﬁﬁ%)\ = CO H. _Coz(cl—eﬁ%)\ _OC( - O) (Cl—e
Fidk ) . =000, (C,_ghidk )« ~C(=0)NH,. -C( = 0)N(C,_gbtdE) ,» -0C( = 0)NH(C,_gbt
F) L -NHC(=0) (C,_¢htdk ) - N(C, ket )C(=0) (C,_¢kedk ) . - NHCO,(C, kit ) . -

NHC (= 0)N(C, gtk ) ,» - NHC( = 0)NH(C, btk ) . - NHC( = 0)NH,. - C(=NH) 0(C, _ bt
F).-0C(=NH) (C,_¢bidt ). -0C( = NH)OC , _ohidk. -C(=NHN(C ket ) .« -C(=
NH)NH (C, ki3t )« - C( = NH)NH,. - 0C( = NH)N(C,_ ki3 ) ,« - OC(NH)NH(C, _ ekt ) « -

0C (NH) NH,~ - NHC(NH) N (C, _ 3% ) ,+ — NHC( = NH)NH,~ - NHSO, (C, _ %e3L ) . = SO N (C, _ bt
) ye — SONH(C, - bt )« = SO ,NH, - SO,C, _obidE. - S0,0C,_kedk. - 0S0,C, _(kidk., -

SOC, _ gk, = Si(C,_oktdk ) 5o - 0Si(C,_ kit ) , - C(=S)N(C, otk ) ,.C(=S)NH(C, _¢
$idE ) \C(=S)NH,n - C(=0)S(C,_oktdk) . - C(=9)SC,_¢kidk. - SC(=S)SC, _ekidk. -

P(=0),(C, _¢kidk ). -P(=0) (C,_¢htF) ,. —0P(=0) (C,_¢kt3E) ,» ~0P(=0) (0C, ¢
TE i ) ) C) o hidEC | B RIBEIECy (JHiFEC o (BIE.C o o BRIAFEC s o J7 3 - 10 JLAY
RFEL5 - 10 JeAT7IE s BSOS 1) REEURIE T LAZE & B = 0 5= S ;

[o075]  Horp X“ hbif 1

[0076]  GUASSCAE () “ sy 2517 A 5570 15 FAur PR 2R % 2 B TR0 i 4 v fir PR B [, DA £
R e onEIPE bl & ads s e E - (Bl F-LCL  Br W 17) VN0, . C10, .
OH . H,PO, « HSO, EEPR £h 2+ (g dr, HRR R &k — 6 HH R £ 0T — HH AT IR 6 L AT 1R
Eh 10— R IR £h 28 -2 PR AR V2% —1- IR -5 MEIR L. Akt —1- BEIR —2- PR ThEF )
FERRE B 1 (1, LT B R £ (ethanoate) « IR AR 2K HI IR 26 L H yh 1R &5 FLIR 45 |
AR AR FR AR R4 ) .

[0077] i, S IEARP IE NN EE (B, - C(=0)R™) 55, (HARPR T, FEkHEZ . LBk .
AW = O =9 G R LT 3— 2R3 TR I A M e T e » 3— b e i FH T
¥4 WN— 2% PR IS 2R T U AT AR 0 R R IR fi 0 R R e L A1 AH 2 (nito) REE ST
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[ AR BE R A GG St Sk (N — AR A SR R 2 2 ) Ol 3— (R 22K
B ) BN 3— (ATAHIEATE ) VIR 2 F3E -2 (ARRIE R4 ) INIERG L 2— FE 3L -2 (41
AR ERGAIE ) IMEIG4- 20T MEK . 3— FAE —3— 2 T el  S0HH 2 R REIE% N- S
FE R G RAT AR AR LK LG RN AR — (R RS IE L ) 2R I .

[0078]  Z AL RY LU IE HIREEAEE A (i, - C( = 0)OR™) BHh, (HAR T, " EH IR
G 28 2 R UG 9— 2 56 IS R H IR ER (Fmoc) 9- (2— T 3E ) 2 3k W JL 28 It HH IR I
9-(2, 7- ) i FEH I G IEHIRES 2, 7- T FE-[9- (10, 10- 44X -10, 10, 10, 10- Y
SARACHE L ) ] B AL B PR S (DBD-Tmoc) 4~ F 4 FE A% FE L Y L 2 36 FF 2 18 (Phenoc) «
2,2,2- —HLIERFEFIREG (Troc) 2 — FIE R Bt £ L & L H R BiE (Teoc) (2- K
B OEFIEFIREE (hZ) J1-(1- &Nk ) —1- H 3 43L& 3 F R G (Adpoc) <1, 1- - H
Bt -2- MACOIEE I TRRE 1, 1- SR -2, 2- TR ARG IEHRREE (DB-t-BOC) . 1, 1- —
L 2,2, 2- Z& LFEAIEF RS (TCBOC) J1- FH 3L —1-(4- BA 2R 3L ) £ B 5 IR g
(Bpoc) 1= (3, 5= = = U T FEIKIEL ) ~1- HIIE ZFLZFEHRAE (t-Bumeoc) (2 (27— F1 47—t
eIt ) LIERIEHIRES (Pyoc) «2- (N, N- 3 3 I IERGIE ) L FE S HE H R B - =t H IR
BUTES (BOC)  1- 4l KL 2 3L R i (Adoc) 5 2k F G 2 TE (Vo) « 28 35 /1Y IR 445 AT i
(Alloc) «1- A JE47 P RE 2 L IR EE (Tpaoc) « A FERE G 3L R TR (Coc) 4 i3 A ik
AFEHERHE (Noc) 8- WA IbRIE 52 JE FH IR i . N— 2 LR g L 2 2k FH R I L e —AiAR e
PR TG 28 5 R Rl (Cbz) b AR R R REZ A IRIE (Moz) AHIFZE (nito) "FEEZAEEF R
P R R L 2 2 F R R 0 AU R AR A IR IR 2, 4- S0 W AR 20 R IR L4 R I A
T R AR 2 2 FH R IR (Msz) \9— RUEE R 2028 IR IR . — R 28 FE L 20 L R IR L 2— M e 2
CHEF LRI 2— F M It 2 & L 2 58 W IR IR 2— (O FROR I I 2 ) & 2 2 W R I
[2-(1,3- —Mekedt ) ] LG IEHF RS (Dmoc) 4— HIARIEARFEEIE FHERHE (Mtpe) (2, 4- —
R R L 5 FF R 1B (Bmpe) < 2- M85 0k L L I R (Peoc) 2 = RILMEIG R RN
FEEIEHEREE (Ppoc) <1, 1- IS —2- FIE 4 FEZIE IR ER . [A] 5 — X B L L &I H
TR 6 (R RERIIE ) IR G L R IR L 5— I T S N e I R G FH R IR L 2- ( =R
e ) -6 (a3 (chromonyl) HFEZFE RS (Teroc) « [AJAHFE A FL 2 3L RS . 3, 5—
SRR R R I L AR N IE T L L IRIG . 3, 4 — HI AR 3E —6- MR N AL 2L RIS . 4
S (AR ) FIR S R IR  BUSIE 2 28 R IR - S— RS AR 2 28 FH IR IR X sl 2
ST IREE AT 2R R NE 6 O 2 2 28 FH R NG 0 RS 2 IR IR A T HH 2R
JE R TG 0 2SR LT I R TG 2, 2- WA IR Bt 20 L U R i L A - (N, N=
FHOE RS E ) “FIE S IRIE 1, 1- FJE -3- (N, N- FESE R IG 3L ) N E H IR
1, 1- ZHEPRRIE UL IR IR — (2- Mibne 3L ) 20 2E H IR L 2— W 8 FR JE (2
PR IE  2— Tl £ 2R 202 IR IR oK i S5 2 FH R NG . 5 1 28 2 28 FH IR TN - e MR T 265 2 2 Y R
fig X (O A IR RS RUIE ) I IR I L 1- IR BR T IR RIS IR IS L 1- LA 3t
AL IRNE 1- F2E —1- IR0 ARG R R NG 1- H R —1- (3, 5- AR ) 4R
FEHRIR 1- F 2L —1- W R IE ) S ZIE RS 1- 2L —1- R ORI H IR IS
1= FOE —1-(4- mibmg 2t ) LIRS IRINE 2058 I AR 0 (R AL ) FREZEFR
6.2, 4, 6- — — BT LA FLE L HRMNE 4 ( = H 34y ) FILEFEHIREEA 2, 4, 6- =%
NI IR .
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[0079]  GRIEARY I WEEEEREIEE (B - S(= 0),R™) 45, (EAPR T, X B 25 sk e
1z (Ts)  ATEMENZ .2, 3, 6, — — HIJ& —4- HIA R R MR L i (Mtr) 2, 4, 6- = H A4 2 O fk 1t
i (Mtb) 2, 6- — HI & ~4— HA LRI NZ (Pme) <2, 3, 5, 6 DU FHHE —4— FF 4 5 DR ik 19 i
(Mte) v4— HAFERMEIENE (Mbs) (2, 4, 6- — FIILAKREMENZ (Mts) .2, 6- — FI4(FE —4- L
AIEMENZ (iMds) 2, 2,5, 7, 8= To L 2R IF SNk —6- fali ik (Pme) « FHHBEREIERL (Ms) |
B - = I kbt L Be i mENE (SES) \9— BREMENEG 4 (4, 8 — —HISFLZEIL L ) K0
T/l (DNMBS) R Sl I e « — 95 FF e s gk fr AR I PP L et T e

[0080] LA ZIEARY ILALHE, (HABR T+, Wy MEME 3L — (10) — BRIEEAT AN N7 — X B R R It 2
AN EY N - R Z SR AT AR N- 2R R TN 2 R 2B N- S
FEFRR ARG EY) 4, 5 T REE -3 BEMAIRR 2 i N— RS T F RV i N- R R B FA R Y
fie (Dts) N-2, 3= " ZRFL T SRR % JN-2, 5— - FEIELALMG N-1, 1, 4, 4- DY H 3% — ke 4
FRIR e &4 (STABASE) \5- HUARIK) 1, 3— HI%E -1, 3, 5 =& & e —2- Wil 5- BUX
(1)1, 3- =3 -1, 3, 5- =R b —2- B\ 1- UK 3, 65— AL —4- mbigE i, N- F3E
fiie N= T FE R N-[2- ( = LR L ) Z40E ] HIFERE (SEM) (N-3- ZBE4E IR T FE %
N=(1- SN 2E —4- Af3E -2 404K -3 mEngupk —3— & ) iz 2= 3h N- "I N- = (4- %
FEORIL ) FEE  N-5— TR IR PERE G  N- = IRIE FIE S (Tr) N-[ (4~ FIEEZRIE ) oK
FEIE ] % (MMTr) N-9- JRIEZr 3L (PhF) WN-2, 7— 40 -9 25 560 AR SE i N- gk 3 i
FEEIE (Fem) N-2- MEIE FEE0IE N7 — S04 N1, 1- Z HISERRARIE FH LR N- AR L%
N— S FFAEU I D A FE e . N- 2R FEAY FEE . N=-[ (2— mtbmEdt ) 2, 4, 6- = HIORSE T 30 H L i
N=(N" N7 = TR L ) fe N, N7 — WP P 3 i N— P36 W R 6 i N- W 7K g 2k
Ji& N-5— GV IR 2 N- (5— 5 —2— FRFERSEL ) 2RI FE G N- W3R 2% WN- (5, 5- —
HE -3 K -1- SOt ) e N- Blbefim A4 N- R38R fir 2B N-1 2R3 ( fugke
LR - B ) BRIE ] O N- B G N BEEE A DO N- BRI O N- A SR N A
TORFEIEMENG (Dpp) « - H RGBT E (Mpt) « T ORSEGRACBEREG (Ppt) bR SR
fig ORI RIS IR G . A IE I IR IR A WU R IR AT IE R NG (Nps) <2, 4- —
il 35 205 N b T e« o SR A I g 2 Al 3RE —4— B AR W A I M « — R 5k P 66 T ik T e
I 3— FEFENL e WAEEEZ (Npys) o

(00811 Gn A A FH 1 HLIR AR 5 A vl B, 5 P sl i FT R sl 5 BT R ik e X :HPLC =
B RS TFA = =418 sTFE = 2, 2, 2- =% 4 8%, THE = PYS RN ;CH,CN = & Jf
HOAc =218 ;DCM = & ki

[0082]  GnASCAH FH A HLERAE 55 B, ARTE “HUARHY” 3 “ IR 2 F TR 1h 2% 45 i 5%
4 I, R A — AN B AN IR T ORI AR 1 45 4 38 43 AT A=, P AR 2 4
(HANPR T ¢ B2 IR BE R IE A I b U IR e S s O DRSS s i 3= s i AU 3E (9 an, =9
L) s HRBApe it s I AAPE s (BN, =30 AU0E ) PR 08 s el TP Ael I s e PR AU
SR s BEMESE 0 3L s 2205 S (A5, W W | IDK P | P 56 | TBRE 7y 6 | AR JGE |k gg o L it
R R W R e e R YR SR S R R e R TN R SRl ST N
G S EAN AR UL e L Y R U S e A A s R A s TR
({51251, CONH,) s BRAR A 22 PR IE (4511, CONH— 42 ik  CONH— 5% 35 . CONH- 7% Bk F il Horp 4
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FEAEANIAIE TG T ) B3 s e il R i 08 3008 S TR oIk S T3 S A28 S M 2 o4
FERRIEIE 3 05 SEMAIESE ; 0y FE R FEmRIEIE S W A2 It (504, SONH,) s HUAR 1) 0 Ak e 28
R e EE 7 IS o O JE e 3 s I 3 s Ze IR e LR PR L (alkylthiono) ;
D7 R P TN 05 HEGE I B o A0 RSt Ty 2, HUAREE AR G T DL — AN B M 2E
G UIAEAS BT A SO I 1R 0 26350 23 B AR

[0083]  GiASCAE () HLERAE 55 A U, ARTE“L0” 1 U0 Br 45 A 2 3 AL » 80 4, R
“CH” M5 N A R I, RO TR s R S A 30%6.25%.20%.15% . 10% 5K 5%
Z NI ZE o SR, ARAE “ 297 24 5 f 8 I (] — e FH ), 3R 73 BT R 7 114 ) 18 o A
30%.25%.20% . 15% 10% 1%, 5% 2 P (K 30040 2= .

(00841  GnAS SCAF I 1) LR AR S5 A U e, “ 50l i 25 2o R (417 2 4 nT LA nT DS IF 052 (1) ik
Vi BT ART i~ B i (A1 o A it b, 5 365 1) 2 2 A A mT DA sk e S i i ) i B 1) 2 14
A 10 52 AR 53] AR 8 A4 B 7 Bl 7 AT LS S A ad B A 5E B DAk, B RsE
56 ] LSS 2 AT AT e i1 B D A5 o] DA 7 5 3 1 e o DL i i ) g 2 2 1A
AFEHAT S L IEHE (B, (w2 ) BIsee, R n] DUE R s 220 4. Arid i & 58
(RS9 455 e 2 AU AL TG o 7E 1 28R, VR & DRG0 P03k 1, YRORD G0 R S DL 32 1 i 2%
R B X TR, PR R S = 60 R R TG = S R TE . 2, 2, 2— — W LA IR s
2, 2, 2= — G LTHTR TR A0S P R T 19 A2 e o) DLEE 1, EL2 A ] DU FH AR Al a8 5 RN I
L 0 At At L4 T PN S ALY e ) 2 25 i AT

(00851 3 4y = 2], A SR I (1) 25 g PN 25 R SR AL () A4 BR Z TR AR AE 7 i, I LA O 1 45 )
NES TiAh, W GE R Bl G5 8 — 5 53 B L ARAG 22 A U Wk AR Bl e 26 27, DK 1% 45 44 5%
SR A3 fARE A R s IL T AR A A

[0086] 6.2 Ak

[0087]  6.2.1 t&# (D) HHl#%

[0088] LI N7 5 L AL i, ASCHRA T T 128 0k bl S ) A4 0 PR S B e A AR A 1Y)
L (D WA eIt 25 RTE 5, A4S - PR 1. 1) K0 me s i 44 & 4R 1 slon i 5
FapRatif =t (ID) 11k S el SR A ot e S5 by A ' B IR ot e Sk A gl i X (TTT) 1
AP EILER s (PER 1. 2) A6 I S 4 4R i slont i e i A2l ) =8 (T itk 59034k
FSEA e S A A A R ot R S AR 2B (X, (T-a) A4S - (GBI 1.3) 24 Y A&, i
X I S A AR B A P B0 W SR AR S X (T—a) ARAG A A AR 4 kg ok ke S5 ) 4 5 4 116 0
W SR AL (D) LS A (SBIR 1 4) AT2EHb, K W S5 R 440 5 ) mld ot e S5 o 4
a8 (D MAEWEACR AT 25 e A8 — Rt 77 2, e m DR O i 28k
A (D) WEY TR B A TG e AE— RSt 77 2, %072 R B AT A
[0089]

23



N 104718202 A i MR P 13/43 T
Z3
Z4
(0]

o o o Q o Q ¥ o Q
z' N NH
@d&% C CO-C O
< Vel 7 SRR 1.2

o] 1.3 o)
e GeH %, ¥, %
Y KA A)
N N N N
(I () (-a) )
(i) Z' 5 NHY, # Z* 4 OR; &, () Z* A NHY, #=Z'#4 OH; 2,
(i) Z' 4 OR, #= 7% NHY; (i) Z* 4 OH, #= Z'4 NHY;

[0090] &K1

[0091]  RAJUCHAIE DRI LR L, ARG H L OBUT 28 R R EE . M A 1& R e R

SR S AN T3V o Y AT DR AT AR A5 38 H S 8 PR 2 o R4 R I BT FH % 52

b AR 3L 1 e Y A REIRAE T. W. Green, Protective Groups in Organic Synthesis (Zf

— W, Wiley, New York, 1999) H1, ¥4 LI AR A A S

[0092]  7E— st 77 2N, AN SCHEAE T Tl FH 7 508 o) B e A 4 A4 1 o] ik S A A 4l

18 (D eGP dLnT 25 B0 T, Al -

[0093] AR L) AEIEH T ER M R A ISR T 6] B e A 4 i 0 1R lon bk S ) A 4l

10 (1T bGP e i Eh, Hrr .

[0094]  (i)Z'Jy NHY, 1 Z >4 OR ;5%

[0095]  (ii)Z'ky OR, 1 Z >4 NHY ;H

(00961 R Ay HUAR ARy AR HAG PR e 225 DA PR B AR BCAG PRy A 25 DA ) i A A 7 e o

B BRI BR HUAC 1 2 A e 25 L EA 1) A A I 7 25 L BDAR ) AR AR I 2 05 2 AR

(R B A B AR IR D5 e 25 Bl G i (PR AR 3 5 S f

[0097] Y b &G A I 12 2 ORI S 5 3 A RS e S b R 0 T BN I S ) Ak Al ) =K

(I1D) HfAE eI, Horh

[0098]  (i)Z’Jy NHY, #1 Z “>4 OH ;5%

[0099]  (ii)Zk OH, F1 Z “>4 NHY ;

[0100] PR 1. 2) AEIE T AL T, AT Bl e R A4 B AR 1) B B S A Ak 4l 1) X

(ITD) HIAA PO Bl S A 44 5 B2 1 slon) e e i dk 2l (1) 28 (T-a) IS4 -

(01011 (PR 1.3) ¥ Y ANENS, 75&E T ORISR T, AT il S5 ) 47 a4 1) mlon e

SRR EC (T-a) BIALE WD ORA Ao il S ) 4 s A () slont il S da A4l i =X (DD 14k &

/Rl

[0102] IR 1. 4) ARIEH A TR I A5 2F T R 0T B S g 4 4 1 S W e A AR 4l )

X (D Mt EWHEAL R ILTT 24 H £ .

[0103]  7E—Fpsiti 77 A, 2 (D BIEM4 (S)-3-(4- ((4- (MR IE L ) R348 ) 4

B ) —1- ARSI Rk —2— 35 ) WREE -2, 6 W, HABBERR A (3S) —3— (4~ {[4— ( bk —4- 3

FOJE ) DR 28 ] A0 1 -1- AR -1, 3 =& —2H- Mg Wk —2- L) WRBE -2, 6- — [, 5%,

2, 6= WRIE il 3-[1, 3- =& —4-[[4- (4- MIIE 3L ) JASE ] 4L 1-1- 40K —2H- 5320

Wk —2- 3 J-, (3S) -

[0104]  AE—FhsEitE 772U, R A CghidE sC 5 JFAEIE 5C | o IARKEHE 5C , o ZehidE 5C o
24
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MpEdE A 1 & 3 A D7 EEBURH C bt B sl C oAbt s8E - SiR “ L, R34S R A7l
Crokidknk C s 053k

(01051  ZE—Mpszil 7 A, R WIS, 48 N FE NS RN 3L, T e S TaE BT
FEFHACIE L (MOM) « HE AR 2 L (MTM) DO &t IR 2% (THP)  FRARJE C 5SS HE (MEM)
2- ( ZHUIEWREREIL ) CAFEHIENE (SEM) VRAEHIE (BOM) v 2- ( = HIIEHREREIL ) 2 2E
(TMSE) \2, 2, 2= =5 LFERIE ZORFE L ) - HAIETRIE. 2, 6 - FHA LR JE . — It
FREREIE (TMS) « = ZFEHfiESedE (TES) = N SE RS IE (TTIPS) = FH I e A 286 HH ek e
S (IPDMS) \ — AR N E I RELEE (DETPS) U T 28 — H IR H e 2 (TBDMS) B T 2 —
HRIEH L RE (TBDPS) o £E—Fhsii 7 a0, R 4 L AU T N3k, 8 — R 77 0,
R HIE. 785 — st 77 =0, R OMBUT 3E. 78 X —Hpsiiti 77 =, RONFEE

(01061  fE—Fhsit 7y =, Y A&

(01071 fE—Fhsiti s Xrp, Y A & M SR 2 . A8 —Fh sl 77 =0, Y M NI LT
B FPAE S (MOM) PR 2 . (MTM) L RAE IS (BOM) 2, 2, 2- =S LA SV BUT
B R L P RE e AR 3 PR L S LR I AR 3 B I L I L s e R R R L A B L AR
HBR 3 . — RIS 28 BT 28 = H I RS gL (TBDMS) « = S NS I REE3E (TIPS) (4- HY
SRR 4 (AU AU ) 2RO 2 W ARUOE —1- 280 R Ak 4- WA R 2.2, 4- —
SAIETEIE 3, 4- A EACIE 2 ZWRAIE —4- AR 2- AT SE LW (4- AR SRR
55 3L (DAM) VXL (4 = FAJERSE ) RIEHIJE VL (4- WSS MR BESE R ) IS, =R
B (Tr) 99— RIS (PO) VW ( = HISE FFREREIE ) HE L BUT 53R IE (BOC) 48 B dt
(Cbz) « AR PRIE . CAFEIRIE X — FFORBEIEIE (Ts) o THSE. (B) —2- ( AL ) &
B ORI WAL -2, 2- TR E AL Bl 2- (4 FRORIR I AL ) &3k, AE—Fb
ST A, Y ORI 4 FEARE R BT 2 TR R G BT AR SR R N A A
Ko AE—Fpszit 7 =, Y ORI
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fEpe s (TES) « = A 3E ket (TIPS) . L RN Rk fe St (IPDMS) « — 43 S N 3t
Ffebedt (DEIPS) U T F — I SE Ak de e (TBDMS) Bl T 3k — I3k ke 3 (TBDPS) «
PRIAIE . L FRIEIEE 2K H IR IE I Ak TR FP R R L AR PR T IR (BOC) AR PRl 3L . — FH LI
| FPVRH PR P 22 B FH R PR R S o
[0264]  7E—FponBl Pk st 7 X, Y OE ROWBUT JE H R ShBUT 26 = R ke 2
(TBDMS) , Jerb s SV AE DU T 2 A 4 (TBAF) FAFAE A8 b R 2k
[0265] 6.2.5 L& (VID) K4
(02661 X (VII) MI4b-&4mT LA A A s 38 1R N 01 A 7 vkl o6 . i, Horp R
O HIE L RUARUT 3 R I RERESE (TBDMS) HLZAL A4 T ILAM e A st (VIT)
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AV, EAHRIEAE SR E LR A FF No. 2011/0196150 H.
[0267]  AF—Fhsjiti 7 XA, A SCHEAE T — P H il 28 5 e S b A4 4 1R mIOGT e S A Ak &
R (VIT) BAeE 72, ads

[0268] DY 5) AT IMERIZAE R, A (VITD e
0

L1
[0269] L2 o

vt (VIN),

[0270]  RUGEE IR HE ;L U0 L 2Bh a7k g 25 . OR L OCOR®. 0SO,R* OPO,R*EX £ i
frEg 22k 1
(02711 JLrp REG MR BB A A A B AN C e, ATk il — a2 A s L
R 588 5 & 10 Jo )5 SRR E N 5 5, AT M — AN s S s R
[0272]  Hzfulonf e b R et sl SR AR 2l i) =0 (TX) itk el di &

@)

Z1
H>N
[0273] - Hrh
ZZ

o (IX),

[0274]1  (i)Z'Jy NHY, F1 Z >4 OR ;5%

[0275]  (ii)Z'ky OR, #1 Z >4 NHY.

[0276]1 L' L2 AT LIS T Hls Ay A A58 305 T8 5 AN B2 A0 FRATAR] 538 1) 188 e 3 [ 6 — sk
Wi 77 2, LR L2k ST sk i 25 L A4 . —0S0 ,CH, . —0S0,CF, . —0S0,CC1 4. ~0S0,CH,CF4.~0S0,C
H,CC1,. 8% ~0S0,CeH,—p—Me ( X} AR FRES ) o A5 —Fh St 7 2 rf, LA AL, R L 24
(0277 &M BIPE R St T7 S, Y A, R ABCT 5E, R1 ABCT 56 = I F ik e 2
(TBDMS) , L'y F AR, AT L 23R, FerpiZ e A KH PO, IAEAE N AE LG R

[0278]  7E 55 — PRk i st 7 20, Y OME, ROV L, RUM AT 36— F 3K ek e 3
(TBDMS) , L' FRARZE, A L 24, HerpiZ [ N AE S 9 S G I AE RAE S h R A
[0279]  6.2.6 LAY (VITD) [HHl#%

[0280] =X (VITI) M4k A54mT LA A A0S AR N B3 E 40 10 77 vk 4% o i dn, Jeh R
BT 3 IR R R LI L LU FARIERT L POIR A (VITD) itk & il % 4 RiE e
% [EEF) 4 ITF No. 2011/0196150 .

(02811  7E—Fhsiti 77 X, ARt 7 — R H 8120 (VITD B &Pr 777, s
[0282] (IR 6) fEid T i b4 F T A0 (X)) b S AR I AT sUAd A= it
[0283]

40



N 104718202 A i MR P 30/43 TT

[0284]  FE—Fpsiti b, b S B 2R IR A . B 2R VR T BALE B e S5 R AT
FELE T R AN HOGEINIAG | . B B R VRAL PR AT RN 45 1 2 AR U B RN 7
DNFNI o A5 —Fhos g iy St 77 3 rh, WRAEGR O 1- Rtk -2, 5- — i (NBS) , H tH2E5]
KRR 2,27 - (R -1, 2- =2 ) X (2- NS ) (AIBN) , %714 L1857 Al -

[0285] 6.2.7 LB (X) K%

(02861 X (X) (AL A4 ] LA A ARSI @ A AR 5 A ikl & . ildn, Horp RN
BUT Ik SRR RESEA LU AL 120 (X0 Mtk S & Caiia 8 55 1 L R A FF
No. 2011/0196150 1,

(02871  fE—Fhsiiti 7 =, ASCHR gt T —FH Tl X O MG orik, s
fo288] (IR T) fEX (XD MG

[0289]

L1

OH (XD);

[0290]  SORPIEALIE TRY ISR T RN

[02911  E—Flos BT St 7y b, LA FRARE, b AR 8 N, N- 6 ARG s 77 o

HARAUT 3 = B F A e 6 S ) RH K W () 7 7 R R

[0292] 6.2.8 L&¥ (XD Ml

(02931 X (XT) M4 Hn] DAAH FH A At R N 2 LA 7 ¥R & ol an, Ferp L1

I HAEZER S XD B S PR e D& e 35 B LR A JF No. 2011/0196150 1,

[0294]  fE—Fpsiti )7 20, ASChe gt T —FH Tl X XD W& mn ik, A

[0295]  ( PEE 8) {rid T-HRALI 45 F T AT 3- F2dk —2— RN HITR Sl [ MY .

[0296]  FH & Tl 45 TR 1) 7 V2 A2 AR AU T R N B3 AN o A SR st U7 2, T AR R

PESAF ARG S s N R AE TR o ZE—Fhos Pk st 77 b, B0 FEE, 1% N AEBR R 11

FELE T KA

(02971  6.2.9 SHAMNKISEt 7 2

[0298]  fE—Fi st Ty Xrp, AN SCHRAE Tl T 35 0T B e A R A ) ORT B A R 4l

(1) (S)=3—(4- (4~ (IR IE I ) “R3E ) 4038 ) —1- AR Wbk —2— 3 ) WRIE -2, 6-

585, Jorp Y R EG ROGRUT 36, D3R 1.1 F2D IR 1. 2 fEZRMEIR A7 A R AE—Brh &4

i L&, PR 2 78 KCOIAFAE R R

[0299]  AE—Fi st Ty X rp, AN SCHRAE 1 — ol T35 0T B e A A A ) ORT B  A) R l

(1) (S)—3—(4- (4~ (IR IE I ) R3E ) 4038 ) —1- AR Wbk —2- 3 ) WRNE -2, 6-

(P58, For Y &G R RUT 35S, IR 11 AP IR 1. 2 FERMRIR A7 AE FAE—feh Rk E 3T

WL S, PR 2 18 KCOMMAEAE TR A sILrh 23R 3. 1 76 STR S N BBV A R A Ol B

R 2y, SO 2 20 AN SN 24 ANE, 28 (V) AR S bk ) JBE OK B R 2

1:1.5 R (V) (AL ATk bl ik 7 F I v JE B PE A Ok 4tk

[0300]  FE—Fi st Ty X rp, AN SCHRAE T — i T o8 T B e A R R ) ORT B A AR 4l

(1) (S)—3—(4- (4~ (IR IE I ) “R3E ) 4038 ) —1- AR IRbk —2— 3 ) WRNE -2, 6-
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798, o Y &L R ONEUT 3, P38 1.1 FAUB IR 1. 2 fEREAIR A7 A8 FAE—Sh kA4
WL & DI 2 1E K,COLMIAAAE R R st R URUT 3 R I RERE L (TBDMS) , AU 1% 4
DU T IR (TBAF) [AFAE NAE R &R

(03011 FE—Fh skt 77 2, AR SCHRAML T — i FH 3 o1 46 o) Bl S5 g 7R o 02 1 0 ok e ) A
(1) (S)=3— (4= ((4— (M BpRIE H L ) 3L ) 40 ) —1- SUAR S5 Wbk —2- 3% ) DRIE -2, 6- i
s AT 25 A i, B -

[0302]  (PHR 1. 1) 753 T R A B4, 00T e S e 4 e £ R mO0) i S A A i )
(D) WA DB R 3 A O e S b R | AR 1 Bonf i SR R 2t =X (11D IRk & ek
HoEh .

>N

[0303]  (DHR 1.2) 7E0E T IR 454 T, A X0 Il S ) R ' 2 1100 B80T I S ) Ak i g =
(IT1) AL WA by il S 1 i 4R ) Bl e e i A2l 1) 8 (T-a) ARG

[0304] R 1.3) Y AE, G T AR 4541 5 S0 Bl S ) A s 4R ) 0T ke
FERARAE ) (T-a) MAA YIRS kX e e b A4 s 4 i st i e A AR 2l =X () ife
/Ryl

[0305] WHR 1. 4) ARIEHAEIE T R R 2T, 0 i e A A i R ) IO e e A Ak i )
L (D MBI T 25 5

[0306]  JLrp DB 1.1 ABER 1. 2 48 —4Rrh kA

(03071 L o ) e e Al A s AR W BN W e A AR 2l =X (1) b & it s an v
A IRITTIE BRI

[0308] (BB 2) 7EiE T B WM SAE T, 50 e S Mg A w4 A son e SR AR 4 it 28 (TV) 1)
e (V) itk & PEdiEs

[0309] LA pTIR (V) WAk AW i A ds an AP BRI 7 Vi 45 1

[0310] WER 3. 1) fEdE T BT A (VD) RGPl bk ol e 25 0

[0311]  (DUE 3. 2) ATk Hbil i e P A 4litb X (V) b A9 s b o i i 44 & 4R 1)
ORI AR L) 2 (TV) &2l s an N RO VE RS 1

[0312] IR 4) FEIE T AR (P2 AF T 5 A 0] it 5 g A 12 (170 BOn) ke S g Ak 4k 117 =X
(VID) Mtk &y

(03131 v Jfr a tof e e ) 4 e 41 1) BORT i S d) A i iy =X (VD) 4k &4 02 i sk A4
PRI TR

[0314]  (ZPIRS) FEIE TIHLIAAE T, X (VITD) H4b & e fulon] e S b oA s 4 1 sion)
WAl )8 (IX) K59

[0315]  H Tk (VIID) AW id ik f S an 2B BRI T 4 1)

[0316]  (AHR6) fiid T i th ™, X (X0 ME Y A AL Sl L pr
B X itk e i S W R DR VAR

(03171 (IR X XI) MHAEYS R EEE TR A TRV

fo318] A priAsl (XI) H4b& Pt t A5 N BRI IS

[0319] IR 8) FEIE T WAL IS4 T, 48 3— FR ok —2— HIREZE PR 55 I ] 1Y

[0320] P RVR'WR*.YLLJLURI L 2hdn BFIAS S & X

[0321] AR EE T A IR ST A
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[0322] MM ERAR, A B ERIE T & i (IX) ARSI AH I R— 0F i s 4 R Bk
TH e AR B 4% 3 (4— ((4— (PRI 3L ) AR3E ) 4L ) —1— S AR S M5 I WRpk —2- L) Ik
g ~2, 6 i 16T B S R A4 B AT e o 3 A1 3= (4= (4= (M IRIEE G ) 838 ) 4838 ) - 1- 48
AT IR —2— 55 ) WRIE —2, 6— P KA i) m] LATE el AR s A< 4ak o 0 i MR SR AL )
T E I P 2 0 Tk T B e A A R I R R A5 D RV e R

[0323] 6.3 XJWL RISl E 4

[0324]  AE—Fp st g K rh, A SO ARG =X (D) p4b S WL 3R A / Bl tb M o) ik
SER AL R Ve T, T DUE I AE PR A B A ee  FRACME T FE45 o BRATE 5 B 00 %of 1 S A 4l
J,

[0325] A& —Fpsicjiti Ko, ASCiR LT — ﬁlﬂﬁﬁ?iﬁtmﬁzﬁ (S) =3= (4= (4= ( MehIpf JE
B AEE) A ) -1 EAC IR -2 %5 ) UREE -2, 6 Eda L E A/ SOA A
J7 1% AR AR B R A #@EPE%E%W)W (S) =3 (4= ((4- (Wb L FH AL ) 2L ) 4R
B ) —1- AT IRk —2— FE ) DRBE -2, 6- E ek LRI / s AL I B — R A, 15 3
(S) =3 (4= ((4- (MpRFE L ) 5L ) A0 ) —1- SRRk —2— 55 ) WRNE -2, 6— —fEk,
SLERFN / BTN (P 58 i, SErb BTl 28 R i B AT LR — A S ees

(03261  7E— st 7y X, e F A il B Doy ik SR AR Sl T o AR Sy —Rh st Ty A,
T 5 458 S5 ol S R PR A

[0327]  fE—Mpsizjiti /7 b, b5 4 5 BT B 2 I O R S ) A i 5 A L, 1 B 4 o ElO
BE 2 I of W SR AR Al B RT LA N 196.5%.10% . 15%.20%.25% .30 % 5k L |,

[0328]  (S)—3—(4—((4—(nempf 2 R 2L ) %9 2 ) A0 26 ) —1- A0 AKX 7 Mol Wk ik —2- 25 ) IR
WE —2, 6— S5 —FF i R, JLO0F R S5 48 400 B 189 I R R it ) ol LR e K X Vi 25 T
L KEWE L ERE R S S G e —Rh s 7 b, S —FE oA e
IKUFEIE R 78S — st T rh, 25— PO K S YE . 78— Rt 77 21X
rh SR Al A I THE i A e e 8 st 72U, 25 —#F b 4 HCL 3B
P8Rt i) St 77 20, 28 —FF i b Jo/K HCL #hB .

[0329]  ZB5—FEf I ee T LAY 0% 849 95% o 78— Fh Szt 2, 45— ) ee W2 25%
BA190% . 7E—Fhseiti 7 R, 5 REA I ee ML 50% B 80% o £E—Fh sty =, 4
—FES IR ee NEY T5%

[0330]  EE &4 ff BAE S mT LAAEAT A s 77 Bl SR (R AT A 2 G b R A A SR S8 it 7 Ko
EANBAE RN H A5 K O, 4- R DU R AR A0S AR TN OB
W SO e TR S P PR b . — RS e PP — e — P L — R 2 B e L B
N— 3 —2— MEMS el o 76— Fh st 7 X, W O o 78 5 —Fh st g Kb, %570 DU A
U

(03311 FE—Fhsiiiti Jr =, SR B AR — PP Sty b, AN

[0332]  AE—Fhasiiti 77 =X, R BRI K PR AA » AE— P st g Kb, i 700 S P I A
IKENRE . AE— st T 2, SR 2 N EEAK I 90: 10 VAW (55— s 7 =C
R N BRI OK ) 955 TR

[0333] E%%%ﬁﬁ*ﬂbjﬁﬁmﬂngﬁfﬁio e s 7 Kb, I AL 0°C 2 Y
100°C o R Leszfit 7 rh, W W) 10°C 224 80°C . AE—Fhsiil Jy X, i A2y 22°C.,
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T —Fhse i 7y =, WAL 29 55°C .

[0334]  (S)-3—(4—((4—( neh mpk 2 F L) % 5L ) 44 28 ) -1- 40 A% 7 1wl Wk bk —2- 25 )
WK Mg -2, 6- W 128 —AFah CRIL fEX o sk e i el B 2 s &5 9) bl 5
(S)=3— (4= ((4- (MR FE AL ) “F5E ) 2L ) —1- S AR Rk —2— 55 ) WRNE -2, 6— i)
KA R EANFE B AR st 7 b 28 AR SRR A FDE . 1R
Ty s b B TR S SR R SR AR DB S AE s Ty S, SRR AN
FEMHRE HCL 2K

[0335] 2 AFELI ee R T AR AE RN eeo FE— PP T U, SRR ee ANDTF
21 50% AN T2y 60% AL TL) T0% A T-2 80% A T2y 85%  ADT-25 90% A
DTILY 91 % A T2y 92% AT 93% % A T2 94% A T4 95% A D T4
96 % AT 21 97% A D T2198% A TZ199% AL T2 99. 5% AL T£799. 9% A
/D21 99.95% AN T2 99. 99 % 5k £ 100% .

[0336]  fE—Fpsifi A, (S)-3- (4= ((4- (M mbkIE L ) 3L ) 438 ) —1— SR 57 15[ gk
Wk —2- 3% ) WRIE -2, 6- —FdfISE— KR N B ee TH5% I HCL 2B, 76 55°C C FAEH
TR AT S, 433 (S)-3- (4 ((4- (ML R AL ) 3 ) 4058 ) —1- S AR I Wik —2— &)
WRIE -2, 6- —Fi 125 —Ff b, HOWHA ee 97. 5% HCL #h)E 20,

[0337] AR wsa T FadR s 7 XA G

[0338] 7. SLjifhl

[0339]  4NASCAY FH ), 5 & ARl i e SRR SE 46 'S ook, AR IX B85 7 2 M s it g vh
A FH AT 5 A ) 5 AR 30k (i an 56 B AG 572 25 %% (Journal of the American
Chemical Society) B EMik2#Z44E (Journal of Biological Chemistry))) =8 H AR
WG — 30 R, AHAN PR T, A St ) AN S U A R DU R IR g © g (b)) smg (%
5i) smL (ZF) s LORAE) sMOBEZR) smM (228K ) 5 w MOCREBEZR ) seq. (38 ) smmol (2
JBEIR ) sHz (2% ) sMiz (JKAR2Z ) shr B¢ hrs (/) smin (2080 ) R0 MS (i 2% ) o Brik
T UL, 15 WA SR AL G K S 2l ad Karl Fisher (KF) 5kl (1) o

(03401  XFT RIS, B AR 55 A Yo BH , 75 AT LS A ACSIUIEE AN G 2 o A 3
Maidb 777% . BRAESS A BEWT, 15 W BT A IR SE AR LLC CORE IR AL ) Koo BRAESS A U], 15
W B A 1R S AR AE B N AT o AR SC2S0 5 W 1R 55 J 7 V2 At A o A FH AR 52 i 497 A A9
AL IE A2 T R, 1A A2 3R s AR R BH 13

[0341]  SEZjfsl 1

[0342] 2 (yRAZE ) -3-(CRUT TR FRELEEE ) S ) R HIE 16

[0343]

0]
_Me

O. i,Me
1 ~t-Bu
e

[0344] IE 1.
[0345]
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O O

Me
OH 1) MeOH, 0.3 eq. H,SO,, 60 °C, 17 hr (e}

Me  2)H,0 Me
OH OH

[0346]  FEZUVA T, ¥ 3- 2L —2- AR HIR (250g, 1. 32mol) i A 245 J& £ 1 ik ) X
(bottom drop) =B () H EE (2500mL, 10X) . [ bR % b i A B E (48. 3g,
0.49mol) » B IZIESYINHAE 60°C, FEHLFE 8 2 17 /Iif. — HEAL K 598 %, NPK 1%k
BWE BRI A SX AR, KRR E1 S 20°C, I H.28 52 /0 30 4%, 1218 M hn A 31 K
(500mL, 2X) Ho MR (2g,0.01X) , 3F HAE 20°C FHH-XB A E > 1 /M. 78 20°C
N, 450 3 /NN K (1500mL, 6X) , Jf HAE 20°C R, %R &M E D> —A /N,
¥ [ AR Ik 98, B 901 K - U (B00mL, BRI 2X) PEE =ik, &/bpH = 3. £ 3532 45C
L AR TR A B 2] KF < 0. 1%, 1931 3- F2 3% —2- AR AR (235. 3g, /3%
86% ) :'H NMR (DMSO—d,, 300MHz) & 9. 68 (s, 1H), 7. 18(dd, J = 7.5, 1. 2Hz, 1H), 7. 08 (t, ] =
7.5Hz, 1H), 7. 00(dd, J = 8.1, 1. 2Hz, 1H), 3. 80 (s, 3H), 2. 29 (s, 3H) ppm.

(03471 ¥R 2

[0348]

O
_Me .Me

(@) 5 I\I/!e | n;‘}i\ni’: @]

Bu—-Sj— B —
Me £ SII = DMF Me
Me

OH O‘Si'Me

1 ~t-B

Met u

[0349] ¢ 3— F2Hk —2- FELE B HIE (110g,662mmo) AIAFILE 3 THify B 1 e X Kk
J3: %% 7 7] DMF (660mL, 6X) H'o KRS Ve 214 5°C, JF HAg kM (113g, 1655mmol, 1. 03X)
TONEAWB . INANRUT e AU e (110g, 728mmol, 1X) , 3 HAE 5°C FHEFHZIR &
Y11 N o R ZIR SRR 20°C, HPEEE S D 2 /NI BRI R ANELL 0. 2% IR UH R .
TN RS AR (770mL, 7X) , AR5 18 in A 7K (1100mL, 10X) , fREFR KT 30°C. Bt
RS, DU B . A HUEHK (770mL, FK 7X) FRUES =, 75 40 2 55°C N ELAS
AR 6X A HE B KF AN 0.05% o B 3- ((HUT 36 SRR L ) 438 ) —2- H
SRR PG =W A7 N SR e N R W ¥ SLH T+ F — 20 e @ 1t — b alifh (it
168g, % 90 % ) ;'H NMR (DMSO-d,, 300MHz) & 7.15(dd, J = 7.8, 1. 2Hz, 1H), 6. 97 (t, ] =
7.8Hz, 1H), 6.82(dd, J = 8.1, 1. 2Hz, 1H), 3. 60 (s, 3H), 2. 29 (s, 3H), 0. 97 (s, 9H), 0. 18 (s,

6H) ppm.
[0350] ;J/I:g}gé 3
[0351]
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(@] (0]
.Me _Me
O NBS, AIBN O
M - = Br
= 'PrOAc
O‘Si'Me O‘Si'Me
I\I/Ie t-Bu I\I/Ie t-Bu

[0352] > 3- (BT 2 “H R RERE AL ) A2 ) —2- FE K H IR I (157g, 560mmol,
KL, AFRRRY PR E<0.2% ) MBS ABE BN S 3 i %k
1R E R B A e AN T AN LR TN I, FEAE 40 22 55°C N S A LIRS
V) (A 2 ), 15 3] S AR 25 9X (1410mL, KF < 0.05% ) o # 1- 3Rk g & -2, 5- —
fii] (NBS, 103. 6g, 580mmo1, 0. 66X) A1 2,2” —( 4 & -1,2- = K ) X - H X N )
(AIBN, 1. 9g, 11mmol, 0. 012X) MAZNZHW + . &5/ 2 /AN, B e SR AP 70°C,
FEAE T0°C N 2 /NIf . B NS AR s B an R A>T 95%, WA 53 4b 0. 05 J&
IR NBS, JEAE 7T0°C FHEFEZIR AW 1 /M. [ B, 2 %, H bk
95% . FHZIBAWAEE 20°C, HARKE 200C T2/ 1 /M. s8I (BEIImEIZ ) ,
HH RN (75mL, 0. 5X) ¥edk. MR (157g, 1X) HI7K (1413mL, 9X) W,
HHK (315mL, 2X) PERIEH . K EHUEAE 30 2 40°C F HA 2 A ~ 2X B A S 4b
(1) 1% 5w AR (315mL, 2X) , JFzemiik [nl & 2X ARR (W2 ), HE KF A 0. 1% . A
Ja, 1E 30 2 40°C R & MANLZ, 152 E MR 2- (IS ) -3- (CRUT 28 = H IS AR Je
B L) FEWERTEE (TR 180g, 7% 90% ) ;'H NMR (DMSO-d,, 300MHz) § 7. 47 (dd, ] =
7.8, 1.2Hz, 1H), 7.37(t, ] = 8. 1Hz, 1H), 7. 15(dd, ] = 8. 1, 1. 2Hz, 1H), 4. 96 (s, 2H), 3. 86 (s
, 3H), 1. 03 (s, 9H), 0. 30 (s, 6H) ppm.

[0353]  sjfs 2

[0354]  (S)-5— 2k —4- (4- Fo A —1- Sl Rmbk —2— 5 ) -5 2SR AU T BRI & B
[0355]

,t-Bu
OH ‘>/’0

(0]
[0356] DBR1 :
[0357]
(@] O O
i HCI}NHZ DIEA N}NHZ
gr + HN— — -,
] /t'Bu CH3CN ‘>—o/t'Bu
-...Me _>/~*O O. ..Me
Sll‘t-Bu ©) Sll\t-Bu 2
Me Me

[0358] AERA T, K 2- (VR IE ) -3-((RUT & WL RELEIE ) &3 ) K H R B
(250g, 696mmol) F1 (S)—4, 5- "2 FE —5- FHACKER BT WE th /e £h (183g, 765mmol) A 2]
£ HATUE B PR b T B IR E A2 1 4 (2150mL, 8. 6X) H1e AR
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Pk 2% (DIEA, 303mL, 1. 74mmol, 1. 2X) , 7F4E 45 % 50°C N MHGZIE G 24 F 45 /I,
— H#AL = 97%, 7EK T 50°C N B ZBIZIBR AW A AX KR . AE— /NSy 2548 v il %
KH,P0, (190g, 1. 32mmol, 0. 75X) 7E7K (2500mL, 10X) P AK HEBE IR« 1 R N IRA Ve A1
420 & 25°C, M F LU T 25k (MTBE, 1500mL, 6X) « FH— MR Sh s v B % 18 -5 W
I, FEHZK (500mL, 2X) PEE IR XTGP 2518 4 4X AR (1000mL) « JIA S5 4M)
MTBE, JE K 1% 1R A Y 280 0R [Pl 48 AX ARR (i b 22 ), HAI KF < 0.2%. SRJ5, II
(1500mL, 6X) , H-7E 25 4 35°C F EZE IR AYE AX AR A SN EE, JER 1208
B ERIR R A AXARIR (WA 222 ) , E 2 LUEEJR T MTBE AHX - H AN L 596 o 5HH I
1) (S)—5— 22k —4- (4- (CRUT R R ) 44028 ) —1- ARk —2- 3£ ) -5- 44
R T BT F—20 b, Rt —Palith.

[0359] DIE 2:

[0360]

O O O O

NH, NH,
N—/ _TBAF N—/

- JtBu  MeOH - JBu
O._.Me _>’0 OH _>’O
Sy © 0
Me

[0361] K¢ FHEE (1500mL, 6X) HHAFIK H AP 1 A TI (S) -5 & —4-4- (T H
FH L R e 3 ) 3 ) —1- S AR M ibk —2— 3 ) -5 SRR BUT g o A DY T 5L
H=I/KEY) (35g,0.14X) o 715 2 25°C I, fFF %I &Y 12 & 24 /NIF o Wiy b 22, K i
FEIFIA], HRVEAIEE] 99. 5% o 7EAR T 45°C R, A MZIRAG YA 3. 5 2 AX A (875 2
1000mL) o R4 3 N\ 21 S N 2% 0, LR TR 1T 42 15 &8 25°C, FE A SRl (1. 25g,0. 005X) .
22 T /NEPIMNIK (1750mL, 7X) o FEPEZIRA 12 2 24 /). R[4, H 7K (500mL, 2X) ¥k
B, IHAEA0C T, FEE S Z AR T FEEEIKF < 0.5% . Kefn (S)-5- &t -4-(4- #£
5 -1 ARSIk —2— 58 ) 65— SRR T B T T —20h, moeRg gk — P alifk.
[0362] I 3:
[0363]

O

0
NFl CH5CN _>—NH2
N—/ e N—/
$ JBu . t+BU
o
0

OH OH

[0364] Rk PR 2 PRI (S) -5- &2 —4- (4- 32 5E —1- S A 7Dk —2- 3 ) —5— 46AR
IR T eI BILE 2 TR i 26 (750mL, 3X) 1, B e )i B AT Ti B X i bk o L #ho
BFIA SRR LIRS PINAE 60 2 70°C, AL VaF iR 4 2 5 /M. &4 2 5 /bl
ZIRGAHIR 15 2 25°C, AT X u [ h i de 12 28 24/ f o sl 98 FENA, H 2 (250mL, 1X)
ek, A 35 B 45°C R, fEUE 5 A AWRHE T8 H B TR (L0D) < 1%, 15 3
(S) -5 2 —4- (4- 3L —1- AR Wbk —2— 5 ) -5 S8 AR BT T (182g, =% 78% ) ;
MS m/z:335. 1(M+1) ;'H NMR(DMSO-d,, 300MHz) & 10. 03 (s, 1H), 7. 56 (br s, 1H), 7. 31(dd, J
= 7.8,7.8Hz,1H), 7. 18 (br s, 1H),7.15(dd,J = 7.5,0.6Hz, 1H),6.98(dd, ] =
47
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7.8,0.6Hz, 1H),4.71(dd, ] = 10.2,4.2Hz, 1H),4.49(d, ] = 17.7Hz, 1H), 4.32(d, ] =
17. 4Hz, 1H), 2. 21 - 1. 93 (m, 4H), 1. 34 (s, 9H) ppm.

[0365]  SEifsl 3

[0366]  4-(4- (U HIIE ) “FIE ) Mmpkah IR k1A Bk

[0367]
HCl <:> Cl
N
()

@)

H
N
[ j HCI cl
C Cl o~ IPA 49 HCI ’
Cl 'PrOAc Q

O
[0368] ¥4 1,4- M (& A ) % (50g, 286mmol) N B 1E [ WV 75 2% v 1K) Z 18 S A g
(500mL, 10X) "o — H[EAE R, — R I RSIE (37. 5mL, 428mmol) » 7EE M T, R A
W) 20 AN 24 /NI o VR A (b -HCT FIX — M IbRE =4 ), I LR S A g (50mL)
Vet . FZK (125mL) WESIEPI IR, HH 5% £h7K (100mL) PEik— R B HUAH IS 145k
FH MgSO, T8 A HLAH T INAAE 2— I 1) HCL (TPA, 50mL, 5-6N) o 1&g Hh fin A
S 20mL DU ST REFI SRR IR o I 845 20 6o [ 44, ) SR 5w IR (100mL) PE%, 78
g B e, 52 (39, 4g, BHE 80. 3% BRELIK IR 19. 7% X — N IRk
M), P73 56.4% ) .
[0369] KM =¥ (2. 0g, 80. 3 % i FiF, 48. Smmol) Hp A | H ¥ (20mL, 10X) 1, Jf 7F &
BBz A 3 /N i AR B mks] =4 ) AP mER A &
e S N BE (20mL) , JF HAM I 76 KA R 2800 o 2 W B o 2 TO0 0 i 5 DA Y e 1 33 e oL
(64-65°C ) P FFARIS, A FHEE bR 25 7840 58 & K2R B 20 2 =), JEhi et
o T8 It PR B e AT B 1) [ AR, H 418 SN ER (1-2mL) PRk, fEdn 2F b4 B g
PIHTE, 1G22 AR E 4-4-(EF ) R ) mEikshiR s (1.3, % 81% ) ;
MS m/z:226.1,228.0(M+1) ;'"H NMR(DMSO-d,, 300MHz) & 11.56 (br s, 1H), 7.65(d, J
= 8.1Hz,2H),7.51(d, ] = 8. 1Hz, 2H),4.79(s, 2H), 4.32(d, J = 5. 4Hz, 2H), 3. 94 -
3. 78 (m, 4H), 3. 20 - 3. 00 (m, 4H) ppm ;"°C  NMR (DMSO-d,, 75MHz) & 138.9, 131. 8, 129. 3, 129. 1
,63. 0, 58. 4, 50. 6, 45. 5ppm.
[0370]  sjffs] 4
03711 (S)-5— 2 & —4-(4-((4-(ng mk & B L) % &8 ) & &8 )-1- 5 AR = ml W
Wbk —2— JE ) —5— S AR AT R 15k
[0372]
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_>—NH2
N—/
2 t-Bu
0 < ' s

o
% +Bu (} DMF
OH o o)

(\N

(@)
[0373]  Hf (S)-5— Ak —4- (4- F2 I —1- AR 2 W91 W bk —2— 26 ) —5— AR L R AU T I
(160g) 4 (4- (G HFHE ) “FFE ) bk ihRh (138g,0. 87X) MIFKIRER (165g, 1. 04X) A Z
7 5 THIE 2245 W 1 DMF (960mL, 6X) o KR S INFAE 40 22 50°C, AL HE 12 58 24 /A
BAZ RSV HIE 25 & 35°C, RGN 18 g (1600mL, 10X) F17K (1600mL, 10X) « £F 25
2 35°C MHARIR G, DIFEIE & IMA SIS 18 £ (800mL, 5X) 7K (800mL, 5X) .
15 25 22 35°C FHFXIR G, TR 00 & o K6 A HLAHAZK (400mL, 2. 5X) Pei VY IR.
FEAR T 50°C T H 2200 WA 42 6X (AR . JESEHL NN 73 4K 1R £ (2880mL, 18X) , F:-4k
SRR DR R 6X AR . BRI & 40 § 45°C, ARG I A (0. 8g, 0. 005X) o K i% ik
ERFRL) 30 20 Bh LU ST GRI R, SR TG 440 1.5 /NI BEki (960mL, 6X) « 22471 & 1.5
NP IR SIS HI A 15 2 25°C, {8 15 28 25°C N HedE A /b 1 /NINE, FEAREE 16 /NiE o o D& i
W, FPikE « 2R B (3L 5X, 2. 5X Bk, 2. 5X LR I8 ) vk, I HAE 35 &2 45°C N, 7E0
ERESZH T T EE LOD < 1%, £33 2 T4k (S) -5 &It —4- (4- ((4- ( mhiphIt
FRIEL ) N3 S ) —1- AR eI WRbk —2— 28 ) -5 A AR BT i (215. 3g, 772 86% ) sMS
m/z:524. 3(M+1) ;'H NMR (DMSO-d,, 300MHz) & 7. 57 (br s, 1H), 7. 48 - 7.43(m, 3H), 7. 34(d, J
= 8. 1Hz, 2H),7.29(d, J = 7.5Hz, 2H), 7. 19(br s, 1H),5.21(s, 2H),4.71(dd, ] =
10. 2, 4. 2Hz, 1H), 4. 54(d, J = 17.4Hz, 1H),4.40(d, J = 17.7Hz, 1H), 3.56(dd, ] =
4.5,4.5Hz, 4H), 3. 45 (s, 2H), 2. 34 (dd, J = 4. 5, 4. 5Hz, 4H), 2. 15 - 1. 99 (m, 4H), 1. 32 (s, 9H)
ppm ;°C NMR (DMSO-d,, 75MHz) 6 171.8, 171. 3, 167. 8, 153. 4, 137. 7, 135. 3, 133. 3, 130. 2, 12
9.5,129.0, 127.6, 115. 1, 114. 6,79. 7, 69. 4, 66. 2, 62. 1, 53. 5, 53. 1, 44. 8, 31. 8, 27. 6, 24. 8
ppmmo.
[0374]  sLjfsl 5
[0375]  (S)—3—(4—((4—( nempf 2 R 2 ) % 28 ) A0 26 ) —1- A0 AKX 7 Mol Wk Wk —2- 2% ) IR
WE —2, 6— i A R 1R 1) 55
[0376]
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PG| Bl b

SO4H o SOaH 0
0 O 9 d Q_ 2

CH4CN CH4CN
F8 A F8 A
N N N
O O O O O
(k% 5)

[0377] ¥4 ORI (68. 7g,0.39X) MIAZIAE 5 THRELM T 1 4N (1400mL, 8X) H, ft
e e A UE A BEREAR  AE A IR SR B AT A B 1Y Dean Stark WAERS, A
STk A BRI S, HA T RN BRI R AN, WA B, ] 2 R T KA
ZIRAW, HREKF <0.1%. #RJ5, A (S) -5 &Ik ~4- (4- ((4- (MhmpRIE F 3L ) 3L )
AL ) -1 AR bk —2— 3k ) -5 AR IR IE (175, 1X) o £E 90°C T, LABE/NINF 1 22
XA G 2% G 4 /NN . IR & AP (1. 75g, 0. 01X, £ 7E 17. 5mL. 1] ZJiE H 1)
W) o LARE/ANIT 1 2 X AR S I R R S b Z8 IR W 4 4 2 5 /N (A
H8RI/NW ). L1 R AN, B ZBEAWAHE 152 25C, JF7E 15 2 25°C FHil
FEAE D 1N, i E K, H 2 (350mL, 2X) YRV, HAE 35 & 50°C T, R S5 A K
W2 R T, 19 3 2 A E AR (S)-3-(4-((A- (IR 3L ) F3E) 438 )-1- AR
M| Wk bk —2— 2% ) DR WE -2, 6— Ml K itk B g (169. 1g, 7% 83% ) sMS m/z:450. 3(M+1) ;
'H NMR (DMSO-d,, 300MHz) & 10. 98 (s, 1H), 9. 74 (br s, 1H),7.61 - 7.56 (m, 4H), 7. 53(d, J
= 7.8Hz, 2H),7.48(d, ] = 7.8Hz, 1H), 7.53 - 7. 26 (m, 5H), 5. 31 (s, 2H), 5. 12(dd, ] =
13.2,5. 1Hz, 1H),4.44(d, ] = 17.4Hz, 1H),4.37(br d,] = 4.8Hz, 2H),4.27(d, ] =
17. 4Hz, 1H), 3. 96 (br d, J = 12.6Hz, 2H), 3. 61 (br dd, J = 11.4, 11. 4Hz, 2H), 3. 26 (br d, J
= 12.3Hz, 2H),3.17 - 3. 10(m, 2H), 2. 92(ddd, ] = 17.7,13.8, 5. 4Hz, 1H), 2. 59 (br d, J
= 16.5Hz, 1H), 2.43(dddd, ] = 17.4, 13.2, 13. 2, 4. 2Hz, 1H), 2. 01 - 1. 97 (m, 1H) ppm ;"°C
NMR (DMSO-d,, 75MHz) 8 172.9, 171. 0, 168. 0, 153. 3, 148. 2, 138. 3, 133. 4, 131. 5, 130. 0, 129
.9,128.8,128.5,127.9,127.7,125. 5, 115. 4, 115. 0, 69. 0, 63. 2, 59. 0, 51. 6, 50. 9, 45. 1, 31
. 2, 22. 4ppm,

[0378]  SLjiifsl 6

[0379]  (S)—3—(4—((4—( mef ppk 3 HHY 2L ) % 3 ) A0 28 ) —1- S AX 55 Ml Wk bk —2- 2 ) Wk
WE 2, 6— P ERER ER 1A Rk

[0380]
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0 0
NH
N .,,_):o
o)
o
o \) HCI
0O 0 0 Q
_>‘NH NH
w0 o
o) o)
NaHCO; HCI
—_—
MeOAc, 7K IPA
o/ S0.H o) HCI

[03811 > (S)-3—(4—((4— (M mpk 2 3L ) 9 38 ) A0 2L ) —1- 0 AX e W W bk —2- 2% ) IR
WE -2, 6- I R R e (75g, 1X) FAK BR U (11. 4g, 0. 15X) MM BIFE 3 FHaiw K E MK
H1 A A 1 4R PR (13500L, 18X) FH7K (300mL, 4X) H, J ik iy e 45 1) Jec o) X 2 2%
HATE PR ME )2, 4156 £ 25°C FHtHHiZE &0 E 2 AR SR . KiZES
ML FN 4> 8. 1A G MU TR N K (75mL, 1X) , 76 15 & 25°C F #it 4k 5 4> Bh, Ui I 4>
Bo 4 6M HC1 (24. TmL, 0. 33X) BT BI7E B0 45 h 19 = A I (TPA, 300mL, 4X) 1, R 4F
i FE. n) HCL/TPA 3 A éd Fl (1. 5g, 0. 02X) , R fE 15 % 35 &2 45°C. A5,
28 4 & 5 /NI ) HCL/TPA S T NN SR BRI . EIMAZ G, 7E 40°C M %R &
Y 0.5 /NIEF, 22 0.5 /NI EI R 22°C, JRARFEAE 22°C b (~ 16 /NN ) o 1 BE 44, H
LR WEE (225mL, 3K, BEIK ) PEBPII, 3F HAE 40°C T, ZEgl = A AW T~ T8, 15 2] 2
1 A4 TR (S)—3— (4- ((4- (bR 2 L ) 938 ) A28 ) —1- AR el Wk —2- 2% ) IR
WE —2, 6— i 5 R b (48. 1g, 7= % 80 %, 4l & 99. 55 % (HPLC), 98. 3 % ee) ;Cy5H,CIN,0;
(R4 47, BB AE :C 61.79,H 5.81,N 8.65,C1 7.30 ;5zill{l :C 61.70,H 5.71,N 8.58,Cl
7.46 MS m/z:450.2 (M+1) ;'H NMR (DMSO-d,, 300MHz) & 11.56 (s, 1H), 10. 97 (s, 1H), 7. 67
(d,J = 8.1Hz, 2H),7.57(d, ] = 8. 1Hz, 2H),7.49(dd, J] = 7.8,7.8Hz, 1H),7.33(d, J =
7.8Hz, 2H), 5.29(s, 2H), 5. 12(dd, J = 13. 2, 5. 1Hz, 1H), 4. 44 (d, ] = 17. 4Hz, 1H), 4. 33(d, J
= 5.4Hz,2H),4.28(d, ] = 17.4Hz,1H),3.93-3.79(m, 4H),3.19(d, ] =
11. THz, 2H), 3. 17 - 3. 00 (m, 2H), 2. 91 (ddd, J = 18.9, 13. 8, 5. 4Hz, 1H), 2. 58 (d, ] =
18. 3Hz, 1H), 2. 43(dddd, ] = 17.4,13.2,13.2, 4. 2Hz, 1H), 2. 02 - 1. 95 (m, 1H) ppm ;"°C
NMR (DMSO-d,, 75MHz) & 172.8, 171. 0, 168. 0, 153. 4, 138. 0, 133. 4, 131. 7, 130. 0, 129. 8, 128
.9,127.8,115. 4, 115.0, 69. 0, 63. 0, 58. 6, 51. 6, 50. 6, 45. 1, 31. 2, 22. 4ppm ; = 7~ F1 4 &
1% (DSC) I AT EIFR s AE ] 1 o X= S 2k RTS8 (XRD) #iZ: /e8] 2 vh s 3l & A
(TGA) HIFA M 2= AR R 3 s

[0382]  SEjfsl 7
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[0383]  (S)-5-(FFIEG I ) —4-(4- (- (bR 3L FF 3L ) L) & 36 ) —1- AR = g g

Wk —2— 35 ) -5 S AR HH R ) 5
[0384]

[0385]  7E 5 SEEH 2 A1 4 A R 44 F, @ i A (S) ~4- & FE -5- (R IR H ) -5- 4
B HEE AR (S)—4, 5 & 5 -5 A AR BT We SR Eh ) &% () -5-(FHEA
B ) —4- (4 ((4- (MPRFE 3 ) 58 ) 53K ) —1- SRR IGIWEIRR —2— 3 ) —5— 484 IR H i
[o386]  sLjfsl 8

[0387]  (S)-1- 4k -3~ (4= ((4- (bR IE F L ) AL ) 4L ) —1— S04 S M| kb —2- i )
WRAE —2, 6— —Fil (4 ik

[0388]
O O Bn
e
Q:/«N 'a_):O
o)
N
S
[0389]
O O O O Bn
4>—NHBn }N
N— Q:«/N .,,’_)=o
o} ‘(}’O'\"e pTsOH, T & _ o)
N N
o By 2

[0390]  7EG/UT, ¥ (S)-5- ("NEEEAL ) —4- (4- ((4- (MBHHE L ) 08 ) 408 ) -1- %
ARSI ~2- 3 ) ~5- %A DL FF B (2. 5mmol) RISt ~TsOH — /K44 (1. 25mmol) £ K
R SR 8 /N o 2R KAL) MR AR (50mL) H, FH PRI NaHCO, /K
(2X20mL) ¥E¥k. TEANUR, Hl AR i vhalifh, #5281 (S)—1-"F 4 —3- (4~ ((4- (it
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FEFE ) TROE ) AR ) -1 SRR IRk —2- 55 ) BREE -2, 6 i,

[0391]  sKjitifsl 9

[0392]  (S)-3—(4—((4— (M bk BE F L ) % 2 ) 40 2% ) —1- 20 X 2 W W bk —2- 2% ) Uk
WE -2, 6— )4 Rk

[0393]

o
[0394] ML AE PA/C MIAFAE FAE LR 2 K, B (S)—1- 3L -3- (4 ((4- ( M bk I
) AR ) AL ) -1- ARSI —2- 36 ) WRIE -2, 6 A (S)-3- (4- ((4- ( nhupRIE
FHIE ) W3k ) AL ) —1- ARSI —2- 2% ) WRAE -2, 6- .
[0395]  sEjfsl 10
[0396]  FHFHEm (S)-3-(4-((4- (MMpRIE FHIE ) 538 ) 438 ) —1- AR S W |WRIbk —2- 38 )
WRIE —2, 6— il (1)) % Bl S g 40 82 1) 2% A 1 i e
[0397] A, #E 22°C R, (S) —3— (4— ((4— (MpRIE FH AL ) 63 ) 43 ) —1- S AR 0 g
Wbk —2— 3 ) WRIE ~2, 6 7 25 S TLAH N TC 7K U B AR A H BEAL 5 WLE LG Th VY eews K
DUHAFI = (94. 7% ) o 4385, 3K1F (S)—3-(4- ((4- (bRt F 3L ) k) 43 ) -1- SR
FENG|WRIK —2— 2 ) DREE -2, 6- I SR K G, I HAE 22°CF, (S)-3-(4-((4- (15
WAL L ) A3 ) A3 ) —1- S AR TR —2- 3L ) WRIE -2, 6- Edl/K AW AR KA
WA e S PP ee R AR LS (89.2% ). 3G (S)-3- (4- ((4- ( M mpkIL FH L )
L) A ) -1 AR TR —2— 5 ) WRNE -2, 6- 1) THE R4, F B3 & T %
WEFIAL ) 55 AR R K S8 TEAL S IALE 22°C R I ee,, (68.5% ) . 4R1M, 1T THF fEE1E,
(S)=3— (4= ((4- (MR FE AL ) AL ) A0 ) —1- S AR Wbk —2— 55 ) WRNE -2, 6— (1)
THF 5 A AS A5 38 1 29 5 DR 3R — b AR 1 T vk o
[0398]  7E 22°C I, W4T (S)-3-(4-((4- (M mbk 3 3% ) R0k ) 403 ) —1- S AR 7 ml e
Ibk —2— JE ) WRNE -2, 6- W1 HC1 SR AAH N AN A AP0 16 HCL £R 11 e,y KIMILHL T
KL (A AR ), LR AEAE (S) - Xﬂ%#ﬁﬁﬁww&ﬁﬁﬁ«*%ﬁi%ﬁ’m
G (K 4) o PIELERAEIESSZANEIEL AP HCL 32 0y KA4) JLI e K #4001 24 R85 1) i
EIE . XTSRRI HCL SRR &I 2R e KB K5 (~5% ) 1
ee AR (~ 70% ), (HIE ZENT AR BEAH MK o SR LT PRI I 75 ZE A I M & A =
B SE AR BRI RURZ TR BT, 5 T M 90% ee 42714 98% ee, T FHEE 200 LIEH] /
kg AR R}
[0399]  $5, 43 B AP BE 1) 3— (4 ((4— (Mg IpR 356 FH 36 ) 938 ) A0 ) —1- 404K S5 gl
Wbk —2— 3 ) WRAE -2, 6— ¥ HC1 #h1¥) RS RI4L Y, F H 55 7= XRPD ¥ 58 b AH M. 7K G A
HIAE . W EEARAE R, R IR EE (22°C) T, 3K/18 (S)—-3— (4— ((4— ( MppR I FE L ) %
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B ) IR ) -1 ARSI ERR —2- L) DREE -2, 6 W) HCL EhAIA Y AN etk S 2 1A

(AR ee,, (72.4% ) . % ee,,, ﬁﬁ‘ﬁ?ft?ﬁ% 90% ee FETI 4 98% ee N 24755 46L 1§

A /kg ECURFRE, & BT AN AT

[0400] AL I 4 i T 2l 3 B AT LU e AT T e KAH A SRR 14 o, - HLy e i 5 JAH

X T AH I M 7K A2 BB 5 T vy EL AT AR R AR o IS T IRTGHR = 1 eeno XS T4

FHE.90/10 [ A / ZKF1 95/5 B ABE / 7K, HCL SR ¥ f 5 0 58 I o by 1 55 1) o 2
(B 5) o LEFTE AR, UESE ee,, Bl RE T T FRAR, QixtT-— s A4k / K

P2 R FR T T .

[0401]  F ¥ & &R W ox XF U OB de wk B R T, #HLMEﬁfﬁEeew BT H

(S)=3—(4- ((4- (MEhIpREL FH L ) AL ) A0 ) —1- AR I IRibk —2— 2 ) WRIE -2, 6- [

b A R AF 1 511K e, T TR JE AR /& 4E 55°C T AEH I+ H HCl b, UL ee,,= 8% BT

(P FET %GR, Parh5AE 55°C FAEF EEF 1 90% ee $2THE 98% ee TF2E 2. 1L %7 /kg

R JFUR}, 32 B At 25 1 1) B K e

[0402]  SEjitifsl 11

[0403]  FHTHEmE (S)-3-(4-((4- (M BpREE R 3L ) 3L ) 428 ) —1— AU AC M| Wbk —2-

WRIE —2, 6 i £5 1R £k 170 6l S5 g 40 52 1k s

[0404] FEB5°C N, $ H A 75 % ee M MLl (S)-3-(4-((4- (M Wbk 2 H1 2L ) W AL ) 2

55 ) —1- ARSIk —2— 3 ) DRIE -2, 6- Wi EhIR R G (4g) 1 28mL FYREHHAE S £

L5 /NI, SRS AE 55°C Nt yk. R Ja, Kl W F e ik, IR e r A b 058, 1521010

T P (R ) Bl SR Al BE I 5 Ry 97. 5% ee (2. Bg, (S)— S B SAIARI I 70% ) .
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(S)-3-(4-((4-(Bopk 2 7 31) 3 2) FAL)-
1- R F-73] eotk-2- ) kw2 -2,6- — B 2k 8 4 49 DSC

2™
CRE k 250.08°C
= 255.3m
BT ] '
ﬁi _4 _E
-6
. 255.46°
— 1 1 1 | 1 1 1 | 1 1 1 I 1 | 1 I 1 1 1 I ] 1 1
0 50 100 150 200 250 300
= (°C)
1
(8)-3-(4-((A-(Bo A T )5 R) B )-
1- R Fo3) o2 ) -2,6- =B 8 3 89 XRD
12000 -
10000
8000
6000
4000 - ]
2000 ‘\ | h A
| . |
0 10

5 20 25 30 3520 (o)

K 2
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(S)-3-(4-((4-( otk I 7 )3 1) b
1- 5K F-¥3] ook -2- R )ik we -2,6- — R 21 8% 2 49 TGA

S
105 - - 0.4 .
100 - L 0.3 2
S 0.05225% E
ot 95° (0.001454mg) - 0.2 ol
90 01 &
85- 00 1
80 | LN L B EENN L L S RN L AL R BN AL S S H L e - -0.1
0 50 00 150 200 250 300
=& (°C)
3
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(S)-3-(4-((4-(Zok A F 1) F 2) B H)-1- B F-73) whoik-2- o )wkve
-2,6- —BR &) HCL 272 IPA/7K o 69 3 3 i5 iR

Y i3’ /A/‘_—_‘ 100%
:,g 20 / 80% .
~ (3]
e 15 Vas 60% »e
~ G
w / 2
= 10 0% .
16 / %
S 20%
0 -—H/:/ ———%0%
0% 5% 10% 15% 20%
K4 TPA & 85 4K42%
—— £ a4 9 [R]
—— & 99 [S]
—h— 34 49 ee

K 4
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Abstract

Provided are processes for the preparation of enantiomerically enriched or
enantiomerically pure 3—@-(CU-(morpholinomethyl)benzyloxy)

~l-oxoisoindolin—2-yl1)piperidine—2,6—dione, or a pharmaceutically acceptable form
thereof.
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