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SMALL MOLECULE REGULATORS OF ALVEQLAR TYPE 2 CELL
PROLIFERATION FOR THE TREATMENT OF PULMONARY DISEASES

[0001] Ths application claims the benefit of prionity to U S, Provisional Patent Application No.
63/139,956, filed on January 21, 2021, which application is incorporated in its entuety as if fully

set forth herein,

BACKGROUND
[06402] Pharmacological stunulation of lower airway repair has significant potential for treating a
variety of conditions 1n which alveolar destruction and maladaptive remodeling are causative of
disease. The alveolus, the primary unit of mammalian gas exchange, 1s composed of two
epithehial cell types: large squamous alveolar type 1 cells (AECIs), which provide surface area
for gas exchange, and cuboidal alveoiar type 2 cells (AEC2s), which secrete surfactant.’ In
addition, AEC2s have been 1dentified as the primary progenitor cell type responsible for
repopulating the alveolar epithelium.? AEC2s clonally proliferate over adulthood,
asymmetrically dividing to give rise to AEC1s and AEC2s.” It has been additionally
demonstrated that idiopathic pulmonary fibrosis (IPF) 15 caused by exhaustion of the stem cell
capacity of AEC2s.” Diminished AEC2 proliferation results in denuded alveolar basement
membranes, which ultimately promotes colomzation of the lower airway by hyperplastic upper
airway-derived epithelial cells and extracellular matrix-secreting myofibroblasts * Additionally,
it has been demonstrated that restoring AECZ proliferation through treatment with exogenous
factors (IL-6 or hyaluronic acid) inhibits disease severity in mouse models of IPF ¢ In addition to
IPF, acute respiratory distress syndrome (ARDS)—the acute loss of alveolar epithelial barrier
function—is caused by damage to and insufficient reparative growth by AEC2 celis’

SUMMARY

{8083] The present disclosure provides, m various embodiments, a compound that 1s useful, for
example, in promoting specific prohiferation of AECZs relative to other cell types 1 the lung,
The compound in some embodiments 13 of formula (I} or pharmaceutically acceptable salt

thereot:
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{0004} In formula (1), each --- represents a single bond that, when optionally present, forma
fused cyclopropyl ring.

[0005] L' is -NHCH»- or -CH{NH:)-.

(0006] X! is selected from -O-, -S-, -5(0)-, S{Oh-, and -NH-. L'® is a (3-Cu-alkyl wherein one
or more -CHz- are optionally and independently replaced by a moiety selected from -O-, -C{O)-,
and -NH-. Z'is selected from H, Co-Cio-aryl, and 5- to 10-membered heteroaryl (wherein 1-4

heteroary!l members are independently selected from N, O, and S).

{0607] Subscript m/{ is an integer that is 0 when 7' is H, and is 1 when 2 is other than H.

Subscript #/ 15 an integer selected from 0, 1, 2, and 3.

{0008] R is selected from H, Ci-Cio-alkyl, and -C1-Cro-alkyl-{Cs-Cro-aryl), and is optionally

substituted with one to six -OH. R? is Ci-Co-alkyl substituted with one to six ~-OH.

{80609] Alternatively, per additional embodiments, the compound is formula (W or a

pharmaceutically acceptable salt thereof:

R5d R3
|
R Ox NN
=
I T Ral n
RSb A O N N (1)
R5a O R4 NH2

{0018} In formula (1), Wis CHor N

{8611 Subscript o 1s an integer selected from 1, 2, and 3.

10012] R is selected from C1-Ce-alkyl, Ci-Ce-hydroxvalkyl, and —(CH2CH2O)H (wherein x is
an integer selected from 1, 2, 3, 4, and 5}. R* is C2-Ce-alkynyl.

10013} R™ R R and R™ are independently selected from H, C1-Cs-alkyl, halo, -NRAR?
{wherein R* and R® are independently selected from H and Ci-Cie-alkyl), -C{O)OH, -B(OH), -

[xe]
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COINRARY -C(OOR?, and -C(O)-LA-Z2-[(CH2u-NROR 2. L2 15 2 Co-Cra-alkyl wherein one
or more -CHz- are optionally and independently replaced by a moiety selected from -O-, ~C{0)-,
and -NH-. 77 is selected from H, Ce-Cro-aryl, and 5- to 10-membered heteroaryl (wherein 1-4

heteroaryl members are independently selected from N, O, and 8). At least one of R™ R™® R

and R ig other than H.

10014} RC is selected from H, Ci-Cio-alkyl, and -C1-Cro-alkyl-{(Ce-Cro-aryl), and is optionally

substituted with one to six -OH. R’ is C1-Cio-alkyl substituted with one to six -OH.

{0615] Subscripts m2 is an integer that is 0 when 2’ s H, and is | when 2! is other than H.

Subscript 722 1s an integer selected from ¢, 1, 2, and 3.

{0616] Further, when W is CH, then R™ and R are not selected from -C{OYOH, -C{OYOMe,
and -C{C)OEL

{8617] Alternatively, per additional embodiments, the compound 1s of formula () ora

pharmaceutically acceptable salt thereof:

(R11)03

/\’ | NH, O O X3\L3/Z3\[H/NR8R9]
A n3 m3
N =

p3 a3 |\ \,(N (1)

R10

[0018] In formula (1), X7 is -0- or -NH-. L7 1s a bond or C2-Ciz-alkyl wherein one or more -
CHz- are optionally and mdependently replaced by a moiety selected from -O-, -C{{}-, and -NH-
. 77 is selected from H, -N3, Ce-Cio-aryl, 5- to 10-membered heteroary] (wherein 1-4 heteroaryl
members are independently selected from N, O, and §), and (3- to 14-membered
heterocycloalkyl {wherein 1-4 ring members are independently selected from N, O, and S}
Heteroaryl and heterocycloalkyi are optionally substituted with 1 to 6 substituents selected from

the group consisting of halo, NO:, GH, CN, and C1-Ce-halealkyl.

10019} Subscript m3 is an integer that is 0 when Z° is H or -N3, and is 1 when Z° is other than H

or -N3. Subscript #3 is an integer selected from 0, 1, 2, and 3.

|95
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10028} R® is selected from H, Ci-Cio-alkyl or -C1-Cro-alkyl-(Ce-Cio-aryl), and is optionally
substituted with one to six -0H. R” is Ci-Cuo-alkyl substituted with one to six -OH. RY 15 Cs-

Cs-haloaliyl. Bach RY i3 independently selected from H, C1-Ce-alkvl, and halo.

{8021} Subscript 03 1s an integer selected from 0, 1, 2, and 3. Subscnipt p3 15 an integer selected
from 0, 1, 2, and 3. Subscript ¢3 15 an integer selected from O, 1, 2, and 3.

{8022} The compound of the present disclosure does not mclude any of the following

compounds:

>:£:o
)
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[0623] In another embodiment, the present disclosure provides a pharmaceutical cornposition

comprising a compound or pharmaceutically acceptable salt thereof as described herein.

{0024] The present disclosure also provides, in an embodumnent, a method for selectively
mereasing the proliferation of cuboidal alveolar type 2 (AEC2) cells in a subject in need thereof,
or for restoring diminished proliferation of AEC2 cells in a subject in need thereof. The method
comprises admimstering (o the subject a compound or pharmaceutically acceptable salt thereof
as described heremn,

{8025} In an embodiment, the present disclosure provides a method for inhibiting dipeptidyl
peptidase IV {DPP4) in a subject in need thereof. The method comprises administering to the

subject a compound or pharmaceutically acceptable salt thereof as described heremn.

[0026] Another embodiment of the present disclosure 13 a method for treating a pulmonary
disease in a subject suffering therefrom. The method comprises administering to the subjecta

compound or pharmaceutically acceptable salt thereof as described heremn.

{8027} Also provided n vartous embodiments 1 a compound or pharmaceutically acceptable salt
thereof as described heremn for use 1n selectively increasing the proliferation of coboidal alveolar
type 2 {AEC?2} cells in a subject in need thereof, or for restoring dimmished probiferation of

AEC?2 cells i a subject in need thereof,
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{0028} In additional embodiments, the present disclosure provides a compound or
pharmaceutically acceptable salt thereof as described heremn for use in mhibiting dipeptadyl

peptidase IV {DPP4) in a subject in need thereof.

{8029] 1o stll additional embodiments, the present disclosure provides a compound or
pharmaceutically acceptable salt thereof as described herein for use in {reating 3 pulmonary

disease in a subject sutfering therefrom.
BRIEF DESCRIPTION OF THE DRAWINGS
{8038] FIG. 1. AEC2 probiferation-concentration curve for Compound 46,

{0031} FIG. 2 Comparison of mouse pharmacokinetics of retaghiptin and compound 46 withIT

{Intratracheal} dosing at 2 mg/kg

[0032] FIG. 3A - FIG, 3E. Compound 46 displayed efficacy 1n a bleomyein induced lung
fibrosis model in the mouse. {A) Body weight measurements and the dosing schedule used to
administer compound 46 intratracheally {0.5 mg/kg every four days). BALF (B), fibrotic area
measurements (), modified Asheroft scores (I3}, and representative Masson’s Trichrome stained

histological shides (E) at study end; *%, P<0.008, *** P<0.000S.

{8033] FIG. 4A ~ FIG. 4D, Compound 46 displays synergistic efficacy i combination with
standard of care IPF drug Nintedanib in the bleomycin mnduced fibrosis model m mice. {A)
Legend of treatments and body weight measurements from the bleomycin mduced lung fibrosis
model in the mouse. Compound 40, 0.5 mg/kg T, E4D; BALF protein levels (B}, modified
Ashcroft scores {C), and representative Masson’s Trichrome stained histological slides (I3} at

study end. ¥ P<0.05; %, P<Q.005, *** P<0.0005; NS = not statistically significant.

{8634 FIG. 5A — FIG. 5C. Compound 46 selectively expanded AECZs in the mouse. {A)
UMARP plot depicting the multiple populations of cells identified in the mouse hung with key
populations of interest highlighted. (B} UMARP plot depicting which cells are expressing a
transcriptional profile consistent with a proliferative state. Other populations besides AEC2s
proliferating are immune cells. (C) Quantification of total proliferating cells at the indicated time

points after treatment with compound 46.

~3
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DETAILED DESCRIPTION
{8033} The present disclosure satisties a long-felt need for drug-like compounds that stimulate
reparative proliferation of pulmonary stem-~ and progenitor-cell populations. Compounds of the
present disclosure promote specific proliferation of AECZs relative to other cell types 1n the hung
{e.g., pulmonary fibroblasts} and thereby exhibit disease-modifying efficacy i a number of
fower airway diseases. Furthermorg, the compounds are useful as inhibutors of dipeptidyl

peptidase [V {DPP4).
[8036] Dehinitions

[0037] "Alkyl" refers to straight or branched chamn hydrocarbyl inchuding from 1 to about 20
carbon atoms. For mstance, an alkyl can have from 1 1o 10 carbon atoms or 1 10 6 carbon atoms,
Exemplary alkyl inchudes straight chain alkyl groups such as methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decvl, undecyl, dodecyl, and the like, and also includes branched
chain isomers of straight cham alkyl groups, for example without

fimitation, ~-CH{CH:z}, ~CH{CH: }(CHaCHs), -CH{CH:CH3 ), -C(CHs ), -C{CHCHa ), -CHCH(
CHa)o, ~-CHCH{CH  CHxCHs), -CH2CH(CH2CHs Yo, ~CH2O{CHs s, ~CH2C(CHRCH)3, -CH(CH
SHCHCH{CHCHR), -CHCHCH(CHs Yo, -CHCHRCH(CH Y CHCH), -CHCHoCH(CH2CHs)
2, ~CHaCHC(CHs s, ~-CHCH2CO{CHRCHs ), -CHCH)CHCH{CH: ), ~-CH{CH:yCH{CHCH{C
Hsh, and the ke, Thus, alkyl groups include primary alkyl groups, secondary alkyl groups, and
tertiary alkyi groups. An alkyl group can be unsubstituted or optionally substituted with one or

more substituents as described herem.

{0038} The term “haloalkyl” 15 an alkyl as defined herein that 15 substitited with 1, 2, 3,4, 5, or

6 halo. An dlustrative haloalkyl s -CFs.

{8038} Each of the terms “halogen,” “halide,” and “halo” refers to -F or fluors, -Cl or chloro, -Br

or bromo, or -1 or 1odo.

{0048} “Alkyne or “alkyny!l” refers to a straight or branched chain unsaturated hydrocarbon
having the indicated number of carbon atoms and at least one triple bond. Examples of a {{2-
Ceialkynyl group include, but are not limited {o, acetylene, propyne, 1-butyne, 2-butyne, 1-

pentyne, 2-pentyne, 1-hexvne, 2-hexvyne, 3-hexyne, 1-heptyne, 2-heptvne, 3-heptyne, 1-octyne,
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2-octyne, 3-octyne and 4-octyne. An alkyoyl group can be unsubstituted or optionally

substituted with one or more substituents as described heren.

[0041] “Aryl” when used alone or as part of another term means an optionally fused carbocyelic
aromatic group having the number of carbon atoms designated or if no number 15 designated, up
to 14 carbon atoms, such as a Ce-Cra-arvl or Ce-Cro-aryl THuostrative aryl groups are phenyl,
naphthyl, biphenyl, phenanthrenyl, naphthacenyl, and the like (see e.g. Lang s Handbook of
Chemistry {(Dean, J. A ed) 13% ed. Table 7-2 [19%5]). An exemplary aryl is phenyl. “Aryl” can
be optionally fused with a cycloalkyl ring, as herein defined. An aryl group can be unsubstituted

or optionally substituted with one or more substituents as described herein.

{8042] The term “hetercatom” refers to N, O, and §. Compounds of the present disclosure that
contain N or 8 atoms ¢an be optionally oxidized to the corresponding N-oxide, sulfoxide, or

sulfone compounds.

{0043] “Hetercaryl” alone or in combination with any other moiety described herein, refers to a
monocyclic aromatic ring structure contaiming 5 to 10, such as 3 or 6 ring atoms, or a bicychic
aromatic group having & to 10 atoms, containing one or more, suchas 1-4, 1-3, or 1-2,
heteroatoms independently selected from the group consisting of O, 8, and N. Heteroaryl 1s also
mtended to include oxidized S or N, such as sulfiny], sulfonyl and N-oxide of a tertiary ring
nitrogen. A carbon or heterpatom is the point of attachment of the hetercaryl ring structure such
that a stable compound is produced. Examples of heteroaryl groups include, but are not limited
to, pyridinyl, pynidazinyl, pyrazinyl, quinaoxalyl, indolizinyl, benzo[blthuenyl, guinazolinyl,
purinyl, indolyl, quinolinyl, pyrimidinyl, pyrrolyl, pyrazolyi, oxazolyl, thiazolvl, thienyl,
isoxazolyl, oxathiadiazolyl, 1sothiazolyl, tetrazolyl, imidazolyl, triazolyl, furanyl, benzofuryl, and
indolyl A hetersaryl group can be unsubstituted or optionally substituted with one or more

substituents as described herein.

{0044} “Heterocycloalkyl” 15 a saturated or partially unsaturated non-aromatic monocyclic,
bicyclic, tricyelic or polyeyclic ring system, optionally spiro-fused, that has from 3 to 14, such as
3 to &, atoms in which 1 to 3 carbon atoms in the ring are replaced by hetercatoms of O, S or N
A heterocycloalkyl is optionally fused with arvl or heteroary! of 5-6 ring members, and includes

oxidized S or N, such as sulfinyl, sulfonyl and N-oxide of a tertiary ring nitrogen. The point of
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attachment of the heterocycloalkyl ring 1s at a carbon or heteroatom such that a stable ring 15
retained. Examples of heterocycloalkyl groups nchude without hmtation morpholine,
tetrahydrofuranyl, dihydropyridinyl, piperidinyl, pyrrolidinyvl, piperazinyl, dihydrobenzofuryi,
and dihvdroindolyl. A heterocycioalkyl group can be unsubstitoted or optionally substituted

with one or more substituents as described herein.

{8045] The term “nutride” or “cyano” can be used mnterchangeably and refer to a -CN group

which 1s bound to a carbon atom of a hetercaryl ring, aryl ring and a heterocycloalkyl ring.

{8046] The term “oxo” refers to a =0 atom bound to an atom that 13 part of 3 saturated or
unsaturated moiety. Thus, the =0 atom can be bound to a carbon, sulfur, or nitrogen atom that is

part of a cyclic or acyclic moiety.
[0047] A “hydroxyl” or “hydroxy” refers to an —~OH group.

{8048 The substituent -CO:H may be replaced with bioisosteric replacements such as;

(oo} o D o o © R
Y s 45N A
he) - ~ - - AT
& Thom L &N L RN R %NS
X H O
-~ =0 il\ Ok IN ,,CN
oy e § . SN . %y . ToH
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I 20 ’ \}“ L N
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%/PQ—QH .

O

and the like, wherein R has the same definition as R as defined herein. See, .z, THE PRACTICE

OF MEDICTNAL CHEMISTRY {Acadenuc Press: New York, 1996), at page 203,

10
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{0048] Compounds descrnibed heremn can exist i various 1someric forms, mnchiding
configurational, geometric, and conformational isomers, inchiding, for example, ois- or trans-
conformations. The compounds may also exist in one or more tautomeric forms, including both
single tautomers and mixtures of tautomers. The term “isomer” is intended 1o encompass all
isomeric forms of a compound of this disclosure, including tautomeric forms of the compound.
The compounds of the present disclosure may also exist in open-chain or cyclized forms. In
some cases, one of more of the cyclized forms may result from the loss of water. The specific
composition of the open-chain and cyclized forms may be dependent on how the compound is
isolated, stored or administered. For example, the compound may exist primarily in an open-
chained form under acidic conditions but cyclize under neutral conditions. All forms are

included in the disclosure.

{8656] Some compounds described herein can have asymmetric centers and therefore exist in
different enantiomeric and diastereomeric forms. A compound as described herein can be in the
form of an optical 1somer or a diastereomer. Accordingly, the disclosure encompasses
compounds and their uses as described herein 1n the form of thewr optical isomers,
diastereoisomers and mixtures thereof, including a racemic mixture. Optical isomers of the
compounds of the disclosure can be obtained by known technuques such as asymmetric synthesis,
chiral chromatography, simulated moving bed technology or via chemical separation of

stereoisorners through the employment ot optically active resolving agents.

{8651} Unless otherwise indicated, the term “sterecisomer” means one sterecisomer of a
compound that 1s substantially free of other sterecisomers of that compound. Thus, a
stereomerically pure compound having one chiral center will be substantially free of the opposite
enantiomer of the compound. A stereomernically pure compound having two chiral centers will
be substantially free of other diastereomers of the compound. A typical stereomerically pure
compound comprises greater than about 80% by weight of one sterecisomer of the compound
and less than about 20% by weight of other sterecisomers of the compound, for exarmple greater
than about 90% by weight of one stereoisomer of the compound and less than about 10% by
weight of the other sterecisomers of the compound, or greater than about 93% by weight of one
sterepisomer of the compound and less than about 3% by weight of the other steresisomers of the

compound, or greater than about 97% by weight of one stereoisomer of the compound and less

11
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than about 3% by weight of the other stereoisomers of the compound, or greater than about 99%
by weight of one stereoisomer of the compound and less than about 1% by weight of the other
sterecisomers of the compound. The steresisomer as described above can be viewed as
composition comprising two steresisomers that are present in their respective weight percentages

described herein.

{8032} If there 1s a discrepancy between a depicted stracture and a name given to that stracture,
then the depicted structure controls. Additionally, if the stereochemisiry of a structure or a
portion of a structure 1s not indicated with, for example, bold or dashed lines, the structure or
portion of the structure s to be interpreted as encompassing all steresisomers of it In some
cases, however, where more than one chiral center exists, the structures and names may be
represented as single enantiomers 1o help describe the relative stereochemistry. Those skilled in
the art of organic synthesis will know it the compounds are prepared as single enantiomers from

the methods used to prepare them.

{8653] As used herein, and unless otherwise specified to the contrary, the term “compound” is
mclusive n that it encompasses a compound or a pharmaceutically acceptable salt, sterecisomer,
and/or tautomer thereof Thus, for instance, a compound of the present disclosure includes a

pharmaceutically acceptable salt of a tautomer of the compound.

{8654} In this description, a “pharmaceutically acceptable salt” 1s a pharmaceutically acceptable,
organic or inorganic acid or base salt of a compound described herein. Representative

pharmaceutically acceptable salts include, e.g., alkali metal salis, alkali earth salts, ammonium

salts, water-soluble and water-insoluble salts, such as the acetate, amsonate (4, 4-diaminostilbene
2,2-disulfonate), benzenesulfonate, benzonate, bicarbonate, bisulfate, bitartrate, borate, bromide,
butyrate, calcium, calcium edetate, camsylate, carbonate, chlornide, citrate, clavulanate,
dihydrochloride, edetate, edisvlate, estolate, esvlate, fiunarate, gluceptate, gluconate, glutamate,
glycollylarsantlate, hexatluorophosphate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, 1sothuonate, lactate, lactobionate, laurate, malate,
maleate, mandelate, mesylate, methylbromide, methyinitrate, methylsulfate, mucate, napsylate,
nitrate, N-methylglucamme ammoonium salt, 3-hydroxy-2-naphthoate, oleate, oxalate, palmitate,
pamoate {1, -methene-bis-2-hydroxy-3-naphthoate, emnbonate), pantothenate,

phosphate/diphosphate, pierate, polygalacturonate, propionate, p-toluenesulfonate, salicylate,

12
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stearate, subacetate, succinate, sulfate, sulfosaliculate, suramate, tannate, tartrate, teoclate,
tosylate, trigthiodide, and valerate salts. A pharmaceutically acceptable salt can have more than
one charged atom in 18 structure. In this example, the pharmaceutically accepiable salt can have
multiple counterions. Thus, a pharmaceutically acceptable salt can have one or more charged

atoms and/or one or more counterions.

PR IS

{8035} The terms “treat”, “treating” and “treatment” refer to the amelioration or eradication of a
disease or symptoms associated with a disease. In certain embodiments, such terms refer to
minimizing the spread or worsening of the disease resuiting from the administration of one or

more prophylactic or therapeutic agents to a patient with such a disease.

EE IR

{8036] The terms “prevent,” “preventing,” and “prevention” refer to the prevention of the onset,
recurrence, or spread of the disease in a patient resulting from the administration of a

prophylactic or therapeutic agent.

{80571 The term “effective amount” refers to an amount of a compound as described herein or
other active ingredient sufficient to provide a therapeutic or prophylactic benefit in the treatment
or prevention of a disease or to delay or minimize symptoms associated with a disease. Further,
a therapeutically effective amount with respect to a compound as described herein means that
amount of therapeutic agent alone, or in combination with other therapies, that provides a
therapeutic benefit in the ireatment or prevention of a disease. Used in connection witha
compound as described herein, the term can encompass an amount that improves overall therapy,
reduces or avoids symptoms or causes of disease, or enhances the therapeutic efficacy of or 15

synergistic with another therapeutic agent.

{B058] A “patient” or subject” includes an animal, such as a human, cow, horse, sheep, lamb,

pig, chicken, turkey, quail, cat, dog, mouse, rat, rabbit or guinea pig. In accordance with some

v
embodiments, the animal 15 a mammal such as a non-primate and a primate {e.g., monkey and
human). In one embodiment, a patient 1s a human, such as a human infant, child, adolescent or

adult. 1o the present disclosure, the terms “patient” and “subject” are used interchangeably.

{0059} “Inhibitor” means a compound which prevents or reduces the expression, catalytic

activity, and/or localization (1.e., local concentration) of DPP4.
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COMPOUNDS
[8060] As described generally above, the present disclosure provides a compound of formula (1)

or pharmaceutically acceptable salt thereof:

e
@L DA
x1 &

qu,NWRZI )
n1 m1

{8661} In formula (1}, each --- represents a single bond that, when optionally present, form a
fused cyclopropyl ring.
[0662] L' is -NHCH>- or ~CH(NH:)}-
10063} X! is selected from -O-, -8-, -8(0}-, ${O)r-, and -NH-. L™ is a C2-Cu-alky! wherein one
or more -CHz- are optionally and independently replaced by a moiety selected from -O-, -C{0)-,
and -NH-. Z' is selected from H, Ce-Cro-aryl, and 5- to 10-membered heteroaryl {wherein 1-4
heteroaryl members are independently selected from N, O, and S).
10064} Subscript m/ is an integer that is 0 when 2' 1s H, and is T when Z' is other than H.
Subscript 7/ 1s an integer selected from 0, 1, 2, and 3.
10065} R is selected from H, Ci-Cro-alkyl, and -C-Cio-alkyl-{Cs-Cro-aryl), and is optionally
substituted with one to six -OH.
10066} R? is Ci-Cio-alkyl substituted with one to six -OH. In various embodiments, R” is
substituted with 1, 2, 3, 4, 5, or 6 -OH. An illustrative R? is shown below with one example of
several of its diastereomers:

OH OH OH OH

OH - OH
OH OH and OH OH , respectively.

{0667 In various embodiments, L'is -NHCH:. In other embodiments, L' is -CH(NH:)-.

10068} In some embodiments, X' is O.

14
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10069} In additional embodiments, Z' 15 H. In other embodiments, Z! i3 Cs-Cro-aryl or 5- to 10-
membered heteroaryl {wheremn 1-4 heteroaryl members are independently selected from N, O,
and §). An example of Ce-Cro-arvl is phenyi, per one embodiment. An example of hetercaryl 15

triazolyi, per another embodiment.

{8878} In various embodiments, optionally in combination with any other embodiment herein

described, nf s 1 or 2.

{0071} In additional embodiments, optionally in combination with any other embodiment herein
described, R' is C1-Cio-alkyl optionally substituted with one to six -OH. For example, in an

llustrative embodiment, RY is Ci-Ce-alkyl

{8672} In still additional embodiments, optionally in combiation with any other embodiment
herein described, R? is C2-Ce-alkyl substituted with one to five -OH, or R? is C2-Us-alkyl

substituted with three to five -OH. In an exemplary embodiment, R? is:

OH OH

OH OH OH
{0073} Further embodiments provide for a compound of formula (I} wheremn:
71 is Cs-Cro-aryl or 5- to 10-membered heteroaryl (wherein 1-4 heteroaryl members are
mdependently selected from N, G, and 8};
niisior2,
R Ci-Cro-alkyl: and
R? is R? is C2-Cs-alkyl substituted with one to five -OH.

[0074] In sorne embodiments, the optional single bonds represented by “---" are absent. In other
erobodiments, they are present 50 as to form a fused cyclopropyl ring. These embodiments are

llustrated by the following structures:

NC NC

YD and ‘(Q

, respectively.

Ju—
(v
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18675} As described herein, the moiety L'® is a C2-Ci-alkyl in which one or more -CHz- groups
are optionally and ndependently replaced by -0+, C(G}-, and -NH-. In some embodiments, 1, 2,
3,4, or 5 -CHy- groups are replaced. 1t should be understood, in accordance with chemical
principles, that replacement forms only stable compounds, such as when replacement occurs at

adjacent -CHz- groups. Examples of L'? include the foliowing:
/K/O\n/\/\/\/y /S(O\/\/\/\)\ O\/\/\/\)\
O 2> O 2> Y 2

A~~~ j\/\o)LH/\/oY’ f‘f\/\o/\)"g ;\/\Oj\/ny
f’\/\o/\/o\/y.

and

[0976] In other embodiments, the compound 15 of formula (1) or a pharmaceutically acceptable

R5d R3
|
R Ox NN
=
\|N Y | \>—N -
RS2 o R NH,

{0077} In formula (1), Wis CHor N

salt thereof”

{8078] Subscript ¢ 1s an integer selected from 1, 2, and 3.

10079] R is selected from Ci-Ce-alkyl, Ci-Co-hydroxyalkyl, and (CH2CH2O)H (wherein x is

an integer selected from 1, 2, 3, 4, and 5). R* is Co-Ce-alkynyl.

[0080] R™ R R and R are independently selected from H, C1-Cs-alkyl, hale, -NRAR®
{wherein R® and RY are independently selected fram H and Ci-Cio-alkyl), -C(OYOH, -B(OH), -
C(OINRARP, -C{OYORA, and -C(O}-LA-Z2-[{CH2)na-NRR T2, L2 s a Cr-Ciz-alky! wherein one
or more ~CHz- are optionally and independently replaced by a moitety selected from -O-, -C{0O}-,
and -NH-. 77 is selected from H, Cs-Cro-aryl, and 5- to 10-membered heteroary! {(wherein 1-4
heteroaryl members are independently selected from N, O, and 8). At least one of R™ R R™

and R is other than H.
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10081} In addition, when W 1s CH, then R™ and R™ are not selected from ~-C{(O0H, -C(OYOMe,
and ~-C{G)0EL

10082} R® is selected from H, Ci-Cio-allyl, and -C1-Cro-alkyl-(Co-Cro-aryl), and is optionally
substituted with one to six -0H. R7 is Ci-Cuo-alkyl substituted with one to six -OH. In various
embodiments, R’ is substituted with 1, 2, 3, 4, 5, or 6 -0H. An illustrative R is shown below

with one example of several of its diastereomers:

OH OH OH OH

OH - OH
OH OH and OH OH , respectively.
[0083] Subscripts m2 is an integer that is 0 when Z! is H, and is 1 when Z! is other than .

Subscript #2 18 an iteger selected from 0, 1, 2, and 3.
{8084} In embodiments, W s CH. In other embodiments, W is N.

{0085} In various embodiments, one, two, of three of R¥, R™ R™ and R is H. In some
embodiments, each of R and R 15 H. In other embodiments, R™ is halo, such as chloro. In
still other embodiments, R is -C{OYOH or -C{(OYORA. In further embodiments, R 15 -C(OQ)-1.2-

ZEHCH22-NROR 2. All these embodiments and their combinations are conternplated.

10086} In connection with embodiments wherein one of B3 R™® B¢ and R*™, such as R™ 15 -
C(O)-L2-Z2-[(CH2)u-NROR Ty, an additional embodiment provides for Z2 as pheny! or triazolyl,
In exemplary embodiments, Z2 is triazolyl.

{0087} In additional embodiments, optionally m combination with any other embodiment herem
described, #2115 1 or 2.

{0088} In still further embodiments, optionally in combination with any other embodiment
herein described, R® is Ci-Cro-alkyl optionally substituted with one to six -OH. Inan
embodiment, R® is C1-Cs-alkyl,

{8089} In additional embodiments, optionally in combination with any other embodiment herein
described, R’ 1s (2-Us-alky! substituted with one to five -OH or three to five -OH. For example,

o . . . 7.
in tHustrative embodiments R 1s;
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OH OH

OH OH OH

{0096] In sull further erobodiments, the present disclosure provides a compound of formula (31)
wheren

one of R% R R, and R™ is -C(O)-L2-Z2-[{CH23n-NRR a2

72 is Co-Cro-aryl or 5- to 10-membered heteroaryl (wherein 1-4 heteroary]l members are

mdependently selected from N, O, and S);

n2islor2;

R® s Ci-Cro-alkyl: and

R7 is C2-Cs-alkyl substituted with one to five -OH.
{0091] As described herein, in various embodiments, the moiety L’ is a C2-Ciz-alkyl in which
one or more ~CHa- groups are optionally and independently replaced by -O-, ({0}, and -NH-.
In some embodiments, 1, 2, 3, 4, or 5 -CHz- groups are replaced. It should be understood, in

accordance with chemical principles, that replacement forms only stable compounds, such as

when replacement occurs at adjacent -CHz- groups. Examples of L2 include the following:
e i
\( \(O\/\/\/\/\)\ \\/O\/\/\/\!;’ \{N\/\/\)\
0]
\,(O\/\OX \{O\/\O/\)\ g \\/ }/\O/\)\
, , ang :

[8092] In various embodiments, 015 | or 2. In a specific embodiment, ¢ 15 1.

[08693] Optionally i combination with any other embodiment are various embodiments in which
72 13 Co-Cro-aryl or 5- to 10-membered heteroary] {wherein 1-4 heteroaryl members are

independently selected from N, O, and $). In an embodiment, 72 is Cs-Cio-aryl, such as phenyl.

[08094] In additional emboduments, the compound 1s of formula (ITT) or a pharmaceutically

acceptable salt thereof

1%
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(R™)os

/\’ | NH, O ° X3\L3/Z3\[H/NR8R9]
™ n3 m3
N —
p3 g3 K/N \/(N (I1H
R10

[0095] In formula (1), X° 13 -0- or -NH-. L7 15 a bond or (2-Ciz-alky! wherein one or more -
CHoz- are optionally and independently replaced by a mosety selected from -O-, -C(QO)-, and -NH-
. £ 1s selected from H, -Ns, Ce-Cro-aryl, 5- to 10-membered heteroaryl {wherein 1-4 heteroaryl
members are independently selected from N, O, and 8}, and (3- to 14-membered
heterocycloalkyl (wherein 1-4 ning members are mdependently selected from N, O, and §).
Hetercaryl and heterocycloalkyl are optionally substituted with 1 to 6 subsittuents selected from

the group consisting of halo, NO», OH, ON, and (i-Cs-haloalkyl.

[0096] Subscript m3 is an integer that is 0 when Z7 is H or -N3, and is 1 when Z° is other than H

or ~Ni. Subscript 23 15 an mteger selected from 0, 1, 2, and 3.

16097} R? is selected from H, Ci-Cie-alkyl or -Ci-Cro-alkyl-{Cs-Cio-aryl), and is optionally
substituted with one to six -OH. R is Ci-Cro-alkyl substituted with one to six -OH. R% s {i-

Cs-haloalkyl Each RY is independently selected from H, Ci-Cs-alkyl, and halo.

G098] Subscript o3 is an integer selecied from 0, 1, 2, and 3. Subscript p3 is an inleger selecied
fael E Rast

from €, 1, 2, and 3. Subsecript g3 15 an integer selected from ¢, 1, 2, and 3.
10099} In some embodiments, X* i3 O In other embodiments, X° 13 -NH-.

{80106} As described herein, the motety LY 15 a 0o-Ciz-alkyl in which one or more -CHo-
groups are optionally and mdependently replaced by -O-, C{0)-, and -NH-. In some
embodiments, moiety L’ is a Cs-Crz-alkyl, Cs-Cio-alkyl, Cr-Cro-alkyl, Ce-Crz-alkyl, or Co-Cra-
alkyl In some embodiments, optionally in combination with any embodiment described herein,
1, 2,3, 4, or 5 -CHz- groups are replaced. It should be undersicod, in accordance with chemical
principles, that replacement forms only stable compounds, such as when replacement occurs at

adjacent -CHo- groups. Examples of L include the following:
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f\/o\g/\/\/\/y Ag/ox/\/\/\/\ \(o S

A~ MOJLH/\/O\;, /\/\0/\)\7 A/\O)J\/H\!
A/\O/\/O\/y,

and
{80101} In various embodirnents, Z° is -Na. Accordingly, in these embodiments, m3 is 0.
{06163} In other embodiments, Z° is Ce-Cro-aryl or 5- to 10-membered heteroaryl

{wherein 1-4 heteroary] members are independently selected froma N, O, and 8). An illustrative

77 iz phenyl or triazolyl

[60103] In some embodiments, optionally in combination with any other embodiment

herein described, n3 5 1 or 2.

[60104] In further embodiments, optionally in combination with any other embodiment
herein described, R® 15 Ci-Cro-alkyl optionally substituted with one to six -OH. In an illustrative

erobodiment, R® 15 C1-Co-alkyl.

[B0105] In additional embodiments, optionally in combination with any other embodiment
herein described, R is C2-Ce-alkyl substituted with one to five -OH, such as three to five -OH.

In an exemplary embodiment, R” is
o b

OH OH

OH OH OH
{00106} The present disclosure provides in embodiments a compound of formula (1T
wherein:
7% is Co-Cro-aryl or 5- to 10-membered heteroaryl (wherein 1-4 heteroaryl members are

independently selected from N, O, and 8);
niislorZ;
R*¥is Ci-Cro-alkyl; and

RY is (2-Cs-alkyl substituted with one to five -OH.
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{00167} It should be understood that, notwithstanding the general defimtions described

herein, the compound does not include any of the following compounds:

>:£:o
)

21



PCT/US2022/070259

WO 2022/159955

NH, O
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NH

NH, O

NH, O
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The present disclosure provides, o still additional embodiments, specific

compounds or their pharmaceutically acceptable salts as set forth tn Tables 1 — 4 below.

[00109]

Table 1: Examples of Formmda (I) Compounds

N%\,’
24 L;é;;E;N/A\H’J::> 4
of e
=0
C7H1s
N\\\,,
L~ A2
N
7 g H/A\Er is
J
=0
CrzH1s
N\\\,’
"
i &”/\n/ 19
HN >
=0
O\
C7H1s
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Table 2: Examples of Formula (II) Compounds
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Table 3: Examples of Forpuda (JH) Compounds
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PHARMACEUTICAL COMPOXITIONS

{80112} The disclosure also provides a pharmaceutical composition comprising a
therapeutically effective amount of one or more compounds as deseribed herein, or a
pharmaceutically acceptable salt, steregisomer, and/or tautomer thereof in admixture with a
pharmaceutically acceptable carrier. In some embodiments, the composition further contains, i
accordance with accepted practices of pharmaceutical compounding, one or more additional
therapeutic agents, pharmaceutically acceptable excipients, diluents, adpuvants, stabilizers,

emulsifiers, preservatives, colorants, buffers, flavor imparting agents.

[00113] In one embodiment, the pharmaceutical composition comprises a compound
selected from those tHustrated 10 any table disclosed herein or a pharmaceutically acceptable salt,

stereoisomer, and/or tautomer thereof, and a pharmaceutically acceptable carrier.

{80114} The pharmaceutical composition of the present disclosure 1s formulated, dosed,
and administered 1n a fashion consistent with good medical practice. Factors for consideration in
this context 1nclude the particular disorder being treated, the particular subject being treated, the
clinical condition of the subject, the cause of the disorder, the site of delivery of the agent, the
method of admimistration, the scheduling of administration, and other factors known to medical

practitioners.

{80115} The “therapeutically effective amount” of a compound or a pharmaceutically
acceptable salt, sterecisomer, and/or tautomer thereof that 1s admirustered 1s governed by such
considerations, and 1s the mimimum amount necessary to regenerate AECZ cell proliferation, or
to inhibit DPP4, or both. Such amount may be below the amount that is toxic to normal cells, or
the subject as 3 whole. Generally, the imtial therapeutically effective amount of a compound (or
a pharmaceutically acceptable salt, sterecisomer, or tautomer thereof} of the present disclosure
that is administered 1s in the range of about 0.01 to about 200 mg/ke or about (.1 to about 20
mg/ke of patient body weight per day, with the typical initial range being about 0.3 to about 15
mg/kg/day. Oral unit dosage forms, such as tablets and capsules, may contain from about 0.1 mg
to about 1000 mg of a compound {or a pharmaceutically acceptable salt, sterecisomer, or
tautomer thereof) of the present disclosure. In another emnbodiment, such dosage forms contain

from about 50 mg to about 500 mg of a compound {or a pharmaceutically acceptable salt,
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sterecisomer, or tautomer thereot) of the present disclosure. In yet another embodiment, such
dosage forms contan from about 25 mg to about 200 mg of a compound (or a pharmaceutically
acceptable salt, stereoisomer, or tautomer thereof) of the present disclosure. In still another
embodiment, such dosage forms contain from about 10 mg to about 100 mg of a compound {or a
pharmaceutically acceptable salt, sterecisomer, or tautomer thereof) of the present disclosure. In
a further embodiment, such dosage forms contain from about 5 mg to about S0 mg of a
compound {(or a pharmaceutically acceptable salt, sterecisomer, or tautomer thereof) of the
present disclosure. In any of the foregoing embodiments the dosage formi can be administered

once a day or twice per day.

{80116} The compositions of the present disclosure can be admimistered orally, topically,
parenterally, by mnhalation or spray or rectally in dosage unit formulations. The term parenteral
as used herein includes subcutaneous mjections, intravenous, intramuscular, inirasternal injection

or infusion technigues.

{86117} Suitable oral compositions as described herein include without limitation tablets,
troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, emulsion, hard

or soft capsules, syrups or elixirs.

{00118} In ancther aspect, also encompassed are pharmaceutical compositions suitable for
single unit dosages that comprise a compound of the disclosure or its pharmaceutically

acceptable sterecisomer, salt, or tautomer and a pharmaceutically acceptable carrier.

{00119} The compositions of the present disclosure that are suitable for oral use may be
prepared according to any method known {o the art for the manufacture of pharmaceutical
compositions. For mstance, hiquid formudations of the compounds of the present disciosure
contain one or more agents selected from the group consisting of sweetening agents, flavoring
agents, coloring agents and preserving agents in order 1o provide pharmaceutically palatable

preparations of the compound.

{86120} For tablet compositions, a compound of the present disclosure in admixture with
non-toxic pharmaceutically acceptable excipients s used for the manufacture of tablets.

Examples of such excipients include without Linntation inert diluents, such as calcium carbonate,
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sodium carbonate, lactose, calcium phosphate or sodium phosphate; granulating and
disintegrating agents, for example, corn starch, or alginic acid; binding agents, for example
starch, gelatin or acacia, and lubricating agents, for example magnesium stearate, stearic acid or
talc. The tableis may be uncoated or they may be coated by known coating techniques to delay
disintegration and absorption in the gastromtestinal tract and thereby to provide a sustained
therapeutic action over a desired time period. For example, a time delay material such as

glyceryl monostearate or ghyceryl distearate may be emploved.

{60121 Formulations for oral use may also be presented as hard gelatin capsules wherein
the active ingredient is mixed with an inert solid diluent, for example, calcium carbonate,
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed

with water or an oif mediuom, for example peanut oil, hquid paraffin or slive ol

{60122} For agqueous suspensions, a compound of the present disclosure 15 admixed with
excipients suitable for maintaining a stable suspension. Hxamples of such excipients include
without limitation are sodium carboxymethylcelivlose, methylcellulose,
hydropropylmethylcellulose, sodium alginate, polyvinvipyrrolidone, gum tragacanth and gum

acacia.

{00123} Oral suspensions can also contain dispersing or wetting agents, such as naturally-
occurring phosphatide, for example, fecithin, or condensation products of an alkylene oxide with
fatty acids, for example polyoxyethylene stearate, or condensation products of ethylene oxade
with long chain aliphatic alcohols, for example, heptadecaethyleneoxyeetanol, or condensation
products of ethylene oxide with partial esters derived from fatty acids and a hexitol such as
polyoxyethyiene sorbitol monooleate, or condensation products of ethylene oxide with partial
esters derived from fatty acids and hexitol anhydrides, for example polyethylene sorbitan
monooleate. The aqueous suspensions may also contain one or more preservatives, for example
ethyl, or n-propyl p-hydroxybenzoate, one or more coloring agents, one or more flavoring

agents, and one or more sweetening agents, such as sucrose or saccharin,

{00124} Oily suspensions may be formulated by suspending a compound of the present

disclosure in a vegetable oil, for example arachis o1l, olive oil, sesame oil or coconut ail, orina
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mineral o1l sach as hquid paraffin. The oy suspensions may contam a thickening agent, for

example beeswax, hard paraffin or cetyl alcohol.

[00125] Sweetening agents such as those set forth above, and flavoring agents may be
added to provide palatable oral preparations. These composttions may be preserved by the

addition of an anti-oxidant such as ascorbic acid.

{80126} Dhspersible powders and granules suitable for preparation of an agueous
suspension by the addition of water provide a compound of the present disclosure in admixture
with a dispersing or wetting agent, suspending agent and one or more preservatives. Suttable
dispersing or wetting agents and suspending agents are exemphified by those already mentioned
above. Additional excipients, for example sweetening, flavoring and coloring agents, may also

be present.

{80127} Pharmaceutical compositions of the present disclosure may also be 1 the form of
oil-in-water emulsions. The oily phase may be a vegetable oil, for example olive ol or arachis
oil, or a mineral o1, for example hiquid paraffin or mixtures of these. Suitable emulaifyimg
agents may be naturally-occurring gums, for example gum acacia or gum tragacanth, natorally-
occurring phosphatides, for example soy bean, lecithin, and esters or partial esters derived from
fatty acids and hexitol, anhydrides, for example sorbitan monoleate, and condensation reaction
products of the said partial esters with ethyiene oxide, for example polyoxyethylene sorbitan

monoleate. The emulsions may also contain sweetening and flavoring agents.

{00128} Syrups and elixirs may be formulated with sweetening agents, for example
glycerol, propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent,
a preservative, and flavoring and coloring agents. The pharmaceutical compositions may be in
the form of a sterile injectable, an agueous suspension or an oleaginous suspension. This
suspension may be formulated according to the known art using those suitable dispersing or
wetting agents and suspending agents which have been mentioned above. The sterile injectable
preparation may also be sterile injectable solution or suspension in a non-toxic parentally
acceptable diluent or solvent, for example as a solution in 1,3-butanediol. Among the acceptable

vehicles and solvents that may be employed are water, Ringer’s solution and tsotonic sodium

chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
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suspending medium. For this purpose any bland fixed o1l may be employed including synthetic
mono-or diglycerides. In addition, fatty acids such as oleic acid find use n the preparation of

injectables.

{80129} The compounds of the present disclosure may also be admimstered i the form of
suppostiories for rectal administration. These compositions can be prepared by muxing the
compounds with a sutable non-irritating excipient which is sohid at ordinary temperatures but
liquid at the rectal temperature and will therefore melt in the rectum to release the compound.

Such materials are cocoa buiter and polyethylene glycols.

{00136] Compositions for parenteral administrations are admunustered in a sterile medium.
Depending on the vehicle used and concentration the concentration of the compounds in the
formulation, the parenteral formulation can either be a suspension or a solution containing
dissolved compound. Adjuvants such as local anesthetics, preservatives and buffering agents can

also be added to parenteral compositions.

METHODS

{00131} Compounds of the present disclosure are useful as inhibitors of DPP4. They are
further useful in selectively promoting the probiferation AEC2 cells, without affecting
myofibroblast activation or proliferation, which 1s undesirable in most disease contexts. The
compounds, in various embodiments, promote alveolar repair as therapy for diseases whose
etiology derives from epithelial degeneration and maladaptive remodeling. Exemplary
mdications include but are not limited to idiopathic pulmonary fibrosis (IPF), acute respiratory

distress syndromes { ARDS), and infant respiratory distress syndromes (IRDS}.

{86132} An advantage of the compounds of the present disclosure 1s therr ability to
modulate the regenerative capacity of AEC2 cells. Against this property are drugs approved for
IPF, for example, that inhibat the activation and prohiferation of pulmonary fibroblasts and
myofibroblasts, which are the source of scar tissue production in the diseased fung. In contrast,
the compounds of the present disclosure promote repair of the alveolus by directly targeting the
source of disease n IPF: this is the ineffective self-renewal of damaged AEC?2 cells. Therefore,

AECZ-targeting compounds of the presenting disclosure offer additional disease modifying
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efficacy as a single agent or as combination therapy with an approved IPF drug (e g,

Pirfenidone).

[00133] The present disclosure, in various embodiments, thus provides a method for
selectively increasing the proliferation of cubotdal alveolar type 2 (AEC2) cells i a subject in
need thereot, or for restoring diminished proliferation of AECZ cells 10 a subject in need thereof.
The method comprises administering to the subject a compound or pharmaceutically acceptable

salt as disclosed herein.

{60134} Also provided in another embodiment 1s a method for inhubiting dipeptidyl
peptidase IV {DPP4) in a subject in need thereof. The method comprises administering to the

subject a compound or pharmaceutically acceptable salt as disclosed herein.

{00135} The present disclosure provides, in various embodiments, a method for treating a
subject suffering from a disease or condition whose eticlogy derives from epithelial
degeneration, maladaptive remodeling, and/or meffective self-renewal of damaged AECZ cells.
In some embodiments, the disease is a pulmonary disease or lung condition. In additional
embodiments, the disease or condition includes those selected from Idiopathic pulmonary
fibrosis (IPF), Acute respiratory distress syndrome (ARDS), Chronic Obstructive Pulmonary
Disease {COPD), Emphysema, Silicosts, Asbestosts, Pneumoconiosis, Aluminosis, Bauxite
fibrosis, Beryiliosis, Siderosis, Stannosis, Pulmonary Talcosis, Labrador lung {mixed dust
Prneumoconiosis), Sarcoidosts, Hypersensitivity pneumonitis (HP} / extrinsic allergic

alveolitis (EAA), Chronic Bronchitis, Desquamative mterstitial pneumona (DIP), Respuratory
bronchiolitis interstitial lung disease (RBILD), Acute interstiial pneumonia (AIP), Nonspecific
interstitial pneumonia (NSIP), Cryptogenic organizing prneumonia {COP = wdiopathic BOOP),
Secondary organizing prneumonma (BOOP), Lymphoid interstitial pneumonia (LIP), Idopathic
interstitial pneumoma © unspecified, Hypereosinophilic lung diseases, Tuberculosis (TB),
Pulmonary Edema, Interstitial Lung Disease, Bronchopulmonary Dysplasia (BPD), Coronavirus,
COVID-19, Cryptogenic Organuzing Prneumonia (COP), Cystic Fibrosis (CF), E-cigaretie or
Vaping Use-Associated Lang Injury (EVALIL, Hantavirus Pulmonary Syndrome (HPS),
Histoplasmosis, Influenza, Legionnaires” Disease, MAC Lung Disease, Alpha-1 Antitrypsin
Deficiency, Aspergitloss, Lymphangioletomyomatosis {LAM), Middle Eastern Respiratory

Syndrome {(MERS}, Nontoberculous Mycobacterial Lung Disease (NTM}, Lung cancer,
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Pulmonary Embolism, Goodpasture syndrome, wdiopathic pulmonary hemosiderosis, alveolar
hemorrhage syndrome of undetermined origin, alveolar hemorrhage syndrome of determined
origin, Sporadic pulmonary lymphangioleiomyomatosis {S-LAM)}, Pulmonary
iymphangioleiomyomatosis in tuberous sclerosis {TSC-LAM), Alveolar proteinosis, Pulmonary
amyloidosis, Primary pulmonary lymphoma, Primary ciliary dyskinesia (without or with situs
mversus}, Rare cause of hypersensitivity pneumonitis {all causes other than farmer's lung disease
and pigeon breeder's lung disease), Pulmonary arteriovenous malformations in hereditary
hemorrhagic telangiectasia (HHT), interstitial fung disease in systemic sclerosis, mterstitial long
disease in rheumatotd arthritis, interstitial lung disease in idiopathic inflammatory myopathies
{polymyositis, dermatomyositis, anti-synthetase syndrome), interstitial lung disease in Sj6gren
syndrome, inderstifial lung disease m mixed connective tissue disease (MCTD), mterstitial lung
disease in overlap syndromes, interstitial lung disease m undifferentiated connective tissue

disease, and Bronchiolitis obliterans {in non-transplanted patients).

{60136} In other embodiments, the disease ts chosen from inflammatory diseases, and
other diseases and disorders. The disease or disorder includes those selected from Infectious
colitts, Ulcerative colitis, Crohn's disease, Ischemic colitis, Radiation colitis, Peptic ulcer,
Intestinal cancer, Intestinal obsiruction, Rheumatoid arthritis, Psoriatic arthritis, Hashimoto
thyrowditis, Systemic tupus erythematosus, Multiple Sclerosis, Graves” Dhsease, Type | Duabetes
Melhitus, Psoriasis, Ankylosing spondylitis, Scleroderma, Myositis, Gout, Antiphospholipid
Antibody Syndrome {APS), Vasculitis, Dilated cardioroyopathy, Hypertrophic cardiomyopathy,
Restrictive cardiomyopathy, Left-sided heart fatlure, Right-sided heart failure, Systolic heart
fatlure, Diastolic heart fatlure (heart fatlure with preserved ejection fraction), Atrial Septal
Defect, Atrioveniricular Septal BDefect, Coarctation of the Aorta, Double-outlet Right Ventricle,
d-Transposition of the Great Arteries, Ebstein Anomaly, Hypoplastic Left Heart Syndrome,
Interrupted Aortic Arch, Pulmonary Atresia, Single Ventnicle, Tetralogy of Fallot, Total
Anomalous Pulmonary Venous Return, Tricuspid Atresia, Truncus Arieriosus, Ventricular Septal
Defect, Polveystic kidney disease, Biabetes Insipidus, Goodpasture’s Disease, {gA Vasculitss,
Ig A Nephropathy, Lopus Nephritis, Adult Nephrotic Syndrome, Childhood Nephrotic Syndrome,
Hemolytic Uremic Syndrome, Medullary Sponge Kidney, Kidney dysplasia, Renal artery
stenosis, Renovascular hypertension, Renal tubular acidosis, Alport syndrome, Wenger’s

eranulomatosis, Alagille syndrome, Cystinosis, Fabry disease, Focal segmental
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glomeruloaclerosis {(FSGS), Glomerulonephritis, aHUS (atypical hemolytic uremic syndrome},
Hemolytic uremic syndrome {(HUS), Henoch-Schéunlemn purpura, IgA nephropathy {Berger’s
disease), Interstitial nephritis, Minimal change disease, Nephrotic syndrome, Thrombotic
thrombocytopenic purpura {TTP), Granulomatosis with polyvangiitis (GPA)}, Eczema, Psoriasis,
Cellulitis, Impetigo, Atopic dermatitis, Epidermolysis Bullosa, Lichen Sclerosis, Ichthyvosis,
Vitiligo, Acral peeling skin svndrome, Blau syndrome, Primary cutaneous amyloidosis,
Cutaneous abscess, Pressure Ulcers, Blephantis, Furunculosis, Full or partial thickness burns,
Capillarits, Cellulitis, Corneal Abrasion, Corneal Hroston, Xerosis, Lichen Planus, Lichen
Simplex Chronicus, Venous Ulcer (Stasis Ulcer), Adult Still's disease, Agammaglobulinemia,
Alopecia areata, Autoimmune angioedema, Autoimmune dysautononua, Autoimmune
encephalomyelitis, Autoimmune hepatitis, Autoimmune myocarditis, Autoimmune ocophoritis,
Autoimmune orchitis, Autoimmune pancreatitis, Autoimimune retinopathy, Autormmune
urticaria, Axconal & neuronal neuropathy (AMAN), Balé disease, Bullous pemphigoid, Celiac
disease, Chronic recurrent multifocal osteomyelitis (CRMO), Churg-Strauss Syndrome (CSS) or
Eosmophilic Granulomatosis (EGPA), Cicatricial pemphigotd, Cogan’s syndrome, Cold
agglutinin disease, Coxsackie myocarditis, CREST syndrome, Dermatitis herpetiformis,
Dermatomyosttis, Devic’s disease (neuromyelitis optica), Discord lupus, Fosinophilic
esophagitis (FoE), Eosinophilic fasciitis, Erythema nodosum, Essential nuxed crvoglobulinemia,
Grant cell arteritis (temporal arteritis), Giant cell myocarditis, Granulomatosis with Polyangutis,
Guillain-Barre syndrome, Hashimoto’s thyroiditis, Henoch-Schonlein purpura (HSP), Herpes
gestationis or pemphigoid gestationis (PG}, Hypogammalglobuhinemia, IgG4-related sclerosing
disease, Immune thrombocytopenic purpura {ITP), Inclusion body myositis {IBM}, Lambert-
Eaton syndrome, Leukocytoclastic vasculitis, Linear IgA disease {LAD), Microscopic
polyangutis (MPA), Mixed connective tissue disease (MUTD), Mooren’s ulcer, Mucha-
Habermann disease, Multifocal Motor Neuropathy (MMN} or MMNCEB, Multiple sclerosis,
Myasthema gravis, Myositis, Narcolepsy, Neonatal Lupus, Newromyelitis optica, Neutropenia,
Ccular cicatricial pemphigoid, Optic neurnitis, Palindromic rheumatism (PR}, PANDASR,
Paraneoplastic cerebellar degeneration (PCDY, Paroxysmal nocturnal hemoglobinuria (PNH),
Parry Romberg syndrome, Pars planitis {peripheral uveitis), Parsonage-Turner syndrome,
Pemphigus, Peripheral neuropathy, Perivenous encephalomyvelitis, Pernicious anema (PA),

POEMS syndrome, Polyarteritis nodosa, Polyglandular syndromes tvpe | H, IIE, Polymyalgia

W
(v
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rheumatica, Polymyositis, Primary biliary cirthosis, Primary sclerosing cholangttis, Progesterone
dermatitis, Pure red cell aplasia (PRCA)}, Pyoderma gangrenosum, Raynaud’s phenomenon,
Reactive Arthritis, Reflex sympathetic dystrophy, Relapsing polvchondritis, Restless legs
syndrome {RLS}, Retroperitoneal fibrosis, Rheumatic fever, Rheumatoid arthritis, Sarcoidosis,
Schmidt syndrome, Scleritis, Scleroderma, Sjégren’s syndrome, Sperm & testicular
autormmunity, Stuff person syndrome (8PS}, Subacute bacterial endocarditis {(SBE}, Susac’s
syndrome, Sympathetic ophthalmia (SO), Takavasu’s arteritis, Temporal arteritis/Giant cell
arteritis, Thrombocytopenic purpura (TTP), Thyroid eye disease (TED, Alagille Syndrome,
Alcohol-Related Liver Disease, Autoimmune Hepatitis, Biliary Atresia, Cirrhosis, Lysosomal
Acid Lipase Deficiency (LAL-D}, Liver Cysts, Liver Cancer, Newhorn Jaundice, Non-Alcsholic
Fatty Liver Disease, Non-Alcocholic Steatchepatitts, Primary Biliary Cholangitis (PBC),
Progressive Familial Intrahepatic Cholestasis (PFIC), Osteoporosis, Paget’s Disease,
Osteonecrosis, Osteocarthritis, Low Bone Density, Gout, Fibrous Dysplasia, Marfan Syndrome,

and Osteogenesis Imperfecta.

{86137} Numbered references in the preceding sections are as follows:

1] Hogan, B. L, Barkauskas, C. E., Chapman, H. A, Epstein, J. A, Jain, R, Hsia, C. C |
Niklason, L., Calle, E., Le, A, Randell, 8. H | Rock, I, Snitow, M., Krummel, M., Stripp,
B R,Vu T, White, E S, Whitsett, J. A, and Morrisey, E. E {(2014) Repair and
regeneration of the resprratory systenm: complexity, plasticity, and mechanisms of lung

stem cell function, Cell Stem Cell 15, 123-138.

{2] Barkauskas, C. E., Cronce, M. J., Rackley, C. R, Bowie, E. J Keene, D R, Stripp, B
R, Randell, 8 H., Noble, P W, and Hogan, B. L. (2013) Type 2 alveolar cells are stem

cells m adult tung, J Clin Invest 123, 3025-3036.

i3] Noble, P. W, Barkauskas, C. E., and Jiang, D. {2012} Pulmonary fibrosis: patterns and
perpetrators, J Clin Tnvest 122, 2756-2762.

4] Liang, J., Zhang, Y, Xie, T, Liu, N, Chen, H., Geng, Y., Kurkciyan, A, Mena, J. M.,
Stripp, B. R, Jiang, D, and Noble, P. W (2016) Hyaluronan and TLR4 promote
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surfactant-protein-C-positive alveolar progenitor cell renewal and prevent severe

pulmonary fibrosis in muce, Nar Med 22, 1285-1293,

{51 Thompson, B. T., Chambers, R. €, and Liy, K. B. (2017} Acute Respiratory Distress
Syndrome, N Fngl J Med 377, 1904-1905.

{6] Janes, |, Young, M. E., Chen, ¥, Rogers, N. H., Burgstalier-Muehlbacher, S., Hughes,
L.B, Love, M. S, Hull, M. V., Kuhen, K. L., Woods, A. K., Josgph, S. B., Petrassi, H.
M., McNamara, . W, Tremblay, M. 8§, Su, A 1, Schultz, P. G, and Chatterjee, A K.
{2018) The ReFRAME library as a comprehensive drug repurposing library and its
application to the treatment of cryptosporidiosis, Proc Natl Acad Sci U S A 115, 10750-

14755,

{71 Xu, }, Wang, J., He, M., Han, H., Xie, W., Wang, H , and Kong, H. (2018} Dipeptidyl
peptidase IV (DPP-4} inhibition alleviates pulmonary arterial remodeling in experimental

pulmonary hypertension, Lab inves: 98 1333-1346,

{81 Kawasaky, T., Chen, W, Hiwe, Y. M., Tatsunu, K, and Dudek, 8§ M. (2018} DPP4
inhibition by sitagliptin attenuates LPS-induced lung injury in mice, Am J Physio! Lung

Cell Mol Physiol.

9] Stone, M. L, Sharma, A. K, Zhao, Y., Charles, E. I, Huerter, M. E | Johnston, W. F |
Kron, L L, Lynch, K. R, and Laubach, V. E. {2015} Sphingosine-1-phosphate receptor 1
agonism attenuates lung ischemia-reperfusion mjury, Am J Phvsiol Lung Cell Mol

Physiol 308, 1.1245-1252.

(103 Diab, K. 1., Adamowicz, J. J., Kamock:, K., Rush, N. 1, Garrison, J., Gu, Y.,
Schweitzer, K. 8., Skobeleva, A, Rajashekhar, G, Hubbard, W. €., Berdyshev, E. V|
and Petrache, I {2010} Stumulation of sphingosine T-phosphate signaling as an alveolar

cell survival strategy in emphysema, Am J Respir Crit Care Med 181, 344-352.

{60138} Additional embodiments of the present disclosure are set forth in the following
non-limiting examples. All compounds of the present disclosure are made by procedures

analogous to those illustrated below.
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EXAMPLES
{00139] INTERMEDIATE COMPOUNDS
1001 44] Synthesis of QRIRA4R55)-6-thexyl(prop-2-yn-1-yhamino)hexane-1,2,3,4,5-
pentaol (Int-1)
D-glucose, MeOH
B
Raney-Ni, Hp, 160 psi QH OH z B oH OH
Cohyy —85°C. 16N NN O3 THE reflux, 16 1 : _CeHirs
NH, OH OH oH ™ R
OH OH OH
Int-1 \\
{00141} Step 1. (ZR,3R 4R, 58)-6-(hexylaminothexane-1,2,3,4,5-pentacl
OH (:)H
AN Cetis
OH 6H on H
{60142} To a stired solution of hexan-1-amine (2.0 g, 19.76 mmol) and D-glucose (3.56

g, 19.76 mmol} in methano! {20 ml) was added Raney-Ni (1.2 g} at room temperature. The
reaction mixture was heated at 65 °C under Ha gas pressure {160 psi} for 16 h. After
consumption of the starting matenals, the reaction mixture was filtered through celite bed. The
filtrate was concentrated under reduced pressure to afford 4.5 g of (2R,3R 4R 586~
{(hexylamino)hexane-1,2,3 4, 5-pentacl as an off-white solid. [TLC system: MeOH:DOM {1:9}; By

value: 0.2].

{00143} Step 2. {ZR, 3R 4R, 55 )-6-(hexyl{prop-2-yn-1-yl}anunojhexane-1,2,3 4,5-pentacl
{Int-1}:
N
CoHq3” :
OH OH
Int-1
{00144} To a stirred solution of (2R, 3R 4R, 58 )-6-(hexviaminothexane-1,2,3 4, 5-pentacl

{1.0 g, 3.77 mmol} in THF (15 mL) was added 3-bromoprop-1-yne {80% solution in toluene,

0.84 mL, 5.65 mmol} and the reaction mixture was stirred at 80 °C for 16 h. After consumption
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of the starting materials, the reaction mixture was filtered and the filirate was concentrated under
reduced pressure to afford 0.5 g of (2R, 3R, 4R, 58)-6-(hexyl{prop-2-yn-1-ylJaminojhexane-
,2,3,4,5-pentacl as yellow colour gum. [TLC system: MeQOH DOCM (1.9, Ry value: 0.3}

{00145} {IR,35,55)-3-{{(tert-butoxyearbonyl}(2-({(5)-2-cyanopyrrolidin-1-yi}-2-

osxoethyljaminojadamantan-1-vl methanesulfonate {Int-2)

N
N\\\, \\\, /\S’/o N\\\,’
@ 0 (BocyO (1.15q) _ @ D CI” X (1.50 eq) Q
N - -
N THF/ t-BuOH 1/1 (8 V) N 5 20 | N
e H/\([)]/ 70°C, 12 hrs HG ‘B:c\g/ <R AN ’\\IIB;;\([)]/
| DCM(10V) MsO Int.2
0~20°C, 2 hrs
{60146} Step 1. Tert-butyl (Z-{{S)-2-cyanopyrrolidin-1-vi}-2Z-oxoethy (15,38, 58}-3-
hydroxyadamantan-1-yljcarbamate:
N\\\,’
{2
Y
HO Boc O
{80147} A muxture of (28)-1-(((15,3R,58}-3-hydroxyadamantan-1-yDelycvhpyrrolidine-2-

carbonitrile (200 g, 659 mmol, 1.00 eg) and (Boch O (165 g, 758 mmwol, 1.15 eg) in THF (400
mb} and ~BuOH (400 mL) was degassed and purged with Nz for 3 times, and then the mixture
was stirred at 70 °C for 12 hrs under Nz atmosphere. The solution was concentrated under
reduced pressure, and MTBE (200 mL}) was added. The mixture was filtered to give tert-butyl {(2-
{{S)-2-cyanopyrrohidin-1-vh-2-oxoethy{(1S,3R, 58)-3-hydroxvadamantan-1 -ylcarbamate (239

2, 592 ramol, 89.8% yield, 99.7% purity} as a white sohid. TLC system: PE: EA (0:1};,Rr: 0.40,

O

1080148} Step 2. (1R,38,58)-3-((tert-butoxycarbony {2-({8)-2-cyanopyrrolidin- 1 -y1)-2-

oxoethyhDanunojadamantan-1-yl methanesulfonate (Int-2):

N\

,I

N\“er

MsO Boc O
Int-2
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{00149] To a solution of compound tert-butyl (2-((8}-2-cyanopyrrolidin-1-y13-2-
oxoethy}({18,3R,58)-3-hydroxyadamantan-1-yhcarbamate (230 g, 570 ramol, 1.00 eg} and

N NN N -tetramethyl-1,6-hexanediamine (216 g, 1.25 mol, 2.20 egy in BCM (2.3C0 L) and
cooled to 0-10 °C, methanesulfonyl chlonide (97.9 g, 855 mmol, 1.50 eg) were added at 0-10 °C.
The reaction was stirred for 2 hrs at 15-20 °C. The reaction mixture was quenched by adding ice
water {1.00 L} at 0 °C, and extracted with EA (2.00 L}, The combined organic layers were
washed with brine 1.00 L, dnied over NaxSQ, filiered and concentrated under reduced pressure
to give (1R, 35 55)-3~{{tert-butoxycarbony {2-((§)}-2Z-cyanopyrrolidin-1-y1}-2-
oxoethyllamino)adamantan-1-vl methanesulfonate (440 g, crude) as a light vellow o1l TLC
systemn: PE - EA (10:1); Re: .60,

{00150} Synthesis of tert-butyl ({(18,3R,88)-3-(2-{2-azidoethoxy)ethoxyjadamantan-1-

VIH2-({S)-2-cyanopyrrolidin-1-yi)-2-oxeethylcarbamate (Int-3)

(50 eq)
HO™ O ~"0H

N\\\ 2 " MsClI (1.5 eq), TEA
“, 4A molecular sieves N (3.0 eq) DCM (25 V),
Y

O ACN (20 V), 70°C, 168 h rt, 30 min
N

N g
MsO Boc O 2
Int-2 o
HOg
IN N%\/'
D NaN3 (2.0 eq), DMF D
&'}‘/\ﬂ/ (38V). 70°C. 16 h &h\l/\n/
0 Boc O (} Boc O
§ § Int-3
MsO Ns
i{}{}i-ﬁl} Stc‘p i TCﬁ"bllty} (2"{{8}'2'cyanOpYHOhdlYl*i~§/1)~2~0xoc‘thy})(({ S’ER’SS),:;,(Z,

{2-hydroxyethoxyethoxyjadamantan- i -yljcarbamate:
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O% ]
HO\/\ON

~N
BocO ;Z ;\///N
O
{60152} To a stirred solution of (1R, 38,58})-3-((tert-butoxycarbony H{2-({8})-2-
cyanopyrrolidin-1-vi)-Z-oxoethyllaminoladamantan-1-yl methanesulfonate (3.58 g, 7.43 mmol)
and 2,2-oxybis{ethan-1-01} (35.2 mL, 371.67 mmol} n acetomtrile (10 mL) was added
molecular sieves 44 (4 ¢) and the mixture was stirred at 70 °C for 16 h. After completion, the
reaction mixture was diluted with water (500 mL} and resulting mixture was extracted with ethyl
acetate {3 x 500 mL). The cornbined organic layer was dried over anhydrous sodium sulfate and
evaporated to give crude product. The crude was then purified by siica gel column
chromatography {230-400 mesh} using 3% methanol in dichloromethane to afford tert-butyl (2-
{{S}-2-cyanopyrrohidin-1-y1i-2-oxoethy {1 S,3R, 58)-3-(2-{ 2-hydroxyethoxyjethoxy Jadamantan-

I-yljcarbamate (2.7 g) as a brown gum. TLC system: MeOH: DCM (1.9}, &y 0.4,

{00153} Step 2. 2-(2-({(1R,38,58)-3-((tert-butoxycarbony B 2-({ S }-2-cyanopyrrolidin- 1~

vi}-2-oxoethyhDaminoladamantan-1-ylioxy jethoxy)ethyl methanesulfonate:

=Z

/J i Boc’N :
A A

100154] To a stired solution of tert-butyl (2-((8}-2-cyanopvrrolidin-1-y13-2-

MsO

oxoethyl }{{18,3R,58)-3-(2-(2-hydroxyethoxyjethoxyjadamantan-1-ylcarbamate (2.7 g, 549
mmol} in dichloromethane (25 mL) was added triethvlamine (1.67 g, 16.47 mmol) followed by
methanesulfonyl chloride (1.26 g, 10 98 mmol) in dichloromethane (S mbL) at -10 °C. The
resultant mixture was stirred at -10 °C for 1 h. After completion, the reaction mixture was diluted
with water {100 mL} and resulting mixture was extracted with dichloromethane (2 x 300 mL}).
The combined organic layer was dried over anhydrous sodium sulfate and evaporated to give 2-

{2-({{IR, 35 58)-3-((tert-butoxycarbony  }{ 2-{{S)-2-cyanopyrrolidin- 1 -y1}-2-

41



WO 2022/159955 PCT/US2022/070259

oxoethyllaminojadamantan-1-vhoxyethoxy Jethy! methanesulfonate (3.1 g) as a pale vellow

foamy solid. TLC system: MeOH: DCM (0.5:9.5); Ry 0.4 (TLC was eluted 2 times}.

{00155} Step 3. Tert-butyl ((15,3R,58)-3-(2-(2-azidoethoxyethoxy)adamantan-1-yI}2-

{{S)-2-cvanopyrrolidin-1-yh}-2-oxoethyljcarbamate (Int-3}

O
Ns\/\O/\/ @

Boc—N
Int-3 OSZN K :
O
{00156} To a stirred solution of 2-{2-({({1R,38,58)}-3-({tert-butoxycarbony B{(2-{({8)-2-
cyanopyrrolidin-1-y1}-2-oxoethylamino)adamantan-1-yljoxyjethoxyjethyi methanesulfonate
(3.1 g, 5.44 mmel) in N N-dimethviformanude (10 mbL)}, sodium azide (0.71 g, 10.88 mmol} was
added and the reaction mixture was stirred at 70 °C for 16 h. After completion, the reaction
nuxture was diluted with water (100 mL} and extracted with ethyl acetate (3 x 300 mL). The
combined organic layer was dried over anhydrous sodium sulfate and evaporated to give tert-
butyl ({15,3R,58)-3-(2-(2-azidoethoxy jethoxyyadamantan-1-y I 2-{{8}-2-cyanopyrrolidin-1 -y 1}~
Z-oxoethyl}carbamate (2.5 g) as a vellow gum. TLC system: MeQH: DCM (0.5:9.53; R 0.3
(TLC was eluted 2 times).
(00157 Synthesis of (2R2'R,3R,3' RARA'R,585,5'S)-6,6'-(prop-2-yn-1-
viazanediylibis(hexane-1,2,3.4,5-pentasi) (Int-4)
N
_O  NaCNBH, (1.0 eq),

AcOH (1 V), MeOH
(8 V), 60 °C, 16 h

Int-4 \ X\ -’bH

{60138} To a mixture of {(2R,35,4R,5R)-2,3,4,5,6-pentahydroxyhexanal (2.0 g, 11.08

mmol}, prop-2-yn-1-amine (0.3 g, 5.54 mmol) and acetic acid (2.0 mL} in methano! (16 mL} was

added sodium cyanoborohydride (0.7 g, 11.08 mmol}. The reaction mixture was stirred at 60 °C

for 16 h. After completion {reaction monitored by LUMS), the reaction mixture was evaporated
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and the residue was washed with methanol {2 X 20 mL), diethy!] ether (2 X 20 mL) and dried to
afford (2R 2'R, 3R, 3I'R4R 4R, 58,5'8}-6,6'-(prop-2-yn-1-viazanediyibis{hexane-1,2,3 4,5~

pentaol} (1.3 g} as an off-white solid.

[60139] Synthesis of tert-butyl ((185,3R,58)-3-3-(2-aminoethoxylethoxyjadamantan-
E-yD{2-{{5}-2-cyanopyrrolidin-1-yi}-2-oxcethyljcarbamate (In¢-35)

N o HZN\/\O/\/Oﬁ
NN PhsP (1.5 eq), MeOH

(11V),70°C, 8h Boc—N
Boc—N N
Y S
Int-3 ° N p\// N
O Int-5

{00160] To the stirred solution of tert-butyl ({1S.3R,55)-3-(2-2-

azidoethoxy jethoxyadamantan-1-yH{ 2-((8}-2-cyanopyrrolidin-1-y13-2-oxoethylicarbamate (1.0
g, 1.94 mamol} in methanol (10 mL}, triphenylphosphine (0.76 g, 2.9 mmol} was added and the
reaction mixture was stirred at 70 °C for 16 h. After completion of reaction, the reaction muxture
was evaporated, residue was purified by silica gel column chromatography {(basified by
trigthylamine) using 6% methanol in dichloromethane to afford tert-butyl ((15,3R,58}3-3-(2-(2-
aminoethoxy Jethoxyjadamantan-1 -y 2-{{S)-2-cyanopyrrolidin-1-yi}-2-oxoethylicarbamate

{0.28 g} as pale yellow solid. TLC system: MeOH: DCM (1:9), K 0.2.
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[00161] Synthesis of tert-butyl 2-{{(S)y-2-cyanopyrrolidin-1-yi}-2-
oxoethy{{1S5,3R,538)-3-(2-(2-hydroxyethoxy)ethoxyjadamantan-1-ylcarbamate {Ini-6}

N N
N N
N, (Bocz);0, EtsN, Toluene N, MsCI (1.5 eq), TEA (3.0 eq)
O 100°C 8h [3 DCM (25 V), rt, 30 min
N N
N N
HO ) HO Boc O
/\/O\/\ N N\
HO OH X,
(50 eq) “
N\\\, 4A molecular sieves NO
’3 ACN (20 V), 70°C, 16 h r\\é/ﬁo(
N 0oC
N

MsO Boc O

08

o)

g Int-6
HO

00162} Step 1. Tert-butyl (2-((8)-2-cyanopyrrolidin-1-vi}-2-oxcethvi}{ /8 38, 55}-3-

hydroxyadamantan-1-yljcarbamate:

N,

W
N
{60163} To a stirred suspension of (28)-1-({({18,3R,58)-3-hvdroxyadamantan-1-
vhelyveyhipyrrolidine-2-carbonitrile {15 g, 49 44 mmol) in toluene (150 mL) were added
trigthylamine {13.78 mL, 98.88 mmuol) and di-tert-butyl dicarbonate (17.0 mL, 7416 mmol} and
the reaction nuxture was stirred at 100 °C for 16 h. After completion, the reaction muxture was
evaporated to give crude residue, which was then purified by silica gel (230-400 mesh) column
chromatography using 3% methanol in dichloromethane to afford tert-butyl (2-((5)-2-
cyanopyrrolidin-1-yl}-2-oxoethy){{18,3R,55)-3-hydroxvadamantan- 1 -yljcarbamate {17.0 g} as
an off-white solid. TLC system: MeOH: DCM (0.5:9.5); Ry 0.2 (TLC was eluted 2 times}.

[00164] Step 2. (1R,38,58)-3-({tert-butoxycarbonyl {2-((8)-2-cyanopyrrolidin- 1 -y1}-2-

oxoethyllamino)adamantan-1-yl methanesulfonate:
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\)

D

MsO |‘3:C\g/
{80165] To a stirred solution of tert-butyl (2-({S)-2-cyanopyrrolidin-1-yi)-2-
oxoethyl}({(1S8,3R,58}-3-hydroxyadamantan-1-yljcarbamate (0.5 g, 1.24 mmol} in
dichloromethane (10 mL} was added trigthylamine {0.38 g, 3.72 mmol) followed by
methangsuifonyl chloride {0.21 g, 1.86 mmol} in dichloromethane (2.5 mL) at -10 °C. The
reaction mixture was stirred at -10 °C for 30 mun. After completion, the reaction mixture was
diluted with water (10 mL) and resulting mixture was extracted with dichloromethane (2 X 30
mL}. The combined organic layer was dried over anhydrous sodium sulfate and evaporated to
give (1R, 38,58 )-3~({tert-butoxycarbony}{2-{({S}-2-cvanopyrrohidin-1-vi)-2-
oxoethyljaminojadamantan-1-yl methanesulfonate {0.59 g} as a pale yellow foamy solid. TLC

systent MeOH: DCM (0.5:9.5); Xy 0.3 (TLC was eluted 2 times).

{80166] Step 3. Tert-butyl (2-{{8)-2-cvanopyrrolidin-1-yv1}-2Z-oxoethy {15, 3R, 58)-3-(2-

(2-hydroxyethoxy jethoxyladamantan-1-vicarbamate (Int-6):

(o]
How~o i&

Boc:’N
D)
oA &

Int-6 Q

{00167} To a stirred solution of (1R,38,583-3-({tert-butoxycarbony I} 2-((S)-2-
cyanopyrrolidin-i -yvi-2-oxoethyljaminojadamantan-1-yl methanesulfonate (3.58 g, 7.43 mmol}
and 2,2-oxybis(ethan-1-01} (35.2 mi., 371.67 mmol} i acetonstrile (10 mb) was added
molecular sieves 4A (4 g) and the mixture was stirred at 70 °C for 16 h. After completion, the
reaction mixture was diluted with water {500 mL) and resulting mixture was extracted with ethyl
acetate {3 x 500 mL}. The combined organic layer was dried over anhvdrous sodium sulphate
and evaporated to give crude product. The crude was then purified by silica gel column
chromatography {230-400 mesh} using 3% methanol 1n dichloromethane to afford tert-butyl (2-
{{S)-2-cyanopyrrolidin-1-vi}-2-oxoethy [ ((15,3R, 58-3-(2-(2-hy droxyethoxy yethoxyJadamanian-

1-yl}carbamate (2.7 g} as a brown gum. TLC system: MeOH: DCM (1.9}, R 6.4,

PSS
(v
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{00168} Synthesis of (2R,3R,4R,58)-6-((4-(2-

aminoethoxy)phenethyllthexyllaminothexane-1,2,3.4,5-pentaot (Int-7)

o o)
OH < 2;{
OH OH @:(«N—/_ N
( I8

OH O~ 0 o
Cbz-Cl, DIEA, PPhs, ADDP, THF, .
NaBH,, EtOH, rt DCM, 0°C refiue. 12k TMSI, ACN, rt, 10min
_asn, Bt :
HN Cbz’N
NH,

Cbz”

)
HO o
N HO, NH,
I Ho, 3 N g
ke 5

g 0
o]
o=

NLH
H
OH g N,H,-Ho0, EtOH, 80° o
HO C, 4h H
Reductive amination HO,
H01 - HO 7
HO, “— oH
— OH .
P N OH
N OH

HN

Int-7
(80169} Step 1. 4-(2-(hexylarnno)ethyl)phenol:
N
H
{60176} To a solution of 4-(2-aminoethvphenci {15 g, 109 mmeol} and hexanal {10 g, 100

nunol} in EtOH (100 mL) was added AcOH (1 drop). The reaction mixture was stirred at 25 °C
for 12 hrs. Then NaBHa (2 g, 54 mmol) was added, and the reaction nuxture was stirred at 25°C
for 1 h. The reaction mixture was concentrated under pressure at 40°C. The residue was diluted
with water and extracted with EtOQAc¢ {200 mL x 2). The organic layers were washed with brine
(50 mL}, then dried over anhydrous NaxSOs. After filtration, the filtrate was concentrated under
vacuum to give crude product. The crude product was purified via Flash column
chromatography, eluting with (CHCL/MeOH, from 0 % to 10 %) to give 4-(2-

{hexylamino)ethyDphenol (6 g, 24 % yield) as a yellow ol ES MS M/Z = 222 (M+1).

{80171} Step 2. Benzyl hexyl{4-hydroxyphenethylicarbamate:

HO\Q\/\N\
Chz
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{80172} To a solution of 4-[2-(hexviammno}ethyliphenol (6.2 g, 28 mmol) and DIEA {(5.41
g, 42 mymol} m DCM (100 ml) was added a solution of Chz{C1 (4.29 g, 25 mmol) in DCM (10
mb} at 0 °C. The reaction mixture was stirred at 0 °C for 1h. Then the mixture was difuted with
Ho( (100 mL) and extracted with DCM (160 mL x 2). The DCM phase was dried over NaxSOs
and concentrated. The restdue was purified via Flash column chromatography, eluting with
{PE/EtOAc, from 5 % to 20 %) to give benzyl hexyl{4-hydroxyphenethyljcarbamate (7.63 ¢, 76
% yield) as a yellow oil. ES MS M/Z =356 (M+1}.

{60173} Step 3. Benzyl (4-(2-(1,3-dioxoisoindolin-2-

yiethoxyphenethylhexyljcarbamate:

o]
(0]
N/\/ \©\/\
AT
N
°© (I3bz

[00174] To a mixture of benzy! hexyl{4-hydroxyphenethylcarbamate (8.63 g, 243

mmol), 2-(2-hydroxyethyljisoindole-1,3~-dione (4.64 g, 24.3 mmol}, PPhs (12.73 ¢, 48.6 mol} in
THF (50 mL) was added a solution of ADDP{12.24 g, 48.6 mmol) in THF (30 mL)at 25 °C
under N2 atmosphere. The reaction mixture was stured at 70 °C under N> atmosphere for 12 hrs.
The reaction mixture was concentrated under pressure at 40°C. The residue was purified via
Flash coluron chromatography, eluting with (PE/EIOAc, trom 10 % 1o 50 %) to give benzyl (4~
(2-(1,3-dioxoisoindolin-2-yhethoxyphenethy D hexvljcarbamate (10.4 g, 81 % yield) as a yellow
oil. ES MS M/Z = S29 (M+1).

{80175} Step 4. 2-(2-(4-(2~-(hexylaminojethyDphenoxylethviiisomdoline-1,3-dione:
o
/\/O\Q\/\ /\/\/\
N N
H
o
196176} To a solution of benzy! (4-(2-(1,3-dioxotsoindolin-2-

vijethoxyiphenethylDi{hexyljcarbamate (4.86 g, 9.20 mmol} in MeCN (10 mL) was added TMSI
{S g, 357 mmol). The reaction mixture was stirred at 25 °C for 10 min. The reaction mixture was
concentrated under pressure at 40°C. The residue was purified via Flash column chromatography

and eluting with (CH2Ch/MeQGH, from S % to 10 %} to give 2-(2-(4-(2-
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{hexylamino)ethy Dphenoxy dethylsomdoline-1,3-dione {2.56 g, 70 % yield} as a yellow sohd.

ES MS M/Z = 395 (M+1),

[60177] Step 5. 2-(2-(4-(2-(hexyi{{28,3R 4R 5R)-2.3,4,5,6-

pentahydroxvhexylammo)ethy Hphenoxy ethy hhisoindoline-1,3-dione:

{00178} To a solution of Z-{2-(4-{2-(hexylamino)ethyliphenoxy jethyisoindoline-1,3-
dione {2.92 g, 7.41 mmol} and (2R,35,4R,5R}-2.3,4,5 6-pentahvdroxyvhexanal (4 00 g, 22.23
nunol} in MeOH (20 mi) was added AcOH (10 drops). The reaction mixture was stirred at 25 °C
for 1 h. Then NaBH3CN (1.86 g, 29.64 mmol} was added, and the reaction mixture was stirred at
S0°C for 12 hrs. To the reaction mixture was added (2R,38,4R 5R}-2,3,4.5,6-
pentahydroxvhexanal (1.33 ¢, 14.82 mmol} every 12 hrs until 2-(2-(4-(2-
{hexylaminojethylphenoxy jethylisoindoline-1,3-dione was disappeared (total about 4
equivalent of (2R,35,4R,5R)-2,3,4,5,6-pentahydroxvhexanal was added into the reaction
nuxture, total reaction time was about 3 days). The reaction mixture was concentrated under
pressure at 40 °C. The residue was purified via Flash column chromatography and eluted with
(DCM/MeOH, from S % to 10 %) to give impure 2-(2-{4-(2-(hexyl{(28,3R 4R 5R)-2,3.4,5,6-
pentahydroxvhexyllaminojethyiphenoxyjethylhisoindoline-1,3-dione (4 g, 87 % vieldj as a

colorless o1l ES MS M/Z = 559 (M+1}.

180179} Step 6. (ZR,3R 4R, 538 3-6-({4-(2-arnmnoethoxy jphenethyli(hexyDamino)hexane-
1,2,3,4,5-pentaol (Int-7):
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HO OH
HO"'\ ...OH

HO'

N
ST

Int-7

{00180} To a solution of 2-(2-(4-(2-(hexyH{25,3R 4R, 5R}-2,3 4,56~
pentahydroxyhexyliaminolethyl}phenoxyethyl} isoindoline-1,3-dione (3.5 g, 6.27 mmol} in
FtOH (20 mL} was added Hydrazine hydrate (10 mL). The reaction mixture was stirred at 80 °C
for 4 hrs. The reaction mixture was concentrated under pressure at 40°C. The residue was
purified via Flash column chromatography and eluted with (MeOH/DCM, from 20 % to 50 %)
and give (2R, 3R 4R, 55)-6-{({4-(Z-aminoethoxy)phenethyH{hexyllaminothexane-1,2,3,4, S-pentasi
{2.5 g, 93 % vield) as a colorless oil. ES MS M/Z = 429 (M+1}.
{00181} Synthesis of 2R, IR ARE8)-6-(prop-2-yn-1-ylaminojhexane-1,2,3,4,5-pentaol
{In¢-8}

HN
NaCNBH, (1.0 eq),

AcOH (1 V), MeOH
(20 V), 0 °C-rt, 16 h

1801 582] To a mixture of (2R35 4R, 5R}-2,3,4,5, 6-pentahydroxvhexanal (1.0 g, 5.54
mmol), prop-2-vo-1-amine {0.61 g, 11.08 mmeol} and acetic acid (1.0 mL} in methanol (20 mL)
was added sodium cyanoborohydride (0.35 g, 5.54 mmol) at 0 °C. The reaction mixture was
stirred at room temperature for 16 h. After completion {reaction monitored by LCMS), the
reaction mixture was evaporated and residue was washed with diethyl ether (2 X 20 mL) and
dried to afford (2R, 3R 4R, 58)-0-{prop-2-yn-1-vlaminothexane-1,2,3,4,5-pentaol (1.0 g, crude) as

an oft-white sohid.
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1001383} Synthesis of terf-butyl (153-2-((18.35,55)-3-cyano-2-azabicyclof3.1.0}hexan-
2=y 1-{{(18,3R 85)-3-(2-hydroxyethoxyladamantan-1-yh-2-oxoethyhcarbamate (Int-9)

N (Bocz),0 (1.5 eq),
N, Et;N (2.0 eq), DCM Boce. D, MsCI (1.5 eq), TEA (3.0 eq)
NH, O (20 V) 0°C rt, 3 h NH O DCM (25 V), rt, 30 min
T T
HO © HO ©
Saxagliptin
HO/\/OH N .
N BOC\NH\\"'
Boc \\\, 4A molecular sieves < O
“NH '3 ACN (20 V), 70°C, 16 h Nz
N~z S o)
MsO © 2 Int-9
OH
{00184} Step 1. Tert-butyl {{15)-2-((18,38,58})-3~cyano-2Z-azabicyclof 3.1 Othexan-2-yl}-1-

{{18,3R 58)-3-hydroxyadamantan- | -yl}-2-oxoethyl)carbamate:

N
N\
Boc. N,

NH
HO o

[00185] To a stirred suspension of (18,38, 35)-2-((25)-2-anuno-2-{{{5, 3R 58}-3-
hydroxyadamantan-1-ylacetyl}-2-azabicvclof 3.1 Olhexane-3-carbonitrile (2 g, 6. 34 mmol) in
dichloromethane (40 mL) was added tnethylamine (1.8 mi, 12.68 mmol) followed by di-tert-
butyl dicarbonate (2.2 mL, 9.51 mmol} at 0°C and the reaction mixture was stirred at room
temperature for 3 h. After completion, the reaction mixture was evaporated to give crude
residue, which was then punified by silica gel {230-400 mesh} column chromatography using 3%
methanol in dichloromethane to afford tert-butyl ((15)3-2-({(18,35,58)}-3-cyano-2-

azabicyclof3.1. 0lhexan-2-y1-1-({15,3R, S5)-3-hydroxyadamantan-1-yi}-2-oxoethyljcarbamate

{2.5 gy as an off-white solid. TLC systern: MeOH: BCM (0.5:9.5); K 0.4,

{001386] Step 2. {/R, 38, 58)%-3-({5)-1-{(tert-butoxycarbonyDamino}-2-({(1S, 38, 55)-3~cyano-

Z-azabicyclof3.1.0lhexan-2-y13-2-oxoethy Dadamantan- 1-yt methanesulfonate:
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MsO
{00187} To a stired solution of tert-buty! ((15)-2-{{15,38,558})-3-cyano-2-
azabicyclof3.1. Olhexan-2-y1i-1-({15,3R $8})-3-hydroxyadamantan-1-vi)-2Z-oxoethyljcarbamate
(2.5 g, 6.02 mmol) in dichloromethane (50 ml) was added triethylamine (2.5 mbL, 18.06 mumol}
followed by methanesulfonyl chloride (1.03 g, 9.03 mumeol} in dichloromethane (2.5 mL} at -10
°( and the muoxture was stirred for 30 min. After completion, water (50 mL} was added to the
reaction mixture and extracted with dichloromethane (2 © 100 mL). The combined organic layer
was dried over anhydrous sodium sulfate and evaporated to give (1R.38,55)-3-((5)-1-{{tert-
butoxycarbonyljamino}-2-({18,35,58)-3-cyano-2-azabicyclo[3. 1. Olhexan-2-y1)-2-
oxoethyhadamantan-1-y! methanesulfonate (3.2 g) crude as a white foamy solid. TLC systenu

100% EtQAcg, Kr 0.4,

{00188} Step 3. Terr-butyl {({18)-2-((15,35,55})-3-cyano-2-azabicyclof3.1 OThexan-2-yi)-1-

{{15,3R,58)-3-(2-hydroxyethoxyjadamantan-1 -vl}-2-oxoethyljcarbamate (Int-9):

O Boc
HO/\/ -\\NH N
4
O N 3
Int-9 Q
{00189 To a stirred solution of (R, 38, 553-3-((8)-1-{{(tert-butoxycarbonyliamino}-2-

({15,38,55)-3-cyano-2-azabicyclo[3. 1. Othexan-2-v1}-2-oxcethylladamantan-1 -yl
methanesulfonate (3.2 g, 6.48 mmol) and ethane-1,2-diol (18.2 mL, 324.13 mmol) in acetonitrile
{30 L) was added molecular sieves 4A (3.5 g), the resultant mixture was stirred at 70 °C for 16
h. After corapletion, the reaction mixture was concentrated and the crude was filtered through
Buchner funnel, diluted with water (100 mL) and extracted with ethyl acetate (3 x 100 rol.). The
combined organic layer was dried over anhydrous sodium sulfate and evaporated to afford tert-
butyl ({(18)-2-((15,35,558}-3~cyano-2-azabicyclof 3.1 Othexan-2-vD-1-({1S,3R,58)-3-(2-
hydroxyethoxyadamantan-1-y1-2-oxoethylicarbamate (2.0 g) crude as an off-white foamy solid.

TLC system: 100% Et(3Ac, By 0.3

(¥
Pty
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[00196] tert-butyl {{1S3-2-((15,358,55)-3~cyano-2-azabicyclo{3.1 Olhexan-2-yi)-1-
{{1S.3R,55)-3-(2«2-hydroxyethoxv)ethoxy jadamantan-1-yi}-2-oxoethycarbamate (Int-9B) was

prepared according to the same route.

{00191} Synthesis of (ZR.3R4R,55)-6-((4-(aminomethyhbenzylihexyDamino)hexane-
1,2,3.4,5-pentact (Int-10)

NHBoc
HO NH,

. HO

HO .
HO
OH
OH B OH
HN  OH OH
CaHis - N, OH
CeH1s
Int-10
{60192} To a suspension of N-hexyl-D-glucamine {840 mg, 1.05 eq) and potassium

carbonate (594 mg,1.5 eq} in methanol (8 mL}, tert-butyl 4-(bromomethylybenzylcarbamate (820
mg, 1.0 eq} was added portion wise at 0 “C. After 4 hours of stirring at room temperature, the
reaction mixture was filtered via a pad of Celite with dichloromethane. The filtrate was then
washed by water can concentrated in vacuo to provide the crude product as a vellow oil which
was used for the next step without further purnification. The above crude (700 mg) was dissolved
with 4M HCl 1n dioxane (4.5 mL} and methanol (0.5 mb) at 0 °C. After sturing at room
temperature for 3 hours, the volatiles were removed under reduced pressure to afford a white
powder of (2R, 3R 4R, 58}-6-({4-(aminomethylbenzyl{hexyllaminolhexane-1,2 3,4, 5-pentaol

hydrochloride which was used for next step without further purification.

[00193] Synthesis of 1-azido-2-(2-(2-bromeethoxy)ethoxyjethane (Ins-11):
TsCl, Ag,0, KI, NaNS/D'V'F
DCM, rt, 16 h 120°C,6 h

HO™ O™~ O HO N O O ——— s
TPP, CBr,, DCM
Ho O~ Ns 181 B~ O~ N
Int-11

{00194} Step 1. 2-(2-(2-hydroxyethoxy Jethoxy)ethyl 4-methylbenzenesulfonate:

HO™ O~ OTs

(L%
A
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[80195] To a stured solution of compound 2,2'-{ethane-1,2-diylbis{oxy ) bis{ethan-1-0l)

{15 g, 99.88 mmol) 1 DCM (150 mL) was added silver oxide (27.7 g, 1192.85 mmol) followed

by potassium 1odide {1.6 g, 9.98 mmol) under nitrogen atm at rt. The resultant reaction mixture

g,
was stirred at tt for 10 mun. p-TsCH {19 g, 99.88 mmol} was added and the resultant reaction
nuxture was stirred at rt for 16 h. The progress of the reaction was monitored by TLC. After
compietion of starting material, reaction mixture was concentrated under reduced pressure to get
crude compound. The crude compound was purified by column chromatography using silica gel

{230-400 mesh} eluting with 10% EtOAC-petether to get 11 g of compound 5 as a colorless

hiquid. [TLC system: EtQOAC petether (2:8); Rr value: 0.5].

{86196} Step 2. 2-(2-{2-azidoethoxy jethoxy)ethan-1-ol:
{80197} To a stirred solution of compound 2-(2-(2-hydroxyethoxyjethoxy)ethyi 4~

methylbenzenesulfonate (11 g, 36.14 mmol) in DMF {200 mL) was added sodium azide (4.7 g,
72.28 mmol) at rt. The resultant reaction nmuxture was heated at 120 °C for 6 h. The progress of
the reaction was mounttored by TLC. After completion of starting material, reaction mixture was
concentrated under reduced pressure to get crude compound. The crude compound was dissolved
m diethyl ether {150 mL) and the solid precipitate was removed by filtration through celite pad.
The filtrate was collected and concentrated under reduced pressure to get crude compound. The
crude compound was purified by column chromatography using silica gel {230-400 mesh)
eluting with 10% EtOAC-petether to get 5 g of compound 6 as an off-white sohid. [TLC system:

EtOAC petether (3.7}, Ry value: 0.31

{00198} Step 3. 1-azmdo-2-(2~(2-bromoethoxy Jethoxy)ethane (Int-11):
B O Ns
Int-11
[00199] To a stirred solution of CBra (4.1 g, 12.56 mmol) in DCM (40 mL) was added

PhaP (3.3 g, 12.56 mmol}. Reaction nuxture was cooled to 0°C, cornpound 2-(2-(2-
azidoethoxy)ethoxyjethan-1-01 (2 g, 11.42 mumol) was diluted with DCM (15 mL) and added to
reaction nuxture slowly drop wise. The reaction nuxture was stirred at vt for 8 h. After

completion of starting material, the reaction muxture was quenched with water (20 mL) and

(%
W
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extracted with DCM (2X50 mL). The combined organic layer was concentrated ander reduced
pressure 1o get crude compound. The crude compound was purified by column chromatography
using silica gel (230-400 mesh) eluting with 15% EtOAC-petetherto get 1.2 g of Int-1f as a
colour less hquid. [TLC system: EtOAC petether {1:1}; Ky value: 0.7].

100200} Synthesis of tert-butyl (R}-(1-{7-(but-2-yn-1-y1}-3-methyi-2.6-dioxs-2,3,6,7-
tetrahydro-1H-purin-8-yl)piperidin-3-yijcarbamate (int-13)

HN

Br\/ g NHBoc
— O — —
Q // K,CO5, DMF //

H DIPEA, DMF, N .
on\ | :/>_ A )\ N/>_Br — oij\)ijI:/)_NQ
Int-13 NHBoc
{60201} Step 1. 8-bromo-7-(but-2-yn-1-y1}-3-methyi-3 7-dihydro-1 H-purine-2,6-dione:
O //
)\ >—Br
[00202] To a stirred solution of compound 8-bromo-3-methyl-3 7-dihydro-1 H-purine-2,6-

dione {10.0 g, 40.81 mmol) it DMF (100 ul)) was added DIPEA (713 mi, 40.81 nunol) and -
bromobut-2~yne (5.43 g, 40.81 munol) portion wise at room temperature. The reaction mixture
was stirred at room teroperature for 16 h. After completion of starting matenial, the reaction
mixture was guenched with cold water and the precipitated solid was filtered off, dried under
vacuum to get 9.3 g of compound 8-bromo-7-(but-2-yo-1-y1}-3-methyl-3, 7-dikydro- 1 H-purine-

2,6~-dione as an off-white solid. [TLC system: MeOH: DOM (1.9}, Ry value: 071

[80283] Step 2. Tert-butyl {(R)-{1-(7-(but-2-yn~-i~-y1}-3~-methyl-2,6-dioxo-2,3,6,7-

tetraby dro- 1 H-purin-8~-ylpipenidim-3-yijcarbamate (Int-13}:

0 //
N
HN
A PN
0”N" N
NHBoc
Int-13

(v
PN
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{00204] To a stured solution of &-bromo-7-{but-2-yn~1-yi}-3-methyl-3,7-dihydro- 1 H-
purine-2,6-dione (4.5 g, 15.15 mmol} in BMF (45 mL) were added tert-butyl (R)-piperidin-3-
yicarbamate (3.33 g, 16.66 mmol} and K2C0O3 (6.28 g, 45.45 mmol) and the reaction mixture
was stirred at 90 °C for 16 h. After completion of starting material, the reaction mixture was
quenched with cold water and the precipitated solid was filtered off, dried under vacuum to get
5.0 g of tert-butyl (R3-(1-(7-(but-2-yn-1-y1)-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro-1 H-purin-§-
vipiperidin-3-vljcarbamate as an off-white sohd. {TLC system: EtQOAc pet-ether {1:1}; Rf

value: 0.31.

[00205] Synthesis of methyl (R}-2-{{7-{but-2-yn-1-y1)-8-(3-({tert-
butoxyecarbonyl)amineo)piperidin-1-yl}-3-methyl-2,6-dioxe-2,3,6,7-tetrahydro- 1 H-purin-1-

yhmethyl)-6-flucronicotinate (Int-14)

TMSCHN, E
Toluene/MeOH NBS, ( PhOCO)zo y
/N rt, 2 h /N DCE, 70°C, 16 h |N
X Br

CO,H CO,Me CO,Me

Y \>—N

') = NHBoc
Int- 13 |
DMF, K,COs3, 70 °C, 16 h /NO N
COzMe \ NHBO
Int 14
{80206} Step 1. Methy! 6-fluoro-2-methyvlucotinate:
F
Z N
S |
CO,Me
802071 To a stirred solution of 6-fluore-2-methylnicotimc acid (3.0 g, 1934 mmol) in
THF (36 mL) and methanol (9 mL} at 0 °C was added TMS diazomethane solution 2ZM

tohiene (12.57 ml., 25.14 mmol) and the reaction mixture was allowed to warm to room

(4]
(4]
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temperature over 2 h. After completion of the reaction, volatiles were removed under reduced
pressure 1o get the crude compound. The crude compound was purified by column
chromatography {using silica gel 100-200 mesh, 0-10% EtOAc in pet-ether as an eluent} to
afford 1.6 g of compound methyl 6-fluoro-Z-methyinicotinate as colorless liquid product. {TLC

system: EtOAc pet-ether (3.7); Rrvalue: 0.8].
{0806208] Step 2. Methyl 2-{bromomethyi}-6-flucronicotinate:

E

AN

s Br

CO,Me

{60209} To a stirred solution of methyl 6-fluore-2-methyinicotinate methyi 6-fluore-2-
methylnicotinate {1.6 g, 9.46 mmol) in 1,2-dichloroethane (16 mL), were added N-
Bromosuccimmide (1.68 g, 9.46 mmol}) followed by catalytic benzovyl peroxide (011 g, 0.47
mimol} portion wise. The reaction mixture was stirred at 70 °C for 16 h. After completion of the
starting material, solvent was evaporated under reduced pressure, quenched with water (100 mL)
and extracted the compound with dichloromethane (100 mL* 2). The combined organic layer
were washed with brine solution (30 mL), dried over anhydrous sodium suifate, concentrated
under reduced pressure to get the crude compound. The crude compound was purified by column
chromatography {(using silica gel 230-400 mesh, 0-4% EtOAc in pet-ether as an eluent) to afford
1.2 g of compound methy! 2-{bromomethyl}-6-fluoronicotinate as colorless hiquid product. [TLC

system: EtOAc pet-ether (1.9}, Rrvalue: 0.7}

{00210} Step 3. Methyl (R3-2-((7-(but-2-yn-1 -y1}-8-(3-({tert-
butoxycarbonyhamunopipenidin-1-y1}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahy dro- 1 H-purin- 1~

viynethyli-6-fluororucotinate (Int-14):

F
O N N
=~ N N\
~ T\';N%N

COZMe o) \\NHBOC

Int-14
{00211} To a stured solution of methvl 2-(bromomethyl}-6-flycronicotinate methyl 2-
{bromomethy1}-6-fluoronicotimate {0.6 g, 2.42 mmol} in DMF (6 mL), were added compound

tert-butyl (R)-{1-{7-(but-2-yn-1-v1}-3-methyl-2 6-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-
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vhpiperidin-3~ylcarbamate (1.01 g, 2.42 mmol) and KoCOs3 (0.33 g, 2.42 mmol) and the reaction
mixture was stirred at 70 °C for 16 h. After completion of starting matenal, the reaction mixture
was guenched with cold water and the precipitated sohid was filtered off, dried under vacuum to
get 1 g of compound methyl (R}2-({7-(but-Z-yn-1-y}-8-(3-({tert-
butoxycarbonyllamino}pipertdin-1-y1}-3-methyl-2, 6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-1-
yimethyi-6-fluoronicotinate as an off-white sohid. [TLC system: EtQAc pet-ether (1.1} Ry

value: 0.4}

{60212} Synthesis of (R)3-2-((7-(but-2-yn-1-v11-8-(3-({tert-
butoxycarbonyljamino)piperidin- I-yl}-3-methyl-2,6-dioxe-2,3,6,7-tetrahydro-1H-purin-1-

yiimethyl}-6-(methylaminenicotinic acid (Int-15}

~

NH,
F

o rlu " ffg?é E“:F NHMe | NaOH/MeOH/THF/ NHMeO ,L .
| , [e) N H;0, 50°C, 3 h ~ N
\IT|N\>—N _— /INﬁle\>_N —»\IT|N\>—N
X N N
CO,Me O \xNHBOC NHE CO,H I) \\NHBOC
Int-14 COMe O \\ o s -

100213] Sep 1. Methyl (R}-2-((7-(but-2-yn-1-y1}-8-(3-{{tert-

butoxycarbonyhamunopipenidin-1-y1}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahy dro- 1 H-purin- 1~
vihmethyl-6-(methylaminojnicotinate:
NHMe

Os N N
AN
LT L

x>

CoMe O \\NHBOC

100214} To a stirred sohution of compound methyl (R}-2-{((7-{but-2-yn-1-v1}-8-3~({tert~
butoxycarbonybamino ypiperidin-1-y}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro~- 1 H-purin-1 -
yhmethyh-6-flooronicotinate (1.1 g, 1.88 mmol) m DMF (11 mL} was added KzCGO5 (039 g,
2.82 mmol} followed by compound methanamine (1.1 mL, 2.26 mamol} and the reaction mixture
was stirred at rt for 4 h. After completion of starting material (TLC monitoring)}, the reaction
mixture was guenched with cold water and the precipitated solid was filtered off, dried under
vacuum to get 0.82 g of compound methyl (R}-2-({7-(but-2-yn-1-y1}-8-(3-{{(tert-
butoxycarbonyhamine jpiperidin-1-yi}-3-methvi-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-purin-1-
yhmethyh-6-{methviaminc}nicotinate as an off-white solid. [TLC system: EtdAc:Pet ether

{1:9}; Ry value: 03]

(v
3
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{80215} Step 2. (R)}-2-((7-(but-Z-yn-1-y}-8-(3-((tert-butoxycarbonyJammno)piperidin-1 -
yi}-3-methyi-2 6-dioxo-2,3,6, 7-tetrahydro~- 1 H-purin-1 -y Dmethyl}-6-{methylammnonicotinic acid
(Int-15):
NHMe
O, N N
Z "N
< T | N\>—N
CoH O ‘== NHBoc
Int-15
{00216} To a stired solution of compound methyl (R}-2-({7-(but-2-yn-1-y1}-8-(3-{{tert-

butoxycarbonyhamine jpiperidin-1-yi}-3-methvi-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-purin-1-
ylymethyl)-6-(methylamino)nicotinate (0.6 g, 1.01 mmol) in MeOH (3 mL}, THF (3 mL} and
water {1 mL) was added NaOH {0.081 g, 2.02 mmol) at 0 . The reaction mixture was stirred at
S0°C for 3 h. After completion of starting material (TLC monitoring}, the reaction mixture was
concentrated under reduced pressure to get crude compound. The crude compound was diluted
with water, acidified with 1N HCL The precipitated solid was filtered off and dried under
vacuum to atford 0. g of compound as an off-white solid. [TLC system: MeOH.DCM (1.9); R

value: 0.1}

{80217} Synthesis of T-azidohepian-1-amine {(Int-16)

DMF, NaN3,60°C, 16 h _~ -~~~
Br NNy S N; N,

1N HCI,Et,O,EtOAC,

TPP, rt,16h PN
H>N N3
Int-16
{00218} Step 1. 1,7-dianidoheptane:
N3/\/\/\/\ N3
{80219} To the solution of compound 1,7-dibromoheptane (10 g, 38.76 mmol) in DMF
{100 mL} was added NaN: (5.04 g, 77.52 mmol} portion wise at room teroperature. The reaction

mixture was stirred at 60 "C for 16 h. After completion of the reaction (TLC monitoring). The
reaction mixture was diluted with water (300 mL} and extracted with BtOAc {2 x 100 mL}. The

combined organic layer was dried over anhvdrous sodium sulfate and evaporated to get crude.

s
oo
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The obtamned crude was purified by silica gel (100-200 mesh) column chromatography using 3%
EtOAc n pet-ether to afford 1,7-diazidoheptane (6.5 g) as colorless oif compound. [TLC system:

EtCAc pet-ether (1:9); Ky value: 0.8].

{80228} Step 2. 7-azidoheptan~-1-amine (Int-16):
H2N/\/\/\/\N3
Int-16
{80221} To the solution of compound 1,7-diazidoheptane (6.5 g, 35.67 mmol) in IN HCI

(100 mL} was added EtOAc (32.5 mL) and B0 (32.5 mL) followed by TPP {468 g, 17.84
mmol) and the reaction mixture was stirred at 1t for 16 h. After completion of the reaction (TLC
monitoring}, the reaction nuxtare was diluted with water (200 mL} and washed with E( (200
mL}. The aqueous laver was basified with saturated NaHCO3 and extracted with Et3Ac (2 < 300
mb}. The combined organic layer was dried over anhydrous sodium sulfate and evaporated to
afford 7-azidoheptan-1-amine (2.5 g} as colorless oif compound. {TLC system: MeOH:DCM
(1.9}, Rrvalue: 0.1].

1606222} Synthesis of (1R, 1'R,25,2'81-3,3 -{prop-2-yn-1-vlazanediyhbis(1-{{4R SR }-5-

bydroxy-Z-phenyl-1,3-disxan-4-yljpropane-1,2-diol} (Int-17):

0]
NH, MeOH, AcOH, NaCNBH, Ph)\o\\- WOH o
60 °C, 16 h .
||( HO! (:)H :)\O
N -
( OH OH
| | Int-17
{00223} To the solution of compound prop-2-vn-1-amine (0.2 g, 1.81 mmol} and (ZR 3R}~

2,3-dihydroxy-3-({(4R,5R}-5-hydroxy-2-phenyl-1,3-dioxan-4-ylipropanal (0.97g 3.62 mmol} in
MeQGH (20 mL) and was added AcOH (0.1 mL} and the reaction mixture was stirred at 60 °C for
1 h. The reaction mixture was allowed to come to rt and then added NaCNBH; (0.68 ¢ 10.86

mmol} at portion wise at 0 "C. The reaction mixture was stirred at 60 °C for 16 h. After

g
O
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completion of the reaction (TLC monstoring). the reaction mixture was concentrated ander
reduced pressure to get a crude mass. The crude compound washed with Et20 (50 mL} and dried
under vacuo to afford compound (1R 'R 25,2'S)-3 3 (prop-2-vn-1-yilazanediviibis(1-({4R, SR}~
S-hydroxy-2-phenyi-1,3-dioxan-4-yl}propane-1,2-diol} (0.9 g} as off-white solid. [TLC system:
MeGH:DCM (1:9); Rrvalue: .11

{60224} Synthesis of methyl 6-((7-{4-((bis{(25,3R}-2,3-dihydroxy-3-{{(4R SR}-5-
bydroxy-Z-phenyl-1,3-disxan-4-ylipropylamine)methyi}-1H-1,2 3-triazol-1-
vijheptylamine}-2-{(7-{but-2-yn-1-y1)}-B-{((R}-3-({tert-butoxycarbonyl jamine }piperidin-1-
yh-3-methyl-2,6-dioxe-2,3,6,7-tetrabydro- LH-purin-1-vimethyl nicotinate (Int-18)

N3
F /\/\/\/\
ou \ HN" Snt-18 Ns
=
N Y YN K,COs, DMF, 80 °C, 16 h
X N N
CoMe © ‘== NHBoc NH |
Int-14 ~y O N IN\>—N
s AN N
o OF )FT CoMe O \XNHBOC
Ph)\o“' oH 070
'
OH OH
||( Int-17 Ph
CuS0, 5H,0, Ph
Na-ascorbate OH o
£-BuOH, H,O, 11, 16 h Y 0
N\ﬁ\ HO o
N~N
L\_\x N \NYO‘NHBoc
NH 0= N_="
NN
Int-18 _ 0
COzMe
{80225} Step 1. Methy! (R}-6-((7-azidoheptyhaming}-2-((7-(but-2-yn-1-y1}-8-(3-{{tert-

butoxycarbonyhaminopiperidin-1-vi}-3-methyi-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-purin-1-

vhmethyhnicotinate:

60
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N3
NH |
Ox N N
Z N Y \
S N)—N
CoMe © ‘—==_ NHBoc
{00226} To the of solution of compound methyl {(R)-2-({(7-(but-2-yn-1-y})-8-(3-({tert-

butoxycarbonyhamunopipenidin-1-y1}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahy dro- 1 H-purin- 1~
vhmethyl-6-fluoronicotinate (3.3 g, 6.00 munol) 10 DMF (30 mL) was added compound 3 (1 .41
g, 9.00 mmol} and KoCOs (1.24 g, 9.00 mmol} and the reaction mixture was stirred at 80 °C for
16 h. After completion of the reaction (TL{L monttoring), the reaction mixture was diluted with
water {100 mL} and extracted with EtOAc (2 x 100 mL). The combined organic layer was dried
over anhydrous sodium sulfate and evaporated to get crude. The obtained crude was purified by
sthica gel (100-200 mesh) cohumn chromatography using 30% EtOA¢ m pet-ether to afford
methy! (R}-6-((7-azidoheptyamino}-2-({ 7-(but-2-yn-1 -y H-8-(3-{{tert-
butoxycarbonyllamino}pipertdin-1-y1}-3-methyl-2, 6-dioxo-2,3,6,7-tetrahy dro- 1 H-purin-1-
yimethyinicotinate (2.8 g} as off-white sohid. [TLC system: EtQAc pet-gther {1:1}; &y value:
0.51

{66227} Step 2. Methyl 6-{{7-{4-{{b1s({28,3R}-2,3-dihydroxy-3-{({4R,5R}-5-hydroxy-2-
phenyi-1 3-dioxan-d-vipropyhamimnoymethvi}-1H-1,2 3-tnazol-1-vhhepty Damino}-2-((7-(but-2-
yi-1-y1}-8-{{R)-3-{{tert-butoxycarbonyliammo}pipendin- 1 -y13-3-methyl-2 6-dioxe-2,3,6,7-

tetrahydro-1H-purin-1-yhmethyljnicotinate (Int-18):

61
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{00228] To the solution of compound methyl (R3-6-((7-azidoheptyDamine }-2-({7-(but-2-
yn-1-y1}-8-(3-{{tert-butoxycarbonyDaminopiperidin- 1 -y1}-3-methy1-2, 6-diox0-2,3 6,7~
tetrahydro-1H-purin-1-yBmethylnicotinate {0.5 ¢, 0.6%9 mmol) and (1R, 1R 25 2'5)-3,3"-{prop-2-
yn-1-ylazanedivhbis(1-({(4R, 5R)-5-hvdroxy-2-phenvi-1,3-dioxan-4-vhpropane-1,2-diol} {0.97g
3.62 mmol} in +BuOH (10 mL} and HoO (1 mL) and was added CoS04.5H:0 (0.207 g, 0.83
mmol) and Na-ascorbate (0.204 g 1.03 mmol} and the reaction mixture was stirred at rt for 16 h
After completion of the reaction {TLC monitoring). The reaction mixture was concentrated under
reduced pressure to get a crude mass. The crude compound was washed with Et2O (50 mL} and
dried under vacuo to afford compound methyl 6-{((7-{4-({bis({25,.3R}-2,3-dihydroxy-3-{{4R 5R)-
S-hydroxy-2-phenyl-1 3-dioxan-4-ypropyDaminoymethyl)-1H-1,2 3-triazol-1-yhheptyhamino)-
2-({ 7-(but-2-yn-1 -y - 8-({R}-3-({tert-butoxycarbonyaminopiperidin-1-y1)-3~methyl-2,6-dioxo-
2,3,6,7-tetrahydro- 1 H-purin-1-yimethyinicotinate (0.9 g) as off-white solid. The crude
compound was taken to the next step without further puritication. [TLC systent: MeOH.DCM
{1:9}); Hrvalue: 0.1]

100229} Synthesis of methyl 2-(bromomethyi)-S-chiorobenzoate (Int-1%)
Cl NBS, (PhC0),0 ©!
DCE, 80 °C, 5 h Br
oo oo
Int-19
602306} To a stirred solution of methyl 3-chloro-2-methylbenzoate methyl 5-chloro-2-

methylbenzoate (10.0 g, 54.16 mmol) 10 1,2-dichloroethane (100 mL} were added N-
bromosuccimnude (9.64 g, 54,16 mmol) and catalytic benzoyl peroxide {0.66 g, 2.71 mmol}
portion wise. The reaction mixture was stured at 80 °C for 5 h. After completion of the starting
material the reaction mixture was evaporated under reduced pressure, quenched with water and
extracted with ethyl acetate (3X 100 mL}. The organic layer was washed with brine solution (150
mL}, dried over anhydrous sodiom sulfate, concentrated under reduced pressure to get the crude
compound. The crude compound was purified by column chromategraphy (using silica gel 230-
400 mesh, 100% pet-ether as an eluent) to afford 8 g of compound methyl 2-(bromomethyi)-5-

chlorobenzoate as colorless hiquid. [TLC system: pet-ether; Rrvalue: .71
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[00231] Synthesis of (B3-2-{(7-{but-2-yn-1-y1)}-8-(3-({teri-
butoxyearbonyljamino}piperidin-1-yl}-3-methyl-2,6-diox0-3,3,6,7-tetrahydro- 1 H-purin-1-

yhmethyl)-S-chiorebenzoic acid (Int-2¢)

Cl
Br
B
o =T o //  nt-T
H DIPEA, DMF, N K;CO3, DMF /é/\ Jj:
rt, 16 h HN 50°C.16h
>—Br | />—Br />—Br
)\ OJ\T N 2\
HN
NHBoc HO.__O —
K,COs, DMF LIOH, MeOH, H,0 0 N//
65 °C,8h °
41\ />—N 0°Ctort 161 i)i//)_N
cl 07 "N" N

NHBOC NH
Int-20 Boc

{80232} Step 1. 8-bromo-7-(but-2-yo~-1-y1)-3-methyi-3, 7-dihydro-1 H-purine-2,6-dione;

O //
)\ />—Br

{00233} To a stired solution of compound 8-bromo-3-methyi-3,7-dihydro-1 H-purine-2,6-

dione {10.0 g, 40.81 mmol} in DMF (100 mL) was added DIPEA (7.13 mL, 40 81 mmol} and 1-
bromobut-Z-yne (5.43 g, 40.81 mmol) portion wise at room temperature. The reaction mixture
was stirred at room temperature for 16 h. After completion of starting material, the reaction
mixture was quenched with cold water and the preciprtated solid was filtered off, dried under
vacuum to get 9.3 ¢ of compound 8-brome-7-{(but-2-yn-i-vi}-3-methyi-3,7-dihydro-1 H-purine-

2,6-dione as an off-white solid. [TLC system: MeOH DUM (1:9}; Ry value: 0.7

{80234} Step 2. Methyl 2-{{8-bromo-7-{but-2-yn-1-y1}-3-methyl-2 6-dioxo-2,3,6,7-

tetrahydro-1H-purin-1-yhmethyl}-3-chlorobenzoate:
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|
OO 0 ==
o oél\rr N

{80235} To a stirred solution of compound 8-bromo-7-(but-2-yn-1-y1}-3-methyl-3,7-
dihydro-1H-purine-2,6-dione {2.0 g, 6.73 mmol} in BMF (20 mL) were added compound methyl
Z-{bromomethyi}-5-chlorobenzoate (1.77 g, 6.73 mmol) and KoCG3 (2.79 g, 20.19 mmol) and
the reaction nuxture was stirred at 50 “C for 16 h. After completion of starting material, the
reaction mixture was quenched with cold water and the precipitated solid was filtered off, dried
under vacuum to get 2.5 g of compound methyl 2-((8-bromo-7-(but-2-yn-1-y1}-3-methyl-2,6-

e d
i
i

dioxo-2,3,6,7-tetrahydro-1H-purin- I-yBimethyl}-5-chlorobenzoate as an off-white solid. [TLC

system: EtOAc pet-ether (1:1); Ry value: 0.7}

{80236} Step 3. Ethyl methyl (R)-2-((7-(but-2-yn-1-y1)-8-(3-{{tert-
butoxyearbonyllamino)piperidin-1-y1}-3-methyl-2, 6-dioxo-2,3 6, 7-tetrahydro- | H-purin-1-

viymethyl}-5-chlorgbenzoate:

|
P
cl o)\)N:jI N)_NQ

NHBoc

{80237} To a stirred solution of compound methyl 2-((8-bromo-7-(but-Z-yn-1-yi}-3-
methyl-2,6-dioxo-2,3,6,7-tetrahydro-1 H-purin-1-y Bmethy}-5-chlorobenzoate (2.5 g, 5.21 mmol}
m DMF (25 mb) were added compound ferr-butyl (R}-piperidin-3-ylcarbamate {(1.25 g, 6.25
mmol) and KoCOs (2,16 g, 15.63 mmol) and the reaction muxture was stured at 65 °C for 8 h.
After comnpletion of starting material, the reaction nuxture was guenched with cold water and the
precipitated sohd was filtered off, dried under vacuur to get 2.0 g of compound ethyl methyl
{(R)-2-{(7-(but-2-yn-1-y})-8-(3-((tert-butoxycarbony Hammolpiperidin- |-y H)-3-methy -2 6-dioxo-
2,3,6,7-tetrabydro-1 H-purin-1-ylmethyi)-S-chlorobenzoate as an off-white sohid. [TLC system:

EtOAcpet-ether (1:1); Ry value 0.31

{00238} Step 4. (R}-2~{(7~(but-2-yn-1-y1}-8-3-{{tert-butoxycarbonyDammo jpipendin-1-

yvi-3-methyi-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-purin-1 -y ethyl)-5-chlorobenzoic acid (Int-20):
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oo
: O%INHQ

NHEBoc

int-20
{80239} To a stirred solution of compound ethyl methy! (R3-2-((7-(but-2-yn-1-y1}-8-(3-
{{tert-butoxycarbonyljaminoipiperidin-1-yl}-3-methyl-2,6-dioxo-2,3,6,7-tetrahy dro-1 H-purin-1 -
yviymethyl}-S-chlorobenzoate (0.5 ¢, 0.83 mmol} m MeOH (5 mL) and water {1 mbL) was added
LiOH H20 (0.11 g, 2.5 mmol} at 0 °C. The reaction mixture was stirred at room temperature for
16 h. After completion of starting material, the reaction mixture was concentrated under reduced
pressure to get crude compound. The crude compound was difuted with water, acidified with 1IN
HCl The preciputated sohid was filtered off and dried under vacuum to afford 0.4 g of compound
{(R)-2-{(7-(but-2-yn-1-y})-8-(3-((tert-butoxycarbony Hammolpiperidin- |-y H)-3-methy -2 6-dioxo-
2,3,6,7-tetrabydro-1 H-purin-1-yUmethyi)-5-chlorobenzoic acid as an off-wiute sohid. [TLC

systera: MeOH.DCM (1.9}, By value: 0.31.

[80240] Synthesis of (R3-7-(3-({tert-butoxyearbonyljamino}-4-(2,4,5-

trifluorophenyhbutanoyh-3-(triffuoromethyl)-5,6.7,8-tetrahydroimidazo[1,5-ajpyrazine- 1~

SN
HN/\%
K/N\/g
F
F Fs F F Q (])
NHBoc O BOP-CI, TEA, NHBoc O
DCM. 1t, 2 h - NN
OH
K/N\i
F3
4M aq. NaOH, F F Q
MeOH/THF, 0° C- m OH
i, 2h F NN

K/N\i
Int-21 Fs

carboxylic acid (Int-21)
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{00241} Step 1. Methyl (R}-7-(3~((tert-butoxycarbonyamino}-4-(2,4,5-
triftuorophenylibutanovh)-3-{trifluoromethy1}-5,6,7 &-tetrahydroimidazo| 1, 5-ajpyrazine-1-
carboxvlate
F (R N =
NS
Y,
{00243} To the stured suspension of compound (R)-3-{{tert-butoxycarbonyamino}-4-

(2,4, 5-trifluorophenybibutanoic acid (1.35 g, 4.05 omol) i DCM (20 ml.), was added BN {1.69
ml, 12,15 mmol) and BOP-CIH{1 54 g, 6.07 mmol} followed by compound methyl 3-
(irfluoromethyl)-5,6,7 8-tetrahydroimidazol 1, 5-a]pyrazine-1 -carboxylate (1.0 g, 4.05 mumol),
The reaction was stirred at RT for 16 h and the progress of reaction was monttored by TLC.

After completion of reaction, reaction mixture was concentrated under reduced pressure to get
crude compound. The crude compound was purified by column chromatography over silica gel
{Davisil) (using 0-60% EtOAc in Pet Ether as an eluent} to afford 1.6 g of compound methyl (R}-
7-3-({tert-butoxycarbonylammo)}-4-(2,4, S-trifluorophenyhbutanoyl)-3-(trnifluoromethyli}-
5,6,7,8-tetrahydrommidazo] 1, 5-ajpyrazine-1-carboxylate as white solid. [TLC system: FtOAc: Pet

Ether (6:4); Rr value: 0.5

{80243} Step 2. (R}-7-3-{{tert-butoxycarbony hamino}-4-(2,4, 5-triftuorophenyi}butanoy -

3-(tnfluoromethyi}-5,6,7 B-tetrabydroimidazof 1, S-alpyrazime-1-carboxylic acid (Int-21):

F (R) N = N
nt21 S N~
CF3
{00244} To a solution of compound methy! (R}-7-(3-{{tert-butoxycarbonyilamino j-4-
{2,4,5-triflucrophenyhbutanoy }-3-(trifluoromethyl}-5,6,7 8-tetrahy drotmidazof 1 S-ajpyrazine-1-
carboxylate (0.5 g, 0.88 mmol) in MeOH (10 mbL) and THF {10 mbL) was added 4M NaGCH
sofution (2.7 mL, 5.5V} at 0° C. Then reaction was stirred at RT for 2 h. After completion of
reaction, reaction mixture was concentrated and residue was acidified with 10% HCl up to pH-4

then reaction mixture was concentrated to get residue which was dried by co-evaporation with
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ACN and toluene to afford 0.450 g of compound (R}-7-(3-{{tert-butoxycarbonyamino )-4-
{2,4,5-triflucropheny hbutanoy D-3-(trifluoromethy 13-5,6,7 8-tetrahy drouvmudazol 1, S-ajpyrazine-1 -
carboxviic acid as off white solid.
[60245] Synthesis of 2-(2-(2-azidoethoxylethoxylethyl (R}-7-(3-{{(tert-
butoxycarbonyllamine)-4-(2,4,5-trifluorophenylibutanovl)-3-(trifluoremethyi}-5,6,7,8-
tetrahydroimidazo]i.5-ajpyrazine-1-carboxylate (Int-22}

N3
- .
s o
0

HO H
Fm /WE?VOH BOP-CI, TEA, i "hn B8 RN
F 0 NN DCM,0° C-rt, 16 h F NN
K/N\/<N AN
Int-21 CF4 Int-22 \SVF
FF
{80246} To the stirred suspension of compound (R)-7-(3~{{tert-butoxycarbonyDamino)-4-

(2.4, 5-trifluorophenyhbutanovi}-3-(trifluoromethyl}-3,6,7 8-tetrahy drommidazol 1, 5-alpyrazine-1-
carboxyhie acid (0.45 g, 0.81 mmeol} in DCM (10 mb), was added EtsN (0.341 ml, 2.45 ramol)
and BOP-C1 {0.312 g, 1.22 mmol) followed by compound 2~(2-(2~azidoethoxyethoxy)ethan-1-of
{0.214 g, 1 22 mmol). The reaction mixture was stured at RT for 16 b The progress of reaction
was monttored by TLC. After completion of reaction, reaction mixture was concentrated to get
crude compound which was purnified by column chromatography over silica gel (Davisil) (using
0-60% EtOAc 1o Pet Ether as an eluent) to afford 0.4 g of compound 2-(2-(2~

azidoethoxy jethoxyjethyl (R)-7-(3-({tert-butoxycarbonyllamino-4-(2,4,5-

triffuoropheny Dbwtanoyl-3-(tnifluoromethyl}-5,6,7, B-tetrahy droinidazof 1, S-ajpyrazine-1-

carboxyiate as colorless gum. [TLC systern: EtOAc: Pet Ether (7:3); Re value: 0.7].
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100247} Synthesis of 2-(2-(2-azidoethoxyjethoxy)ethyl (R)-7-(3-amino-4-(2.4,5-
trifluorophenylibutaneyl}-3-(trifluoromethyl}-5,6,7 8-tetrahydroimidazo{1,5-alpyrazine-1-

carboxylate (Int-23)

IO
o)

/J F F o)
F Fun-Bo8 /\j?,o 4M HCl in 1 4-dioxane , m /\/?,o

0°C-t, 3h . NN

NN N
N Nt
K/N { Int-23 K/

Int-22 . E

FF

[060248] To a stirred solution of 2-(2-(2-azidoethoxyyethoxyethyl (R)-7-(3-{{tert-
butoxvearbonyljamino}-4-(2.4, S-irifluorophenyl}butanoyl)-3-(trifluoromethyly-5,6,7 8-
tetrahydroimidazof1,S-alpyrazine-1-carboxylate (0.45 g, 0.64 mmol} in 1,4-dioxane (4.5 mL)
was added 4M HCl 1o 1,4-dioxane (1 mL) dropwise at 0 °C and the reaction mixture was stirred
at room temperature for 2 h. After completion of starting material, the reaction nuxture was
concentrated under reduced pressure to get crude compound. The crude compound was purified

by reverse phase preparative-HPLC to afford 0.1 g of compound Ind-23 as an off-whute

[00249] EXEMPLARY COMPOUNDS OF THE DISCLOSURE
[80250] Example 1. Synthesis of heptyl (3-((2-((8)-2-cyanopyrrolidin-1-yi)-2-

oxoethyhamino)adamantan-1-yljcarbamate (1)

X
JRNA P
NN
H,oN NH, 0" "N NH,
- el TEA, DCM H
KoCO3, KI, NC,,
MeCN. rt )OL @L O
NN N
@) N N
N N
0]
3
{60251 Step 1. Heptyl (3-amincadamantan-1-yljcarbamate:
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\/\/\/\Oj\ /@\NH

H 2
{80252} Adamantane-1,3-diamine dihydrochloride {500 mg, 2. 09 mmol], heptyl
chloroformate [336 mg, 1 88 mmol] and TEA {316 mg, 3. 14 mmol] were added to DCM {13
mb]. The reaction mixture was stirred for 2 b at rt under N2, The muxture was filtered and
washed three times with DCM {5 mL}. The filtrate was concentrated to afford methyl 6-chloro-4-
methoxypyridazine-3-carboxylate (270 mg, 14 % yield} as a white sohid. ES MS M/Z =309

(M),

{80253} Step 2. Heptyl (3-{((2-{(8)-2-cvanopyrrohidin-1-yl}-2Z-oxoethylaminoadamantan-
1-ylycarbamate (1):

NC,
\/\/\/\ N

[80254] Heptyl N-(3-amincadamantan-1-yvljcarbamate {300 mg, 0.97 mmol], (283-1-(2-
chloroacetylpyrrolidine-2-carbonitrile {150 me, ¢.87 mmol], KoCG3 {402 mg, 2.91 mmol] and

potassium iodide {161 mg, 0.97 mmol] were added to MeCUN {10 mL}]. The reaction mixture was

stirred for 2h at 1t The mixture was concentrated and the residue was pur

g with {DCM: MeOH = 20:1} to give heptyl {(3-({2-({8}-2-

cyanopyrrolidin-1-y1}-2-oxoethyl)amino)adamantan-1-yljcarbamate (1, 160 mg, 90 % yield}as a
vellow oil. ES MS M/Z = 445 (M+1). 'H NMR (400 MHz, DMSO-ds} 6.79 (s, 1H), 4.73 (dd, J
=73,3.8 Hz, 1H), 3.85 (1, ] = 6.4 Hz, 2H), 3.65-3.55 (m, 1H), 3.51 - 3.38 (m, 2H), 3.36 (d, I =
7.3 Hz, 1H), 3.29 (s, 1H), 2.17 - 2.06 (m, 4H), 2.05-1.95 (m, ZH), 1.72 (d, § = 17.5 Hz, 6H), 1.49
(d, T=12.8 Hz, 8H), 1.26 (s, 8H), 0.86 (¢, J = 6.9 Hz, 3H).
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100255} Example 2. Synihesis of 253 1-{{3-theptylthio)adamantan-1-
vhglyeyhpyrrolidine 2-carbonitrile (33

0
@\ CszI DIEA, DCM MsCl, TEA, DCM )j\SH 0 /@\
LCbz — Chz —
HO N~ MsO N~PF )J\S NH

H H 2
9
Y NC,, KoCOg, MeOH, H,0., NC,, TEA, Boc,0,
O 3b(08 eq))cj)\ @\ Q rt, 30min Q PhMe, refiux @\ O
S N HS N
Y R

H Boc O
S g NC.,
KoCOg, MeCN ,500C /@\ Q TFA/DCM,30min /@\ D
E— e ST
H
Boc O 4 0
[80256] Step 1. Benzyl (3-hydroxyadamantan-1-yljcarbamate:
H O/@\ N,Cbz
H
180257} To a solution of 3~-amunocadamantan-1-0l (5 g, 29.9 mmol) and DIEA (5.79 g, 449

munol) m DCM (20 mL) was added a solution of ChzC1{5.08 g, 29.9 mmol) m DCM (20 mL) at

0°C. The reaction mixture was stured at 25 °C for 1h. The mixture was diluted with water and
extracted with DCM (100mL). The organic layers were dried over NaxSQ04 and concentrated
under pressure at 40 °C. The residue was purified via Flash column chromatography, eluted with
{MeOH/DCM, from 5% to 10%) to give benzyl (3-hydroxyadamantan-1-vijcarbamate (8.5 g,
94% yield) as a white solid. ES MS M/Z =302 (M+1).

{60238} Step 2. 3-{{{benzyloxy)carbonyllaminojadamantan-1-yl methanesulfonate:
Ms O/E B\N/Cbz
H
{80259} To a solution of benzyl (3-hydroxyadamantan-1-yijcarbamate (3.01 g, 10 mmol)

and triethylamine(3 g, 30 mmol} in DCM (20 mL} was added a solution of methanesulfonyl
chloride {1.71 g, 15 mumol) in BCM (2 mL} at 0°C. The reaction muxture was stirred at 0 °C for
1h. The mixture was diluted with water and extracted with DCM (30 mL). The organic layers

were dried over NazS(0s and concentrated under pressure at 30 °C {0 give 3-
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{{{benzyloxycarbonyaminojadamantan-1-yl methanesulfonate (3.3 g, 87 % viald) as a white
N . R o E R . Rat) R

sphid, which was used to the next step without further purification. ES MS M/Z =402 (M+23),.

[00260] Step 3. S-(3-ammmnoadamantan-1-yi} ethanethioate:
PN
)J\s NH,
{80261} A solution of 3-({({benzyloxy)carbonyljaminojadamantan- -yl methanesulfonate

{2.5 g, 6.59 mmol} in thiolacetic acid (15 mL} was stirred at 100°C for 12h. The reaction mixture
was concentrated under pressure at 45 °C. The residue was purified via Flash column
chromatography, eluted with MeOH/DCM (from 3% to 10%) to give S-(3-amincadamantan-1-

vi} ethanethicate (1 g, 67 % vield} as a vellow solid. ES MS M/Z =226 (M+1).

{80262} Step 4. S-(3-((2-((S)-2-cyanopyrrolidin-1-yi}-2-oxcethyDaminco jadamantan- 1 -y1}

ethanethioate:

NC,,

i (L
)J\ s N /\n/ N
H

0]
{60263} To a mixture of S-(3-aminoadamantan-1-y1} ethanethioate {113 mg, 0.5 mmol},
KaC0Os (207 mg, 1.5 mmol) and KI (8 mg, 0.05 mmol) in MeCN (S mL) was added 2-chlore-1-
{pyrrolidin-1-vhethan-1-one (58 mg, 0.4 mmol}. The reaction mixture was stirred at 75 °C for 6h.
The reaction mixture was concentrated under pressure at 40°C The residue was purified via
Flash column chromatography, eluted with MeOH/DCM (from 5% to 10%;) to give S-(3~((2-
{({S)-2-cyanopyrrolidin-1-yl}-2-oxocethvljaminojadamantan-1 -y} ethanethioate {128 mg, 71 %

vield) as a vellow ol ES MS M/Z =362 (M+1).

{00264} Step 5. (28)-1-((3-mercaptoadamantan-1-yhglycyDpyrrolidine-2-carbonitrile:
NG,
H8/®\ N /\n/ D
H
0]
[080265] To a solution of S-(3-((Z-({8}-2-cvanopyrrohdin-1-yl}-2-

oxoethyllanuno)adamantan-1-vl) ethanethioate (1 g, 2.77 mmol) in MeOH/HO (V/V =20:1, 10
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ml} was added K203 (1.14 g, 8 31 mmol). The reaction mxture was stirred at 25 °C for 30mm.
The reaction mixture was dried over NaaSOs and concenirated under pressure at 35°C. The

residue was purified via Flash column chromatography, eloted with MeOH/DCM (from 10 % to
20 %3 to give {(28)-1-({3-mercaptoadamantan-1-ylglycyhpyrrolidine-2-carbonitrile (300 mg, 33

% yield) as a yellow oil. ES M8 M/Z =320 (M+1)

{60266} Step 6. Tert-butyl {2-{{S)-2-cvanopyrrolidin-1-yi}-2-oxoethy (3~

mercaptoadamantan-1-yijcarbamate:

NC,,
S0
|
Boc O
{80267} A wxture of (283-1-{(3~-mercaptoadamantan-1-vhglyeypyrrolidine-2-

carbonitrile {400 mg, 1.25 mmol}, Boc:0O (545 mg, 2.5 mmol} and TEA (631 mg, 6.25 mmol} n
toluene {10 mL} was stirred at reflux for 12 h. The mixture was concentrated. The residue was
purified via Fiash column chromatography, eluted with MeQH/DOM {from 5 % to 10 %) to give
tert-butyl {(2-{({S}-2-cvanopyrrohidin-1-yl}-2-oxoethyl}(3-mercaptoadamantan-1 -yicarbamate

(400 mg, 76 % yieid) as a coloriess o1l ES MS M/Z = 442 (M+23)

{60268} Step 7. Tert-butyl {2-{{S)-2-cyanopyrrolidin-1-yi}-2-oxoethy (3~

{(heptylthio)adamantan-1-yl}carbamate;

NC,,
O

Boc
{80269] A maxture of tert-butyl (2-((8}-2~-cyanopyrrohdin-1-yi}-2-oxoethy {3~
mercaptoadamantan-1-yhcarbamate (170 mg, 0.40 mmol), 1-iodoheptane {138 mg, 0.61 mmol}
and potassium carbonate {224 mg, 1.62 mmol} in MeCN (3 mL) was stirred at 56 °C for 15 hrs.

The mixture was concentrated and the residue was pu

gel, eloting with (PEEtOAc=2:1) to give tert-butyl (2-{{8)-2-cvanopyrrolidin-1-yi}-2-
oxoethyl}(3-{(heptyhthioladamantan-1-vijcarbamate {50 mg, 27 % yigld} as a yellow sohid. ES

MS M/Z = 540 (M+23).
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{80276} Step 8. (28)-1-{(3~{heptylthiojadamantan-1-ylglycylpyrrolidine-2-carbonitrile
{2)

NC,,
o

{60271} A solution of tert-butyl (2-({S)-2-cyanopyrrohdin- -y 2-oxoethy [3(3-
{(heptylthio)adamantan-1-yljcarbamate {50 mg, .10 mmol} in TFA/DCM {(V/V = 1.3, 4 mL} was
stirred at room temperature for 30 min. The mixture was concentrated and the residue was

TN

by Prep-HPLC {Gemmi-C18 150 x 21.2 mm, Sum, mobile phase: ACN-H(3, gradient:

30 ~ 70%) to give (28)-1-{(3-(heptylthioladamantan-1-yhiglveyDpyrrolidine-2-carbonitrile (32
mg, 80 % vield) as a white solid. ES MS M/Z = 418 (M+1). "H NMR (400 Mz, CD:0D) 840
{s, 1H}, 481 {t, =52 Hz, 1H}, 3.99-3.87{(m, 2H}, 3.74 - 3.68 {(m, 1H), 3.56-3.49 (m, 1H},
256, J=72Hz 2H), 235 -224 (m, 4H), 223 - 214 {(m, 2H), 2.01 — 1.94 {m, 2H}, 192 -
178 {m, 8H), 1.73 - 1.65 (m, 2H), 1.57 - 1.50 (m, ZH}, 1 43 - 1.36(m, 2H), 135 -1 24 (m,
6H), 0.90 ¢, J =68 Hz, 3H).

180272] Example 3. Synthesis of (25} 1-({{18,3R,58)-3-theptylsulfinyi)adamantan-1-
vhglyeyhpyrrolidine-2-carbenitrile (3)

N N
{0
&uﬁr
oS, 0
C7H1s
{80273} To a solution of tert-butyl (2-((8)}-2-cvanopyrrolidin-1-yi}-2-

oxoethy }{{18,3R,58)-3-(heptylthiojadamantan-1-yl}carbamate (20 mg, 0.03 mmol) in DUM (3
mL} under nifrogen atmosphere, was added dropwise 3-Chloroperbenzoic acid (10 mg, 0.05
mmol} at -40 °C. The reaction mixture was stisred at -40°C for 30 mun. TFA {1 mL) was added
stowly. The reaction mixture was stirred at room temperature for addition 30 min. The reaction
mixture was concentrated under pressure. Then the crude product was purified via Genal-Prep-
HPLC {Gemmi-C18 150 x 21.2 mm, Som, mobile phaser ACN-H2(, 0.1% FA, gradient:
5~50%) to give the product (28)-1-((3-(heptylsulfinyhadamantan-1-yhglycylipyrrolidine-2-
carbonitrile (6.5 mg, 38.9%) as a white solid. MS (EST): mass caled. for C24H3ON302S 433 66,
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m/z found 433.8 PVEHHTH TH NMR (400 MHz, CD30D) 8.38 (s,1H), 4.82-4.79 (m, 1H), 3.95-
3.84 {m, 2H), 3.75-3.70 {m, 1H), 3.56-3.50 (m, 1H), 2.72-2.66 (m, 2H), 2.43 (s,2H), 2.31-2,25
(m, 2H), 2.22-2.14 (m, 2H), 2.01-1.72 (m, 14H), 1.57-1.45 (m, 2H ). 1.42-1.35 {m, 2H), 1.33-

1.31 {(m, 4H), 0.92-0.89 {m, 3H).

100274} Example 4. Synthesis of 2-({{1R,38,58}-3-((2-({5}-2-cyanopyrrolidin-1-vi}-2-
oxcethyllamino)adamantan-1-yijthiojethyl (2-{4-(2-(hexyH{{28,3R 4R ,5R }-2,3,4,5,6-

pentahydroxyhexyljaminojethyljphenoxy jethyllcarbamate (4}

O O
\/\N/Z(
CSH'ES\N H C’/\/SE

W OH H

HOY N\ wOH OQX N
N ‘\\¢/
HO O O

° NO,
|
NC, o NC, m)Lo/@/ NG,
O KaCO3, ACN, 1t, 12h /@\ 0 TEA, DCM o 0. @\ D
~
HS/@\N/\I,N e Ho g N/ﬁrN - . /@/ \Ior s N
ON

éoc ] éoc (o} Bos O

HO.
NH,

H
0., Ao

o\©\/fo,,, oH
N

Ho OH
OH
HO O Ho® O
INT-7 O N \—N
< o
SN . ZnBr, DCM. .60 47 r
TEA, THF, rt, 4 h W " = N

HO™
i \FO HO! H N~~~
N N~Boc N~
10 ~O N
S Y ~o
o

H
0.
57N \(I)I’N\/\O

{60275} Step 1. tert-butyl (2-(S)-2-cyanopyrrolidin-1-y1}-2-oxoethyIG-((2-
af5) )

hydroxyethylythioJadamantan-1-ylicarbamate

1860276} To a mixture of tert-butyl (2-((S)-2-cvanopyrrolidin-1-y1}-2-oxoethy H(3-
mercaptoadamantan-1-yhcarbamate (350 mg, 0.83 mmol) and KaCOs (572 mg, 4.15 mmolj in
MeUN {15 mL) was added 2-1odosthanol {1.42 g, 83 mmol). The reaction mixture was stirred at
25°C for 12h. The reaction mixture was concentrated under pressure. The residue was punified
via Flash Chromatography and was eluted with CHzCL/MeOH (10:1) to give the product tert~

butyl (2-((8)-2-cyanopyrrolidin-1-vi}-2-oxoethy H(3-({2-hydroxyethyiythioJadamantan- 1 -
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vicarbamate (340 mg, 88 %) as a vellow o, MS (EXSI): mass caled. for CzaHarNa (4§ 463.25,
m/z found 486 2 [M+Na]™.

[0806277] Step 2. tert-butyl (2-((8}-2~-cyanopyrrohdin-1-yi3-2-oxoethyD{3-{({2-{{{4~

mitrophenoxy jearbonyDoxy Jethyhthio) adamantan-1-yhcarbamate

{00278] To a mixture of tert-butyl (2-((8)-2-cyanopyrrolidin-1-y1}-2-oxoethy ) 3-{({ 2~
hydroxyethylithiojadamantan-i-ylicarbamate (340 mg, 0.73 mmol) and Et:N (221 mg, 2.19
mmol} it DCM (20 mL} was added 4-nitrophenyl chloroformate (220 mg, 1.09 mmol}. The
reaction mixture was stirred at 25°C for 3 hrs. HaO (20 mL} was added. The residue was
extracted with DUM (30 mL). The DCM phase was concentrated to give tert-butyl (2-((5)-2-
cyanopyrrolidin-1-y1}-2-oxoethy{3-{{2-{{{4-nitrophenoxy jcarbonvioxyjethyljthio}adamantan-
1-yl}carbamate (600 mg, crude} as a veliow oil, which was used to the next step without further

purification. MS (ESI}: mass caled. for CsiHaoNaDeS 628.26, m/z found 629.7 [M+H]™.

{80279] Step 3. tert-butyl (2-{(8)-2-cyanopyrrohidin-1-y1}-2-oxoethv}{{18,3R, 55)-3-((2-
{{{2-{4-2-(hexvI{{28,3R 4R 5R}-2,3,4,5,6-
pentahydroxyhexyliaminolethyiphenoxylethvlcarbamoylioxylethy hthioladamantan-1-

viicarbamate

{00230} To a solution of {ZR 3R 4R, $5}-6-{(4-(2-

amincethoxy jphenethyli(hexyljaminothexane-1,2,3 4, 5-pentac! (410 mg, .95 mmol) in THF
{15 mL} was added TEA (303 mg, 3 mmol}, followed by a solution of tert-butyl (2-((8)-2-
cyanopyrrolidin-1-yl}-2-oxoethy{3-{{2-{{{4-nitrophenoxy jcarbonvioxyjethyljthio)adamantan-
1-ylcarbamate (903 mg, 1.43 mumol) in THF (5 mL}. The reaction mixture was stirred at 25°C
for 4 hrs. The reaction nuxture was concenirated under pressure. The residue was purified via
Flash Chromatography and was eluted with CH2Cl/MeOH (5:1) to give the product tert-butyl
{2-({8)-2~cyanopyrrohdin-1-yi}-2-oxoethy (1 $,3R, 58)-3-((2-(({2-(4-{2-(hexy I{{28,3R 4R, SR)-
2,3,4,5 6-pentabydroxyvhexyDamuino)ethyhphenoxy yethylicarbamoyloxyethylithio) adamantan-
I-yDearbamate (220 mg, 25 %) as a yvellow ol MS (ESTY: mass caled. for CarHrsNsGnS 917.52,

m/z found 918 4 [MHH]™

(80281} Step 4. 2-(({1R,38,58)-3-((2-({8)-2~cyanopyrrohdin- 1 -y1}-2-
oxoethyhDanunojadamantan-1-ylithio)ethy! (2-(4-(2-(hexyl{{25,3R 4R, 5R}-2,3,4,5,6-

pentahydroxyvhexyDaminojethyDphenoxy yethylicarbamate

-3
(v
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{00282} To a solution of tert-butyl (2-({8}-2~-cyanopyrrohidin-1-y1}-2-

oxoethy )(18,3R, 58 )-3-((2-(((2-(4-(2-(hexy ({25 3R 4R, 5R}-2,3,4,5 &-
pentahydroxyhexyliaminolethyl}phenoxyjethviicarbamoylioxyethyviithio} adamantan-1-
yiicarbamate (400 mg, 0.43 mmol) in BCM (15 mL)} was added ZnBr: (1086 mg, 4 8 mmol).
The reaction muxture was stirred at 25°C for 8 hrs. The solution was filtered, the filirate was
concentrated and purified via Prep-TLC (CHaClL/MeGH=(5:1} to give impure product, then the
impure product was purified via Genal-Prep-HPLC (Geminmi-C18 150 x 21.2 mm, Sum, mobile
phase: ACN-H20, 0.1% FA, gradient: 5 ~ 50%) to give the product 2-({{(1R,35,58}-3-{{(2-{({S}-2~
cyanopyrrolidin-1-vi)-Z-oxoethylaminoladamantan-1-yljthiojethyl (2-(4-(2-

{(hexyl({25,3R, 4R 5R)-2.3 4,5 6-pentahvdroxvhexyhamine) ethylyphenoxy)ethyl)carbamate
(V22090613) (20 mg, 5% as a white solid. MS (ESI): mass caled. for CaaHeyNsOoS 817 47, m/z
found 818.4 [M+H]™ 'H NMR (400 MHz, MeOD) § 8.53 (5, 2H), 7.24 (d, /= §.1 Hz, 2H), 6.94
(d,J=82Hz 2H), 477 — 486 (m, 1H), 424 — 3.97 (m, SH), 3.94 — 3.78 (m, 4H), 3.77 - 3.63
(m, 4FD), 3.61 — 3.45 (m, 3H), 3.44 — 3.33 (m, SH), 3.22 - 3.15 (m, 2H), 3.10 - 2.95 (m, 25,
2.88 — 273 (m, 2H), 2.40 — 2.10 (m, 6H), 2.02 — 1.92 {m, 2H), 1.88 — 1.66 (m, 11H), 1.45 - 1.30
(m, 6H), 1.60 - 0.90 (m, 3H),

100283] Example 5. Synthesis of (28)-1-({{15,3R,55})-3-(2-hydroxyethoxy}adamantan-

-yhiglveyhpyrrolidine-2-carbonitrile (8)

N
X N,
Ho ™M (500eq) N, ”,

NG & 1M SnCl, in '
N, 4A molecular sieves 0 heptane (4 eq), N
(sj'o ACN (20 V), 70°C 16 h l\‘l/\n/N ACN (55 V), 1t, 3 h u/\n/

N — (¢]

o
2 10
o)

H

'\“ O
MsO Boc O 2
o}

T

Int-2
{60284} Step 1. Tert-butyl (2-{{8)-2-cvanopyrrolidin-1-v1}-2Z-oxoethy {15, 3R, 58)-3-(2-

hydroxyethoxyadamantan-1-yljcarbamate:

N
(R

7NN (53
/
,/l Boc }\;@
O

HO
{00285} To a stirred solution of (1R,38,55)-3~({tert-butoxycarbony I 2-((S)-2-

cyanopyrrolidin-i-yl}-2-oxoethylaminojadamantan-1 -yl methanesulfonate (dnt-2, 0.59 ¢ 1,22
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mmol} and ethane-1,2-diol (3.8 g, 61.25 mmol) in acetonstrile (3.0 mL) was added molecular
steves 44 (2.0 g) and the resultant mixture was stirred at 70 °C for 16 h. After completion, the
reaction muxture was diluted with water (50 mL} and extracted with ethyl acetate (3 x S0 mL}).
The combined organic layer was dried over anhydrous sodium sulfate and evaporated to give
crude product. The crude was then purified by silica gel column chromatography using 3%
methanol in dichloromethane and further purified by RP-HPLC using following conditions:
column/dimensions ( X-BRIDGE-C18(19%250, S5um}, mobile phase A 110mM ammonium
bicarbonate in water, Mobile phase B . ACN Gradient {Time/%B} - 00/10, 3/10, 7/35, 20/75,
20.1/100, 22/100, 22.1/10, 24/10, flow rate - 17ml/min. The desired fraction was evaporated to
afford tert-butyl (2-((5)-2-cyanopyrrolidin-1-vi}-2-oxoethyH{{15,3R,55)-3-(2-
hydroxyethoxyjadamantan-1-yljcarbamate (0.1 ¢} as an off-white solid. TLC systenm: MeOH:
DCM (1:9); Ry: 0.4,

{00286} Step 2. (28)-1-({{15,3R,55)-3-(2-hydroxvethoxy)adamantan-1 -

vielyeyDpyrrolidine-2-carbonitrile (5%

OH
{80287} To a stirred suspension of tert-butyl (2-((S)-2-cyanopyrrolidin-1-y1}-2-
oxoethyl}{{(18,3R,58)-3-(2-hydroxyethoxyjadamantan-1-yljcarbamate {0.09 g, 0.2 mmol} in
acetonitrile (5 mbL), 1M tin{lV) chloride solution in heptane (0.8 mL, 0.8 mmol) was added and
the mixture was stirred at room ternperature for 3 h. After completion, the reaction mixture was
evaporated, the residue was co-evaporated with methanol (10 o) and washed with diethyl ether
{2 X 5wl to give crude product. The crude product was then purified by C-18 column
chromatography using 30% rmethanol i 10 oM amunonium bicarbonate in water. The desured
fraction was lyoplulized to afford (28)-1-(({(18,3R,55}-3~(2-hydroxyethoxv}adamantan- | -
vihglyeyDpyirolidine-2~carborutrie (0.055 ¢} as an off-white sohd. TLC system: MeOH: DCM
(0.5:9.5); R 0.1, LCMS M/Z 348 37 (M+1) 'H NMR (400 MHz, DMSO-ds) § 4.74-4.72 (m,
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1H), 4.46 (bs, 1H), 3.63-3.32 {m, 8H), 2.17-2.11 {m, 4H), 2.03-1.99 {m, 2ZH), 1 68 (, J= 6.0 Hz,
1H), 1.60-1.40 (m, 12H).
[00288] Example 7. Synthesis of ({(3-{((2-((5)-2-cyanopyrrolidin-1-yi}-2-

oxoethyilaminojadamantan-1-yhoxymethyl octaneate (7}

0]

/\/\/\)I\OH
DMSO, 1) SOCI,, CHCl, o
Ac,O, rt /@\ 2) Et;N, THF /\/\/\)]\ ~ Chz
HO/@N’CbZ E—— HSC\S/\O H,Cbz oo H

H

NC,,
»
'S N,
R, e D
N
K,COs, KI, MeCN,50°C,5 h 0" N0 NH
/\/\/\)J\O/\O NH» /\g/

Hy, Pd/C, MeOH, rt

{80289} Step 1. Benzyl 3-((methylthio)methoxyadamantan-1-yljcarbamate:
H3C\S/\O/®\N/Cbz
H
[00296] A muxture of benzyl (3-hydroxyadamantan--yljcarbamate (3 g, 9.97 mmol} and

A3 (351 g, 29.9 mmol) in BMSO (30 mL) was stirred at room teraperature overnight. The
reaction mixture was diluted with EtOAc (100 mL) and washed with water (30 ml x 3). The
organic phase was dried over anhydrous Nax8Qs, filtered, and concentrated under reduced

TR OV Sy
MYV ON SGE

pressure. The crude product was purified by colurn chromato;

1Y to give benzyl (3-({methylthio}methoxy) adamantan-1-vi}carbamate (2.6 g,

72.2 Yo vield) as a pale vellow ol BES MS M/Z = 384 (M+23).

{00291} Step 2. ((3-{{{benzyioxy)carbonyllaminoladamantan-1-yloxy)methyl octancate:

L 2L
/\/\/\)J\O/\O -Cbz

N
{00292} To a solution of benzyl (3-{{methylthiopuethoxy) adamantan-1-ylcarbamate (2.5
g, 6.93 mmol} i CDC (20 mL) was added SOCH (1.99 g, 13.86 mmol) at 0°C slowly. The
sixture was stirred at 0°C for 30 min. The mixtare was concentrated and dissolved in THF (20
mb}. To the solution was added TEA (1.40 g, 13, 86 mmol} and octanocic acid (1.99 g, 13.86
mmol). The reaction mixture was stirred at room temperature overnight The mixture was diluted

with EtOAc (50 mL) and washed with water {20 mL x 2}. The organic phase was dried over
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anhydrous Nax8Q0q, filtered, and concentrated under reduced pressure. The crude product was

purified by column chromat QO Ac=]/ 1 io give (3~

{{{benzyloxycarbonvhaminojadamantan-1-ylioxy imethyl octancate {1.9 g, 60 % vield) as a pale

yellow oil. ES MS M/Z = 480 (M+23).

{00283} Step 3. {(3-aminocadamantan-1-yljoxymethyl octanocate:

100294} To a solution of -{{{benzyloxycarbonyllanuno)adamantan-1-yvhoxymethyl
octancate (1.7 g, 3.72 ramol) in MeOH (10 mL)} was added Pd/C (500 mg). The reaction mixture
was stirred at room temperature under Hz atmosphere overnight. The mixture was filtered and
the filtrate was evaporated under reduced pressure to give {((3-amincadamantan-1-yljoxymethyl

octanoate (1.1 g, 91 4 % vield) as a colorless oil. BES MS M/Z =324 (M+1).

[B0205] Step 4. ((3-{(2-((8)-2-cvanopyrrolidin-1-yl)-Z-oxoethyhaminoladamantan-1-

vhoxyimethyl octanoate (7}

/\/\/\)(LO/\O/@NH/\W,NO

{80296} A mixture of ((3-ammoadamantan-1-yhoxymethyl octancate (1 g, 3.1 mmol),
{8}-1-(2-chloroacetyl) pyrrolidine-2-carbonutrile (533 mg, 3.1 mmol), potassium carbonate (513
mg, 3.72 mmol) and Potassium 1odide (257 mg, 1.55 mmol} in Acetonttrile (15 mL) was stirred
at 50 °C under Nz atmosphere for 5 hrs. The nuxture was diloted with EtOAc (30 mLj and
washed with water {10 mL x 2}. The organic phase was dried over anhydrous NazSQOy4, filtered,
and concentrated under reduced pressure. The crude product was purified by column

QAc=6/11 o give {((3-((2-({8)-2-

) . g
Tyt vy e e v i s e
ATOMATOZrapny O S1iiC

cyanopyrrolidin--vi)}-Z-oxoethyDaminoladamantan- 1-yljoxymethyl octancate {(mCMP694)
{400 mg, 28 % yield) as a pale yellow oil. ES MS M/Z = 460 (M+1). 'H NMR (400 MHz,
CDClsy 539 (5, 2H), 4.87-4.73 {(m, 1H), 3.60-3.39 {m, 4H), 2.36-2.25 {m, 6H), 2.24-2.13 {m,
ZH}, 1.83 (5, 3H), 1.80-1.68 (m, 6H), 1.66-1.56 {m, 6H}, 1.33-1.24 (m, 8H), 088 {t, /=72 Hz,
3H).
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100297} Example 8. Synthesis of 283 1-({({(15,3R,55}-3-(2~{2-(2-(4-
{{hexyH{{(28.3R 4R, 8R)-2.3.4,5,6-pentahydroxyhexyhaminojmethyl)- 1H-1,2,3-triazol- 1~

yhethoxylethoxyjethoxyladamantan-1-yhglveylipyrrelidine-2-carboniirile (8):

HO
\_\O
AN 5 0 MsCl (1.59 eq)
(. — DCM (10 V), 0-20 °C
16.8eq) OH N N -
D ( q) . IO BOC/ ///
’\\l/\n/ TEA (2.29 eq) - /-/O J\ 3 l!l
29eq SN NN
MsO Boc O o 07 °N N ~
nt.2 THF (10V), 70°C  HO Q " Gy
A~
~O~"0 NaN; (2.34 eq) /\/0
MsO Boc-N DMF (11.1 V), 20-70 °C o N N
2 e
9! " e
NS,
0
HO, N
OH
\ et &N/\\(
N, O nta q - Boc ©
CgH
s o 2 1N HCI (12.1 eq)
Cul (0.13 eq) OH OH ACN (8 V) -
THF (10 V) ? o 25°C, 18 hrs
25°C, 12 hrs v NERCE g
HO HO HG
o}
= N—/—
NN
NS,
O
@N/\\(
H O
o}
OH 2
oH 0
’/K:_/\:/\N/CGH'I?) g
HO HG nG P S
N~
N:N'
{00298} Step 1. Tert-butyl (2-((S)-2-cyanopyrrolidin-i-yi)}-2-oxoethy }¥{15,3R,553-3-(2-

{2-(2-hydroxyethoxy)ethoxy)ethoxyjadamantan-1-yijcarbamate:
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[06299] To a solution of compound (1R, 38,55)-3-({(tert-butoxycarbonyl }{2-((5)-2-
cyanopyrrolidin-1-vl)-2-oxoethylarmino)adamantan-1 -yl methanesulfonate (137 g, 285 ramol,
1.00 eg) im THF (1. 40 L), TEA (66.1 g, 653 mmol, 2.29 eg) and 2,2'-{ethane-1,2-

diytbis{oxy bis(ethan-1-0l} (722 g, 4 81 mol, 16.8 eg} were added. The reaction was heated to
70 °C for 48 hrs. The reaction mixture was diluted with HzO (2.00 L) and extracted with EA
{2.00 L. x 2). The combined organic layers were washed with 3% aqueous solution of citric acid
{2.00 L), then the combined organic Iavers were washed with saturated aqueous solution of
NaHCGs: (2.00 L), dried over NaaSO, filtered and concentrated under reduced pressure <45 °C.
The residue was purified by column chromatography (810:, PE/EA = 1/1 to 0/1) to give
compound tert-butyl {2-{({8}-2-cyanopyrrolidin-1-y1}-2-oxoethy {1 8,3R, 58 }-3-{2-{2-{ 2~
hydroxyethoxyethoxy jethoxyjadamantan-1-ylicarbamate {175 g, 327 mmol, 57 4% yield, N/A

purity ) as a light yellow oil. TLC System: EA only Re G.15.

{00308} Step 2. 2-(2-(2-({{(1R,38,58)-3-((tert-butoxycarbony ¥ 2-{{S)-2-cvanopyrrohidin-1-

yi}-2-oxoethvhamingladamantan-1-yloxy jethoxy)ethoxy Yethyl methanesulfonate:

MsO

{00361} To a solution of compound tert-butyl (2-((8}-2-cyanopyrrolidin-1-y13-2-
oxoethy{18,3R, 58)-3-(2-(2-(2-hydroxyethoxy Jethoxyjethoxy Jadamantan-1 -yl jcarbamate (162
g, 302 mmol, 1.00 eq) and NN N’ N -tetramethyl-1,6-hexanediamine {115 g, 667 mmol, 2.21
eq} it DOM (1600 mbL), MsC1(54.9 g, 479 mmwol, 37.1 mL, 1.59 eq} were added at 0~10 °C.

The reaction was stirred for 2 hrs at 0~10 “C. The reaction mixture was quenched by addition of
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ice water {(1.00 L) at 0 °C, and then titrated with 5% aqueous solation of cunie acid (2.00 L) until
the pH = 5~6, and extracted with EA (3.00 L), The combined organic layers were washed with
NaHCO: {(1.00 L}, dried over NaxSQsq, filtered and concentrated under reduced pressure to give
compound 2-{2-(Z-({{1R,38,55)-3-({tert-butoxycarbony }2-({S}-2-cyanopyrrolidin-1-yi)-2-
oxoethyllamino)adamantan-1-vhoxyjethoxy Jethoxy)ethyl methanesulfonate (180 ¢, crude}as a

fight yellow otl. TLC system EA; Re ¢.30.

{00302} Step 3. tert-butyl ({15,3R,58)-3-(2-(2-(2-az1idoethoxy ethoxy Jethoxy jadamantan-

-y 2-{(S)}-2-cvanopyrrolidin-1-y-2Z-oxoethy carbamate:

N
Ns/\/O\/\O

Boc— N
N
o &

b
[60303] To a solution of compound 2-(2-(2-({{1R,38,55)-3-{{tert-butoxycarbony){ 2-((5)-
2-cyvanopyrrolidin-1-yH-2-oxoethyBaminoladamantan-1-yhoxyethoxyethoxy jethyl
methanesuifonate (90.0 g, 146 mmol, 1.00 eq} in DMF (1.00 L) was added NalN3 (22.3 g, 343
mmol, 2.34 eq} at 20~30 °C under Na, then the mixture was stirred at 70 °C for 12 hrs. The
reaction was added to saturated Nax(COs aqueous solution (2.00 L), then extracted with EA 2.00
L. The combined orgarc layers were washed with brine 2.00 L, dried over NaxSOu, filtered and
concentrated under reduced pressure to give compound tert-butyl ({15 3R, 58)-3-(2-(2-(2-
azidoethoxy jethoxylethoxyadamantan- 1 -y D{2-({S)}-2-cyanopyrrolidin-1-y1)-2-

oxoethyljcarbamate (153 g, crude) as a hight yellow o1l TLC system: EA [Rr: 0.30,

80304 Step 4. Tert-butyl (2-((S)-2-cyanopyrrolidin-i-y1)-2-oxoethvi }¥{15,3R,553-3-(2-
{2-(2-(4-((hexyI{({28,3R, 4R SR)-2,3,4, 5 6-pentahydroxyhexylaminoymethy - 1H- 1,2, 3-tniazol- 1 -

vijethoxylethoxyjethoxy yadamantan-1-yljcarbarate:
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Na

S,
W

N X

% L0

Boc

OH oH

02

A o

z : N’CGH13 g

"o HO HO \/\ O
— N—/_

Nsp
[00305] A muxture of compound tert-butyl ({18,3R, 58)-3-(2-(2-(2-
azidoethoxy jethoxyJethoxyjadamantan-1-yD{(2~(S)-2Z-cyanopyrrolidin-1-yi}-2-
oxoethyljcarbamate (152 g, 271 mmol, 1.00 eq}, (2R, 3R 4R, 55)-6-thexvl{prop-2-yn-1-
viyaminothexane-~1,2,3.4,5-pentac! {98.8 g, 325 mmol, 1.20 eq) and Cul {6.84 g, 35.9 mmol, 0.13
ey in THEF {1.52 1) was stirred 12 hrs at 25 °C. The reaction muxture was diloted with H20O (2.00
L} and extracted with EA (2.00 L), The combined organic layers were washed with brine (1.00
L), dried over NazSQOy4, filtered and concentrated under reduced pressure. The crude product was
purified by reversed-phase HPLC (0.1% NH3«H20) to give compound tert-butyl (2-{(8)-2-
cyanopyrrolidin-1-yi}-Z-oxoethy }(158,3R, 583-3-(2-(2-(2-{4-{{hexyl{{28,3R 4R 5R}-2,3.4,5,6-
pentahydroxvhexyDammno)methyvi)-1H-1,2 3-tnazol-1-yhethoxy Jethoxy)ethoxyjadamantan-1-
yviycarbamate (100 g, 115 mmol, 42.7% vyield, 41.3% purity} as a yellow otl. TLC system: BCM:
Me(OH = 5:1;Re: 0.20.

{00306} Step 5. (28)-1-{{{1S,3R,55)-3-{2-(2-2-{4-({hexvl{{2S,3R 4R 5R}-2,3,4,5 6~
pentahydroxvhexyDammno)methyvi)-1H-1,2 3-tnazol-1-yhethoxy Jethoxy)ethoxyjadamantan-1-

vhglyeylipyrrolidine-2-carbonitrile {8):
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[086367] To a solution of compound tert-butyl (2-({8)-2~cyvanopyrrohidin-1-yi}-2-
oxoethy (18,3, 58)-3-(2-(2-(2-(4-((hexy}{{28,3R 4R 5R}-2,3.4,5,6-
pentahydroxyhexyhammoymethyl)-1H-1,2 3-irazol- 1 -yhethoxy)ethoxy yethoxy)adamantan-1-
vijcarbamate {(40.0 g, 46.3 mumol, 1.00 eq} in ACN (320 mL) was added HCIH (1 M, 560 mL, 121
eq) at 0 °C. The reaction mixture was stirred at 25 °C for 18 hrs. The reaction mixture was
extracted with DCM (1.00 L x 2}, The aquecus phase was adjusted to pH 9~10 by Sat. NaHCGs
and KoCOs and extracted with BCM (1.00 L x 2}. The combined organic phase was dried over
Na28SOs, filtered and concentrated under reduced pressure to give 13 {(24.5 g, 31.0 mmol, 66.9%
yield, 96.7% purity) as a light vellow oil. LCMS M/Z M+1 = 764.7. 'TH-NMR (400 Mz,
CDCE) §7.73 (s, 1H), 4.92-4.70 (m, 1H), 4.52 (br t, J = 4.5 Hz, 2H), 3.94-3.82 (m, 5H), 3.81-
371 (m, 4H), 3.71-3.63 (m, 3H), 3.56 {br d, /= 19.3 Hz, SH), 3.47-3.33 (m, 3H), 2.77-2.58 (m,
2H), 2.53 (td, J = 7.7, 12.7 Hz, 1H), 2.47-2.37 (m, 1H), 2.36-2.01 {m, 6H), 1.99 (s, 1H), 1.75-
1.40 (m, 14H), 1.23 (br s, 6H), 0.84 (brt, J = 6.7 Hz, 3H).

{60308} Stmilarly, Compound 15 was prepared from Int-1 and Int-5. Compounds 26 and

21 were prepared from saxaghiptin according to the route for compound 8.
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{80309} Example 9. Synthesis of 253-1-({({18,3R,58)-3-(2-(2-(4-({bis((28,3R 4R, 3R )-
2,3,4.5,6-peniahydroxyhexyDamino ymethyh-1H-1.2,3-triazol-1-

yhethoxy)ethoxyjadamantan-1-viglyeylipyrrolidine-2-carbonitrile (%)

N\,
(s)]
N N
i
o} Boc O CuS0,4 5H,0 (1.2 eq), Na-
asbarte (1.2 eq), t-BuUOH (10
V), water (5 V), rt, 16 h
(o]
g Int-3
HQ
N3 HO 0
OH
OH

1M SnCl4 in heptane(4.0 eq),
ACN (43V), 0°C-1t, 3 h

{00316} Step 1. Tert-butyl {{15,3R,58)-3-{2-(2-(4-({b1s{{25,3R 4R, 5R}-2,3,4,5 .6~
pentahydroxyhexyllaminoymethyl)-1H-1,2 3-triazol-1-yBethoxyjethoxyadamantan-1-yD{2-{{S}-

Z-cyanopyrrolidin-1-yi}-2-oxoethycarbamate:
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{00311} Mixtore of tert-butyl (15,3R,583-3-(2-(2~amdoethoxy jethoxy) adamantan-1-~
yI{2-((S)-2~cyanopyrrolidin-1-yi}-2-oxoethyljcarbamate (0.6 g, 1.16 mmol),
(ZRLZ'R,3R 'R 4R, 4R 58 5'8)-6,6'-(prop-2-yn-1-vilazanediyhbisthexane-1,2,3 4, 5-pentaol} {(.66
g, 1.74 mmol}, copper sulfate pentahvdrate {0.35 g, 1.39 mmol} and sodium ascorbate (0.34 g,
1.74 mmol} v tert-Butyl aleohol (10 mL) and water (2 mL) mixture was stirred at room
temperature for 16 h. After completion {monitored by LUMS}, the reaction mixture was filtered
through celite and washed with methanol and water (1:1) (100 mL} and filtrate was evaporated to
give crude product. The crude was then purified by reverse phase Ci8 column chromatography
using 50% methanol in 0.1% formic acid in water. The desired product containing fractions were
collected and evaporated to give tert-butyl ({18,3R,583-3-(2-(2-(4-({b1s{({25,3R 4R, 5R}-2,3.4,5,6-
pentahydroxyvhexyllaminoymethyl}-1H-1,2 3-triazol-1-yhethoxyethoxyladamantan-1-yD{2-({8}-
2-cyanopyrrolidin-1-yi}-2-oxoethyhcarbamate (0. 46 g, 44%) as an off-white solid.

[00312] Step 2. (28)-1-({({18,3R,38)-3-(2-(2-(4-((bis({28,3R 4R 5R)-2.3.4,5.6-
pentahydroxvhexyDaminoymethyl)-1H-1,2 3-triazol-1-vhethoxy jethoxyjadamantan-1-

vhglyeyhipyrrolidine-2-carbonitrile {9):

{00313] To a stirred suspension of tert-butyl ({18,3R,5S)-3-(2-(2-(4-((b1s({28,3R, 4R, 3R}~
2,3,4,5 6-pentahydroxyhexyDaminoymethyl}-1H-1,2 3-tnazol-1-yDethoxy Jethoxyjadamantan-1 -
vi¥2-({S}-2-cyanopvrrolidin-1-y1}-2-oxoethyl}carbamate (0.35 g, 0.39 mmol} in acetonitride (15
mL} was added 1M tin{IV} chioride solution in heptane (1.55 mL, 1.55 mmol} and the reaction
mixture was stirred at room temperature for 3 h. After completion {reaction monitored by
LCMS), the reaction muxture was evaporated and the restdue was co-evaporated with methanol
(10 mL), washed with digthyl ether (2 x 5 mL} to give crude product. The crude was then
purified by C-18 column chromatography using 30% methanol in 10 mM ammonium

bicarbonate in water. The desired fraction was lyophilized to afford (2S)-1-(({158,3R,58}-3-(2-(2-
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{4-((b1s({25,3R 4R, 5R)-2,3 4,5, 6-pentahydroxyhexyhamino) methyl}-1H-1 2, 3-triazol-1-
vijethoxy)ethoxy Jadamantan-1-yhglyeyhpyrrolidine-2-carbonitrile (0.076 g) as a pale vellow
solid LOMS M/Z 800.59 (M+1) 'H NMR (400 Mz, DMSO-ds) § 7.95 (s, 1H), 4.75-4.72 (m,
1H), 4.70-4.10 (m, 12H), 3.81-3.72 (m, 6H), 3.63-3.39 (m, 22H), 2.17-1.91 (m, 6H), 1.56-1.44
{m, 12H}.

{60314] Example 18, Synthesis of (28)-1-({({15,3R,55}-3-(2-(2-(bis{(25,3R 4R, SR}~
2,3,4,5,6-pentahydroxvhexylaminojethoxy)ethoxyladamantan-1-yvijglyeylipyrrolidine-2-

carbonitrile (18):

N
\§I

N
(S)O S,

P o e, v
MO N\ PN @N/\\(

HO HO HG

o] Boc g H 0
o
N0 NaCNBH, (1.0 eq) 2 2 N HCI (aq) (5 eq),
ACOH (1 V), MeOH o water (23V), rt, 24 h
Boc—N (11 V), 0°C1t, 16 h o)
N _—
° & HO Ng OH gHO W,
N—' 2 &
s O ho, O on o e N\_2—<O:\OH
/[ on M oH ",
oH HO -, O OH
OH HO o oH
100315) Step 1. Tert-butyl ((18,3R 58)-3-(2-(2-(bis((28,3R 4R 5R)-2,3,4.5.6-

pentahydroxvhexyamino)ethoxy jethoxyladamantan-1 -y {2-({8)-2-cyanopyrrolidin-1 -y1}-2-

oxoethylicarbamate:

100316} To a mixture of tert-butvl (15,3R,58-3-(2-(Z-ammoethoxy jethoxy Jadamantan-1-

yD{(2-{(8)-Z-cyanopyrrolidin-1-yi}-2-oxoethyljcarbamate {0.21 g, 0.43 mmol}, (2R 38,4R SR}~
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2,3,4,5,6-pentahydroxyhexanal (0.19 g, 1.07 mmol) and acetic acid (1.0 ml} in methano! (10
mL} was added sodium cyanoborohydride (0.034 g, 0.52 momol}. The reaction mixture was
stirred at 70 °C for 24 h. After completion of reaction {reaction monitored by LUMS), the
reaction mixture was evaporated to get crude. The obtained crude was purified by reverse phase
C18 column chromatography using 50% methano! in 0.1% formic acid in water. The desired
product containing fractions were collected and evaporated to give tert-butyl ((15,3R,58}-3-(2-
(2-(bis{{25,3R 4R, 5R}-2,3 4,5 6-pentahydroxyhexyDamino jethoxyyethoxy jadamantan-1-y 1} 2-

{{S)-2-cyanopyrrolidin-1-vi}-2-oxoethyljcarbamate {0.28 g} as colorless gum.

[00317] Step 2. {28)-1-({{18,3R, 58)-3-(2-{2-(bis{{28,3R 4R, 5R)-2,3,4,5.6-

pentahydroxvhexyllaminoethoxyjethoxy jadamantan-1-yljglycylipyrrohidine-2-carbonitrile (10}

HO
.\\OH
(0]
N ™ 0/\/ @
OH HN N
HO /i
~OH s
HO
[060318] To the stirred solution of tert-butyl ({(18,3R,583-3-(2-(2-(bis{{25, 3R 4R, SR)-

2,3,4 5 6-pentahydroxyvhexyllamino)ethoxy yethoxy)adamantan-1-yD{2-({8}-2-cyanopyrrolidin-1 -
vi}-2-oxoethyicarbamate (0.22 g, 0.27 mmol) i water {5 mL), ZN aqueous hydrochloric acid
was added and the reaction mixture was stirred at room temperature for 24 h. After completion
of reaction (monitored by LUMS), the reaction muxture was purtfied by RP prep HPLC using
followmg conditions: Column/dimensions: X-BRIDGE(19%150), Sum, mobile phase A 1 10mM
ammonium bicarbonate 1o water {ag), roobile phase B 1 ACN, Gradient (Time/%B) - 0/2, 3/2,
16/36, 16.1/100, 18/100, 18.1/2, 20/2, flow rate : 17ml/vun. The desived fraction was lyophilized
to afford (28)- 1-(((18,3R,58}-3-(2-(2-(bis((28,3R 4R, 5R)-2.3,4,5,6-
pentahydroxvhexyllammo)ethoxy jethoxy Jadamantan-1-y Dglyeylipyrrohidine-2-carbonnie (0. 14
g, 72.5%) as off-white solid. LOCMS: M/Z 717.52 [M-1] 'H NMR (400 Mz, DMSO-d5) &
4.74-470 (m, 1H)}, 4. 51-4.46 {m, 4H), 435-4.29 {m, 4H), 419 (d, J = 6.4 Hz, ZH}, 3.65-3.55 (m,
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7H}, 3.49-3.33 (m, 16H), 2.75-2.50 {m, SH), 2.17-1.95 {m, 6H}, 1.70 (bs, 1H}, 1.59-1.45 {m,
1ZH).

{80319} Example 11, Synthesis of 253 1-{{{15,3R,58)-3-(2-(2-({{(25,3R 4R ,5R}-
2,3,4,5.6-peniahydroxyhexylDamino)ethoxyjethoxyjadamantan- I -yhglyveyhpyrrolidine-2-

carbonitrie (11}):

e e e}
u@ N NaCNBH, (1.0 eq), oH H»g %725\5

W
~ Vi | AcOH( \,BAMNH oH ny; ‘}_ ;
IQ Boc ;\ : (11 V), 80 °C, 16 h HO//Q‘/:\/\ IO d N/\:]
HeN o NQ HS TN
int-5 HO  h

N
TFA (15 V), DCM W
(30 V), 0 "C, 3 //L\/\ )‘Q

{00320} Step 1. Tert-butyl 2-(S)-2-cyanopyrrolidin-1-yi}-2-oxoethy (1 5,3R, 58)-3-(2-
{2-(((258,3R 4R, 5R}-2,3 .4, 5,6~ pentahyvdroxyhexyhaminoethoxyjethoxy jadamantan-1-
vljcarbamate:

OH N

OH i
HO ¢ Boc’ )\
HO Q
HO HN

{00321} To a mixture of tert-butyl ({(15,3R,58)-3-(2-(Z-amwmnoethoxyjethoxy Jadamantan-1 -

v 2-({(5)-2-cyvanopyrrolidin~1 ~yl}-2~oxoethyllcarbamate (0.22 g, 0.45 mmol), (2R,38,4R SR}~
2.3.,4,5,6-pentahydroxyhexanal {0.081 g, 0.45 nunol) and acetic acid (1.0 mal.} in methano] (50
ml) was added sodium cyanoborohydride (0.03 g, 0.45 mmol). The reaction mixture was stured
at 60 °C for 24 h. After completion {reaction mounttored by LCMS), the mixture was evaporated
under reduced pressure to give crude product. The crude was then purified by reverse phase

preparative HPLC using following conditions: Column/dimensions: X-BRIDGE(19%130), Sum,
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mobile phase A - 10mM ammonium bicarbonate in water {aq), mobile phase B . ACN, gradient
{Time/%B) - /10, 1/10, 20/50, 20.10/95, 22.10/95, 22.20/10, 24/10 flow rate : 17ml/min. The
desired fractions were collected and tyophilized to afford rerr-butyl (2-({8)-2-cyanopyrrolidin-1-
yi)-2-ox0ethvi){(18,3R, 58 )-3-(2-( 2-{({28,3R 4R, 5R}-2,3,4,5.6-
pentahydroxyhexyliaminoethoxyjethoxyyadamantan-1-yljcarbamate {0.035 g} as an off-white

solid.

106322] Step 2. {28)-1-(({18,3R,58)-3-(2-(2-{{{28.3R 4R 5R}-2.3,4,5,6-

pentahydroxvhexyllaminoethoxyjethoxy jadamantan-1-yljglycylipyrrohidine-2-carbonitrile (11}

o
I
z

T
(@]
IIO
T
10
T
VZ
|IE

e

1803233} To the stured suspension of tert-butyl (2-((S)-2-cvanopyrrohidin-1-y1)-2-
oxoethyD{{(18,3R,538)-3-(2-(2-({(25,3R 4R, 5R}-2,3,4,5,6-
pentahydroxyvhexyDaminojethoxy)ethoxyjadamantan-1~-ylcarbamate (0.03 g, 0.046 mmol) o
dichloromethane (1 mL), trifluoroacetic acid was added at 0 °C and the reaction mixture was
stirred at room temperature for 1 o After coropletion (monitored by LOMS), the reaction mixture
was evaporated under reduced pressure to give crude product. The crude was then purified by
reverse phase preparative HPLC using following conditions: Column/dimensions: X-
BRIDGE(19*150), Sum, mobile phase A 10mM ammonium bicarbonate in water (ag), mobile
phase B . ACN, gradient {Time/%B) 1 0710, 1/10, 11/45.20, 11.10/95, 13.10/95, 13.20/10, 15/10,
flow rate © 17ml/min. The desired fraction was lyophilized to atford (2S)-1-(((15,3R,58}-3-(2-(2-
{{{2Z58,3R,4R,5R}-2,3 4,5, 6-pentahydroxyhexyHamimo)ethoxy jethoxyjadamantan-1-
viglyeyBpyirolidine-2-carbonitride (0.012 g, 47.2%) as an off-white

solid LCMS: M/Z 555.29 (M+1) 'H NMR (400 MHz, DMSO-ds) § 4.73-4.29 (m, 61, 3.63-3.13
{m, 17H), 2.67-2.60 (m, 4H), 2.16-1.99 {m, 6H), 1.59-1.45 (m, 12H),

GG
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100324} Example 12, Synthesis of 2-(2-{(((1R,38,38)-3-(2-({5}-2~cyanopyrrolidin-1-yi}-
2-oxoethylamino)adamantan-L-yhoxy)ethoxyjethyl (d-((ethyi{{25,3R 4R 5R)-2,3,4,5,6-
pentahydroxyhexyliaminojmethyl}benzyljcarbamate (12}

BocHN

~“NH,

Raney nickel (1W), HO (1.0 eq) Br NHBoc

HQ
"o HO, MeOH (30 V), Hy, (150 HO, oy KaCOs (1.5 eq), vo %
o DS 70°C. 16 - MeOH (10V) /_2_<_\0H
i OH HN  OH OH
d OH ) N) OH
AM HClin 1,4 NH, .HCl

dioxane (10V), HO
MeOH (10V), 0 °C- ~

HO
r,2h /_2_<_\0H
Step 3 OH

N OH

) NH, .HCI

HO
NS, HO
O @ NO /_2_<_\0H
OH
o 7 Tt R

l H O (12eq)
NO O2N (1eq O )
H/\\g TEA (4 eq), DCM (25 2 TEA (6 q), ACN (19V), 0
02 V), -10 °C- rt § Ctor, 16 h
P Inte o>=
0
Hog S N

TFA (5 V), DCM (17
V), 0°Ctort, 3h

_—

Q

O Q. Gy
X X
g g

N OH N OH
— OH — OH
HO HO
HO HO
HO HO
{B0325] Step 1. (2R, 3R 4R, 55)-6-(ethylamincthexane-1,2,3 .4, 5-pentaol:
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HN  OH

{80326} To the nmuxture of (2R 38,48, 5R)-2,3,4.5 6-pentahydroxvhexanal (5 g, 2.77 mmol}
and 2 M ethylamine in THF (20 mb, 41.6 mmol} in methanol (150 mL) was added raney nickel
{5 g) and the reaction muxture was stirred at 70 °C for 16 h under 150 psi hydrogen gas. After
corapletion {monitored by LOMS), the reaction mxture was filtered through a pad of celite and
washed with methanol (50 mL). The filtrate was evaporated to give solid, which was triturated

with diethyi ether (50 mL) and dried to afford (2R 3R 4R 38)-0-(ethylarmnothexane-1,2,3,4,5-

pentaol (5 g, 86%;) as an off-white solid.

[00327] Step 2. Tert-buty] (4-({ethy{((25,3R 4R 5R)-2,3.4,5,6-

pentahydroxyvhexyDaminojyuethylybenzyljcarbamate:

NHBoc
HO,

HQ
OH
OH

N OH

)
180328} To a solution of (2R 3R 4R, 55)-6-(ethylanunoihexane-1,2.3 .4 5-pentaol (1.0 g,
4.78 mmol} m methanol (10 mL) was added potassium carbonate (0.99 g, 7.17 mmol} followed
by tert-butyl {(4-{(bromomethyDbenzyljcarbamate (1.44 g, 4. 78 mmol) portion wise at 0 °C and
the mixture was stirred at room temperature for 16 b After completion (momtored by LCMS),
the reaction mixture was evaporated to give crude. The crude product was then purified by
reverse phase C138 flash column chromatography using 18% of 0.1% formic acid in water and
methano! as a mohile phase. The desired product containing fractions were coliected and
evaporated to give tert-butyl (4-((ethvl{{25.3R 4R, 5K}-2,3,4,5,6~

pentahydroxyhexyliaminoymethylybenzylycarbamate formate (1.3 g} as a colorless foamy solid.

{60329} Step 3. (2R,3R 4R, 55)-6-{{4-(aminomethylibenzy I} ethylJamino}hexane-

1,2,3.4 5-pentacl hydrochloride:
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NH, .HCI
HO

2

HO /
OH
OH
N OH

)

{08330] To a stirred solution of tert-buty ! (4-{{ethy{{2S,3R 4R 5R)-2.3,4,5,0-
pentahydroxvhexyDaminoyuethylbenzyljcarbamate formate (0.25 g, 0.527 mmol} in methanol
(2.5 mL) was added 4 M hydrochloric acid 10 1,4 dioxane slowly at 0 °C and the resultant
mixture was stirred at room temperature for 2 h. After completion (monitored by LUMS), the
reaction muxture was evaporated to give (2R, IR 4R, 55)-0-((4-

{anminomethylibenzy{ethyDaminothexane-1,2,3 4, S-pentaol hydrochionde (0.19 g, crudejas a

green senu solid.

180331} Step 4. 2-(2-({{(1R,38,58)-3-{(2-({5)-2-cyanopyrrohidin- 1 -y1}-2-

oxoethyDanunojadamantan-1-voxyjethoxyjethy! {(4-nutrophenyl) carbonate:

HN
N
/
0 K
O
{00332} To a stired solution of (28)-1-({{18,3R,55)-3-(2-(2-

hydroxyethoxy)ethoxyladamantan- 1 -yhglyeyDpyrrohidine-2-carbonitride (0.2 g, 0.407 mmol) in
dichloromethane (4 mL) was added triethylamine (0.164 g, 1.628 mmol) subsequently 4-
nitrophenyl carbonochloridate (0.09 g, 0.447 mmol) 1o dichloromethane (1 mL) at -10 °C and the
mixture was stirred at room temperature for 2 b After completion, the reaction muxture was

taken as such to next step.

{00333} Step 5. 2-{(2-({{1R,35,55)-3~{({ 2-{({ S}-2-cyanopyrrolidin-1 ~y1}-2-
oxoethyllaminojadamantan-1-vhoxylethoxy Jethyt (4-({ethyl{{25,3R, 4R 5R}-2,3,4,5,6~

pentahydroxvhexyDammo)methylbenzylcarbamate:
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y
0 o)
HO HN\(\/\O/\/ N

0 1l
HOm”  OH ;\ :
e
HO OH

{80334} To a stirred suspension of (2R, 3R, 4R, 55)-6-((4-
{ammomethylibenzyl}{ethyDaminothexane-1,2.3 4,5-pentaol hydrochloride (017 g, 0.47 mmol)
i acetonitrile {5 mL) was added triethylamine (0.24 g, 2 34 mmol) followed by 2-(2-

({({R 35,35)-3-((2-({(S)-2-cyvanopyrrolidin-1-yi}-2-oxoethyljaminojadamantan-1-
yvhoxy)ethoxylethyl (4-rutrophenyl} carbonate (0.26 g, 0.39 miol) 1o dichloromethane (5 mL) at
0 °C and the mixture was stured at room temperature for 16 h. After completion {monttored by
LCMRS), the reaction nuxture was evaporated to give crude, which was then punified by reverse
phase C18 column chromatography using 40% of 0.1% formic acid 10 water and acetonitrile as a
mobile phase. The desired product contawung fractions were collected and evaporated to give 2-
(2~(({1R,35,55)-3-((2-((S)-2-cyavopyrrohdin- -yl - Z-oxoethyDaromnoadamantan- |-
vhoxyethoxyjethyl (4-((ethyl{{25,3R,4R 5R)})-2,3,4,5,6~
pentahydroxvhexyammoymethyibenzylicarbamate (0.3 g, crude) as an yellow semu solid.
{00335} Step 6. 2-(2-({{1R,38,5383-3-((2-({S)-2-cyanopyrrohidin-1-y{}-2-
oxoethyDaminojadamantan-1-yljoxyJethoxy ethyl {(4-{{ethy ({28 3R 4R, 5K }-2,3,4,5,6-

pentahydroxyhexyhammoymethylibenzylicarbamate (1 2-formate salt):

HO . N: 7
OH
HO
HOH
HO
100336} To a stirred suspenston of 2-(2-({{1R,35,5S)-3-((2-((8)-2-cyanopyrrohdin-1-y1}-2-

oxoethyDaminojadamantan-1-yljoxyJethoxy ethyl {(4-{{ethy ({28 3R 4R, 5K }-2,3,4,5,6-
pentahydroxyvhexyllaminojmethylybenzylicarbamate (0.29 g, 0.34 mmol} m dichloromethane (4

mL}, triflurcacetic acid was added at 0 °C and the reaction muxture was stured at room
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temperature for 3 h. After completion {monttored by LUMS), the reaction mixture was
concentrated and the residue was washed with diethyl ether (3 X 10 mL} and dnied to give crude
product. The crude product was then purified by reverse phase preparative HPLC using
following conditions: Column/dimensions: SUNFIRECTE (19%150% 5y}, mobile phase A: 0.1 %
FA in water {aq}, mobile phase B: acetonitrile, gradient (time/%B): O/5, 2/5, 10/20, 10.1/100
14/100, 14.1/5, 16/5, flow rate: 17 mi/min. The desired fraction was lvophilized to afford 2-(2-
({(1R,38,58)-3-((2-({5)-2~cvanopyrrolidin-1-y1}-2-oxoethyhamino jadamantan- -

yijoxy yethoxyethyl (4-{{ethyl{({28,3R 4R 5R}-2,3,4.5 6~
pentahydroxyhexyllaminoymethylbenzylicarbamate formate (0.038 g) as an off-white solid.
LCMS M/Z 746,72 (M+1) 'H NMR (400 MHz, DMSO-ds): 8 8.17 (s, 2H}, 7.73 (s, 1H), 7.27
(d, /=76 Hz ZH), 7.17(d, J=8.0Hz, 2H), 4 75-4. 74 {m, 3H), 4 16-4.06 (m, 4H), 3.75-3.38
{m, 21H), 2.61-2.50 {m, 1H), 2.46-2.41 {m, 3H), 2.19-1.99 (m, 6H}, 1.60-1.52 {m, 12H}, 0.94
(t,./=72Hz 3H)

{80337} Example 13, Synthesis of 2-{{{1R,35,55)-3-{(2-{(5)-2-cyanopyrrolidin-1-yi}-2-
oxoethyl)aminojadamantan-1-yhoxy)ethyl (2-{4-(2-(hexyl({25,3R 4R, 5R}-2,3,4,5,6-

pentahydroxyhexyilaminojethylphenoxy)ethylicarbamate (13):

4A molecular sieve,

o e 2O
'3 ACN, 70°C, 12h TEA, DCM, rt, 3h
N Boc o)
@Nﬁr

o
MsO Boc O 2
Int-2
ol
5 0
NZ o g N
N—Boc ZnBr, in DCM o

[00338] Step 1. Tert-butyl (2-({8)-2-cyanopyrrohidin-1-v1}-Z-oxoethy {1 $,3R, 58)-3-(2-

hydroxyethoxyjadamantan-~1-yljcarbamate:

\O
(v
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OH
[00339] To a solution of (1R, 35,58)-3-((tert-butoxycarbony {2-({(8)-2~cyanopyrrohidin-1 -
vi}-2-oxoethyhaminoladamantan-1-vl methanesulfonate (1.25 g, 2.59 mamol) in MeCN (S mL)
was added ethane-1,2-diol {804 g, 129.6 mmol). The reaction muxture was stirred at 70 °C for 12
hrs. The reaction mixture was concentrated under pressure at 40 °C. The residue was purified via
Flash columu chromatography and eluted with (MeOH/DCM, from 1% to 10 %) to give tert-
butyl {2-{{S}-2-cyanopyrrolidin-1-y-2-oxoethyD((15,3R, 583-3-(2-hydroxyethoxy Jadamantan-1 -

vicarbamate (860 mg, 74 % vield) as a yellow ol ES MS M/Z = 470 (M+23).

{60340} Step 2. Tert-butyl {2-({S)}-2-cyanopyrrolidin-1-vi}-2-oxoethy }(15,3R,583-3-(2-

{{{4-nutrophenoxy jearbonyoxylethoxyjadamantan-1 -yhcarbamate:

0

— N N
>_ s ///

OzN—< >—o © Boc ;\ N
° NQ

80341} To a solution of tert-butyl (2-({S8)-2-cyanopvrrolidin-1-y13-2-

oxoethyl }{{(18,3R,58)-3-(2-hydroxyethoxyjadamantan-1-yljcarbamate {860 mg, 1.92 mmol} and
TEA (1000 mg, 10 mmol) in DCM (20 mL) was added 4-nitropheny! chloroformate (800 mg, 4
mmol). The reaction mixture was stirred at 25 °C for 3 hrs. The mixture was guenched with HoO
(20 mL} and extracted with DCM (30 mL). The organic layer was dried over NaxSQOs and
concentrated under pressure at 30 °C to give tert-butyl (2-({8}-2-cyanopyrrohidin-1-yi}-2-
oxoethy ((18,3R, 58)-3-(2-{{{(4-nitrophenoxy ycarbonylloxy)ethoxy} adamantan-1-yljcarbamate
{1.2 g, crude) as a yvellow oil, which was used to the next step without further purification. ES

MS M/Z = 635 (M+23).

{00343} Step 2. Tert-butyl (2-({8)-2-cyanopyrrohidin-1-v1}-Z-oxoethy {1 S,3R, 58)-3-(2-
((2-(4-{2-(hexv}{(2S,3R 4R, 5R)-2,3,4,5,6-
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pentahydroxyhexyhamimojethyiphenoxy ethyicarbamoylioxy yethoxyadamantan-1-

vijcarbamate:
N7 gto
N—Boc
o \0 H
T "o
[00343] To a solution of (2R, 3R 4R, 58)-6-((4-(2-

amincethoxy iphenethyli(hexyljaminothexane-1,2,3.4,5-pentacl in THF (10 mL} was added TEA
(210 mg, 2.1 mmol}, followed by a solution of tert-butyl (2-({8}-2-cvanopyrrolidin-1-yi}-2-
oxoethy{{(18,3R,58)-3-(2-({{4-nutrophenoxy jcarbonvljoxyethoxy Jadamantan-1 -yl jcarbamate
{428 rog, 0.7 mmol) iy THF (1 mL). The reaction rotxture was stirred at 25 °C for 4 brs. The
reaction mixture was concentrated under pressure at 40 °C. The residue was purified via Flash
column chromatography and eluted with (MeOH/DCM, from 10% to 50 %) to give tert-butyl (2-
{{S)}-2-cyanopyrrohidin-1-vh-2-oxoethyD{(1S,3R, S85)-3~2-{({(2-{(4-( 2-(hexyl{{2S,3R, 4R, 3R)-
2,3,4,5 6-pentabydroxyvhexyhDamino)ethyDphenoxy yethylicarbamoyhoxy)ethoxyladamantan -1-
vicarbamate (436 mg, 69 % vield) as a yellow o1l ES MS M/Z = 902 (M+1},

{00344} Step 3. 2-{({1R,35,55)-3-¢(2«¢(S)-2-cyanopyrrolidin-1-y1}-2-
oxoethyDaminojadamantan- L-yDoxyethyl (2-{4~2-{hexvI{{(25,3R, 4R 53R }-2,3 ,4,5,6~

pentahydroxvhexyDammo)ethy Hphenoxyethy Dearbamate (13):

D HO OH
At N

NZ 8: HO""\...OH
0]
NH HO!
Hone s
7]/ o
{00345] To a solution of tert-butyl (2-({8}-2~-cyanopyrrohidin-1-y1}-2-

oxoethy {18,3R,58)-3-(2-({((2-(4-(2-(hexyl{{28,3R 4R, 5R}-2,3 4,5,0-

pentahydroxyhexyhaminojethyliphenoxy ethyicarbamoylioxy jethoxyladamantan ~ 1~
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yljcarbamate (436 mg, (.48 mmol) in DCM (15 mL} was added ZnBr (1086 mg, 4.8 mmol).
The reaction mixture was stirved at 25 °C for 12 hrs. The nuxture was filtered and the filtrate was
concentrated under pressure at 35 °C. The restdue was purified via Prep-TLC (CH2CL/MeQOH =
5:1} to give impure product, which was purified via Genal-Prep-HPLC (Genmuini-C18 150x 212
mim, Sum, mobile phase: ACN-H:0, 0.1% FA, gradient: 5 ~ 50%) Z-({{1R,35,558)-3-({2-{(8}-2~
cyanopyrrolidin-1-y1}-2-oxoethyljaminojadamantan-1-yljoxyjethyl (2-(4-(2-
(hexvl{{28,3R 4R 5R}-2,3,4,5 6-pentahydroxvhexyllamino} ethyliphenoxy)ethyicarbamate (13)
{50 mg, 12 % yield) as a white solid. ES MS M/Z = 802 (M+1). 'H NMR {400 MHz, CD:0OD)
848 (s, 2H), 722(d, /=85Hz 2ZH), 692(d, /=86 Hz 2ZH) 483 - 478 (m, 1H), 417 - 407
{m, 3H), 405395 (m, ZH), 3.91 - 3.74 {m, 4H), 3.74 - 3.60 {m, 6H), 3.55-3.50 (m, 1H),
3.50-3.43 (m, 2H), 341 —332 (m, 4H}, 326 -3.16(m, 2H), 3.05-294 (m, 2H), 240 - 209
{m, 6H}), 1.85 - 1.65 (m, 12H), 1.58 (s, 2H), 1.42 - 1.30 (m, 6H), 0.97 — 0.9 (m, 3H}.
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{80346} Example 4. Synthesis of (25}-1-{{{(18,3R,55)-3-2-(2-(4-({{(B8.3R 4R 5R}-
2,3,4.5,6-peniahydroxyhexyDamino ymethyh-1H-1.2,3-triazol-1-

yhethoxy)ethoxyjadamantan-1-yhelyeylpyrrolidine-2-carbonitrile (14):

CuS0,45H,0 (1.2 eq), Na-
asbarte (1.2 eq), t-BuOH (10
V), water (5 V), rt, 16 h

N
HN M
. NS,
i »
@NA\(
H e}
(o]
NaCNBH, (1.0 eq), AcOH (1.1 V) ACN: water (1:1) (44 V), 2N aq 2
MeOH (57 V), 80 °C, 6 h HCI (20 eq), rt, 24 h 0
N\
N

{60347} Step 1. Mixture of tert-butyl (2-((5)-2-cyanopyrrolidin-1-yi}-2-

oxoethy D ({(15,3R, 538)-3-(2-(2-{4-({{{2Z8,3R, 4R 5R}-2 3 4,5 6-pentahydroxvhexyllaminomethyl}-
1H-1,2,3-triazol-1-yljethoxyjethoxy)adamantan-1 -yl carbamate and tert-butyl ({(18,3R,55)-3-(2-
(2-(4-(aminomethyl}-1H-1,2 3-triazol-1-yljethoxy)ethoxyladamantan-1-y H{2-{{S}-2-

cyanopyrrolidin-1-y1}-2-oxoethyljcarbamate:
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NH,
/ = +
N~ Boc \)\ ' Ng N0
] o

Nz N N N
N Q Boc” N;\ W
e
{00348} Mixture of tert-butyl {{18,3R,58)-3-(2-(2-azidoethoxy)ethoxy yadamantan-1-y1}{(2-

{{S)-2-cvanopyrrolidin-1-vi}-2Z-oxoethyljcarbamate {1.0 g, 1.94 mmol), (2R 3R 4R, 55)-6-{prop-
2-yn-1-ylaminothexane-1,2.3 4 S-pentact (0.64 g, 2.90 mmol), copper (I} sulfate pentahydrate
{0.58 g, 2.33 mmol} and sodium ascorbate {(0.58 g, 2.91 mmol} in tert-butyl alcohol (10 mL} and
water {2 mbL) mixture was stirred at room temperature for 16 h. After completion, the reaction
mixture was filtered through celite and washed with methanol and water (1:1) (100 mL) and the
filtrate was evaporated to give crude. The crude was then purified by reverse phase C18 column
chromatography using 50% methanol in 0.1% formic acid in water. The desired product
containing fractions were collected and evaporated to give mixture of tert-butyl (2-({8)-2-
cyanopyrrolidin-1-y1}-2-oxoethy{{18,3R,55)-3-(2-{ 2-{4-({({{25,3R 4R 5R}-2.3,4.5,6-
pentahydroxyhexyliaminoymethyl}-1H-1,2 3-triazol- 1 -yhiethoxy jethoxyladamantan-1-
viycarbamate and tert-butyl ({18,3R,58)-3-(2-(2-(4-(anunomethyl}-1H-1,2 3-triazol-1-
vijethoxylethoxyjadamantan- -y 2-{(S)-2-cyanopyrrolidin-1-yv1)-2-oxoethyljcarbamate (0.59 g,
crude) as a brown sohd.

{00349 Step 2. Tert-butyl (2-((S)-2-cyanopyrrolidin-i-y1)-2-oxoethyi }¥{15,3R,553-3-(2-
{2-(4-(({({258,3R 4R, 5R}-2,3 4,5 6-pentahydroxyhexyhamunoymethy}- 1H-1,2 3~trazol-1-

vijethoxylethoxyjadamantan-1~-ylcarbamate

OH OH
Ny P I
HO HG HO N H
H&\ _/—O Boc” )\ ;
,~ HO
N=y
100356} Mixtore of tert-butyl ((15,3R,5383-3-(2-(2~{4-{aminomethy{}- 1 H-1,2, 3-triazol-1-

vijethoxyethoxy Jadamantan-1-y{2-({S}-2-cyanopyrrolidin-1-v1)}-2-oxoethyljcarbamate (0. 44 g,

0.77 mmol}, (2R,35,4R, 5R}-2,3,4,5 6-pentahydroxyhexanal (0.11 g, 0.61 mmeol) and acetic acid
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(0.5 mlL)} 1 methanol {25 mb) was added sodium cyanoborohydride (0.048 g, 0.77 mmol) and
the mixture was stirred at 60 °C for 6 h. After completion, the reaction mixture was evaporated
to give crude product which was then purified by RP preparative HPLC using following
conditions. Column/dimensions: X-BRIDGE €18 (19%250) Sum, mobile phase A: 10mM ABC
in water {aq), mobile phase B 100% ACN, gradient {time/%B} :0/20, 3/20, 18/40, 18.1/100,
20/100, 20.1/20, 24/20, flow rate - 17ml/min. The desired product containing fraction was
evaporated to afford tert-butyl (2-((8)-2-cyanopyrrolidin-1-yi}-2-oxoethy D{{15,3R, 55)-3-{2-( 2~
{4-{{{{28,3R, 4R 5R})-2,3 4 5 6-pentahydroxvhexyllamino)methyl}- 1H-1,2 3-triazol-1-

vhethoxylethoxyjadamantan-1-ylicarbamate (0.1 g) as an off-white solid.

[00351] Step 3. (28)-1-{{{18,3R. 58 )-3-(2-(2-(4-({({{28,3R, 4R 5R)-2,3,4,5,6-
pentahydroxyhexyliaminoymethyl}-1H-1,2 3-triazol- 1 -yhiethoxy jethoxyladamantan-1-
vielyeyDpyrrolidine-2-carbonutrile (14}

OH OH N

: o)
HO'/ki/\gﬂNH ~— N z
"o HO Kf\ IO )\N.
N= N O Q
=N

{80352} To the stirred solution of tert-butyl (2-{({S}-2-cvanopyrrolidin-1-yi}-2-
oxoethyD{(18,3R, 55)-3~(2-(2~-{4-(({(28,3R 4R, 5R)-2.3 4,5 6-pentahydroxyhexyaminoymethyl)-

1H-1,2, 3-triazol-1-yliethoxy)ethoxyjadamantan-1-ylicarbamate (0.1 g, 0.122 mmol} in
acetonitrile and water {1:1) mpxture (4 mL), 2 N aqueous hydrochloric acid {1.22 mL, 2.44
mmol) was added and the reaction nuxture was stirred at room temperature for 24 h. After
completion of reaction {monitored by LEMS). The reaction mixture was evaporated to get crude.
Obtained crude was purified by RP preparative HPLC using following conditions.
Column/dirnensions: X BRIDGE CI18 (19%250mm), 5 u, mobile phase A: 10mM ABC n water,
mobile phase B | acetonitrile, gradient (time/%B) | 0/5, 4/5, 12/75, 12.1/5, 15/5. flow rate : 16
ml/rain. The destred peak fraction was lyophilized to atford (28)-1-({{15,3R,58)-3~(2-(2-(4-
({{{28,3R,4R,5R}-2.3 4.5, 6~pentahvdroxvhexyhaminojmethyi}- 1 H-1 .2, 3 -trazol-1 -
vhethoxyethoxyadamantan-1-ylglyeyhipyrrolidine-2-carbomtrile (0.063 g, 73.3%) as off-white

solid. LCMS M/Z. 636.49 (M+1) TH NMR (400 MHz, DMSO-ds) 6 7.92 (s, 1H), 5.10 (bs, 1H),
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4.73-4.65 (m, 2H), 4.49-4.43 (m, 3H), 4.3 (bs, 2H), 3.80-3.36 (m, 19H), 2.64-2.60 (m, 2H), 2.16-
2.01 {m, 6H), 1.56-1.46 (m, 12H).

100353} Example 18, Synthesis of (15,35,883-2-{(28)-2-amino-2-((15,3R,55}-3-(2-

hydroxyethoxy) adamantan-1-ylacetyl)-2-azabicyelo[3.1.0lhexane-3-carbonitrile (16):

N
\ N
Boc. N \\\,,

0 v
N fF TFA (10 V), DCM (10 V), 0°C to : N ,F

0 rt,3h
0 Q ©
2 Int-9 2
o) 0

H

H
{80354} To the stirred solution of tert-butyl ((15}-2-({18,35,58}-3-cyano-2-~
azabicyclof3.1.0} hexan-2-y1)-1-((15,3R,58}-3-(2-hy droxvethoxy Jadamantan- 1-v1}-2-oxoethyl)
carbamate {0.30 g, 0.65 mmol), DCM (3 mL}, TFA (3mb) was added drop wise at 0°C and the
reaction mixture was stirred at room temperature for 3 h. After completion of reaction
{monitored by LCMS}, the reaction mixture was concentrated and wash with diethy! ether (2 =
S0mL) and evaporated to get crude. The obtained crude was basified with NaHCQO; (20 mL} and
extracted with DCM (3 » 50 mbL) dried over anhydrous NaxS0 and concentrated. The crude was
purified by reverse phase C-18 column chromatography using 27% ACN and 10mM ABC in
water. The desired product containing fractions were collected and lvophilized to afford
{18,358,58}-2-{(28 }-2-amino-2-{({1 §,3R, 58}-3-(2-hydroxyethoxyjadamantan-1-yJacetyl}-2-
azabicyclo[3.1.Olhexane-3-carbonitrile {0.053 g} as an off-white solid.

LCMS M/Z 360.46 (M+1) TH NMR (400 MHz, DMSO-ds) § 5.10-5.07 (m, 1H), 4.46-

4.43 (m, 1H), 3.89-3.87 {m, 1H), 3.45-3.31 (m, SH), 2.21-2.14 {m, 3H), 1.77-1.32 (m,

14H), 0.97 {m, 1H), 0.72-0.70 (s, 1H).
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1003355} Example 16. Synthesis of 2-({{1R,38,55)-3-((5)-1-amino-2-({15,38,88}-3-
cyano-2-azabicyclo]3. Ldlhexan-2-vl}-2-oxoethylladamantan-1-yhoxyjethyl (4-
{{(hexyl{{28,3R 4R, 5R}-2,3.4,5.6-pentabydroxvhexyi}amino)methyl)phenyljglycinate (19):

NH,
Ho,
N HO 7
N, OH
NHBoc OH
> N - N OH (o]
s A\
CeH13
0

o
2 Int-9 °
OH 2;?7
CGH13
{00356] To a solution of tert-butyl ((18)-2-((158,35,558)-3~cyano-2-azabicyclo{3.1 Olhexan-

2-y13-1~({1S,3R,58}-3~2-hydroxyethoxy Jadamantan- | -y [)-2-oxoethy Dearbamate (36 mg, 1.0 eq)
in dichloromethane {0.21 mL), triethylamime (0.04 mL, 4.0 eq) and 4-nitropheny! chloroformate
{17.1 mg 1w 0.13 mL dichloromethane} were added at 0 °C. After stirring for 4 hours at room
temperature, the mixture was added to a solution of (2R 3R 4R, 55)-6-((4-
{armminomethyi}benzy i hexyDaminojhexane-1,2,3 4, 5-pentaol (46 mg, 1.2 eq) and tristhylamine
{0.08 ml., 6.0 eq) in acetonitrile (0.2 mL + .05 mL*2 wash} at 6 °C. The reaction was stirred for
12 hours before the addition of saturated aqueous NaHCO3, The mixture was then extracted with
dichloromethane for three times. The combined organic layer was washed with brine and
concentrated 1n vacuo to provide the crude which was used for the next step without further
purification. The above crude was treated with trifluoracetic acid {0.1 mL} and dichloromethane
{0.2 mL}. After stirring for 4 hours, the volatiles were removed under reduced pressure. The
crude was purified by C18 reverse phase prep HPLC to afford the formic salt of 2-{{{1R,35,558)-
3-{{S)-1-amino-2-{{15,35,55)-3-cvano-2-azabicyclo[3.1.Clhexan-2-y1)-2-oxoethyl}adamantan-1-
yhoxyjethyl (4-{(hexy((25,3R 4R 5R)-2,3 4,5 6~
pentahydroxvhexyDamino)methyhphenyhiglycinate (17 4 mg, 25%) as white powder. ES MS
M/Z = 501 56 (M+1- adamantane) TH NMR (500 MHz, MeOD) 8751 (d, =78 Hz, 2H), 742
(d, 1=79Hz 2H), 521 (dd, J =107, 23 Hz, 1H), 449430 (m, 4H), 423 - 412 {m, 4H),
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3.94 (td, J= 6.2, 2.7 Hz, 1H), 3.83 — 3.75 (m, 2H), 3.73 — 3.60 (m, SH), 3.32 - 3.27 (m, 2H),
3.11 {qdd, J = 13.0, 10.1, 6.1 Hz, 2H), 2.65 (ddd, J = 13.7, 10.6, 5.7 Hz, 1H), 2.39 - 2.26 (m,
34}, 2.03 (dq, J = 9.0, 5.7 Hz, 1H), 1.90 — 1.56 {m, 168}, 1.41 ~ 1.23 (m, 11H), 1.14 {dt, J = 9.0
6.4 Hz, 1H), 1.00 - 0.87 (m, 4H).

2

{80357} Similarly, compounds 17 and 18 were synthesized from Int-9.
{60338} Example 17. Synthesis of 2-(({1R,38,88)}-3-({5)-1-amino-2-({15,38,88}-3-

cyano-2-azabicyclo [3.1.0]hexan-2-vi}-2-oxoethyl)adamantan-1-yhoxy)ethyl (4-
{{bis{(25,3R 4R, 5R}-2,3.4,5.6 pentahydroxyhexyljamine}methylibenzyl} carbamate

triflurocaceatate salt (22):

H

/_2_<—\ NHBoc
NHBoc NHBoc NHBoc OH  (25eq) "
PPh; (1.5 eq)
NaNj3 (2.0 eq), DMF methanol (10V) NaCNBH; (2.1 eq)

(10V),80°C, 2 h 80°C,2h MeOH (30 V), 80°C, 16 h
OH
N
Br 3 HoN Ho
“1OH
NH, HCI HO
4.0 M HCl in dioxane Q /_2_<_\
(6.5 V),MeOH, 0°C-rt, 3 h
OH
HO
""OH
HO
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NH Q O,N (1.1 eq)
AN
% ‘¥ TEA (4 eq), DCM (25
V), -10°C-rt, 2 h.

7 o}
Int-9 0
o
o}

TFA (5 V), DCM (17 NH
V),0°Ctort, 3h

PCT/US2022/070259

Boc.

N&Z
NH
(7
g ¢]
(1.2 eq) 2

o)
o=<
TEA (8 eq), ACN (19 V), 0 NH
“Ctort, 16 h HO
HQ 7
NH, HCI HO, oH
HO, OH OH
oH N OH
N, OH HO
OH
HO
HO oH o
HO
HO™\ ..oH
HO

BocHN :
N3

N OH
HO 32
OH
HO
“OH
HO
[080339] Step 1. Tert-butyl {(4-{azidomethyvlibenzylicarbamate:
[66366]

To a stirred solution of tert-butyl (4-(bromomethylibenzyljcarbamate (2.0 g, 6.66

nunol} in DMF (20 mL), sodium azide {0.86 g, 13.33 mmol} was added at rt and the reaction

mixture was stirred at 80 °C for 2 h. After completion, the reaction mixture was quenched with

ice cold water solid was filtered through Buchner funnel and dried to afford tert-butyl (4-

{azidomethyhbenzylicarbamate (1.5 g) as an off-white solid. TLC systent E¥OAc: pet ether

(0.3:0.7), Rr 0 4.

[00361]

Step 2. Tert-butyl {(4-(aminomethybenzyljcarbamate:

BocHN :
NH

2
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{00362} To a stured solution of tert-butyl {(4-(azdomethylybenzylicarbamate (1.3 g, 495
mmol) 1o methanol {15 mL) | tniphenylphosphine (1.9 g, 7.43 mmol} was added and the reaction
nuixture was stirred at 80 °C for 2 h. After completion, the reaction mixture was evaporated and
purified by grace column chromatography using 8-10% MeOH in DCM to afford tert-butyl (4-
{amiomethyl)benzylicarbamate (0.9 g) as a gummy. TLL system: MeOH: DUM (0.1:0.9) Ry
0.2.

{00363} Step 3. Tert-butyl {(4-((bis{{25,3R 4R 5R}-2,3.4,5,6-pentahydroxyhexyl}

amno)ymethyibenzyljcarbamate:

NHBoc
HQ
HO, 7
OH
OH
N OH
HO
OH
HO
-nOH
HO
[80364] To a stirred solution of tert-butyl (4-{(aminomethyvhbenzylcarbamate (0.88 g,

3.72mmol) and (2R .38,4R5R)-2.3 4,5 6-pentahvdroxyhexanal {1.6 g, 9.30 mmol} in methanol
{26 mL) was acetic acid (0.8 mL) was added at 0°C and the resultant mixture was stirred at rt for
20 min. Then sodium cyanoborohydride (0.49 ¢, 7.81 mmol) was added at 0°C and the reaction
mixture was heated at 80°C for 16 h. After completion, the reaction mixture was concentrated
and purtfied by RP column chromatography using 25% MeOH and 0.1% FA in water. The pure
fraction was evaporated to afford tert-buty] (4-((b1s{(28,3R 4R, 5R}-2.3,4,5,6~

pentahydroxyhexylaminoymethyl) benzyl) carbamate (1.0 g} as a white sohd.

[B0365] Step 4 (ZR2RIIRIR AR 4R 58,58 )-0,6'-({(4-(aminomethyl }henzyl)

azanedivlibis(hexane-1,2,3,4, S-pentaol} hydrochlonde:
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NH, HC|

HO
OH

HO
+1OH

HO

{60366] To the stirred solution of tert-butyl (4-{(bis({25,3R 4R,5R)-2,3,4,5 6~
pentahydroxyhexyliaminoymethylbenzylicarbamate formate (0.8 g, 1.41 mmol) in methanol
{4.0 mL}, 4 M hydrochloric acid in 1,4 dioxane (8.0 mL) was added at 0 °C and the reaction
muxture was stirred at room temperature for 2 h. After completion of reaction (monitored by
LCMS), the reaction muxture was evaporated to afford QR 2'R3R IR 4R 4R, 55,5'8)-6,6'-({4-
{ammomethylbenzyllazanediviyhisthexane-1,2,3,4,5-pentaol} hydrochloride (0.95 g, crude} as a
white gummy solid.

{80367} Step 5. Tert-butyl ({15)-2-((18,38,58)-3~cyano-2Z-azabicyclof 3.1 Othexan-2-yl}-1-
{{18,3R, 38)-3-{2-{{({4-nitrophenoxycarbonvoxy)ethoxyladamantan-1-y1)-2-

e
Boc
O,N o - NH

0O ///N

oty

oxoethylicarbamate:

[60368] To the stirred solution of tert-butyl ({(15)-2-({18,35,58}-3-cyano-2-
azabicyclof3.1.0thexan-2-v-1-{({18,3R 58)-3-(2-hydroxyethoxy jadamantan-1-y1}-2-
oxoethyljcarbamate (0.8 g 1.74 mmol) in dichloromethane (10 mL), triethylamine (0.9 mL, 1.91
mmol} was added and then 4-nitrophenyl carbonochloridate (0.38 g, 6. 96 mmol) n
dichloromethane (2 mL} was added at -10 °C and the reaction mixture was stitred at room

temperature for 2 h. After completion of the reaction, reaction nuxture as such taken to next step.
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{00369} Step 6. 2-({{1R,38,5S)-3-((8}-1-{{tert-butoxycarbonylJamino}-2-((15,35,55)-3~
cyano-Z-azabicyclo{3.1. Olhexan-2-yH-2-oxoethyDadamantan- -y oxy Yethyl (4-

{{b1s{(25,3R 4R, 5R}-2,3 4,5 6-pentahydroxyhexyDammnoymethyl}benzyl) carbamate:

B
OH OH OH /@A N
N

HO HO b

(00370 To the stirred solution of (2R, 2'R 3R 3R AR 4'R 58,5'S)-6,6'((4-
(amimomethyl)benzyazanediviis(hexane-1,2,3,4,5-pentacl} hydrochloride (0.96 g, 1.92
mmol), i ACN (10 mL} TEA (1.3 mL, 9.60 mmol}, was added at 0°C Then tert-buty! ((15}-2-
{{18,35,58)-3-cyano-2-azabicyclof3. 1. Othexan-2-vH-1-({15,3R,55)-3-(2-({{4-

nitrophenoxy jcarbony Hoxy Jethoxy Jadamantan- 1 -y1}-2-oxoethyljcarbamate (1.17 g, 1.60 mmol),
was added drop wise to the reaction mixture at 0°C and stirred 80°C for 16 h. After completion
of the reaction the reaction mixture was concentrated and purified by RP C18 column
chromatography using 25% MeOH and 0.1 M FA 1 water. The desired product containing
fractions were collected and evaporated to atford 2~({{1R.35,58)-3-({S}-1 -{{tert-
butoxycarbonyhamino)}-2-({15,38,38}-3-cyano-2-azabicyclo] 3.1 Olhexan-2-y1)-2~
oxoethyDadamantan-~1 ~yDoxyethyl (4-((bis({28.3R 4R, 5R}-2.3,4.5,6-

pentahydroxyvhexylaminoimethylbenzylicarbamate (0.8 g} as vellow gum.

{80371} Step 7. 2-(({1R,38,58)-3-({8)-1-amino-2-({15,38,58}-3-cyano-2-azabicyclo
[3.1.0fhexan-2-yH-2-oxoethyDadamantan- 1 -yvhoxy)ethyl (4-{(bis{{28,3R 4R 3R}-2.3, 4,56

pentahydroxyvhexyhaminoyoethylybenzyl}) carbamate trifluoroaceatate salt (22)
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OH
.||;: HO\\ OH
\‘\~ N
N7 0 " > OH oH
HoNe- %
100372} To the stirred solution of 2-({{1R,35,58)-3-({8}-1-((tert-butoxycarbonyljamino}-2-

{{18,38,38}-3-cyano-2-azabicyclof 3.1 Olhexan-2-y1}-2-oxoethyljadamantan-1-yhoxy)ethyl (4-
{({b1s{{25,3R 4R 5R)-2,3 .4, 5 t-pentahydroxvhexylaminomethylybenzyljcarbamate (0.80 g, 0.84
mmol), DCM (8 mL), TFA (4 mLl) was added drop wise at 0°C and the reaction mixture was
stirred at room temperature for 1 h. After completion of reaction {monitored by LCMS), the
reaction mixture was concentrated and wash with diethyl ether (2 X 100 mL) and evaporated to
get crude. The obtained crude was purified by RP SUNFIRE-CI18 (150%19%5 p) using 20% ACN
and 0.1% TFA in water. The desired product contamning fractions were collected and lyophilized
to afford of 2-({(1R,35,58)-3-{(S)~ I -anuno-2-((1 §,35,58)-3~cvano-2-azabicyclo{ 3.1 Othexan-2-
yi»2-oxoethyhadamantan-1-vhoxyethyl (4-((bis((25,3R, 4R, 5R)})-2,3,4,5,6-
pentahydroxyhexylammoimethylbenzylicarbamate trifluroaceatate salt {0.184 g) as an off-
white sohid LOMS M/Z 850.68 (M+1) "H NMR (400 MHz, DMSO-ds) & 8.54 (5,

1H), 8.17 (s, 2H), 7.79(t, J = 6.0 Hz, 1H), 7.48(d,J = 8.0 Hz, 2H), 7.32(d, J = 8.0 Hz,

2H), 5.60 (bs. 1H), 4.95 (bs, 15, 5.27-5.24 (m, 1H), 4.95 (m, 211}, 4.37-4.02 (m, 16H), 3.72-
3.52 {m, 12H), 3.16 (m, 4H), 2.32-2.23 (m, 3H), 2.07 {m, 1H), 1.73-1.46 (m, 12H), 1.04 (m, 15},
0.75 (s, 1H).

{60373} Example 18. Synthesis of 2-(({1R,38,88)}-3-({5)-1-amino-2-({15,38,88}-3-

eyano-2-azabicyelo[3. 1.0 hexan-2-yi}-2-oxoethyhadamantan-1-yhoxyjethyl (4-
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{{ethyl{(28,3R 4R,5R-2,3.4,5,6-pentabydroxvhexyhaminoe)methyhbenzyljcarbamate

formate {23}:
N
N NH, HCI
Boc\NH .,
AL
O\H/CI g /_2_<_\
NN o N/©/ 0 R (1.2 eq)
BOC\NH\”" 2 (1.1 eq) 8
- I\D TEA (4 eq), DCM (25 Q TEA (6 eq), ACN (19V), 0
“C V), -10°C-1t, 2 h, )=o °Ctort, 16 h
o}
fe} O
8 Int-9 Q
OH
NO
Boc N, 2 N\\\"'
e 0
0 © 0
8 TFA (5 V), DCM (17 2
o V),0°Ctort, 3h o
0
NH
HQ
HO,
ok ﬂ
OH
l\> OH
10606374} Step 1. Tert-butyl ({(15)-2-((18,35,58)-3-cyano-2-azabicyclof3 1. 0thexan-2-vi}-1-

({15,3R,58}-3-(2-({{(4-nutrophenoxy jcarbonyljoxyjethoxyjadamantan-1-y13-2-

oo™
O2N 0 Boc
0]

oxoethyljcarbamate:

“INH

{60375} To the stirred solution of tert-butyl ({({53-2-({/ 5,35, 55)-3-cyano-2-
azabicyclof3.1. Olhexan-2-v-1-{{ {8, 3R, 58)-3-(2-hydroxyethoxy)adamantan-1-yi}-2-
oxoethyl)carbamate (0.8 g, 1.74 mmol} m DUM (10 mb) was added TEA (0.9 mL, 6.96 mmol})
followed by 4-nitrophenyl carbonochloridate {0.38 g, 1.91 mmol} in BCM (0.5 mL) dropwise at
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-10°C stirred at room temperature for 2 h. After completion, the reaction mixture was taken to
next step to give tert-butyl (153-2-((75, 35, 58)-3~¢cvano-2-azabicyelo[ 3.1 Olhexan-2-yi)-1-
({15, 3K, 583-3-(2~(({(4-nitrophenoxy Jearbonyloxy yethoxy Jadamantan-1-y1}-2-oxoethyl jcarbamate

{1.17 g as yvellow solution. TLC system: 100% EtOAc, Ry 6 4.

{00376} Step 2. 2-{({1R,38,58}-3-({8)-1-{{tert-butonycarbonyljamino 3-2-((15,35,55})-3-
cyano-2-azabicyclo{3.1.0lhexan-2-yh-2-oxoethyadamantan- 1 -y1oxy Yethyl {4~

{{ethy}{((25,3R 4R 5R)-2,3 4,5 6-pentahydroxyhexyllaminoymethyl}benzy Hicarbamate:

NN

,Boc
N
H/N

0
Z
HO OH <"/\,
\:n.

HO

HO OH

{00377} To the stirred solution of tert-butyl (2R, 3R, 4R, 58 )-6-({4-
{aminomethyibenzyl}ethyDlamimothexane-1,2,3,4,5-pentact hydrochionide {(0.81 g, 2.24 rmamol},
i ACN {10 mL) TEA (1.5 mL, 11.22), was added at 0°C Then tert-buty! {{15)-2-((18,35,58}-3-
cyano-2-azabicyclo{3.1.0lhexan-2-yH-1-¢{18,3R, 55)-3-{2-({{4-~

nitrophenoxy jearbony hoxy Jethoxy jadamantan-1-yi}-2-oxoethyljcarbamate {1.17 g, 1.87 mmol},
was added drop wise to the reaction mixture at 0°C and stirred 80°C for 16 h. After completion
of the reaction the reaction mixture was concentrated and purified by RP CI8 column
chromatography using 27% ACN and 0.1 M FA in water. The desired product containing
fractions were collected and evaporated to afford 2-({{(1R 38,5%)-3-((S)-1 -({tert-
butoxycarbonyhaming)}-2-({18,35,58)-3-cyano-2-azabicyclo[3. 1. Olhexan-2-v1)-2-
oxoethyladamantan-1-yhoxy)ethyl (4-({ethvl{{25,3R 4R 5R}-2,3.4,5,6-

pentahydroxvhexyDaminoymethyi)benzyljcarbamate (1.0 g) as a vellow gum.

{00378} Step 3. 2-(({1R,38,58}-3~((8)-1-amino-2-((15,38,58}-3-cyano-2-
azabicyclof3.1. Olhexan-2-yl}-2-oxoethyljadamantan-1-vhoxy)ethyl (4-({ethyv}{{2Z58,3R 4R 5R}-

2,3,4,5 6-pentahydroxyvhexyliamino)methylbenzyl)carbamate formate (23):
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HO OH {IJ
HO .\\OH ‘{ul'

HO
{00379} To the stirred solution of 2-({{1R,35,58}-3-{{S)-1-({tert-butoxycarbonyljamino)-2-
{{18,38,38}-3-cyano-Z-azabicyclof 3.1 Olhexan-2-y1}-2-oxoethyljadamantan-1-vhoxy)ethyl(4-
({ethyi{((25,3R 4R 5R)-2,3 4,5 6-pentahydroxyhexyljaminomethylibenzylicarbamate (1 g, 1 22
mmol) in DCM (10 mL) was added TFA (10 mL} dropwise at 0°C and the resultant mixture was
stirred at room temperature for 1 h After completion (monitored by LCMS), the reaction mixture
was concenirated and washed with diethyl ether (2 x 100 mL)} to give crude product. The
obtained crude was then purified by RP chromatography using C-18 column and 20% CAN: 0.1
MFA in water as an eluent. The desired product containing fractions were collected and
ivophilized to afford Z-({{1R,38,58)-3-({(8)-1~amuno-2-({15,35,58)-3~cyano-2-
azabicyclof 3.1 Ofhexan-2-y1}-2-oxoethyDadamantan- 1 -y hoxy jethyl{4-({ethy{{28,3R, 4R 3R )-
2,3,4,5, 6-pentabydroxyhexyDamuno)ymethylibenzyljcarbarate formate {0.59 g) as an off-white
sohd LOMS M/Z 712.50 (M-1) H NMR (400 MHz, DMSGO-ds) 6 813 (s, 1H), 774 (1, /= 06.0
Hz, 1H), 7.38 (d, J — 7.6 Hz, 2F), 7.24 (4, 7 — 7.6 Hz, 2H), 5.22 (m, 1H), 4.18-4.02 (m, 10H),
3.89 (s, 1H}), 2.17-3.66-3.52 {m, 4H), 3.49-3.47 {m, 4H), 2.92-2.71 {m, 4H), 2.50 (5, 3H), 2.27-
2.21 {m, 3H), 1.96 (m, 110, 1.71-1.43 (m, 12H), 1.09-1.02 {m, 4H), 0.74 (s, 1H).

100380} Example 21. Synthesis of (R)}-(2-({8-(S-aminopiperidin-1-yi}-7-(but-2-yn-1-
vi}-3-methyl-2,6-dioxs-2,3,6,7-tetrahydro-TH-purin- 1 -yhmethyhphenyl horonic acid 373

G

By
o) / HO

Olj\ hll i :»_NQ K2COs, DMF, i, 16 h @A)\Jj[ />_N 4M HCldioxane @;\ﬁ »_NQ

NHBoc
Int-13 NHBoc

{00381} Step T (R)-(2-({(7-(but-2-yn-1-y)-8-(3-{(tert-butoxycarbonyJammno)piperidin-1 -

yi}-3-methyi-2 6-dioxo-2,3,6, 7-tetrahydro~-1H-punin- 1 -y Dmethyphenylboronic acid:
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HOL OH //
N N
T X0
0" N
I NHBoc

{00382} To a stirred solution of tert-buty ! {R}-(1 ~(7-(but-2-yn-1-y1}-3-methyl-2,6-dioxo-
2.3,6,7-tetrahydro- 1 H-purn-8-yDipipenidin-3-yhcarbamate (0.1 g, 0.24 munol) and (2-
{bromomethyliphenylboronic acid (0.08 g, 6.36 nmunol) in DMF (I mL) was added K2C03
{0.03 g, 0.24 mmol) and the reaction mixture was stured at room temperature for 16 b After
completion of starting material, the reaction mixture was difuted with EtOAc (20 ml}, washed
with water (20 mL} and brine solution (20 mL}, dried over anhvdrous sodium sulfate, filtered
and concentrated under reduced pressure to get a crude mass. The crude residue was purified by
reverse phase preparative-HPLC to afford 0.06 g of (R}-(2-({7-(but-2-yu-1-y1}-8-(3-{ (tert-
butoxycarbonybamino ypiperidin-1-y}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro~- 1 H-purin-1 -
vhmethyhphenviiboronic acid as an off-white solid. {TLC system: EtQAc pet-ether (8:2}; Rf

value: 0.5].

{80383} Step 2. (R)-(2-((B-(3-ammopiperidin-1-y13-7-(but-2-yn-T-yi}-3-methy}-2 6-dioxo-

2,3,6,7-tetrahydro- 1 H-purin-1-yymethyiiphenylboronic acid {27}

HOG-OH /
N)tN
| )—N
O AL
I NH,

{00384} To a stirred sohution of (R}-(2-({(7-(but-2-yn-1-yH-8-(3-{{tert-
butoxycarbonyhaminopiperidin-1-yi}-3-methvi-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-purin-1-
yhmethyhphenylboronic acid (0.06 g, 0.11 mmol) in 1 4-dioxane {¢.6 mL} was added 4M HCI
m 14-dioxane (0.12 mL) dropwise at 0 °C and the reaction muxture was stirred at room
temperature for 3 h. After completion of starting material, the reaction mixture was concentrated
under reduced pressure and triturated with diethyl ether to afford 0.025 ¢ of compound 27 (HCI
salt) as an off-white solid. [TLC systent: MeOH:DCM (1:9); Rf value: 02] LCMS M/Z =
451.46 (M+1). "H NMR (400 MHz, DMSO-d6) 8 8.22 (s, 2H), 8.12 (s, 2H), 7.55 (d. J = 6.8 Hz,
1H), 7.27-7 14 (m, 2H), 691 {d, I =7.6 Hz, 1H)}, 525 (s, 2H), 5.00-4 88 (m, 2H), 3.69{d, =24
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Hz, 1H), 3.49-3.40 {m, SH), 3.22-3.14 {m, 2H), 2.00-1.90 {m, 2H}, 1.79 (s, 3H), 1.71-1.61 {m,
pish)

{00385] Example 22, Synthesis of hexyl (B3-2-((&-3-aminopiperidin-1-yH-7-(but-2-yn-
-yi3-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-L-ymethyl)-6-fluoronicotinate (38):

F
o 'L . F | CgH1gBr, KzCO3
N Y N LIOHTHF, H0,4h A\ O N< N DMF, rt, 16 h
| | DN Y S—N
™ N\'Q:N S | N | N>_
CO,Me O \\NHBOC o \\NHBoc
Int-14 0% “OH

F
4M HCI/1 4-dioxane E |

|
Ox N N
= : o Ox N
IN ﬁ/ | N\ N 0° Ctort,2h a N ﬁ/ N\
COCeHis 0 —==_ NHBoc s MH
26113 —= COzceH13 O == 2

{00386} Step 1 (R)-2-((7-(but-2-yn-1-y-8-(3-({tert-butoxycarbonyljamino)piperidin-1 -

vi}-3~-methyi-2,6-dioxo-~2,3,6, 7-tetrahydro~-1 H-purin- 1 ~-yDimethyl}-6-fluoronicotinic acid
F I
Ox N N
N R
~ 7\1/ l N>_ N
O = NHBoc

{60387} To a stirred solution of methyl (R)-2-((7-(but-2-yn-1-v1-8-(3-({tert-

0% oH
butoxyearbonyllamino)piperidin-1-y1}-3-methyl-2, 6-dioxo-2,3 6, 7-tetrahydro- | H-purin-1-
vimethyh-6-tfluoronicotinate (0.9 g, 1.56 munol) 1o THF (9 mL} and water (2 mL}) was added
LiOH Ho0 (0,129 g, 3.08 mmol) at 0 °C. The reaction mixture was stirred at vt for 4 h. After
completion of starting material, the reaction mixture was concentrated under reduced pressure to
get erude corapound. The crude compound was diluted with water, acidified with 1IN HCEL The
precipitated solid was filtered off and dried under vacuum to afford 0.72 ¢ of corapound (R)-2-
{{7-{but-2-vn-1-y1[}-8-(3~{{tert-butoxvcarbonylanuno ipiperidin- L-y1}-3-methy -2, 6-dioxo-
2.3,6,7-tetrahydro-1H-purin- L -y DmethyD-6-fluoronicotinic acid as an off-white solid. [TLC

svatem: MeOH:DOM (1:9); &y value: 0.31
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{80388} Step 2. Hexyl (R}-2-{{7-{but-2~yn-1-v1}-8-3-{{tert-
butoxycarbonybamino ypiperidin-1-y}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro~- 1 H-purin-1 -

yymethyi)-6-fluoronicotinate:

F
I
0. N N
N N\
Y T I N)—N
CoCeris O = NHBoc
{00389} To a stirred solution of compound (R}-2-{{7-{but-2-yn-1-v1}-8-{3-{{tert-

butoxyearbonyllamino)piperidin-1-y1}-3-methyl-2, 6-dioxo-2,3 6, 7-tetrahydro- | H-purin-1-
viymethyh-6-fluoronicotinic acid {0.72 g, 1.26 mmol} in DMF (15 mL) were added CsHysBr
(0.25 g, 1.51 mmol) and KoCO3 (0.52 g, 3.78 mmol) and the reaction mixture was stirred at rt for
16 h. After completion of starting material, the reaction mixture was quenched with cold water
and the precipitated solid was filtered off, dried under vacuum to get 0.3 g of compound hexyl
{(R)-2-{(7-(but-2-yn-1-y-8-(3-({tert-butoxvearbony Hammo)piperidin- 1 -y I}-3-methy -2 6-dioxo-
2,3,6,7-tetrahydro- 1 H-purin-1-yUmethyvi-o-fluoronicotinate as an off-white sohd. [TLC system:

EtOAc Pet ether {1:1); Rrvalue: O8]

§ tep 3. Hexvi (K }-2-{{3-c-ammopipendu-i -yl -/ -{but-L-yn- 1 -yl - 3-methy -2, 6~
40390 Step 3. Hexyl {(R)}-2-((8-(3 i iperidin-1-y1)-7-(but-2 t-yh-3 hyl-2.6

dioxo-2,3,6,7-tetrahydro~-1H-purin- l-yDmethyl}-6-fluoronicotinate (30):

CoCatts 0 == N2
{60391} To a stired solution of compound hexyl (R)-2-((7-(but-2-yn-1-yD-8-(3-{{tert-
butoxycarbonyhamuino)piperidin-1-y1)-3-methyl-2,6-dioxo-2,3,6, 7-tetrahy dro~- I H-purin- 1 -
yvimethyh-6-tfluoronicotinate (0.30 g, 0.46 nunol) n 1,4-dioxane (3 mL) was added 4M HCl 1o
1,4-dioxane (2 ml) at 0 °C and the reaction mixture was stured at room termperature for 2 h.
After completion of starting material, the reaction nmuxture was concentrated under reduced
pressure 1o get a crude compound. The crude compound was purified by reverse phase
preparative-HPLC {0 afford 0.181 g of compound hexyl (R)-2-({8-(3-amunopipendim-1-y1}-7-
{but-2~-yn-1-v1}-3-methyl-2,6-dioxo-2,3,6,7-tetrahy dro~- 1 H-purin-1 -y Dhmethyl)-6-fluoronicotinate

as an off white solid. [TLC system: MeOH:DCM (1.9}, Ry value: 0.3].
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LO MS M/Z = 554.87 (M+1) 'H NMR (400 MHz, DMSO-do) 6 848 {1, J = 8.4 Hz, 1H),

812 (d, J=3.6 Hz, 3H), 7.22-7.19 (dd, J = 8.4 Hz, 2.4 Hz, 1), 5.49 (s, 2H), 4.94 (m, 2H), 4.34

(t, J =6.4 Hz, ZH), 3.71 (m, 1H), 3.50-3.40 (m, 5H), 3.21-3.16 (m, 2F), 2.02-1.89 {m, 1H), 1.89-
77 (m, 1H), 1.76-1.65 (m, 7H), 1.44-1.41 {m, 2, 1.34-1.31 {m, 45, 0.89-0.86 (m, 3L},

100392} Example 23. Synthesis of hexyl (R3-2-((&3-aminopiperidin-1-y)-7-(but-2-yn-
-yi-3-methyl-2,6-dioxs-2,3,6,7-tetrabydro- | H-purin- -yl jmethyl)-6-

{methylaminonicotinic acid 31}

e 4M HCI, 4-di e
O NN ,4-dioxane Ow N
7N \ 0°Ctort, 2h Z N N
< TW‘JI,\P_N: 2 Sk g T | N\>—N >
CoH O == NHBoc COH O == NH
Int-15
[00393] To a stirred solution of compound (R}-2-({7-(but-2-vn~1 -y [}-8-(3~{{tert-

butoxycarbonybaminopiperidin-1-y13-3-methyl-2,6-dioxo-2,3,6, 7-tetrahy dro- 1 H-purin-1-~
vlymethyli-6-(methylaminonicotinic acid (0.5 g, 0.86 mamol} i 1,4-dioxane (3 ml.) was added
4M HCH in 1 4-dioxane (2 mL} at 0 °C and the reaction suxture was stirred at room temperature
for 2 h. After completion of starting material, the reaction muxture was concentrated under
reduced pressure to get a crude compound. The crude compound was purified by reverse phase
preparative~-HPLC to afford 0.157 g of compound hexyl (R3-2-((8-(3-aminopiperidin-1-y1}-7-
{but-2-yn-1-y1}-3-methyi-2 6-dioxo-2,3,0, 7-tetrahy dro-1H-purin-1 -ylimethyl)-6-
{methylamino)nicotinic acid as an off white solid. [TLC system: MeOH . DUM (1:9}; Ry value:
03] LC MS M/Z = 481 28 (M+1) 1H NMR (400 MHz, DMSO-ds) 6 8.24 (m, 3H), 7.87(d, J =
7.6 Hz, 1HY, 633 (d, J =84 He, 1H)}, 537 (s, 2H)}, 5.00-4 88 (m, 2H), 3 68-3 38 (m, 6H)}, 3.18-
3.12 {m, 2H), 2.45 {m, 3H), 2.02-1.90 {m, 2H), 1.77 (s, 3H), 1.70-1.62 (m, ZH).
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{80324} Example 24. Synthesis of hexyl (R)-2-({(8-3-aminopiperidin- I-y}-7-(but-2-yn-
-yi3-3-methyl-2,6-dioxo-2,3,.6,7-tetrahydro- | H-purin- -yl methyl)-6-

{methylaminonicotinate {32):

NHMe | NHMe |
o N N CgH13Br, KzCO3 OYN N
2\ ﬁ/ \ DMF, r,16 h Z "N N
N | | N
Ao N>_ N N N>_
CoH O == NHBoc A, O = NHBoc
- |
Int-15 CeH1s
4M HCI/1 4-dioxane NHMe |
0°Ctort,3h o~y O NN
’ N Y N\
N
g N\[gi'\?_ : 2
COCetis O == N
[00395] Step 1. (Rp-2~-{(7~(but-2~-yn-1-y1}-8-3-{{tert-butoxycarbonyDammo jpipendin-1-

yvi-3-methyi-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-purin-1 -y Dmethyl-6-(methylanmino jrucotinue acid:
NHMe |
O N N
Z N Y N
U N)—N
0 \xNHBOC

oo
CeHis
{00396} To a stirred solution of compound (R)-2-((7-{but-2-yn-1-y-8-{3-{{tert-

butoxyearbonyllamino)piperidin-1-y1}-3-methyl-2, 6-dioxo-2,3 6, 7-tetrahydro- | H-purin-1-
viymethyl-6-(methylamino)nicotinic acid {1.0 g, 1.72 mmol, sharing same intermediate with
mCMT478Y 1n DMF (10 mL) were added CsHisBr (0.34 g, 2.06 mmol} and KoCO3 (071 ¢, 5.16
mmol) and the reaction mixture was stirred at rf for 16 b After completion of starting material,
the reaction nuxture was quenched with cold water and the precipitated solid was filtered off,
dried under vacuum to get 0.7 g of compound (R)-2-({7-(but-2-yo- -y -8-(3-({tert-
butoxycarbonyhamuino)piperidin-1-y1)-3-methyl-2,6-dioxo-2,3,6, 7-tetrahy dro~- I H-purin- 1 -
yimethyh-6-{methylamino)ncotinic acid as an off-whute solid. {TLC system: MeOH: DCM
{1:9); Ry value: 0.8].

180397} Step 2. Hexyl (R)3-2~((8-(3~ammopiperidin-1-y[)-7~(but-2-yn- 1 -y1}-3-methyl-2,6-

dioxo-2,3,6, 7-tetrabydro- 1 H-purin-1-yhimethy [-6-(methylaminojnicotinate (32}
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NHMe

I
CO,CeH13 O s M

{00398] To a stured solution of compound hexyl (R}-2-((7-(but-2-yn-1-y-8-(3-({(tert-
butoxycarbonybamino ypiperidin-1-y}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro~- 1 H-purin-1 -
yhmethyh-6-{methylamino}nicotinate (0.41 g, 0.62 mmol) in 1,4-dioxane (4 mL) was added 4M
HCHin 1,4-dioxane (3 mL) at 0 °C and the reaction mixtore was stirred at room temperature for 2
h. After completion of starting material, the reaction muxture was concentrated under reduced
pressure 1o get a crude compound. The crude compound was purified by reverse phase
preparative-HPLC to afford 0.161 g of compound hexyl (R)-2-({8-(3-aminopipendm-1-y1}-7-
{but-2-yn-1-y1}-3-methyi-2 6-dioxo-2,3,6, 7-tetrahy dro- 1 H-purnin-1-vimethyl}-6-
{methylamino}nicotinate as an off white sohd. [TLC system: MeOH:DCM (1:9); Ry value: 0.3].
LC MS M/Z = 565.79 (M+1) 'H NMR (400 MHz, DMSO-ds) 6 8.18 (s, 3H),
787{d, J=84 Hz, 1H), 721 (brs, 1H}, 634 (d, /=88 1H), 530 (s, 2H}, 499-4 88 {m, 2H),
422 (t, /=64 Hz, 2H), 3.70-3.59 (m, 1H), 3.49-3.39 {m, 5H), 3.18-3.11 (m,
2H), 2.44 (s, 3H), 2.02-1.99 (m, 2H), 1 90-1.61 (m, 7TH}, 1 42-1.31 {m, 6H), 0.89 (s, 3H).

[60399] Example 25, Synthesis of methyl 2-{{8-{{R)-3-ammneopiperidin-1-yi}-7-(but-2-
yu-1-v1}-3-methyl-2.6-dioxes-2,3,6,7-tetrabydro- 1 H-purin-1-viimethyh)-6-{{7-(4-
{{bis{{25,3R 4R ER}-2,3,4,5,6-pentahydroxyvhexyl)amino ) methyl)- 1 H-1,2, 3-triazol-1-
yhheptyl)aminenicotinate (34):

OH OH OH

con.HCI, H,0 N A
- m2h J% OH OH
: N, Q
N

N NH

" \’\’\,\’ )Y \T/ 2

=

\ N 'O\ N Os(N

N NHBoc ) N 5

N
NH 0= N _

CO,Me
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{00400} To the sohution of compound methyl 6-((7-(4-((b1s{(28,3R}-2,3-dihydroxy -3~
{{4R,SR}-5-hydroxy-2-phenyl-1,3-dioxan-4-yhipropyhaminoymethyi}- 1H-1,2, 3-triazol-1-
yhheptyDammo}-2-((7-{but-2-yn-1-y13-8-({R}-3-{{tert-butoxycarbony Jaminopipendin-1-yi}-3-
methyl-2 6-dioxg-2,3,6,7-tetrahydro-1H-purin-1-vhmethvbnicotinate (0.9 g, .70 mmol) in HoO
{10 mL} and then was added cone. HCI (2 mL} at 0 °C and the reaction mixture was stirred at
room temperature for 2h. After completion of the reaction (LCMS monttoring), the reaction
mixture was concentrated under reduced pressure to get a crude mass. The crude purified by RP-
HPLC to afford compound methyi 2-({8-({R}-3-ammopipendin-1-y1}-7-(but-2-yn-1-y1}-3-
methyl-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-1-yBmethyD-6-(( 7-(4-({bis{{2S, 3R 4R SR }-

2,3.4,5 o-pentahydroxvhexyljaminomethyl}-1H-1,2, 3-triazol-1-yheptyDaminoinicotinate
{0.041 2) as off white solid. LC MS M/Z = 1003.62 (M+1) 'H NMR (400 MHz, DMSO ds) 8
8.95 (s, 1H), 834 (s, 1H), 821 (m, 3H}, 7.84 (d, /=87 Hz, 1H}, 739 (brs, 1H), 631 {(d, /=88
Hz, 1H), .34 {(br m, 4H), 4.93 (m, 2H), 456 (m, 2H), 439 {(t, /= 6.9 Hz 2H), 4 13 {m, 2H),
3779 (s, 3H), 3.59 {m, 6H}), 3.43 {(m, 11H), 3.15 {m, 6H}, 2.86 (s, 2H), 2.04 {m, 1H)}, 1.91 (m,
1H), 1.78 {m, 7TH), 1.16 (m, 8H), 089 (m, 2H).

{00401 Example 26, Synthesis of 2-{({8-((R)-3-aminopiperidin-1-yi}-7-(but-2-yn- I-vi}-
3-methyl-2,6-dioxe-2,3,6,7-tetrahydro- 1 H-purin-1-yhmethyl-6-({7-{4-({(bis{{28,3R 4R 53R }-
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2,3,4,5,6-pentahydroxyvhexylaminoymethyi}- 1 H-1,2 3-triazol--yhheptyhaminoenicotinic

acid (38):

MeOH / H,0,NaOH W
t, 16 h
LL\K v N ’O\NHBOC LL\K O\
N \\'/ \  Ng N
NH O N\/ N ﬁ/ NHBoc
/J N\=<N NH © } N ="
Int-18 _ o yN N
o
CO,Me _
COH
HO
con HCI, H,O \/\/\l)
0%C-rt,2h
e
NN =
NH O%Q/N\/
N N
/N 0
—‘COZH
{00402} Step 1. 6-{(7-{4-((b1s{({28,3R}-2,3-dihydroxy-3-({4R, 5R}-S-hydroxy-2-phenyl-1,3-

dioxan-4-yl}propylaminomethyl}-1H-1,2, 3-triazol-1-ylthepty Bamino}-2-({ 7-(but-2-yo-1-v1}-8-
({R}-3-((tert-butoxycarbonylamino)piperidin-1-yl}-3-methyl-2,6-dioxo-2,3,6, 7-tetrabydro- 1 H-

purin- -yhmethylnicotinic acid:
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i N
N \ Y ¥
NH o= N="
7\ >
CO,H
{00403} To the solution of compound methy! 6-((7-(4-((bis{{28,3R}-2,3-dihydroxy-3-

{{4R,5R}-5-hydroxy-2Z-phenyl-1,3-dioxan-4-yhipropyhaminoymethyi}-1H-1,2 3-triazol-1-
yhheptyDammo}-2-((7-{but-2-yn-1-y13-8-({R}-3-{{tert-butoxycarbony Jaminopipendin-1-yi}-3-
methyl-2, 6-dioxo-2,3,6,7-tetrahydro-1H-purin-1-yhimethyvinicotinate (0.350 g, 0.27 mmol} n
MeOH (5§ mL) and H20 {1 mL) and was added NaOH (0.054 g, 1.35 mmol) and the reaction
mixture was stirred at rt for 16 h. After completion of the reaction (LCMS monitoring}. The
reaction nixture was concentrated under reduced pressure to get a crude mass. The crude
compound was washed with E00 (50 mL} and dried in vacuo to atford compound 6-({(7-(4-
{{b1s{{28,3R}-2 3-dihydroxy-3-({(4R, SR)-S-hydroxy-2-phenyi-1,3-dioxan-4-
yvhpropvhaminoymethyl}-1H-1,2 3-trazol-T-yhheptyDanmino - 2-((7-{(but-2-yn-1-y1}-8-((R}-3-
{{tert-butoxycarbonyanuno)piperidin- L-y)-3-methy1-2,6-dioxo-2,3 6, 7-tetrahydro- | H-purin-1 -
yvimethyhnicotinic acid (0.3 ¢} as off-white solid. The curded compound take for next step.
80404 Step 2. 2~-{(8-({R}-3~-amunopiperidin-1-y)-7-(but-2~yn-1-y[)-3~-methyl-2,6-dioxo-
2.3,6,7-tetrahydro-1H-purin- -y DmethyD-6-({ 7-(4-({bis{{25,3R 4R, 5R}-2,3,4,5,6-~

pentahydroxyvhexylammoimethyl)-1H-1,2 3-tnazol-1 -ybheptyDamuno)nicotimce acid (35):



WO 2022/159955 PCT/US2022/070259

OH OH OH

N

5H OH
N\%\ o e
P\’\,¥ T
N _ZF
NH O%Nfz/
N
FN— o

s

CO,H
[00405] To the solution of compound O-{{7-{4-({b1s({(25,.3R}-2,3-dihydroxy-3-({4R,5R}-5-
hydroxy-2-phenyl-1,3-dioxan-4-yDpropylDanuno)methy}-1H-1,2 3-triazol-1-yDheptyhaming)-2-
{(7-(but-2-yn-1-y[}-8-({R}-3~{{(tert-butoxycarbonyljamino)piperidin-1-y1)-3-methyl-2,6~-dioxo-
2,3,6,7-tetrahydro-1 H-purin-1-yimethyDnicotinic acid (0.3 g, 0.24 mmol} in HoO (10 mL) was
added con HCI (0.6 mL) at 0 °C and the reaction muxture was stured at room temperature for Zh,
After comnpletion of the reaction (LUMS monttoring), the reaction mixture was concentrated
under reduced pressure to get a crude mass. The crude purified by RP prep HPLC to afford
compound 2-{(8-{{R}-3-ammnopiperidin-i-y1}-7-(but-2-yn-1-y1}-3-methyl-2,6-dioxo-2.3,6,7-
tetrahydro-1H-purm-~ -y DhmethyD-6-{{ 7-(4-({b1s{{28,3R 4R, SR}-2,3,4,5 6~
pentahydroxyvhexyDaminoyuethyl)-1H-1,2 3-triazol-1-yDheptyDamno}nicotiuc acid (0.014 g)
as off white solid. LC MS M/Z = 987.62 (M+1) 'H NMR (400 MHz, DMSO) § 7.93 (s, 1H),
779(d, J=86Hz, 1H}, 7.01 (brs, 1H), 622(d,.J=8.6 Hz, 1H}, 531 (8, 2ZH), 4.59-4.26 (m,
14H), 3.77 (m, 4H), 3.55 (m, OH), 3.38 (m, 7H}, 2.90 {m, SH), 2.50 (m, 2H}, 1.74 (m, 9H), 1.27
{m, 1H}, 112 {m, 6H), 0.91 {m, 2H).
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180406} Example 27, Synthesis of Nonyl (R)-2-((8-(G-aminopiperidin-1-y1}-7-(bu-2-
yi-§-y1-3-methyl-2.6-dioxe-2,3,6, 7-tetrahydro-1H-purin-1-yhmethyl - S-chlorobenzoate

b

H
0.0 o / o o _
N 2-bromopropane, 0] //
K DMF,rt, 16 h
XX Q BT Ayl
cl 07 N" N
| o)\hll N

NHBoc cl
Int-20 NHBoc
cl 0 rL
4M HCI/1 4-dioxane Y N\>_N
0°Ctort,3h N N i 2
0 \xNHZ
)O\ ’
{00407} Step 1. Isopropyl {(R}-2-{(7-(but-2-vn-1-yH-8-(3-({tert-

butoxycarbonyhaminopiperidin-1-vi}-3-methyi-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-purin-1-

viymethyl}-S-chiorobenzoate:

\o( o) //
u )5? waNhQ

NHBoc

[00408] To a stirred solution of compound (R)-2-((7-{but-2-yn-1-y-8-{3-{{tert-
butoxycarbonyhamuino)piperidin-1-y1)-3-methyl-2,6-dioxo-2,3,6, 7-tetrahy dro~- I H-purin- 1 -
yimethyh-3-chlorobenzoie acid (0.5 g, 0.85 mmol) m DMF (5 mL) were added 2-bromopropane
{0.15 g, 1.28 mmol) and KaCO03 (0.35 g, 2.56 nmumol) and the reaction mixture was stirred at roors
temperature for 16 h. After completion of starting material, the reaction mixture was quenched
with cold water. The precipitated solid was filtered off, dried under vacuum and washed with
diethyl ether to afford (.4 g of compound 1sopropyl (R)-2-({7-{but-2-yn-1-vH-8-(3-{{tert-
butoxycarbonybamino ypiperidin-1-y}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro~- 1 H-purin-1 -
yhmethyh-3-chlorobenzoate as an off-white solid. {TLC system: Bt Ac pet-ether (3.7);, Rr

value: 0.71
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{80409} Step 2. Isopropyl (R)-2-({8-(3-ammnopiperidin-1-y1}-7-(but-2-yn-1-y1}-3-methyi-

2,6-dioxo-2,3,6, 7-tetrahydro~- 1 H-purin- L.y hmethy D-5-chlorobenzoate (37):

)O\ ’
{60416} To a stirred solution of compound sopropyl (R)-2-((7-(but-2-yn-1-y1}-8-(3-{(tert-

butoxycarbonyllamino}pipertdin-1-y1}-3-methyl-2, 6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-1-
viymethyl}-5-chlorobenzoate (0.4 g, 0.64 mmol) in 1, 4-dioxane (4 mL) was added 4M HClin
1,4-dioxane {4 mL) at © °C and the reaction mixture was stirred at room temperature for 3 h.
After completion of starting material, the reaction nuxture was concentrated under reduced
pressure to get a crude mass. The crude compound was purified by reverse phase preparative-
HPLC to afford 0.19 g of compound isopropyvi (R3-2-((8-(3-aminopiperidin-1-y1)-7-(but-2-yn-1-
vi}-3-methyi-2,6-dioxo-2.3,6,7-tetrahvdro-1 H-purin- i -ylimethyl}-3-chlorobenzoate as oft-white
solid [TLC system: MeOH:DCM (1:9): B value: 0.2] LC MS M/Z = 527 49 (M+1) 'H NMR
{400 MHz, DMSO-ds) 6 7.83 (d, J=2.0 Hz, 1H), 7.54 (dd, /=8 4, 2.0 Hz, 1H), 7.08 (d, /=8 4
Hz, 1H), 532 (s, ZH), 5.22-5.16 {(im, 1H), 4 88 (s, ZH), 3.66-3.58 (m, 2H), 338 (5, 3H), 299 (1, J
=10.4 Hz, 1F]), 2.84-2.72 (m, 2F), 1.87-1.57 (m, 8H), 1.37 (d, J= 6.0 Hz, 6H), 1.27-1.26 (m,
1H).

{00411} Sinilarly, hexyl (R)}-2-({(8-(3-anunopiperidin-1-yH-7-(but-2-yn-1-y1}-3-methyl-

2,6-dioxo-2,3,6, 7-tetrahydro-1 H-purin-1-yhymethyl}-S-chlorobenzoate (38) was synthesized.
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10041 2] Example 28, Synthesis of nonyl (R)-2-((8-(G-aminopiperidin-1-yl}-7-(but-2-
yi-§-y1-3-methyl-2.6-dioxe-2,3,6, 7-tetrahydro-1H-purin-1-yhmethyl - S-chlorobenzoate
{391

CQH19
/é/\ )K/[ C9H1gBr, K2C03
DMF,rt, 16 h
(o
PN )\)H; />—N
Int-20 NHBOC NHBoc
AM HCI/ 4-dioxane Y \>_N
0°C to rt,3h
= NH2
C H
oH19 52
[00413] Step 1. Nooyl (R}-2-((7-(but-2-yn-1-y13-8-(3~({tert-

butoxycarbonybaminopiperidin-1-y13-3-methyl-2,6-dioxo-2,3,6, 7-tetrahy dro- 1 H-purin-1-~

viymethyl)-S-chlorobenzoate:

CoHig
(EQJI 2
NHBoc
{80414} To a stirred solution of (R)}-2-((7-(but-2-yn-1-y1}-8-(3-({tert-

butoxyearbonyllamino)piperidin-1-y1}-3-methyl-2, 6-dioxo-2,3 6, 7-tetrahydro- | H-purin-1-
viimethyl}-3-chlorobenzoic acid (0.35 g, 0.6 mmol) in DMF (3.5 mL) were added 1-
bromononane (0.15 g, 0.72 mmel) and K2C03 (0.25 g, 1.8 nunol) and the reaction nuxture was
stirred at room temperature for 16 b After completion of starting material, the reaction nuxture
was guenched with cold water. The precipitated solid was filtered off, dried under vacuum and
washed with diethyl ether to afford 0.25 g of nonyl (R3-2-{({7-(but-2-yn-1-y1}-8-{3-{{tert-
butoxycarbonyhamuino)piperidin-1-y1)-3-methyl-2,6-dioxo-2,3,6, 7-tetrahy dro~- I H-purin- 1 -
yvhmethyh-3-chlorobenzoate as an off-white solid. {TLC systenmu EtOAc pet-ether (1:1); Rf

value: 0.7].
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{80415} Step 2. Nonyl {(R)-2-({ 8-(3-amnopiperidin- 1 -y }-7-(but-2-yn-1-y1}-3-methyl-2,6-

b
ll

dioxo-2,3,6,7-tetrahydro-1H-purin-1-ylimethyl)-S-chlorobenzoate {39}

é9H19
{80416} To a stired solution of nonyl {(R}-2-({ 7-{but-2-yu-1-y1}-8-3-{{tert-
butoxycarbonybaminopiperidin-1-y13-3-methyl-2,6-dioxo-2,3,6, 7-tetrahy dro- 1 H-purin-1-~
yimethyi}-S-chiorebenzoate (0.35 g, 0.49 mmol) in 1,4-dioxane {2 mb) was added 4M HCl in
1,4-dioxane {2 mL} at O °C and the reaction mixture was stirred at room temperature for 3 h.
After completion of starting material, the reaction mixture was concentrated under reduced
pressure to get a crude mass. The crude compound was purified by reverse phase preparative-
HPLC to afford 0.13 g of nonyl (R}-2-({8-(3-amunopiperidin- 1-y1}-7-(but-2-yn-1-y1}-3-methyl-
2,6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-1-y1methy 13- 5-chiorebenzoate (39} as a brown solid.
FTLC system: MeOH:DCM (1:9); Rf value: 03] LC MS M/Z =611.64 (M+1). 'H NMR {400
MHz, DMSO-d638785(d, J=24Hz 1H), 755(dd, J=84,20Hz 1H), 708 (d, =84 Hz,
1H), 332 (s, 2H), 488 (5, 2H), 4 32 (1, J = 6.4 Hz, 2H), 3.66-3 58 (m, 2H), 3.37 (5, 3H), 3.01-
2.96 {(m, 1H), 2.82-2.72 {(m, 2H), 1.87-1.60 (m, 10H), 1.41-1 .24 (m, 13H), 0.84 (1, } = 6.4 Hz,
3H).
{00417} Similarly, (R3-2-((8-(3-anmunopiperidin-1-y}-7-(but-2-yo- 1-y1}-3-methyl-2 6-
dioxo-2.3,6,7-tetrahydro-1H-purin-1-yhimethyl}-5-chloro-N-pentyibenzamide (48} was

synthesized.

{60418} Example 29, Synthesis of 2-{2-{4-({hexy¥{2,3,4.5,6-
pentahydroxyhexyljamino)methyl)-1H-1,2,3-triazel-1-yljethoxyjethyl 2-{{8-{{K}-3-
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aminopiperidin-1-yi)-7-(but-2-yu-1-y1}-3-methyl-2,6-dioxs-2,3,6,7-tetrahydro- 1 H-purin-1-
vijmethyl)-S-chiorebenzoate (41):

/\/\/\

Y Y \ NaN,, DMF
7‘;[ ‘>—N _K;CO, DMF, t, 16 h_ \(\[ >—N Tt 16h
NHBoc o NHBoc
B N UN N

Int-20
| HO HO
- CgH
OYN \ H\:/\:/\N st Y \>\N
N# >N OH OH OH \\
N C( Int-1
\ NHB:
NSO~ N o} \XNHBOC CuS0, sH,0, Na-ascorbate CGH'\]S == oc

DCM, H;0, rt, 8 h

?CEI -

HQ

CSH13 § NH;
4M HCl/dioxane N
0°tort,2h
{00419} Step 1. 2-(2-bromoethoxyethvl (R3-2-({(7-(but-2-yn-1-y1}-8-(3-{{tert-

butoxycarbonyhamine jpiperidin-1-yi}-3-methvi-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-purin-1-

ylymethyi}-5-chlorobenzoate:

cl orLN
Y|\>—N

B0

e

{80426} To a stured solution of (R}-2-({(7-(but-2-yu-1 -y }-8-(3-{{tert-
butoxycarbonybamino ypiperidin-1-y}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro~- 1 H-purin-1 -
yhmethyh-5-chlorobenzotc acid (1.0 g, 1.71 mmol) and 1-bromo-2-{2-bromoethoxy jethane
{1.98 g, 8.55 mmol} in DMF {10 mlL} was added KoC0: {0.71 g, 5.13 mmol} and the reaction
mixture was stirred at room temperature for 16 h. After completion of starting matenal, the
reaction mixture was guenched with cold water and the precipitated solid was filtered off, dried
under vacuum to get 1.0 g of 2-(2-bromoethoxy jethyi (R}-2-((7-(but-2-yn-1-y1}-8-(3-({tert-

butoxycarbonyhamine jpiperidin-1-yi}-3-methvi-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-purin-1-
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vimethy-5-chlorobenzoate as an off-white sohd. [TLC systemy: EtOQAcipet ether (3.7}, Ry

value: 0.6].

{80421} Step 2. 2-(2-azidoethoxy)ethyl (R}-2-{{ 7-(but-2-yn~1~y1}-8-{3~{{tert-
butoxycarbonybamino ypiperidin-1-y}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro~- 1 H-purin-1 -

ylymethyl}-5-chlorobenzoate:

ng: \>—N
/\/O\/\ \ NHBoc

004231 To a stired solution of 2-(2-bromoethoxy jethyl (R)-2-((7-(but-2-yn-1-y1}-8-(3-
{{tert-butoxycarbonyanuno)piperidin- L-y)-3-methy1-2,6-dioxo-2,3 6, 7-tetrahydro- 1 H-purin-1 -
ylimethyl}-5-chlorobenzoate (3} (1.0 g, 1.36 mmol) in BMF (10 mL) was added NaN3 (044 ¢,
6.79 mmol} and the reaction mixture was stirred at room temperature for 16 h. After completion
of starting material, the reaction mixture was quenched with water and extracted with ethyl
acetate (3X 25 mL}. The combined organic laver was washed with brime solution (100 mL},
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to get
crude compound. The crude compound was purified by column chromatography (using silica gel
100-200 mesh, 30% ethyl acetate in pet-gther as an eluent) to afford 0.7 g of 2-(2-

azidoethoxy jethyl (R)-2-((7-(but-2-yn-1-y1}-8-(3-({(tert-butoxycarbonyJaminoypiperidin-1-v1}-3-
methyl-2,0-dioxo-2,3,6,7-tetrahydro-1 H-purin-1-yDmethyl}-5-chlorobenzoate as an off-white

solid. [TLC system: EtOAc:pet ether (1:1); R value: 0.4].

{00423} Step 3. 2-{2-{4-{{hexyl{{Z8,3R,4R,5R}-2,3,4,5,6-
pentahydroxvhexylamino)methyl)-1H-1,2 3-tnazol-1-vhethoxyyethyl 2-{({7-(but-2-yn-1-vi}-8-
({R}-3-((tert-butoxycarbonyamino)piperidin-1-yl}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-

purin-1-yimethyl}-S-chiorobenzoate:
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cl I
0]
YN
N D
N"N~O N
0" ™o C == NHBoc
{00424} To a stired solution of 2-(2-azidoethoxyjethyvl (R)}-2-((7-(but-2-vo-1-y1}-8-(3-

{{tert-butoxycarbonylammo)piperidin-1-y1}-3-methyl-2,6-dioxo-2,3,6,7~tetrahydro~1 H-purin-1 -
viymethyl}-S-chlorobenzoate (0.3 g, 0.43 momol) and (2R, 3R 4R, 58)-6-thexylprop-2-yn-1-
vhaminoyhexane-1,2,3.4, 5-pentaol 5 (0.26 g, 0.86 mmol) in a mixture of DCM and water {6 mL,
1:1} were added CuS04.5H20 (0.13 g, 0.52 mmol) and Sodium ascorbate (0.13 g, 0.65 mmol).
The reaction mixture was stirred at room temperature for 8 h. After completion of starting
material, the reaction mixture was quenched with water and extracted with DCM (3X 20 mL).
The combined organic layer was dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure o furnish 0.45 g of crode 2-2-(4-{{hexyI{{28,3R,4R,5R)-2,3,4.5,6~
pentahydroxyhexyhaminoymethyl)-1H-1,2 3-trazol-1-yhethoxy)ethyl 2-{{7-{but-2-yn-1-vi}-8-
{{R)-3~{{tert-butoxycarbonyljammojpiperidin-1-y1}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-
purin-1-vhmethyh-5-chlorobenzoate as vellow color sohid. {TLC system: MeQOH:DCM (1:9); Rf

value: 0.5]. This crude compound was used in the next step without any further purification.

{00425] Step 4. 2-(2-(4-({hexvl{2,3 4,5 ,6-pentahydroxyhexyllaminoymethyly-1H-1,23-
triazol-1-yijethoxyjethyl 2-((8-({R)-3-anunopiperidin-1-y1}- 7-(but-2-yn- 1-y1}-3-methyl-2,6-

dioxo-2,3,6,7-tetrahydro-1H-purin-1-yiymethyl}-5-chlorobenzoate (41}
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cl o ,\ll
N
g
CeHlz )= ~o © ° \\

NHBoc

{00426} To a stirred solution of 2-(2~-(4-{(hexy H{25,3R 4R, SR}-2,3 . 4,5.6-
pentahydroxyvhexyhaminoyoethyl)-1H-1,2,3-trazol-1 -y hethoxv)ethyl 2-{((7-(but-2-yn-1-vi}-8-
{{R)-3-({tert-butoxycarbonyhaminopiperidin- 1 -y1)-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-
purin~-i-yhimethyl)-3-chlorobenzoate (0.45 g, 0.45 mmol) in 1, 4-dioxane (4.5 rol) was added 4M
HClin 1,4-dioxane {1 mL) dropwise at 0 °C and the reaction mixture was stirred at room
temperature for 2 h. After completion of starting material, the reaction mixture was concentrated
under reduced pressure to get crude compound. The crude compound was purified by reverse
phase preparative-HPLC to afford 0.1 g of compound 41 (HCT salt) as an off-white solid. [TLC
system: MeOH DOM (1:9); Ry value 0.2]. LC MS M/Z = 90125 (M+H). TH NMR (400 MHz,
DMSO-d6) 3 9.5 (s, 1H), 831 (d, J = 7.6 Hz, 11, 8.23 (s, 3H), 7.84 (s, 1H), 7.57 (dd, ] = 8.4,
2.0 Hz, 171, 7.08 (d, T = 8.4 Hz, 1H), 5.33 (5, 3H), 5.01-4.87 (m, 2H), 4.63 (5, 2H), 4.41 (s, 41,
4.12-4.03 (m, 1H), 3.93-3.91 (m, 2H), 3.79 (m, 2H), 3.74-3.60 (m, 3H), 3.39 {m, §H), 3.20-3.17
{m, 4Ff), 2.99-2.98 {m, 2H), 2.02-1.91 (m, 2H), 1.78-1.63 (m, 7H), 1.25 (s, 6H), 0.86 (s, 3H).
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100427} Example 30, Synthesis of 2-(2-(2-azidoethoxy)ethoxy)ethyl (R}-7-(3-amino-4-
{2,4,3-riftusrophenyvhibutanoyl)-3-{orifluoromethyl}-3,6,7,8-teirabydvoimidazo{ 1,5

ajpyrazine-i-carbexyviate (42}:

[00428] To a solution of compound 2-(2-(2-andoethoxy jethoxy)ethyl (R)-7-(3~({tert-
butoxycarbonyljamino}-4-(2,4, -trifluorophenylibutanoy D-3-(trifluororethyl)-5,6,7,8-
tetrahydrowmidazof 1, 5-alpyrazine-1-carboxylate (0.4 g, 0.565 mmol} in DCM (10 mL) was
added 4M HCl in 1, 4-dioxane at 0° C. Then reaction was stirred at RT for 3 h. After completion
of reaction, reaction muxture was concentrated and residue was basified with saturated NaHCGs
solution and extracted with EtOAc (20 mL x 2) and dried over anhydrous sodiurn sulfate and
evaporated to get crude which was purified by column chromatography over silica gel (Bavisil)
{using 0-8% MeOH in DUM as an eluent) to afford 30 mg of 2-(2-(2-azdoethoxy)ethoxy jethyl
{R)}~7-(3-amuno-4-(2,4, S-tnifluorophenyibutanoyl}-3-(trifluoromethy}-5,6,7,8-
tetrahydroimidazof 1, S-ajpyrazine-1-carboxylate as pale brown gum. {TLC systemy: MeQOH: DCM
{1:9%; Rr value: 0.5] LE MS M/Z = 608.64 (M+1). 'H NMR (400 MHz, DMSQ-d6) § 7.45-7.43
(m, 2H), 4.96-4.93 (m, 2H), 4.37-4.36 (m, 2H), 4.25-4.11 (m, 2H), 3.94-3.93 (m, 2H), 3.75-3.71
{m, 2H), 3.60-3.58 {m, 6H), 3.37-3.34 (m, 2H), 3.31 (m, 1H), 2.73-2.58 (m, 2H), 2.51-2.49 (m,
2H), 1.80 (bs, 2F).

{60429} Example 31, Synthesis of 2-(2-(3-(4-({({{28.3R 4R, 8R}-2,3,4.5,6-
pentahydroxyhexyljaminojmethyl)-1H-1,2,3-triazol-1-yljethoxyjethoxylethyl 7-({R})-3-
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amino-4-2,4.5-trifluorophenylibutanoyly-3-{irifluoremethyi)-3,6,7.8-

tetrahydroimidazo] 1, 5-ajpyrazine-1-carboxylate{d4d):

0
/// HO
0
F F B H HO-. S
.Bo 0
F NN
P NN
// Int-22 \SVF N, \

FF
NH CuS0Q4,5.H50, Na-ascorbate,

tBUOH, H,O, 1t, 16 h o
OH 2 oI

HO
OH Boc /J
HO i v 0 N0 HO
OH
Int-8 E N HO:...” ~OH
LN
\Sr HOx, ~/OH
F

4M HCl/dioxane, DCM /J

°C- F F
0°C-rt,3h m @] o
F N =

[00430] Step 1 2-(2-(2-{4-({{{(28,3R, 4R 5R}-2,3,4,5,6-pentahydroxyhexyDamuino)methyl)-
1H-1,2,3-tnazol-1-yethoxy yethoxy)ethyl 7-({R}-3~{{tert-butoxycarbonylaming)-4-(2,4,5-
triffuoropheny Dbutanoyl)-3-(tnifluoromethyl}-5,6,7, 8-tetrahy droimidazol 1, S-ajpyrazine- 1

carboxylate:
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F
F
F
FF
00431} To a stirred solution of compound 2-(2-(2-azidoethoxy jethoxyyethyl (R}-7-(3-

{{tert-butoxycarbonyDamino}-4-(2,4, 5-triflucrophenyhbutanoyl)-3-(trifluoromethyi}-5,6,7 8-
tetrahydrowmidazof 1, 3-alpyrazine-1~-carboxyiate (0.6 g, 0.847 mmol) and compound 6-(prop-2-
yi-1-ylanunojhexane-1,2.3,4,5-pentaol {0.371 g, 1.695 mumol) 1 t+-BuOH (5 mlL) and water (1
ml} was added CuSO4, S H0 (0.254 g, 1.017 mmol) and Na-ascorbate (0.251 g, 1.271 mmol}.
The resulting mixture was stirred at RT for 16 h. After completion of reaction, reaction ruixture
was filtered. The filirate was concentrated under reduced pressure to get crude compound. The
crude compound was purified by RP-Prep-HPLC o afford 60 mg of compound 2-{2-(2-(4-
{{{{28,3R,4R,5R}-2,3,4.5,6-pentahydroxvhexylaminoymethyi}- 1 H-1,2 3-triazol-1-
yviethoxyjethoxyethyl 7-((R)-3-({tert-butoxycarbonyamino}-4-(2,4,5-
triftuorophenylibutanovh)-3-{trifluoromethy1}-5,6,7 &-tetrahydroimidazo| 1, 5-ajpyrazine-1-

carboxylate as brown sticky solid.
{80432} Prep-HPLC Method of purification:
Column/dimensions: X ~bridge phenyl {19%250% 51}
Mobile phase A: 10 Mm Amimonium Bicarbonate in water
Mobile phase B: Acetomitrile
Gradient (Time/%B). 0/10, 1/10, 27/75, 27 10/95, 29.10/95, 31 20/10, 35/10
Flow rate: 18 mV/min. Solubdity: ACN +WATER
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{80433} Step 2. 2-(2-(2-{4-(({{2K,3R 4R 5R}-2,3,4,5 6-pentahydroxyhexyDlaminomethyl -
1H-1.2,3-tnazol-1-yhethoxy jethoxyethyl 7-((R}-3-amino-4-( 2,4, S-trifluoropheny Dbwutanoyi-3-

(triffuoromethyl}-5,6,7 8-tetrahydroimidazof1,5-a]pyrazine-1-carboxylate {44}

K/Nj/:
60 © F

180434] To a solution of compound 2-{2-(2-(4-({((25,3R 4R, 5R}-2,3 4,5 6~
pentahydroxvhexyDaminomethyi)-1H-1,2 3-tnazol-1-yhethoxyyethoxy)ethyl 7-{{R)-3-{{tert-
butoxycarbonyllaminoe}-4-(2.4, S-iriffucrophenybutanoyi}-3-(triftuoromethy1)-5,6,7 8-
tetrahydroimidazof1,5-alpyrazine-1-carboxyiate (0.060 g, 0.064 mmol} in DCM (1 mL} was
added 4M HCl in 1, 4-dioxane (0.6 mL). The reaction mixture was stirred at RT for 3 h. After
completion of reaction, reaction mixture was filtered and concentrated to get crude compound.
The crude compound was purified by RP-Prep-HPLC to afford 0.0157 g of 2-(2-(2-(4-
{{{{28,3R,4R 5R}-2,3 4,5 6-pentahydroxyvhexyhaminoymethyi}-1H-1,2 3-triazol-1-
vijethoxyethoxy jethyl 7-{({R}-3-amino-4-(2.4, 5-trifluorophenybibutanoyl)-3-(trifluoromethyly-
5,6,7, 8-tetrahydroimidazo{ 1, 5-alpyrazine-1-carboxylate as an off white sohid LCMS M/Z =
827.41 (M+1) 'H NMR (400 MHz, DMSO-ds) 4 7.89 (s, 1H), 7.45-7.41 {m, 2H), 5.10-4.85 {m,
3H), 4.60-4.10 (m, 10H), 4 00-3.30 (m, 20H), 3.10-3.05 (m, 1H), 2.71-2.50 (m, 5H), 2.10-1 40
{m, 2H).

[80435] Prep-HPLC Method of purification:
Columnw/dimensions: X BRIDGE C18(19mm*250mm* Sy}
Mobile phase A 10mM ABC IN WATER

Mobile phase B: Acetonitrile
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Gradient (Time/%BY 0/10,1/10,18/44,18.10/95,20.10/95,20.20/10,22/10
[00436] Example 32. Synthesis of 2-(2-(2-(4-({ethyH{ (25,38 4R, 8R}-2,3,4,5,6-
pentahydroxyhexyhaminojmethyl)-1H-1.2,3-friazol-1-yhethoxy)ethoxyethyl 7-((R)-3-
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amino-4-2,4.5-trifluorophenylibutanoyly-3-{irifluoremethyi)-3,6,7.8-

tetrahydroimidazo] 1,58-ajpyrazine-1-carboxylate (45):

//

O HoNT S (NH N\
$ Raney-Ni, MeOH, B/\
OH 60°¢, 16 b, Ha(150psi) OH tHE 80 °C, 18h . o
HO O ROV o ; i HO
OH OH OH
HG 10 HO
OH OH OH HO
N3 HOu, /N OH

o/) HQ,, 7 OH
CI ¥ fN
N )
2 F _Bog o H \
HN OO /\‘/?VO /)
£ NN
N o}
122 K/N\gv ///

o
.
F g E F JBoc 0
CuS0,.5 H,0, Na-ascorbate, m/‘i O
{BuOH, Hy0, 11, 18 h . A
P
AXF
HO - F
HOn, OH
48 HCldioxane, DCM MO, /"0

0°C-i, 2h

1004

e
-3

1 Step 1. o~{ethylaminothexane-1,2,3,4,5-pentaol:

[y
|95
o2
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OH OH
N/\
OH OH OH "
{00438} To a solution of compound 2,3 ,4,5,6-pentahydroxyhexanal (5.0 g, 2775 mmol)
and compound ethanamine (20.8 ok, 41 62 mmol) in MeOGH (30 mL) was added Raney-N1(5.0
g). The reaction nuxture was stitred at 60 °C under Hz atmosphere (150 psi) for 16 b After
completion of reaction, reaction mixture was filtered through celite-bed and filtrate was
concentrated to get 5.0 g compound o6-{ethylaminothexane-1,2,3 4, S-pentaol {(crude) as off whate

sohid which was used for next step without purification.
[00439] Step 2. 6~{ethyl{prop-2-vo-1-yhamuinohexane-1,2.3,4, 5-pentacl:

OH OH

NN

oH o o L
00440} To a solution of compound 6-(ethylaminothexane-1,2,3,4 S-pentact (2.0 g, 9563
mmol}, compound 3-bromoprop-1-yne {0.85 mL, 11.47 mmol} in THF (30 mL} was added and
the reaction mixture was heated at 60 °C for 16 h. After completion of reaction, reaction mixture
was filtered and filtrate was concentrated to get 0 450 g compound 6-{ethyl{prop-2-yn-1-
vhaminothexane-1,2,3 4, 5-pentac! as brown sticky compound which was used for next step
without purification.
[00441] Step 3. 2-(2-(2-(4-((ethyl((28,3R, 4R SR)-2,3.4,5 6-
pentahydroxyvhexyDaminoyuethyl)-1H-1,2 3-triazol- 1 -yhethoxy)ethoxyjethyl 7-({(R)-3-{{tert-
butoxycarbonyhamino)-4-(2 4, S-trifluorophenyhbutanoyi}-3-(trifluoromethyl)-3,6,7,8-

tetrahydrotmidazof 1, S-alpyrazine- | -carboxylate:



WO 2022/159955 PCT/US2022/070259

{80442} To a solution of compound 2-(2-(2-azdoethoxy jethoxyethyl {R)-7-(3~{{tert-
butoxycarbonyljamino}-4-(2,4, S-irifluorophenyhibutanoy-3-(trifluoromethy-5,6,7 8-
tetrahy drotmidazof 1,5-ajpyrazine-1-carboxylate (0.6 g, 0.847 mmol} and compound 6-
{ethyl{prop-2-yn-1-yljammnojhexane-1,2,3 4,S-pentaol {0.420 g, 169 mmol) in t+-BuCH (10 mL}
and water (2 mL}) was added CuSQ4 5 Ha0 (0.254 g, 1.017 mmol} and Na-ascorbate (0.251 g,
1.271 mmol). The resultant reaction mixture was stirred at RT for 16 h. After completion of
reaction, reaction mixture was filtered and concentrated o get crude compound. The crude
compound was purified by Prep-HPLC to afford 6.240 ¢ of compound 2-(2-(2-{4~
{{ethvi{{28,3R 4R 5R}-2.3 4,5 6-pentahydroxvhexylaminoymethyl}-1H-1,2 3-triazol-1-
vhethoxyethoxyethyl 7-({R}-3-({tert-butoxycarbonyllamino}-4-(2.4,5-
triffuoropheny Dbutanovh)-3-(trifluoromethyl}-5,6,7, 8-tetrahydroimidazof 1, S-ajpyrazine-1-
carboxylate as brown sticky compound.
{00443] Prep-HPLC Method:

Colunmn/dimensions: X BRIDGE (€8 (19%250* Sum}

Mobile phase A: 10 MM ABC IN WATER

Mobile phase B: Acetonitrile {org)

Gradient {Time/%B)0/20, 1/20, 9/50, 14/50, 14.1/98, 18/98, 18.1/20, 21/20

Flow rate: 17ml/min, Solubility: Acetonitriiet+ THF+WATER
{00444} Step 4. 2-(2-(2-{4-((ethy{{28,3R,4R SR}-2,3 4,5 6-

I

pentahydroxvhexyDaminoymethyvi)-1H-1,2 3-triazol-1-yhethoxy)ethoxyjethyl 7-({(R)-3-amino-4-
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(2.4, 5-trifluorophenylibutanovi}-3-{trifluoromethyi}-5,6,7 8-tetrahy droimidazo{ 1, 5-alpyrazine-1-

carboxylate (45}
HO
HOI:. OH
HO... .~ "'OH
,[\‘:\/\ N
)
///O
/J i
F N =
(ng!
pe
FF
100445} To a solution of compound 2-(2-(2-{4-({ethvI{{25,3R 4R, 5R}-2,3,4,5,6-

pentahydroxyhexyDaminoymethyl)-1H-1,2,3-inazol- 1 -yhethoxy)ethoxyethyl 7-({R)-3-{{tert-
butoxycarbonyljamino}-4-(2,4, S-irifluorophenyhibutanoy-3-(trifluoromethy-5,6,7 8-

tetrahy drommidazof 1,5-ajpyrazine-1-carboxylate (0.240 g, 0.280 mmol) in BDCM (3 mL} was
added 4M HCI in 1, 4-dioxane (2.4 mL}. The reaction mixture was stirred at RT for 2 h. After
completion of reaction, reaction mixture was filtered and concentrated under reduced pressure to
afford crude compound. The crude compound was purified by trituration using diethyl ether to
afford 175 mg of 2~(2-2~¢4-({ethy {{25,3R 4R, 5R}-2,3,4, 5 6-pentaby droxyhexyllammo ymethyl)-
1H-1,23~tr1azol-1-ylethoxy)ethoxy jethyl 7-({(R)-3-amino-4-(2,4, 5-trifluorophenviibutanoyi)-3-
{triftuoromethyvi}-5,6,7, 8-tetrahydromndazo|1,5-ajpyrazine-1-carboxviate as off white solid. L.C
MS M/Z = 855.65 (M+1) 'H NMR (400 MHz, DMSO-ds)} 8 955 (s, 1H), 8.29(d, /= 5.8 Hz,
1H}), 8.10-8.00 {m, 3H), 7.58 (q, / = 9.0 Hz, ZH}, 549 (5, 1H}, 4 95-4.93 (m, 3H}, 4 57-3.38 (m,
284}, 3.18-2.66 {(m, 8H), 1.31-1.26 {m, 3H).

{60440 Example 33. Synthesis of 2-(2-(2-(4-({bexyl(2,3,4,5,6-
pentahydroxyhexyljaminojmethyl)-1H-1,2,3-triazol-1-yljethoxyjethoxylethyl 7-({R})-3-
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amino-4-2,4.5-trifluorophenylibutanoyly-3-{irifluoremethyi)-3,6,7.8-

tetrahydroimidazo{1,5-ajpyrazine-1-carboxylate (46)

Nj \\
o/) H OH OH OH
OI CeH13/N

Int-1 (:)H OH

F F B H Na ascorbate, CuSO,,
w RN H,0, THF, 1t
F N = N
N-
Int-22 K/
F
FF F F, .B o]
HN =28
F N =
N
HO:/ ""OH

F F
TFA, DCM, 1t, 2h m o {
F NN

62

1080447} Step 1 2-(2-(2-{4-({hexvl{2,3,4,5 6-pentahydroxvhexyDaminojoethyl)- 1H-1,2,3-
triazol-L-yhethoxy yethoxyethyl 7-({R)-3-({tert-butoxycarbonyjammno}-4-(2,4,5-

triffuoropheny Dbutanoyl)-3-(tnifluoromethyl}-5,6,7, 8-tetrahy droimidazol 1, S-ajpyrazine- 1

carboxyiate:

140
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[00448] To a solution of 2-{2~(2-azdoethoxy)ethoxyjethyl (R}-7-(3-({tert-
butoxycarbonyljamino}-4-(2,4, -trifluorophenylibutanoy D-3-(trifluororethyl)-5,6,7,8-
tetrahydroimidazof 1, 5-alpyrazine-1 ~carboxylate (460 mg, 0.65 mmol) in THF (3 mL) was added
ZR3R 4R, 58 )-o-thexyl{prop-2-yn-1-yhaninojhexane-~1,2,3,4,5-pentacl (prepared in Example S
step 4} {295 mg, 0.97 mmol}, Na ascorbate (193 mg, 0.97 mmol}, CuSQ45SH20 (242.5 mg, 0.97
mmol} and H20 (2 mil}). The muxture was stirred at room temperature for 19 b The reaction
mixture was filtered and the filtrate was purified by Prep-HPLO {(Gemmni-CI8 150 x 21.2 mm,
Sum, mobile phase: ACN{C. 1%FARHO(0.1%F A}, gradient: 20 ~ 70%) to give 2-{2-(2-{4~
{{hexvi(2,3 4,5 6-pentahydroxyhexyllaminoymethy - 1H-1,2, 3-triazol-1-yljethoxy)ethoxy jethyl
7-{{R)-3-({tert-butoxycarbonyhamino}-4-(2 4, S-trifluorophenylbutanoyvl}-3-(tritluoromethyly-
5,6,7 8-tetrahydroimidazof |, 5-ajpyrazine-1-carboxylate (140 mg, 21.2%) as a yellow sohid. MS

{EST): mass caled. for CasHeaFosNzO 1010.45, nv/z found 1011 [M+1]

[00449] Step 2. 2-(2-(2-(4-(thexyl{2,3,4,5 6-pentahydroxvhexyllaminoymethyl}-1H-1,2,3-
triazol-1-yl}ethoxy)ethoxyethyl 7-({R}-3-amino-4-(2. 4, 5-trifluorophenyibutanovi)-3-

(triftuoromethyl}-5,6,7 8-tetrahvdroimidazo[1,5-a]pvrazine-1-carboxylate {46}

141
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F
F
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72/ CeH13
F
FF
{60450} To a 2-(2-(2-{4-{(hexv1(2,3,4,5,6-pentahvdroxyvhexyhaminoymethyi)-1H-1,2,3-

triazol-1-ylethoxyjethoxy)ethyl 7-((R)-3-({tert-butoxycarbonylamino}-4-(2,4,5-
triffuoropheny Dbutanovh)-3-(triflucromethyl}-5,6,7, 8-tetrahydroimidazof 1, S-ajpyrazine-1-
carboxylate in DCM (8 mbL) was added TFA (0.5 mL). The mixture was stirred at room

temperature for Z h. The reaction mixture was concentrated under pressure at 40 °C and the

residue was purnified by Prep-HPLC {Genumw~-C18 150 x 21 2 mm, Sum, mobile phase:

ACN(0. 1% TFAH0{0. 1% TFA), gradient; 20 ~ 70%; to give 2-{2-(2-(4-{{hexvl{2,3,4,5,6-
pentahydroxyvhexyllaminoymethyl)-1H-1,2 3~triazol- 1 -yljethoxy)ethoxy jethyl 7-((R)-3-amino-4-
{2,4,5-triflucropheny hbutanoy D-3-(trifluoromethy 13-5,6,7 8-tetrahy drouvmudazol 1, S-ajpyrazine-1 -
carboxylate (65.4 mg, 51.8%) as a vellow solid. M5 (ESI}. mass caled. for Chemical Formula:
CaoHssFeNsO0 910,40, ny/z found 911.4 [M+1] TH NMR (400 MHz, MeOD) § 8.28 (s, 1H),
736 (m, 1H), 7.27 - 717 (m, 1H), 5.07 {(m, 1H), 499 (m, 1H)}, 458 {m, 4H}, 4.45 (m, 2H}, 429
{m, 4H), 411 - 3.94 (m, 2H), 3.92 ~ 3.87 {(m, 3H), 3.77 (m, 4H), 3.64 {m, 7TH}, 3.27 - 3.03 {(m,
SH), 3.00 292 (m, 1H), 2.84 (m, 1H), 1.83 (5, ZH}), 1.36 (s, 6H}, 0.91 (1, /= 6.5 Hz 3H).

{80451} An alternative synthesis of compound (46) is described below.
{00452} Synthesis of 2-(2-(2-(4-{{hexyl(2,3,4,5,6-pentahydroxvhexyljaminojmethyl)-

1H-1,2,3-triazol-1-vijethoxy}ethoxyjethyl 7-((R}-3-amino-4-{2,4,5-
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trifluorophenyhbutanoyh-3-(triffuoromethyl)-5,6,7,8-tetrahydroimidazo[1,5-alpyrazine-1-

carboxylate tartrate salt (46 salt)

OH O \
- N—  CeH
o
Y OH /—/
F O OH
F + o
@) /—/
0]
L

NH3 o
N N

bS

F
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F Fn-Bo% o) ﬁ EtOAC/HCI (4M, 1.5 eq) R
E NN EtOAc (3.3 V), 25 °C, 2 hrs
(N
88.1% yield
er VY

Int-22 FF

HO,, A

Zz N

CeH13 F

Int-1 (1.2 eq)

CuS0,45H,0 (1.0 eq), Na-ascorbate (1.0 eq),
THF/H,0 (8.3V/4.1 V), 25 °C, 10 hrs
25.9% vyield

OH O

HoL Ao,
OH OH

(1.02 eq)

EtOH (7.6 V), 60 °C, 5 hrs F+

93.7% yield /}fz;
K/N Y.

{80453} Step 1. 2-(2-(Z-azidoethoxy ethoxy Jethyl (R)-7-(3-amino-4-(2,4,5-
triftuoropheny libutanoyly-3-(trifluoromethyl}-3,6,7 8-tetrahyvdroimidazo[ 1, 5-alpyrazine-1-
carboxylate

[00454] To a solution of 2-(2-(2-azidoethoxy)ethoxy jethyl (R}-7-(3-({tert-

butoxycarbonyljamino}-4-(2,4, -trifluorophenylibutanoy D-3-(trifluororethyl)-5,6,7,8-
tetrahydromroidazof L 3-a]pyrazine-1~-carboxylate {(Int-22, 300 g, 424 nmuool) 1o ethyl acetate (11)
was added HCI i ethyl acetate (4M, 1L} at room temperature. The mixture was stirred for 2
hours and concentrated to give a crude reside. It was redissolved in EA (1.00 L), quenched with
aq. NaHCO; to adjust pH = 8, the organic layer was separated, dried over with NazSOy, filtered
and the filtrate was concentrated to give compound 2-(2-(2-azidoethoxyethoxy)ethyl (R)-7-(3-

amino-4-{2,4 S-tnfluorophenyiibutanovl)-3-{triffluoromethy 1)-5,6,7 &-tetrahydroimidazof 1,5~

144



WO 2022/159955 PCT/US2022/070259

alpyrazine-1-carboxylate (720 g, 1.12 mol, 88.1% yield, 94.5% purity) as yellow oil. "H NMR:
DMSO-d6 7.92 (s, T Hy, 7.52-7.33 (m, 2 H), 5.00-4.95 {m, 2 H}, 4.48-4.25 (m, 10 H}, 3.94-3 81
(m, 2H), 3.81-3.78 {m, 2 H}, 3.71-3.54 (m, 14 H}), 3.39-3.35 (m, 2 H), 2.57-2.56 {m, 3 H}, 2.38-
233 {m, 4H)} 140-139(m, 4 H}, 1.24-1.17 (m, 6 H), 083 {t, /=068 Hz, 3 H).

| B0455] Step 2. 2-(2-(2-(4-((hexvl{2,3,4,5 6-pentahydroxyhexyljaminoymethyl)-1H-1,2,3-
triazol-1-yl}ethoxy)ethoxyiethyl 7-({R}-3-amino-4-(2 4, 5-trifluorophenyibutanovi)-3-

(triffuoromethyl}-5,6,7 8-tetrahydroimidazol1,5-a]pyrazine-1-carboxylate {46}

{60456} A solution of Compound 2-(2-(2-azidoethoxy ethoxyethy! (R}-7-(3-amino-4-
(2,4, 5-trifluorophenylibutanoyi}-3-{trifluoromethyi}-5,6,7 8-tetrahy drotnudazo{ 1, 5-ajpyrazine-1 -
carboxylate (240 g, 395 mmol, 1.00 eq) and (ZR 3R 4R 58}-6-(hexv{prop-2-yn-1-
vhaminojhexane-1,2,3 4, 5-pentac! (Int-1, 144 ¢, 474 63 mmol, 1.20 eq) in THF {(2.00 L) and
H20 (1.00 Ly was prepared. CuS04.5H0 (99.0 g, 396 mmol, 1.00 eq) and Na-ascorbate (78.9
g, 398 mmol, 1.01 eq) was added to the mixture at 10-25 °C and the mixture was stirred at 23 °C
for 10 hrs. The mixture of three batches was diluted with NHz HoO/ag NaCl = 1V/2V (1.50 L),
extracted with EA {1.50 Lx2), washed with NH: HoO/ag NaCl = 1V/2V {1.50 L=3}, until the
aqueous phase color turned colorless form blue. The organic layer was dried over with NaxSQy,
filtered and the filtrate was concentrated under reduced pressure to give a residue. The crude
product was purified by reversed-phase HPLC (0.1% FA condition}, the mixture was
concentrated to remove MeUN, and then guenched with NaHCO: to adjust pH = 9, extracted
with EA (10.0 L#2)}, dried over with NaxSQ04, filtered. The filtrate was concentrated under
reduced pressure to give 2-(2-{2~(4-{thexyl{2,3,4,5 6-pentahydroxyhexyjammo)methyl}-1H-
1,2,3-tnazol-1-yhethoxy)ethoxylethy! 7-((R)-3-amino-4-(2,4, S-trifluorophenyDbutanovi)-3-
(irifluoromethyl)-5,6,7 8-tetrahydroirmdazol 1, 3-a]pyrazine-1 ~carboxylate (46} (290 g, 306
mmol, 25.9% vield, 96.3% purity} as vellow solid. MS (ESTY: mass caled. for Chemical Formula:
CaoHasFeNs{D10 910,40, m/z found 911.5 [M+1] 1H NMR (BMS0O-d6) 7.92 (s, 1 H), 7.52-7.33
(m, 2 H), 5.00-4.95 (m, 2 H), 4.48-4.25 (m, 10 H}, 3.94-3.93 (m, 2 H), 3.81-3.79 (m, 2 1), 3.71~
3.39 {m, 14 H), 3.35-3.27 (m, 2 1), 2.72-2.54 (m, 3 ), 2.38-2.33 {m, 4 H), 1.55-1.33 (m, 4 F),
1.24-1.15{m, 6 H), 0.83 {t, ] = 8.0 Fiz, 3 H).
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{80457} Step 3. 2-(2-(2-{4-((hexyl(2,3,4,5 6-pentahydroxyhexylamino ymethyl - 1H-1,2,3-
triazol-1-yhethoxylethoxyiethyl 7-((R)}-3-amino-4-(2,4, 5-trifluorophenyijbutanoyt)-3-
(triffuoromethyl}-5,6,7 8-tetrahydroimidazoll,5-a]pyvrazine-1-carboxylate tartrate salt

{60438} To a solution of 2-(2-(2-{4-{{hexy}(2,3,4,5,6-pentahvdroxyhexylammoimethyl}-
1H-1,2 3-triazol-1-yljethoxy)ethoxy yethyl 7-((R}-3-amino-4-(2,4, 5-irifluorophenyl}butancyiy-3-
{trifftuoromethyvi}-5,6,7 8-tetrahydromndazo{1,5-ajpyrazine-1-carboxviate (260 g, 285 mmol) in
ethanol {1L} was added tartaric acid (43.7 g, 291 mumol, 1.02 eq.) in ethanol (1L). The mixture
was stirred at 60 °C for 5 hrs. The mixture was concentrated unsder reduced pressure to give 2-
(2-2-(4-{(hexy{{2,3,4,5,6-pentahydroxyhexyBammomethyl}-1H-1,2 3-triazol-1-
yiethoxyethoxyYethyl 7-((R}-3-amino-4-(2 4, S-tritfluoropheny Dbutanoy!}-3-(trifluoromethyl}-
5,6,7 8-tetrahydroimidazof |, 5-alpyrazine-1-carboxylate tartrate salt as vellow solid (293 3 g,
93.7% yield, 96.8% pure). 1H NMR: DMSO-d6 8.01-7.95 (m, 1 H), 7.55-7.47 {m, 2 H}, 5.02-
490(m, 2H), 448(, J=80Hz 2H),434-3.7{m, 9H), 381-348(m, 15 H), 340-335(m, 2
H), 2.97-258 (m, SH), 2.46-233 (m, 4 H), 1 43-1.42 (m, 2 H), 1.27-120(m, 6 H), 083 (1, =
6.0 Hz, 3 H).

[00459] Example 34, Synthesis of 7-{({R}-3-amino-4-{2,4,5-trifluorophenyl)butancyl)-
M-{2-(2-{2-{4-{{hexyi{2,3.4,5.6-pentahydroxyhexyl Jamino jmethyl -1 H-1,2,3-triazol-1-
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yhethoxy)ethoxyjethyl)-3-(Urifluoromethyl}-5,6,7,8-tetrahydroimidazo] 1, 5-a]pyrazine-1-
carboxamide (47)

Tosyl chloride, TEA, NaN3, DMF,
DCM, 0 °C-rt, 16 h 70°C, 16 h O N
HO/\/O\/\O/\/OH - . TSO/\/O\/\O/\/OTS . N3/\/ ~ o Ns

PPhj, Et,0, THF,

INHCI, 12h MO~ NHz HC
3
NH; HCI
N
O—/— C(_/ 8
/ F
Ny F Boc o—/_

Boc

F F o F 7 R N/ 4N HCI/1 4-di
HN 0 OH HATU, DIPEA H 4-dioxane,
DMF, 0 °C-tt, 45 mi 0°Crt.&h
N - : -rt, 45 min K/ ==
K/N P Nz
Int-21
F F

CeH13

N HO

N3 OH
/~—  Ho
F r e OH HO"~oH
0
NH, HO
F 0 Q ﬁ o N
H

CuS0,4,5.H,0, Na-ascorbate,
K/ DCM, H,O, rt. 2 h

;i S
ijYF

[00460] Step 1. Synthesis of (ethane-1,2-divibis{oxy)ibis{ethane-2, 1 -diyl} his{4-methyi

W

benzene sulfonate)

60" OO
{80461} To the stirred solution of 2,2'-{ethane-1,2-diylbis{oxy}}bis{ethan-1-0l} (15.0 g,
99 88 mmol} in DCM (300 mL}, Bt3N (55.58 mL, 399 54 mmol) was added at 0 °C followed by
tosyl Chloride (76.16 g, 399.54 mamol}. The reaction nuxture was stirred at room temperature for
16 h. After completion of reaction, reaction mixture was quenched with cold water (500 mL) and
extracted with CH2ZCI2 (2 X 500 mL). Combined organic layer was washed with cold water (500

mL}, brine (500 mL}, dried over anhydrous Na:xSQ4, concentrated under reduced pressure to get
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crude compound. The crude compound was purified by column chromatography over silica gel
{100-200 mesh) {using 0-50% EtOAc in Pet Ether as an eluent} to afford 37.0 g of (ethane-1,2-
diyvibis{oxy))bis{ethane-2,1-diy1} bis{4-methylbenzenesulfonate) as off white solid. [TLC system:

FtOAc: Pet Ether {4:6); Rf value: 0.6}

{00462} Step 2. Synthesis of 1,2-bis(2-azidoethoxy)ethang
N /\/O\/\O/\/ N3
3
{00463 To a stired solution of {ethane-1,2-divibis{oxy}ibis{ethane-2,1-diyl} bis{4-

methylbenzenesulfonate) (5.0 g, 10.90 mmol) in DMF (50 mL}, sodium azide (2.83 g, 43.61
mmol} was added. Then reaction mixture was heated at 70 °C for 16 h. After completion of
reaction, reaction mixture was concentrated, and the residue was stirred in diethyl ether and
filtered. Filtrate was concentrated to get 2.0 g of 1,2-bis(2-azidoethoxyjethane as colorless oil.

ITLC system: EtOAc: Pet Ether (2:8); Rf value: 0.6].

00464 Step 3. 2-(2-(2-azidoethoxyjethoxyjethan-1-amine hydrochloride
N /\/O\/\O/\/NHQ_HCl
3
[00465] To a vigorously stirred solution of 1,2-bis{2Z-azidoethoxy)ethane (3.0 g, 1498

simol) 1o BEt20 (22 mb) and THF (4.4 mL} was added 1N HC1 (17.6 mL) solution followed by
PPh3 (3.9 g, 14.98 mmol} in Et20 (22 mL}. The reaction mixture was stirred at room
temperature for 12 h. After completion of reaction, aqueous layer was separated and washed with
diethyl ether (2 X 100 mL }. The agueous layer was concentrated and residue was co-gvaporated
with acetontrile {2-3 times) to get 2.0 g of 2-{2-{2-azidoethoxy)ethoxyethan-1-amine

hydrochloride as colorless oil. {TLC system: MeOH: BCM (0.5:9.5}; Rf value: 0.4}

{60466} Step 4. tert-butyl {R)-(4-{1-{({2-(2-(2-azidoethoxy Jethoxyethylcarbamoyl}-3-
(triffuoromethyl}-5 6-dihydroimidazol 1, S-ajpyrazin-7(8H}-y1}-4-ox0-1-{2 4,5~

triffuorophenyDbutan-2-vlcarbamate
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{00467 To a stirred solution of (R}-7-(3-({tert-butoxycarbonyljamino-4-(2,4,5-
triftuoropheny libutanoyly-3-(trifluoromethyl}-3,6,7 8-tetrahyvdroimidazo[ 1, 5-alpyrazine-1-
carboxylic acid (2.9 g, 5.27 mmol} and 2-{2-(2-azidoethoxy jethoxylethan-1-amine hydrochloride
{1.66 g, 7.90 mmol) i DMF (30 rol.) was added HATU (3.0 g, 7.90 mmol) followed by DIPEA
{3.39 mL, 26.35 mmol} at 0 °C. The reaction mixture was stirred at room teroperature for 45
nmun. The progress of the reaction was monitored by TLC. After completion of reaction, reaction
mixture was gquenched with cold water (2 X S0 mbL) and extracted with EtOAc (2 X 100 mL).
The combined organic layer was washed with cold water (100 ml), brine {100 L), dried over
anbydrous Na2804 and concentrated to get crude compound. The crude compound was purifiec
by column chromatography over silica gel (Davisil) {using 0-70% EtOAc in Pet Ether as an
sluent) to afford 3.0 g of . tert-butyl (R)-{4-(1-{(2-{2-(2-azidoethoxy)ethoxy jethyljcarbamoyi)-3-
{triftuoromethyl)-3,6-dihydroimidazol 1, 5-a jpyrazin-7(8H -y Y-4-ox0-1-(2,4,5-

triffuoropheny Hbutan-2-ylicarbamate as an off white solid. [TLC systern: EtOAc: Pet Ether

{7:3};, Rf value: 0.5}

{00468] Step 5. (R)-7-(3-amino-4-(2,4, 5-trifluorophenylybutanoy H-N-(2-(2-(2-
azidoethoxy} ethoxyethy-3-{trifluoromethyi}-5,6,7 8~tetrahy drommudazof 1, 5-ajpyrazine-1 -

carboxamide

149



WO 2022/159955 PCT/US2022/070259

F. o
F H O_/_
F 20 o ,—~
/}/?—NH
N e
K/Nf
F
F e
[66469] To a solution of tert-butyl (R)-{4-( 1-({2-(2-(2-

azidoethoxy yethoxyethvhcarbamoyli-3-(trifluoromethyl}-5, 6-dihvdroimidazof 1, 5-alpyrazin-
T{8H}-yi}-4-0x0-1-(2 4, 5-trifluoropheny ibutan-Z-yljcarbamate (2.4 g, 3339 mmol) in CH2Ch
{24 b)) was added 4M HClin 1, 4-dioxane (24.0 mL} at 0 °C. The reaction mixture was stirred
at room temperature for 6 b, After completion of reaction, reaction nmixture was concentrated and
residue was basified with saturated NaHCO: solution and extracted with 10% MeOH 10 DCM (2
X 200 mL). The combined organic layer was dried over anhydrous Nax504 and concentrated to
get 2.2 g (R)-7-(3-ammno-~4-(2,4, 5-trifluorophenyhbutanoy H-N-{2-{2~{2-azidoethoxy)
ethoxyjethyD}-3-(triflucromethy}-5,6,7 §-tetrahydroumudazo[ 1, S-alpyrazine- I -carboxamide as an

oil. [TLC systero: MeOH: DOM (0.5:9.5); Revalue 041

{00476} Step 6. 7-({R)-3-amino-4-(2,4,5-trifluorophenyybutanoy H-N-{2-(2-(2~(4-
{{hexyl(2,3,4,5,0-pentahydroxyhexylammnoimethy - 1H-1,2, 3-tniazol- T~y ethoxy)ethoxy)ethyi)-

3-(tnfluoromethyi}-5,6,7 8-tetrahydroimidazof 1, 5-alpyrazime-1 -carboxamide
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HO
HO
OH
HO
OH
N"N N
N / Cs"|13
F o}
" NH o/
F 20 0O /—/
ﬁNH
N P
K/N]T\N
F
F e
{00471} To a solution of (R}-7-(3-amino-4-(2,4, 5-trifleorophenylibutanoy}-N-{2-(2-(2-

azidoethoxy} ethoxyethyh-3-{trifluoromethyi}-5,6,7 8-tetrahydrotmidazof 1, 5-afpyrazine-1 -
carboxamide (2.2 g, 3.627 mmol) and compound 8 (1.65 g, 5440 mmol) in t-BoOH (66 mbL) and
water {22 mb) was added CaS04, S H20 (1.08 g, 4352 mmol) and Na-ascorbate (1.07 g, 5.440
mimol}. The reaction mixture was stirred at room temperature for 2 h. After completion of
reaction, reaction muixture was filtered and concentrated to get crude compound. The crude
compound was purified by RP-Prep-HPLC afford 0.573 ¢ of 7-{{(R}-3-amino-4-(2.4,5-
triffuoropheny Dbutanoyvh-N-(2-(2-(2-(4-((hexyl(2,3,4,5,6-pentahydroxyhexyhaminoymethyl)-
1H-1,2 3-triazol-1-yljethoxy)ethoxyethyl}-3-(trifluoromethy!)-5,6,7, 8-tetrahydroimidazof1,5-
alpyrazine-1-carboxamide as an off white solid.

{80472} RP-Prep-HPLC purification method:

COLUMN: X BRIDGE C18 (19X250mm}

Mobile phase A: 1O0MM ABC IN WATER

Mobile phase B: Acetomirile

Solubihity: ACN+WATER+THF

Gradient %6B: 0/10, 1/30, 18.5/45 4, 18.6/93, 20.5/95, 20.6/10, 22/10
{60473 LC MS M/Z=910.51 (M+1) 1H NMR (400 MHz, DMSQO-d6) § 8.02-7 98 {(m,
1H), 7.91 (5, 1H), 7.45-7 41 {m, 2H), 4.98-4 87 (m, 2H), 4.47-4. 46 (m, 4H), 4.42-4.13 (m, 4H),
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3.92 (s, 2H), 3.80 (s, 2H), 3.72 (s, 3H), 3.62-3.56 (m, 2H), 3.59-3.32 (m, 12H), 2.67-2.56 (m,
4H), 2.40-2.33 (m, 4H), 1.40 (bs, 2H), 1.23-1.15 (m, 6H), 0.83 (1, I = 7.2 Hz, 3H).

{00474} Example 358, Synthesis of 2-(2-(2-(4-((bis{(25,3R 4R ,5R}-2,3,4,5,6-
pentahydroxyhexyviiaminoymethyl)-1H-1,2,3-triazol-1-yljethoxyjethoxylethyl 7-((R}-3-
amino-4-(2,4,5-trifluorophenylibutanovh)-3-{trifluoromethyl)-5,6,7,8-

tetrahydroimidazo] 1,.5-ajpyrazine-1-carboxylate {(48):
HO HO oH

N3
/) HQ . OH
2N
(6] W\\gH
I HO~ & OH
0

OH Int-4

F F (o) /) CuSQ,4 5H,0, Na-ascorbate,
m 0 t-BuOH, Water, rt, 16 h
F N =

{80475} To a solution of compound 2-(2-(2-azidoethoxylethoxyjethyl (R)-7-(3-amino-4-
(2.4, 5-triflucrophenylibutanoyi}-3-{trifluoromethyi}-5,6,7 8-tetrahy droinudazo{ 1, 5-alpyrazine-1 -
carboxylate (0.1 g, 0.164 mmol} and compound (ZR3R 4R, 5381-6-({{2R,38,45,58)-2,3,4,5.6-
pentahydroxyvhexy i prop-2-yon-I-yHammolhexane-1,2,3,4,5-pentacl (0.126 g, 0.329 mamol} in t-
BuOH (3.0 mL) and water{0.6 mL) was added CuS04,5 Ho0{0.05g, 0.197 romol) and Na-
ascorbate{0.048 g, 0.246 mmol}. Then reaction was stirred at RT for 16 h. After completion of
reaction, reaction nuxture was filtered and concentrated to get crude compound. The crude

compound was purified by RP-Prep-HPLC to afford 20 mg of 2-(2-(2-(4-({bis{{25,3R, 4R, 5R}-
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2,3,4,5 6-pentahydroxyhexyDamimomethyl}- 1H-1,2 3-triazol-1-yljethoxy Jethoxy)ethyl 7-((R}-3-
amino-4-{ 2,4, S-trifluorophenybutanoyl)-3-(tnifluoromethyi}-5,6,7 B-tetrabydroimidazof 1, 5-
alpyrazine-1-carboxylate as off white solid compound. LC MS M/Z = 991 .57 (M+1) 'H NMR
{400 MHz, DMSO-ds} 0 7.94 (s, 1H}, 7.45-7.43 (m, 2H}, 5.00-4.95 (m, 2H), 4.87-4.14 {(m, 18H},
3.93-3.47 (m, 23H), 3.39-3.16 {m, 8H}, 2.61-2.58 (m, 2H}.
{80476} RP-Prep-HPLC purification condition:

Column/dimensions: X BRIDGE C18 (19x250mmy), 5 ¢ Mobile phase A: 10MM ABC

{pH} IN WATER Mobile phase B: Acetonitrile.

Gradient {Tume/%BY: 0/10, 1/10, 11/50, 12.6/50, 12.7/98, 16/98, 16.1/10, 19/10.

Flow rate: 16 ml/min.
180477} Example 36, Synthesis of (R)}-4-{1-{{2-morpholinoethoxyicarbonyl}-3-
{trifluoromethyl)-5.6-dihydroimidaze {1,5-alpyrazin-7(8H})-v1}-4-0x0-1-{2.4,5-
trifiuorophenylibutan-2Z-aminium {2R,35)-3-carboxy-2,3-dihydroxypropancate{ T arirate

salt) (49):

e}

K/N\/\OH i?
N

F. F B8 o)
HN OH
BOP-CI, TEA, DCE /J 4M HCl in dioxane
F N = 0° C-rt, 16 h F Fun-Bog 0, dioxane, 0 °C-rt, 4 h

N HN

NP
Int-21 \SVF F NK/N/ N

Fr

Fr
(o HOOC\EOH </o
N—> HO" ~CcoOo N

/ L-(+)-tartaric acid (1.1 eq), F F

F F o]
F N = E N =
N
K/N\/Sr K/N N
F jr
F E F

{00478} Step 1. 2-morpholinoethy! (R}-7-(3-({tert-butoxycarbonvlamine}-4-(2,4,5-

triffuoropheny Dbutanoyl)-3-(tnifluoromethyl}-5,6,7, 8-tetrahy droimidazol 1, S-ajpyrazine- 1

carboxylate:
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»

{00479] To a stured solution of (R}-7-(3-{{tert-butoxycarbonyl}amine)-4-{2,4,5-
triffuoropheny Dbutanovh)-3-(triflucromethyl}-5,6,7 8-tetrabydroimidazo| 1, 5-ajpyrazine-1-
carboxylic acid (8.5 g, 0.91 mmol} in 1,2 dichloroethane (10 mL} and triethylamine (0.37 g, 3.64
mmol) was added bis(2-oxo-3-oxazohidinyljphosphinic chloride {(0.46 g, 1.82 mmeol} at 0 °C and
the resulting mixture was stirred at 0 °C for 1 h. Then Z-morpholinoethan-1-01 (0.24 g, 1.82
mmol) was added at 0 °C and the reaction mixture was stirred at room temperature for 16 h
After completion, the reaction mixture was diluted with water (10 mL} and extracted with
dichloromethane (2 # 50 mL). The combined organic layer was dried over anhydrous sodium
sulphate and concentrated under reduced pressure to give crude product. The obtained crude
residue was then purified by column chromatography over silica gel (230-400 mesh) using 4%
methanol in dichloromethane as a gradient to afford Z-morpholinoethyl (R)-7-(3-({tert-
butoxycarbonyhaming}-4-(2 4, -triflucrophenylibutanoyi}-3-(trifluoromethyl)-5,6,7 8-
tetrahydroimidazof 1, 5-alpyrazine-1 ~carboxylate (0.51 g, 84. 7% as an off-white solid. TLC

systern. MeOH: DCM (1:9); Ry 0.3

[B0480] Step 2. 2~-morpholinoethyl (R)-7-(3~-amuno-4-(2 4, S-irifluorophenylbutanoyi}-3-

{trifluoromethyi-S$,6,7, 8-tetrahydromudazol 1, 5-alpyrazine- 1 -carboxylate:
. - v pJ S

F F
F N =
N
e
FF

{80481} To a stired solution of 2-morphohnoethyl (R}-7-(3-{{tert-butoxycarbonyaming -

4-(2,4,5-mifleorophenyibutanoyl)-3-{triftuoromethyvi}-5,6,7, 8-tetrahydroinidazo{ 1, 5-ajpyrazine-
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I-carboxylate (0.51 g, 0.77 mmol) in 1,4 dioxane (5.1 mL), hydrogen chionde solution 4.0 M in
dioxane (5.1 mL) was added at 0 °C and the reaction mixtare was stirred at room temperature for
4 h. After completion, the reaction mixture was concentrated under reduced pressure to give
crude product. The obtained crude product was then purified by RP preparative HPLC using
following conditions. Column/dimensions | X-BRIDGE-C18 (19%250} Sum, mobile phase A :
10mM ammeonium bicarbonate in water, mobile phase B © acetonitrile, gradient (time/%B} : /5,
1/5, 8/40, 13.5/40, 13.51/100, 18/100, 18.1/5, 20.5/5, flow rate : 18ml/min. The desired fraction
was lyophilized to afford Z-morpholinoethyl (R)-7-(3-amino-4-{2 4, 5-trifluoropheny Hhbutanoy)-
3-(trifluoromethyi}-5,6,7 8-tetrahvdroimidazof 1, 5-ajpvrazine-1-carboxyiate {0.25 g, 57 7%) as

an off-white senu solid. TLC system. MeOH: DCM (1:9); Ry 0.05.

{00482} Step 3. (R)-4-{1-((2-morpholincethoxy ycarbonyl)-3-{triffuoromethvi)-S,6-
dihydroimudazo [1,5-alpyrazin-7(8H)-y1}-4-ox0-1-(2 4, 5-trifluorophenyhbutan-2-anunium

(2R,38}-3-carboxy-2,3-dihydroxypropanoate-Tartrate salt (49};

HOOC\EOH (O
L J

HO" ~Co0o
F F o+ /)
F N
L
F

FF
{60483} Mixture of 2-morpholinoethyl (R)}-7-(3-amino-4-(2,4, S-trifluorophenyljbutanoyl)-
3-(tnfluoromethyi}-5,6,7 8-tetrahydroimidazof 1, S-alpyrazime-1-carboxylate {(0.25 g, 0.44 mmol}
and L{+}-tartaric acid {0.73 g, 0.49 mmol) in demuneralized water (2.5 ml.} was sonicated to get
clear solution. The resulting solution was lyophilized to afford (R}-4-(1-{(2-
morpholinoethoxy yearbonyD-3-(trfluoromethy1}-5,6-dihy drosmidazof 1, 5-alpyrazin-7{8H}-y 1}-4-
oxo-1-(2,4, 5-nifluorophenyiibotan-Z-amimum (ZR,38)-3-carboxy-2,3-dihydroxypropanoate
{0.32 ) as an off-white solid. LCMS M/Z 564.46. 'H NMR (400 MHz, DMS0)§7.52{dd, ] =
9.5, 40 Hz, 2H), 5.03 - 4.87 (m, 2H), 435 - 4.08 (m, 5H), 3.95 ~ 3.88 {m, 4H), 3.67 (s, 2H),
3.56(t, F=4 6 Hz, 4H), 2.89 (s, 3H), 2.82 - 2.58 {m, 4H), 2.44 (1, ] = 4.7 Hz, 4H).
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{80484] Example 37, Synthesis of (R)}-4-(1-{((2-(3-
morpholinoethoxy jethyhearbamoyl)-3-(trifluoromethyl)-5.6-dihydroimidazo] 1,5-a]pyrazin-
T(8H }-yl}-4-0x0-1-{2.4,5-trifluorophenyl}butan-2-amininm (2R,3R}-3-carboxy-2,3-
dihydroxypropanoate {{artrate salt) (S0}
HoN"N\~O
N/N S
O 4M HCl in dioxane

ON-OH  HATU (1.2 eq), DIPEA
(5e0), DMF (20V) c s /J (10V), dioxane (10

4 0° C-t, 4 h un-Bog O\ NH V), 0°C-it, 4 h
LN

\SVF " Qe
Int-21

FE K/N 7
F

FF
o HOW_COOH o
IN\)L(+)trtri id (1 eq) \E IN\J
o A Hananc acd Ued HO Ncoo o

DCM : MeOH (4:1; 32V)
rt,6h
Q

F F 0 ~ . H
F NN F NN
N
LN LN
F \S\\F

FF FE

{B0485] Step 1. tert-butyl (R)-{4-{1-{({2-(2-morpholinoethoxy}ethylicarbamoyi)-3-
(triftuoromethyl}-5 6-dihydroimidazof 1, 5-ajpyrazin-7(8H)-yi}-d-oxo-1-(2 4,5-
triffuorophenyDbutan-2-yljcarbamate:

o
/// N\)

{00486} To a stirred solution of (R})-7-(3-({tert-butoxycarbonyl}amino)-4-(2,4,5-
triffuoropheny Dbutanoyl)-3-(tnifluoromethyl}-5,6,7, 8-tetrahy droimidazol 1, S-ajpyrazine- 1
carboxyiic acid (0.4 g, 0.73 mmol), 2-(Z-morpholinoethoxy)ethan-1-amine (0. 127 g, (1-
[Bis{dimethylanmunoymethylene]-1H-1,2, 3-triazolof4,S-blpyridinium 3-oxide

hexafluorophosphate (0.334 ¢, 0.88 muuol) 10 N N-dimethyiformamide (4 mL) was slowly added
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N, N-dusopropylethylamine (0.47 g, 3.65 mmol} at 0 °C and the reaction mixture was stirred at at
room temperature for 4 h. After completion, the reaction mixture was diluted with water (30 mL)
and extracted with ethyl acetate {3 x 100 mL). The combined organic layer was dried over
anhydrous sodium sulphate and concentrated under reduced pressure to give crude product. The
obtained crude residue was then purified by column chromatography over silica gel {230-400
mesh} using 4% methano! in dichloromethane as a gradient to afford tert-butyl (R)-(4-(1-((2-(2-
morpholinoethoxyjethybicarbamoyi}-3-(triftuoromethyl)-5 6-dihydroimidazof 1, 5-ajpyrazin-

7{&H -y i}-d-ox0-1-(2,4,5-triflecrophenylibutan-2-ylycarbamate (0.4 g, 78%} as a brown solid.
TLC system. MeOH: DCM (1.9}, & 0.3

{60487} Step 2. (R}-7-(3-amino-4-(2,4, S-trifluorophenyibutanoy -N-{2-(2-
morpholinoethoxyethyh-3-(trifluoromethyl}-3.6,7 8-tetrahydroimidazo{ 1, 5-ajpyrazine-1-
carboxamide:
o
N
0
F NT =
ng”

pe

FF
{00438} To a stirred solution of tert-butyl (R)}-{(4-(1-({2-(2-

morpholinoethoxy)ethyhcarbamoyi}-3-(triflucromethyl)-5,6-dithydroimidazo{l, 5-ajpyrazin-
7(8H)-yi}-4-oxo-1-(2 4, S-trifluorophenvbutan-2-ylicarbamate (0.4 g, 0.566 mmol} in 1,4
dioxane {4 mL}, 4.0 M HCl in dioxane (4 mb} was added at 0 °C and the mixture was stirred at
room temperature for 4 h. After completion, the reaction mixture was concentrated under
reduced pressure to give crude product. Obtained crude was then purified by RP preparative
HPLC using following conditions. Column/dimensions: Column/dimensions: X-select C18
{19%250mm), Sum, mobile phase A: 10MM aromontum bicarbonate in water, mobile phase B:
acetonitrie, gradient (ime/%6BY: 0/10, /10, 10/40, 15.51/61.5, 15.6/100, 18/100, 18.1/10, 20/10,
flow rate: 1 7ml/ron. The desired fraction was lyophilized to atford (R)-7-(3-amino-4-{2,4,5-

triftuoropheny hbutanoyh-N-(2-{2-morpholinoethoxy yethyl}-3-(inifluoromethy)-5,6,7,8-
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tetrabydroimidazof1,5-alpyrazine-1-carboxamide (0.16 g, 46.6%) as a colorless gum, TLC

system. MeQOH: DCM (1:9); Rr: 0.05.

100489} Step 3. (R)}-4-(1-((2-(2-morpholinoethoxy jethyl}carbamoyl -3 -(tnifluoromethyl}-
5,6-dihydroimidazo{l,S-alpyrazm-7(8H}-yi}-4-ox0-1-{2. 4, S-trifhuorophenybutan-2-ammnam

(2R, 3R}-3-carboxy-2,3-dihvdroxypropancate {tartrate salt} (50}

HO\[COOH o
N__J
HO" >coo” OI

+ /J
F N =
LN
\SFF

FF
{60490} To a stirred solution of (R}-7-(3-amino-4-(2,4, 5-triflucrophenyl}butanoyl)-N-{2-
(Z-morpholinoethoxy yethyl}-3-(trifluoromethyl}-5,6,7 S-tetrahydroimidazo{1,5-apyrazine-1-
carboxamtide {0.16 g, 0.26 mmol} in dichloromethane (4 mL)} and methano! (1 mL)} mixture was
added L{+) tartaric acid {0.039 g, 0.26 mmol}, the mixture was stirred at room temperature for 6
h. The solvent was evaporated under reduced pressure, the residue was then washed with n-
pentane {2 X 5 mL} and re-dissolved demineralized water (1.4 mL). The resulting solution was
iyophilized to afford (R3-4-(1-((2-(2-morpholinoethoxy}ethyl)carbamoyi}-3-(trifluoromethy l)-
5,6-dihydroimidazo{l,S-a]pyrazin-7{8H}-y1}-4-0x0-1-(2 4, S-triflucrophenylbutan-Z-aminium
{2R,3R)-3-carboxy-2,3-dihydroxypropanocate {0. 175 g) as an off-white solid. LCMS M/Z 607 51,
'H NMR (400 MHz, DMSO) 8 .08 — 7.95 (m, 1H), 7.56 — 7.44 (m, 2H), 5.03 - 4.87 {m, 2H),
426-407(m,3H), 3.88 (s, 4H), 337 (1, J=61Hz, 13H),287{(d, J=067H=z 2H}, 272 - 2.65
{m, 2H), 246 -2.36 (m, TH).

{30491 Example 38, Synthesis of (R}4-(1-{{3-morpholinopropoxyjcarbonyl)-3-
{trifluoromethyl)-5,6-dihyvdroimidazel1,5-alpyrazin-7(8H)-yli-4-0x0-1-{2,4,5-
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trifluorophenyhibutan-2-aminivm (2R,3R}-3-carboxy-2,3-dihydroxypropanocate {Tartrate
salt) (81p

O
K/N\/\/OH
(1.5eq)

F / \
F F .Bo 0 -
HN =08 OH BOP-CI(15eq), TEA HN-Bog o /_/_N\ £ M HCIin dioxane
(3 eq), DCE (20 V) g (10V), dioxane (10
F N =\ 0° C-rt, 16 h q V), 0°C-rt, 4 h

K/N\/SVF NK/N—:N

F.

Int-21

FF
FPLF
HOA_COOH
F
~ X,
FNH2O /_/_N\ O L(+)tartaric acid (1 eq) F F . HO™ "COO /\
F Q DCM : MeOH (4:1; 40V) NH; N O
N 0 n,6h F 1% o /—/_ —/
= d
N
K/N /N /3:?;
1 K/N /N
F F
F
FPLF
{00493} Step . 3-morpholinopropyl (R)-7-(3-({tert-butoxycarbonyliammno}-4-(2,4,5-

7

triftuorophenylibutanovh)-3-{trifluoromethy1}-5,6,7 &-tetrahydroimidazo| 1, 5-ajpyrazine-1-

carboxyiate:
i B N O
-Boc
F HN™™5 0 /_/7 _/
0]
NQ
K/N N
F
F e

[00493] To a stirred solution of (R})-7-(3-({tert-butoxycarbonyl}amino)-4-(2,4,5-

triffuoropheny Dbutanovh)-3-(triflucromethyl}-5,6,7, 8-tetrahydroimidazof 1, S-ajpyrazine-1-
carboxylic acid (0.3 g, 0.545 mmol) in 1,2 dichloroethane (6 mL} and triethylamine (0.165 g,
1.63 mmol}, was added bis(2-oxo-3~oxazolidinylyphosphinic chloride (0.207 ¢, 0.817 mmeol} at §
°( and the resulting mixture was stirred at 0 °C for 1 h. Then 3-morpholinopropan-1-01 (0,119 g,
0.817 mamol} was added at 0 °C and the reaction mixture was stirred at room temperature for 16
h. Atter completion, the reaction muxture was diluted with water (10 mL) and extracted with

dichloromethane (2 » 30 mL). The combined organic layer was dried over anhvdrous sodium
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sulphate and concentrated under reduced pressure to give crude product. The obtained crude
residue was then purified by column chromatography over silica gel {230-400 mesh} using 4%
methanol in dichloromethane as a gradient to afford 3-morpholinopropyl (R}-7-{3-{{tert-
butoxycarbonyhaminc)-4-(2, 4, S-trifluorophenylibutanoyi}-3-{trifluoromethyi)-5,6,7,8-

tetrahydroimidazof1,5-alpvrazine-1-carboxylate (0.21 g, 57.2%) as an off-white solid. TLC

system. MeOH: DCM (1:9); Rr: 0.3

{00494} Step 2. 3-morpholinopropyl {(R)-7-(3-amino-4-(2,4, 5-trifluorophenylbutanoyi)-3-

{trifftuoromethyvi}-5,6,7, 8-tetrahydromndazof 1, 5-ajpyrazine- 1 -carboxyliate:

" F N
NH, NP
F 0 0] /—/7
0]

NQ

K/NiN
F

Fr
{80495} To a stired solution of 3-morpholinopropyl {R)-7-(3-{{tert-

butoxycarbonyhaminc)-4-(2, 4, S-trifluorophenylibutanoyi}-3-{trifluoromethyi)-5,6,7,8-
tetrahydroimidazof 1, 3-a]pyrazine-1-carboxylate {0.21 g, 0.31 mmol) in 1,4 dioxane {2 mbL) was
added 4.0 M in dioxane (2 mL) at 0 °C and the reaction mixture was stirred at room temperature
for 4 h. After completion, the reaction nuxture was concentrated under reduced pressure to give
crude product. Obtained crude was purified by RP preparative HPLC using following conditions.
Column/dimensions : X select C18 (19%250mm) Su, mobile phase A: 10 mM ammonium
bicarbonate i water, mobile phase B © acetowutrile, gradient (time/%B): 0.01/25, 1/25, 6/40,
13/4G, 13.1/100, 18/100, 18.1/25, 20/25 flow rate: 18ml/min. The desired fraction was
iyophilized to afford 3-morpholinopropyl (R)}-7-(3~-armino-~4-{2 4, S-trifluorophenylbutanoyi)-3-
(iriftuoromethyl)-5,6,7 8-tetrahydroimidazol 1, 5-alpyrazine-1 ~carboxylate (0,125 g, 69.8%)as a

colorless gurn. TLC systermn. MeOH: DCM (1:9); Ry 0.05.

{00456} Step 3. (R}-4~{1-{{3-morpholinopropoxy jearbony)-3-(triflucromethyl}-5.6-
dihydromudazof1,S-alpvrazin-7{8H)-yl}-4-ox0-1-{2.4, 5-triflucrophenyhbutan-2-aminiur

{2R,3R}-3~carboxy-2,3-dihydroxypropanoate {51}
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{80497} To a stured solution of 3~-morpholinopropyl {R)-7-(3~-aming-4-(2,4,5-
triftuorophenylibutanovh)-3-{trifluoromethy1}-5,6,7 &-tetrahydroimidazo| 1, 5-ajpyrazine-1-
carboxvlate (0.125 g, 0.216 muvol) 1w muxture of dichloromethane (4 mL) and methanol (1.0 mi}
was added L{+}-tartaric acid (0.032 g, 0.216 mmol} and the mixture was stirred at room
temperatare for 6 h. The reaction mixture was concentrated, washed with n-pentane {2 X 5 mL}.
The resulting residue was dissolved i water and lyophitized to afford (R)}-4-(1-((3-
morpholinopropoxy)carbonyl}-3-(trifluoromethyi}-5, 6-dihydrommidazof 1 S-ajpyrazin-7(8H}-y1}-
4-oxo-1-¢2,4, S-trifluorophenyibutan-2-aminium (2R 3R}-3-carboxy-2,3-dihydroxypropancate
(0.077 g} as off-white solid. LCMS M/Z 57822, '"H NMR (400 MHz, DMSQ) 3 7.56 — 7.46 (m,
ZH), 494 (d, =119 Hz 2H), 428 (1, ] = 6.6 Hz, 5H}, 3.90 (s, 6H), 3.536 (s, 4H}, 2.86 {5, 3H),
272 ~2.66(m, ZH), 2.38(dd, J =137, 6.5 Hz, 6H), 1.89 - 1.80 {m, 2H).

{60498} Example 39. Synthesis of (R)}-4-{1-{{(2-(2-

morpholinoethoxyjethoxyjcarbonyl}-3-{(trifluoromethyl)-S,6-dihydroimidazo| 1 S5-ajpyrazin-
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T(8H-yI)-4-0x0-1-(2.4,5-trifluorophenylbutan-2-aminivm (2R, 3R}-3-carboxy-2,3-
dihydroxypropansate {Tartrate salt) (32):

0
K/N\/\o/\/OH IS

e "
o} 4M HCI in dioxane

F Fun-B9% O\_oH BOP-CI(2 sg), TEA i
(5 eq), DCE (20 V1) /J (10V), dioxane (10
F N = 0° C-1t, 16 h F. 0, V}, 0°Ct, 4 h

Int-21
F FF K/N N
P
FF
' [o] HO,__COOH //\o
IN\) I _ IN\J
O L-(+)-tartaric acid (1.1 eq) HO™ ~coo o

H water (10 V), Sonication /J
i F Fox 0,

F F NH; O N0 5 min NH3; O O

F F N e

NK/Niii K/N\’Si
TF F
{80499} Step 1. 2-{2-morpholinoethoxy Jethy (R}3-7-(3-({tert-butoxycarbonyamme}-4-

(2,4, 5-trifluorophenylibutanoyi}-3-{trifluoromethyi}-5,6,7 8-tetrahy drotnudazo{ 1, 5-ajpyrazine-1 -

carboxyiate:
o
IN\J
H i
i "B ﬂj?,o
F N =
(N
\STF
FF
{60500} To a stirred solution of (R}-7-(3-{{tert-butoxycarbonylaming -4-(2,4,5-

triffuoropheny hbutanoyhy-3-(trifluoromethyl}-5,6,7, 8-tetrahvdroimidazo{ 1, 5-alpyrazine-To a
mixture of 1-carboxylic acid {0.3 g, .54 mmol} in 1,2 dichloroethane (6 mL} and triethylamine
(0.27 g, 2.7 mmol) was added bis(2-oxo-3-omazolidinyljphosphinic chloride {0.28 g, 1.09 mmol}
at 0 °C and the resulting mixture was stirred at 6 °C for 1 h. Then 2-(2-morpholinoethoxy jethan-
1-01 (0.191 g, 1.09 mmol) was added at ¢ °C and the reaction mixture was stirred at room

temperature for 16 h. After completion, the reaction mixture was diluted with water (10 mL} and
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extracted with dichloromethane (2 x 30 mL}. The combined organic layer was dried over
anhydrous sodiuom sulphate and concentrated under reduced pressure to give crude product. The
obtained crude residue was then purified by column chromatography over silica gel {230-400
mesh} using 4% methanol in dichioromethane as a gradient to afford 2 2-(2-
morpholinoethoxyjethyl {R)-7-(3-({tert-butoxyecarbonyamino}-4-{2 4, 5-

triffuoropheny Dbutanovh)-3-(triflucromethyl}-5,6,7 8-tetrabydroimidazo| 1, 5-ajpyrazine-1-

carboxylate (0.32 g, 83.1%) as an off-white solid. TLC system. MeGH: DCM {1:9}); K. 0.3

{60501} Step 2. 2-{2-morpholincethoxyjethyt (R}-7-(3-amino-4-{2,4,5-

triffuoropheny Dbutanoyly-3-(trifluoromethyl}-5,6,7, 8-tetrahvdroimidazo|1,5-alpyrazine-1-

carboxyiate:
o
IN\J
/J i
F N = N
LN
\STF
FF
{00562} To a stured solution of 2-(2-morpholinoethoxy)ethyl {(R)-7-(3~{{tert-

butoxycarbonybamine}-4-( 2 4, S<trifluorophenylibutanoyi}-3-{trifluoromethyi)-5,6,7,8-
tetrahydroimidazof1,5-alpvrazine-1-carboxylate (0.32 g, 0.45 mmol} in 1,4 dioxane (3.2 mL)
was added 4.0 M HCl in dioxane (3.2 mL} at ¢ °C and the mixture was stirred at room
temperature for 4 h. After completion, the reaction mixture was concentrated under reduced
pressure 1o give crude product. The crude product was then purified by reverse phase preparative
HPELC using following conditions. Column/dimensions © X-bridge-C18 {19%250mm} Sum,
mobile phase A © 10mM ammonium bicarbonate in water, mobile phase B acetonitrile, gradient
(time/%B) - /5, 1/5, 12/75, 14/75, 14.05/98, 16.50/98, 16.51/3, 19/5, flow rate : 18ml/min. The
desired fraction was yophilized to afford 2-(2-morpholinoethoxy)ethyl (R}-7-(3-amino-4-(2,4,5-
triftuoropheny libutanoyly-3-(trifluoromethyl}-3,6,7 8-tetrahyvdroimidazo[ 1, 5-alpyrazine-1-

carboxylate (0.14 g, 51.1%) as a colorless gum. TLC system. MeOH: DCM (1:9); R 0.0S.
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100503} Step 3. {(R)-4-(1-((2-(2-morpholinoethoxy jethoxyearbony1y-3-(trifluoromethy i}
5,6-dihydroimidazo{l,S-alpyrazm-7(8H}-yi}-4-ox0-1-{2. 4, S-trifhuorophenybutan-2-ammnam

(2R 3R)-3-carboxy-2,3-dihydroxypropanocate { Tartrate salt) (52}

HO\ECOOH o
N__J
HO" ~Coo OI

F

L
{60504] Mixture of 2-{2Z-morpholimoethoxyethyl (R}-7-(3-aminc-4-(2,4,5-
triffuoropheny Dbutanoyly-3-(trifluoromethyl}-5,6,7, 8-tetrahvdroimidazo|1,5-alpyrazine-1-
carboxylate (0.14 ¢, 0.23 mmol} and L{+}-tartaric acid {0.038 ¢, 0.25 mmol} in demineralized
water (1.4 mL) was sonicated to get clear solution. The resulting solution was lyophilized to
atford (R}-4-(1-((2-(2-morpholinoethoxy jethoxy jcarbonyl}-3-(trifluoromethy}-5,6-
dihvdrommidazol 1, 5-alpyrazin-7(8H)-y1}-4-oxo-1-{2,4 S-triftuorophenyijbutan-2-anminium
{ZR,3R)-3-carboxy-2,3-dihydroxypropanoate (0.172 g} as an oftf-white solid.
LCMS M/Z 608.46. "H NMR (400 MHz, DMSO) 8§ 7.53 (q. J = 9.6 Hz, 2H), 495 (g, =180
Hz 2H), 440 -405(m, 6H),392(d, J=120Hz SH), 368{(t, ]=48Hz, 5H), 350, J=46
Hz, 4H), 2.73 (5, 2H}, 2.46 (d, I = 5.7 Hz, 3H), 2.38 (s, 4H).

[H0505] Example 40, Synthesis of (R}4-(1-{{{S-morpholinopentylloxy)carbonyi)-3-
{trifluoromethyl)-5,6-dihyvdroimidazel1,5-alpyrazin-7(8H)-yli-4-0x0-1-{2,4,5-
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trifluorophenyhibutan-2-aminivm (2R,3R}-3-carboxy-2,3-dihydroxypropanocate {Tartrate
salt) (83

HO/\/\/\
N
/H o
Int-24 o N/
F. F ., .Bo o)
w OH BOP-CI (2 eq), TEA
(5 eq), DCE (20 V)
F N = N 0° C-1t, 16 h F. FHN’Bog o) 3

Ay ~ L
Int-21 \S\\F F NK/N/ N

N
4M HCl in dioxane
(10V), dioxane (10
V), 0°C-rt, 4 h E 0

HO" ~coo™ N__J
L-(+)-tartaric acid (1.1 eq),
water (10V)
F 0

Fr
{60586} Step 1. S-morpholinopentyl (R)-7-(3-({tert-butoxycarbonyblamino}-4-(2,4,5-
triffuoropheny Dbutanoyly-3-(trifluoromethyl}-5,6,7, 8-tetrahvdroimidazo|1,5-alpyrazine-1-
carboxyiate:
o
N\J
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100567} To a stirred solution of (R}-7-(3-({tert-butoxycarbonyljamino)-4-(2,4,5-
triftuorophenylibutanovh)-3-{trifluoromethy1}-5,6,7 &-tetrahydroimidazo| 1, 5-ajpyrazine-1-
carboxylic acid (1.0 g, 1.82 mmol} in 1,2 dichloroethane (20 mL} and triethylanune (1.27 g, 9.1
mmol), was added bis{Z-oxo-3-oxazolidinylphosphinic chioride (0.93 g, 3.64 mmol} at 0 °C and
the resulting mixture was stirred at 0 °C for 1 h Then S-morpholinopentan-1-0f (8.94 g, 5.45
mmol) was added at 0 °C and the mixture was stirred at room temperature for 16 h. After
completion, the reaction mixture was diluted with water {10 mL) and extracted with
dichloromethane (2 x 30 mL). The combined organic layer was dried over anhydrous sodium
sulphate and concentrated under reduced pressure to give crude product. The obtained crude
residue was then purified by column chromatography over silica gel (230-400 mesh) using 4%
methanol in dichloromethane as a gradient to afford S-morpholinopentyt (R)-7-(3~((tert-
butoxycarbonyhaming}-4-(2 4, -triflucrophenylibutanoyi}-3-(trifluoromethyl)-5,6,7 8-

tetrahydroimidazof 1, 5-ajpvrazine-1-carboxyiate (0.0 g, 46.9%) as a colorless gum. TLC system.

MeOH: DCM (1:9); Rr: 0.3,
{00508} Sep 2. S-morpholinopentyl (R)-7-(3-amino-4-{2 4, 5-trifluorophenyljbutanoyl}-3-
{trifluoromethyl)-5,6,7, 8-tetrahydroimidazo[ 1, S-ajpyrazine- I -carboxvlate:

o
N

{00509] To a stirred solution of S-morpholinopentyl (R)-7-(3~((tert-
butoxycarbonyljamino}-4-(2,4, -trifluorophenylibutanoy D-3-(trifluororethyl)-5,6,7,8-
tetrahydroimidazof 1, 5-alpyrazine-1 ~carboxylate (0.6 g, 0.85 mmol) in 1,4 dioxane (6 mL) was
added 4.0 M HCl in dioxane {6 mL) at 0 °C and the mixture was stirred at room temperature for
4 h. After corapletion, the reaction mixture was concentrated under reduced pressure to give

crude product. The crude product was then purified by RP preparative HPLC using following

conditions. Column/dimensions : X select C18 (19%250mm} Sum, mobile phase A © 10mM
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ammonium bicarbonate in water, mobile phase B | acetonitrile, gradient (time/%B) ; 0/20, 1/20,
12/56, 16.5/50, 16.6/100, 19/10G, 19.1/20, 21/20, flow rate : 18ml/min. The desired fraction was
lyophilized to afford 5-morpholinopentyl (R}-7-(3-amino-4-(2,4, 5-tnifleorophenylibutanoyli)-3-

{triftuoromethyi}-5,6,7 8-tetrahydromndazo{1,5-ajpyrazine-1-carboxviate (0.29 g, 56.3%}as a

colorless gum. TLC system. MeOH: BCM (1.9}, Rr: 0.05,

{60516} Step 3. (R}-4-{1-{{{S-morpholmopentyl}oxyjcarbony!}-3-(trifluoromethyl}-5,6-
dihydrommidazol1,5-alpvrazin-7(8H)-yi}-4-ox0-1-{2,4, S-triflucrophenyibutan-2-aminium

{ZR,3R}-3-carboxy-2,3-dihydroxypropancate {Tartrate salt} (53 )

HOL_-COOH o
X N

HOY ~COO
F F o+
F N
N
e

FF
{00511} Mixture of S-morpholinopentyl (R}-7-(3-amino-4-(2,4,5-
triffuoropheny Dbutanovh)-3-(triflucromethyl}-5,6,7, 8-tetrahydroimidazof 1, S-ajpyrazine-1-
carboxylate (0.19 g, 0.31 mmol) and L(+)-tartaric acid (0.052 g, 0.34 mmol) in demineralized
water {1.9 mL} was sonicated for 2 min to get clear solution. The resulting solution was
ivophilized to afford (R)-4-(1-{{({(5-morpholinopentyljoxy)carbonyl}-3-(trifluoromethyl}-5, 6-
dihydromudazof1,S-alpvrazin-7{8H)-yl}-4-ox0-1-{2.4, 5-triflucrophenyhbutan-2-aminiur
{2R,3R}-3~carboxy-2,3-dihydroxypropanoate {0.23 ¢} as an off-white solid. LCMS M/Z 606 .48,
'H NMR (400 MHz, DMSQ) 8§ 7.51 (td, F =102, 6.9 Hz, 2H), 5.00 - 4 88 (m, 2H), 4.24 (1d, I =
7.2, 3.4 Hz SH), 3.99-3.87(m, 53H), 3.68 (5, 2H), 3.54 (+, ] =4 S Hz, SH), 2.90 (s, 2H), 2.80 -
2.64 (m, 2H), 2.38 - 226 (m, 6H), 1.68(p, J =73 Hz, 2H}, 1.55 - 1.34 (m, 4H).

[00512] Example 41. Synthesis of (R)-4-{1-{{4-morpholinobutexy)carbonyl)-3-

{trifluoromethyl)-8,6-dihydroimidazo{1,S-alpyrazin-7(8H)}-yl}-4-0x0-1-{2,4,5-
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trifluorophenyhibutan-2-aminivm (2R,3R}-3-carboxy-2,3-dihydroxypropanocate {Tartrate
salt) (84}

™

K/N\/\/\OH

0
(1.5 eq) - Q
F Fin B8 O\_oH BOP-CI (15 eq), TEA . N
(4 eq), DCE (20 V) HN-Bog /_/_/
F N, 0Ct eh F o
K/N\gr NQO
Int-21 . K/

FF

4M HCl in dioxane F . N
(10V), dioxane (10 % /_/_/
V), 0°C-rt, 4 h F O 0
~
N ———
K/N Y N

F
FF

HO4L_COOH

e
~
=

N.N

F. HOY ~COO N
F +
L-(+)-tartaric acid (1.1 eq) NH3 o
water (10 V), Sonication F Q

F
Fr

{80513} Step 1. 4-morpholinobutyl (R)}-7-(3-({tert-butoxycarbonylamino)-4-(2,4,5-
triffuoropheny Dbwtanoyl-3-(tnifluoromethyl}-5,6,7, B-tetrahy droinidazof 1, S-ajpyrazine-1-

carboxyiate:
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100514} To a stirred solution of (R}-7-(3-({tert-butoxycarbonyljamino)-4-(2,4,5-
triftuorophenylibutanovh)-3-{trifluoromethy1}-5,6,7 &-tetrahydroimidazo| 1, 5-ajpyrazine-1-
carboxylic acid (8.5 g, 0.91 mmol} in 1,2 dichloroethane (10 mL} and triethylamine (0.37 g, 3.64
mmol) was added bis(2-oxo-3-oxazohidinyljphosphinic chloride {(0.35 g, 1.36 mmeol} at 0 °C and
the mixture was stirred at 6 °C for 1 h. Then 4-morpholinobutan-1-01 (0.22 g, 1.36 mmol) was
added at 0 °C and the reaction mixture was stirred at room temperature for 16 h. After
completion, the reaction mixture was diluted with water {10 mL) and extracted with
dichloromethane (2 x 30 mL). The combined organic layer was dried over anhydrous sodium
sulphate and concentrated under reduced pressure to give crude product. The crude residue was
then puritied by column chromatography over silica gel (230-400 mesh} using 4% methanol in
dichloromethane as an eluent to afford 4-morpholinobutyl (R)-7-(3-{{tert-
butoxycarbonyhaming}-4-(2 4, -triflucrophenylibutanoyi}-3-(trifluoromethyl)-5,6,7 8-
tetrahydroimidazof1,5-ajpyrazine-1-carboxylate {0.45 g, 71.6%) as an off-white solid. TLC

system. MeOH: DCM (1:9); Rr: 0.3,

[80515] Step 2. 4-morpholinobutyl (R)-7-(3-amino-4-(2 4, 5-trifluorophenylybutanoyi}-3-

{triffluoromethyl)-5,6,7 8-tetrahydroinmidazo[1,S-ajpyrazine- 1 -carboxvlate -

{80516} To a stired solution of 4-morphohnobutyl {(R)-7-(3-{{tert-butoxycarbonyllamino}-
4-(2,4,5-mifleorophenyibutanoyl)-3-{triftuoromethyvi}-5,6,7, 8-tetrahydroinidazo{ 1, 5-ajpyrazine-
1-carboxylate {0.45 g, 0.65 mmol} in 1,4 dioxane (4.5 mL) was added 4.0 M HCl in dioxane (4.5
mi} at O °C and the mixture was stirred at room temperature for 4 h. After completion, the
reaction mixture was concentrated under reduced pressure to give crude product. The crude
product was then purified by RP preparative HPLC using following conditions.
Column/dimensions © © X-bridge C 18 (19%250 mm) Sy, mobile phase A 1 10MM ammonmum

IaYa}
/

bicarbonate in water, mobtle phase B : acetonitrile {org), gradient (time/%B) | O/20, 2/20, 10/45,
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14745, 14 107100, 16/100, 16.10/20, 18/20,. flow rate : 17 mi/min. The desired fraction was
lyophilized to afford 4-morpholinobety! (R)-7-(3-anmuno-4-(2 .4, S-trifluoropheny Dbutanovi}-3-
(triffuoromethyl}-5,6,7 8-tetrahydroimidazo[l,5-a]pyrazine-1-carboxylate (0. 16 g, 41.7%) as
colorless gum. TLC system. MeGH: DCM (1.9); K2 0.05.

{80517} Step 3. (R)-4-(1-({(4-morpholinobutoxy}carbonyi)-3-(trifluoromethyl)-5,6-
dihydromuidazo|1,5-alpyrazin-7{8H)-y1}-d-0x0-1-(2,4 S-trifluorophenylibutan-Z-aminium

(2R, 3R)})-3-carboxy-2,3-dihvdroxypropancate {Tartrate salt} (54):

HO\[COOH (—_O)

F HO™ ~CoO N

NN
F
Fr
{80518} Mixture of S~-morpholinopentyl 4-morpholimobutyl (R}-7-(3-amno-4-(2,4,5-

triffuoropheny Dbwtanoyl-3-(tnifluoromethyl}-5,6,7, B-tetrahy droinidazof 1, S-ajpyrazine-1-
carboxylate (0.09 g, 0.15 mmol) and L{+)-tartanic acid {0.025 g, 0.167 mmol) in denmuneralized
water (1 mL) was sonicated to get clear solution. The resulting solution was lyophilized to afford
{R)-4-{ 1-{{4-morpholmobutoxy jcarbonyl}-3-{trifluoromethyi}-5,6-dihydrommidazo{ 1, 5-alpyrazin-
7(8H)-v1}-4-ox0-1-{2,4,5-triflucropheny hbutan-2-aminmm (2R, 3R}-3-carboxy-2,3-
dihydroxypropanoate (0.115 g} as an off-white solid. LCMS M/Z 592 49, 'H NMR (400 MHz,
DMSO)Y 3 7.53(q, J=82Hz 2H}, 494 (d, 1 =119 Hz ZH)}, 425(dd, } =77,53 Hz, 5H), 3.93
(s, SH}, 364 (d, 1 =065Hz 5H), 287 (d, =74 Hz, ZH), 278 - 2.64 {m, ZH}, 2.45 - 2.13 (m,
6H), 1.68(d, J =82 Hz 2H}, 154 (g, } =74 Hz ZH).

{60519} Example 42, Synthesis of (R}-4-{1-{(Z-methyl-2-azaspire{3.3]heptan-6-

yhcarbameoyi)-3-(trifhusromethyl}-5,6-dihydroimidaze{1,5-a|pyrazin-7(8H }-yl}-4-0x0-1-
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{24, 5-trifluorophenyhbutan-2-aminiam (2R, 3R}-3-carboxy-2,3-dihydroxypropanoate
{Tarirate salt) (58)

/QC/NMe
H,oN 2HCI Me

N

F Frn-Bo% O\_OH HATU (1.2 eq), DIPEA ?1“3\'/")0('1;2)(‘22:3(’1‘3
(5 eq), DMF (20 V) F F . .Bo 0 V), 0°C-tt, 4 h
F N T\ Lcrtah w NH ’ :
LN
1 Seane:!
Int-21
FF F K/N\gr

FF

F

L-(+)-tartaric acid (1 eq) HO™ "cOO
DCM : MeOH (4:1; 36V)

F F 0
', 6 h +
m /\jNH F g /\;?VNH
F NN
N F N =
K/N\’Sr K/N N
F \SVF

FF

M HO\[COOH e

{80526} Step 1. Tert-butyl (R)~(4-(1-{{2-methyl-2-azaspirof3 3theptan-6-vljcarbamoy])-3-
{triftuoromethyl)-3,6-dihydroimidazol 1, 5-a jpyrazin-7(8H -y Y-4-ox0-1-(2,4,5-

triffuorophenybutan-2-ylicarbamate:

F F. B
F N™ =

(80321} To a stured solution of (R)-7-(3-{{tert-butoxycarbonyamino }-4-(2,4,5-
triffuoropheny Dbutanoyl)-3-(tnifluoromethyl}-5,6,7, 8-tetrahy droimidazol 1, S-ajpyrazine- 1
carboxyiic acid (0.5 g, 0.91 mmol), Z-methyl-2-azaspiro]3 3 lheptan-6-amine hydrochloride (0.18
g, 0.91), (1-[Bis{dimethylammoymethyiene}-1H-1,2 3-trazolof4, 5-blpyridiniom 3-oxide

hexatluorophosphate (0.415 g, 0.1.09 mmol} in N N-dimethyformamide {5 mL} was slowly

~ B

[y
~J
[y
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added N N-dusopropylethylamine (0.59 g, 4.55 mmol} at 0 °C and the reaction nuxtire was
stirred at at room termperature for 4 h. After completion, the reaction mixture was dituted with
water (30 mL} and extracted with ethyl acetate (3 » 100 mL). The combined organic layer was
dried over anhydrous sodium sulphate and concentrated under reduced pressure to give crude
product. The obtained crude residue was then purified by column chromatography over silica gel
{230-400 mesh} using 4% methano!l in dichloromethane as an eluent to afford tert-butyl (R}-(4-
(1-{{2-methyl-2-azaspiro| 3. 3Jheptan-6-ylicarbamov)-3-(triftuoromethyl}-5,6-
dihydromuidazo|1,5-alpyrazin-7{8H)-y1}-d-ox0-1-(2,4, 5-trifluorophenylibutan-2-ylcarbamate
(0.3 g, 50.2%) as an off-white solid. TLC system. MeOH: DCM (1:9); Rz 0.3

{60522} Step 2. (R}-7-(3-amino-4-(2,4, S-trifluorophenylibutanoy i}-N-{2-methvi-2-
azaspiro|3 3theptan-6-y1}-3-(inifluoromethyi}-5.6,7 8-tetrahvdroimidazo[ 1, 5-alpyrazine-1-
carboxamide:
Me
N
F N =
(N
p
FF
{60523} To a stirred solution of tert-butyl (R}-{4-{1-{{Z-methyl-Z-azaspiro[3. 3 theptan-6-

ylycarbamoyl}-3-{triftuoromethyi}-5,6-dihydroimidazo{1,5-alpyrazin-7{&H)-yi}-4-ox0-1-(2,4,5-
triffuorophenyDbutan-2-vicarbamate (0.3 g, .45 mmol) in 1,4 dioxane (3 mL}, was added 4.0
M HCH in dioxane {3 mb) at 0 °C and the mixture was stirred at room temperature for 4 h. After
compietion, the reaction mixture was concenirated under reduced pressure to give crude product.
The obtained crude was then purified by RP preparative HPLC using following conditions.
Column/dimensions : X-select C 18 (19%250mm) 5y, mobile phase A - 10MM ammonium
bicarbonate in water, mobtle phase B : acetonitrile {org), gradient (time/%B) . O/10, 1/10, 10/40,
16/63.2, 16.1/100, 19/100, 19.1/10, 22/10, flow rate : 17 mi/min. The desired fraction was

iyophilized to afford (R)-7-(3-amino-4-(2,4, 5-triflucrophenylbutanoy}-N-(2-methyi-2-
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azaspiro|3. 3 theptan-6-y1}-3-(trifluoromethyi}-5,6,7 B-tetrahydronmudazof 1, S-alpyrazine-1-

carboxamide {0.09 g, 35 4%} as an off-white sohd TLC system. MeOH: DCM (1:9), Rr: 0.05.

{80524} Step 3. (R)-4-(1-((Z-methyl-2-azaspiro| 3. 3theptan-6-yicarbamoyi)-3-

{triftuoromethyl)-3,6-dihydroimidazol 1, 5-ajpyrazin-7(8H -y Y-4-ox0-1-(2,4,5-

triffuoropheny Ybutan-2-aminiom (2R, 3R}-3-carboxy-2,3-dihydroxypropancate (Tarirate salt)

{55):
HOL_-COOH Me
L N
HO" ~COO™
+
F N =
(ng”
p
FF
[00525] Mixture of (R)-7-(3-amino~-4-(2. 4, 5-triftusropheny Dbutanoy - N~{2-methyl-2-

azaspiro{3 3theptan-6-y1}-3-{influoromethyi)-3,6,7 8-tetrahydrommidazo| 1, 5-apyrazine-1-
carboxamde (0.14 g, 0.25 mmol}, in dichloromethane (4 mL} and wethanol (1 mL) mixture L{+}
tartaric acid {0.038 g, 0.25 mmol) was added and the reaction muxture was stirred at room
temperature for 6 h. The reaction mixture was concentrated, residue was washed with n-pentane
{2 X 5 mL} and residue was dissolved demuneralized water (3 mL}. The resulting solution was
lyophilized to afford (R)-4-(1-{{Z-methyi-2-azaspiro|3.3 theptan-6-vijcarbamoyl}-3-
{triftuoromethyi}-5,6-dihydroimidazo{ 1, 5-ajpyrazin-7(8H}-yH)-4-ox0-1-(2,4,5-

triffuoropheny Ybutan-2-aminiom (2R, 3R}-3-carboxy-2,3-dihydroxypropancate (0.155 g} as an
off-white solid. LCMS M/Z 559.46. "H NMR (400 MHz, DMSQ) 6 £.40 — 8.22 {m, 1H), 7.48 (g,
J=92Hz 2H), 491 (d, J =149 Hz, 2H}, 426 {(dd, } = 164, 8.0 Hz, 3H), 411 (5, 1H), 3.89 (5,
3H), 3.83 (s, 3H), 2.78(d, J =71 Hz, 2H), 2.70 - 2.56 {m, 3H}, 2.45 - 2.28 {m, 7TH).

{60526} Example 45: i vifro and Additional Characterizing Data
100527} BPP4 activity assay. Homan DPP4 activity assay data were obtained using a

DPP4 Activity Assay Kit (Sigma-Aldrich, MAKO088) according to the manufacturer’s
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mstructions. Briefly, 10 gl of DPP4 Assay Buffer were transferred per well in low volume 384-
well plates before transferning 10 uL of test compound dissolved in BPP4 assay buffer. To each
well was added 5 uL of Master Reaction Mix containing a fluorescent substrate that becomes
fluorescent upon cleavage by the enzyme. Fluorescence intensity measurements were recorded
at I-minute time intervals over the course of 20 minutes uysing an Envision Multimode Plate

Reader (PerkinElmer). Results are presented in Table 4 below.

{00528} AEC2 proliferation assay. Primary human AEC2s were plated at a density

of 1,500 cells per well in black 384-well plates (Greiner) coated with 10 vg/mL Laminin (Life
Technologies) in 50 ul. of Small Airway Epithelial Cell Growth Medium (Lonza} without EGF,
retinoic actd and with 5% BPE. 100 nL of test compound dissolved in DMSQO was then delivered
using a Biomek FX instrument {Beckman Coulter) fitted with a pintool head (V&P Scientific).
After 96 hours of growth at 37 °C, cells were fixed with 4% paraformaldehyde, washed three
times with PBS, and then unmunocstained for KI-67 positivity (1:1000, Abcam, ab15580)
overnight at 4 °C. After three additional washes, the cells were mcubated with secondary
AlexaFluor conjugated secondary antibody for 1 hour at room temperature and then exposed to
10 pg/mL Hoechst 33342 (Life Technologies). Plates were sealed, and then quantitative high
content imaging carried out on Celllnsight CX5 HCS instrument {ThermoFisher). The ACE2

proliferation concentration curve for compound 46 1s depicted in FIG L

[060329] Table 4: Compound characterization and Inhibition of DPP4 data {(1Cs0)
DBPP4
+iTY
Stracture inhibition E;i'g}_f HONME
ICsinMD

T NMR (400 MHz, DMSO-dg)
6.79 (s, 1H), 4.73 (@d, T= 7.3,

AN 38 Hz, 1H), 3.85 (4, ) = 6.4 Hz,
Q JH3, 3.65-3.55 (m, 1H), 3.51 —
&LN N | 335 @ 2H), 356 (4, )= 73
1 oo H g 31 33y 1Hy, 320 6, 1HD, 217 -
=0 2.06 {m, 4H), 2.065-1.95 (m,
Q 260, 1724 = 175 Ha, 6H),

1.49(d, J = 12.8 Hz, 8H), 1.26
(s, $F), .86 (¢, 7= 6.9 Hyz, 3H).




WO 2022/159955

PCT/US2022/070259

Struciure

BPP4
inhibition
Fosf M)

M+11Y
[M-HY

H NMR

26

418.281

'H NMR (465 MHz, CD:0D)
840 (s, 1H, 481 (1, J=52Hz,
1H), 3.99 - 3.87 (m, 2H}, 3.74
~- 368 (m, 1H}, 3.56-3.49 (in,
TH)Y, 256 4, =72 Hz, 2H),
2.35 - 224 (m, 4H), 2.23 -
2.34 (m, 2H), 2.01 - 1.94 (m,
2H), 1.92 - 1.78 (gm, 8H), 1.73
- 1.65 (m, 2H), 157 - 1,50 (m,
2H), 1.43-1.36 (m, 2H), 1.35
~3124(m, 6H)L G901, J=¢68
Hz, 3.

G

1H NMR (400 MHz, CD30D)
8.38 {s,1H), 4.82-4.79 {m, 1H),
3.95-3 84 (m, 2F). 3.75-3.70
{m, 1¥E), 3.56-3.50 (m, 1FD),
2.72-2.66 {m. 2H), 2.43 (s,2H),
2.31-2,23 (m, 2¥1), 2.22-2 14
{m, 2H), 2.01-1.72 (m, 14H),
1.57-1.45 (i, 2H 3, 142-1.35
(m, 25, 1.33-1.31 (m, 4H).
0.92-0.89 {m, 3H).

i1

818.460

T NMR (400 MHz, MeOD) &
8.53 (s, 2H), 7.24 (d, = 2.1
Hz, 210, 6.94 (4. F= 8.2 He,
JH), 4.77 - 4.86 (m, 1H), 4.24
~3.97 (m, SH), 3.94 - 3.78 (m,
4H), 377 - 3.63 (m, 450, 3.61
~ 345 (m, 3H), 3.44 - 3.33 (m,
5T, 3.22 - 3,88 (ra, 2H), 310
~2.95 (my, 2H), 2.88 — 273 (m,
IH), 2.40 — 2.18 (m, 6H), 2.02
~1.92 (m. 2H), 1.88 ~ 1.66 (m,
TIH), 1.45 - 1.30 (m, 6H), 1.00
~0.96 (ra, 3.

348.65

TH NMR (400 MHz, DMSO-
ds) & 4.74-4.72 {m, 1H), 4.46
(bs, 1H), 3.63-3.32 (m, 81,
2.17-2.11 (m, 4H). 2.03-1.99
(ra, 2H), 168 (1, J = 6.0 He,
1), 1.60-1.40 (m, 12H),
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Struciure

BPP4
inhibition
Fosf M)

M+11Y
[M-HY

H NMR

N\\\/’

; 9
@uﬁr
0 0]

CsHys

31

402.304

T NMR (400 Mitz, CDCL)
473 (d, 1H), 3.91 (d, 1),
3.71-3.52 (m, 4F), 3.38 (1. 2H),
2.38 (s, 2H), 2.27-2.16 (ny, 4H),
1.83-1.73 (m, 10H), 1.58 (s,
2H), 150 (¢, 2H), 125 (s, 5H),
0.88 (1, J = 7.2 Hz, 3H).

~k

0

N%\I”
0
&uﬁr
0]
)
Q
(0]

C7H1s

42
3

460.31

lH{ NMR (400 Mz, CDCh)
5.39 (s, 2H), 4.87-4.73 (m,
1H), 3.66-3.39 (ra, 4H), 236~
2.25 {m, 6H), 2.24-2.13 (m,
2H). 1.83 (s, 3H), 1.80-1.68 (m,
6H), 1.66-1.36 (m, 6H), 1.33-
1.24 (m, 8H), 0.88 (1, J = 7.2
He, 3H).

4.2

704 484

TH-NMR {4006 MHz CDCly) &
773 (s, 1ED), 4.92-470 (m, LH),
452 (brt,J = 4.5 Hz, 2H),
3.94-3 82 {m, 55, 3.81-3.71
{m, 4¥0), 3.71-3.63 (m, 350,
3.56 (brd,.J = 19.3 Hy, 9H),
3.47-3.33 (m, 36}, 2.77-2 58
{m, 2F), 2.53 (td, = 7.7, 12.7
Ha, 1FD). 2.47-2.37 (m, [H),
2.36-2.01 {m, 6§F), 1.99 (s, 1H).
1.75-1.40 {m, 14H), 1.23 (brs,
6H), 0.84 (br i,/ = 6.7 Hz, 31,

10.8

800.59

I NMR (400 MHz, DMSO-
de) 57.95 (s, TH), 4.75-4.72 (m,
1H), 4.70-4.10 (m, 12HD), 3.81-
372 (m, 6H), 3.63-3.39 (m,
22H), 2.17-1.91 (ru, 6H), 1.56-
1.44 {m, 12H).

i

20.8

~4
i
=3
h
-2

T NMR (400 MHz, DMSO-
dey: & 4.74-4.70 (m, 1H), 4.51-
4.46 (m, 4H), 4.35-4.29 (m,
4H3, 4.19(d, J = 6.4 He, 2H),
3.65-3.55 {m, 7TE), 3.49-3.33
(m, 16H), 2.75-2.56 (m, 5H),
2.17-1.95 (m, 6H), 1.70 (bs,
1), 1.59-1.45 (m, 12H),
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Struciure

BPP4
inhibition
Fosf M)

M+11Y
[M-HY

H NMR

OH o
HO

/\J\/K/H 0 i
K N H H
e Moxo‘@bkb

T NMR (460 Milz, DMSO-

ds)  4.73-4.29 (mn, 6H), 3.63-
3.12 (m, 17H), 2.67-2.60 (m,

41, 2.16-1.99 (m, 6F), 1.59-
1.45 (m, 12H).

HO,

HO®"\sOH

12 K©\/
N7r —

X
BN
o)

~1
2

TH NME (400 MHz, DMSO-
dsy: 8817 (s, 2H), 7.73 (s,
16D, 7.27 (4, J = 7.6 Hz, 28},
7.37(d,./ =80 Hz 2H), 4.75-
4.74 (m, 3H), 4.16-4.06 (m,
4H), 3.75-3.35 (m, 21H), 2.61-~
2.50 (m, 1H), 2.46-2.41 (m,
3H), 2.19-1.99 {m, 6H}, 1.60-
132 (m, 12H, 094 (¢, /=72
Hz, 3H).

13

N3
(95}

802.48%

TH MMR (400 Mz, CD:OD)
8.48 (5, 2H), 7.22 (d. /= 8.5
Hyr, 2H). 6.92 (4.7 = 8.6 Hz,
200, 4.83 - 4.78 (ra, D, 4.17
~4.07 (m, 3H). 4.05 - 3.95 (m,
IH), 3.91 - 3.74 (m, 4H), 3.74
~3.60 (m. 6H), 3.55 ~ 3.50 (m,
1H), 3.50 ~ 3.43 (m, 2H), 3.41
~33% (ra, 4H), 3.26 ~ 3.16 (o,
JH), 3.05 — 2.94 (m, 2H), 2.40
~2.09 (m, 6H), 1.85 — 1.65 (m,
1260, 1.58 (s, 2H), 1.42 — 130
(m, 6H), 0.97 - 0.89 (m, 3H).

4 i

O’\/O

63649

I NMR (400 MHz, DMSO-
de) 57.92 (s, 1H), 5.10 (be.
1H), 4.73-4.65 (m, ZH), 4,49~
443 (m, 3H), 4.3 (bs. 2H),
3.80-3.36 {m, 19H), 2.64-2.60
(m, 2H), 2.16-2.01 (m, 6H),
1.56-1.46 (m, 125D,
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Struciure

BPP4
inhibition
Fosf M)

I

'H NMR
[M-HY N

i3

I NMIR (460 Mz, MeOD) 6
8.44 (br, 2H), 8.13 (5, 1¥1), 4.82
(1, TH), 4.60 (1, 2H), 4.24 (d,
28, 4.08 (dd, 1H), 3.97 (4,
1H), 3.91-3.87 (m, 2H), 3.74 -
720,458 | 3.56 (m, 12H), 3.01 (d, 2H),
2.89 - 2.82 (m, 2H), 2.37 (br,
2H). 2.27 1, 2H), 2.20- 2.07
(ro, 2¥D), 1.84 — 168 (m, 121D
1.61 (s, 2H). 1.31 (5, 6H), 0.91
(t, 3H3.

16

TH MMR (400 MHz, DMS0-
ds) §5.10-5.07 (m, LH), 4.46-
443 (m, 1H), 3.89-

3.87 (o, 1H), 3.45-

3.31 {m, SH), 2.21-

2.14 {m, 3HD), 1.77-1.32 (m,
14H), 0.97 (m, 1H), 6.72-
6.70 (s, 1H).

360.46

o}

TH NMR (300 MHz, MeOD) 8
755 - 7.37 (m, 4D, 5.23 (dd, J
=10.7,2.3 Hz, 1H), 439 - 426
{m, SH), 4.15 (L. J = 5.0 Hz,
OH), 394 (6. J= 6.2, 2.7 Ha,
TH), 3.68 (1. J = 5.1 Hz, 2H),
798,494 | 3.28 — 3.12 (m, 4HD), 2.65 (ddd.
J=14.1,10.8. 5.7 Hz, 11D,
243 -2.27 ¢m, 3H), 2.05 (dq. J
= 90,56 H, 1H), 1.91 - 1.56
(m, 128H), 1.36 (1, J = 7.3 Hz,
TH), 1.15 {q, J = 6.9 Hz, 1H),
1.02 ~ 0.94 (m, 1H).
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Struciure

BPP4
inhibition
Fosf M)

M+11Y
[M-HY

H NMR

18

OH

Ho—/"N

I NMR (300 Mz, MeOD) 6
753 (d, /= 8.1 Hz, 2H), 7.44
(d.J="79Hz, 2H). 523 (dd, J
=10.7,2.3 Hz, 1H), 452 (s
2H), 4.33¢(d. J = 20.1 Hz, 3H),
415 (1,7 =30 Hz, 27D, 3.98 -
3.8% (i, SH), 3.68 (4, = 5.1
Hz, 2H), 3.37 (m, 4H), 2.65
(3dd. 7= 158, 10.8, 5.7 Hz,
1H), 2.42 - 2.29 (m, 3H), 2.05
(dq.J = 8.9, 5.7 Hz, 11D, 1.90 ~
1.58 (m, 13H), 1.36 - 1.29 (m,
1H), 115 (q, /= 6.8 Hz, 1H),
0.9% (ddd, J=7.1.5.2. 2.7 Hz
1),

15

T98.4494

TH NMR (500 MHz MeOD)
751(d.J="7.8 Hy, 2H). 7.42
(d,J=7.9 Hz, 2H), 5.21 (dd, ./
=10.7.2.3 Hz, 1H), 449 — 4.30
(ro, 440y, 4.23 — 4.12 (. 41,
394 (1, .F= 6.2, 2.7 Hz, 1H),
3.83-3.75 (m, 2H), 3.73 -
3.60 {ra, 5. 3.32 - 3.27 (.
2H3, 3.11 (gdd, J = 13.0, 10.1,
6.1 Ho, 2H). 2.63 (ddd. 7 =
13.7.10.6, 5.7 Hz, 1H), 2.39 -
2.26 {m, 3H), 2.03 (dg, J = 9.0,
5.7 Hy, 1T, 1.90 - 1.56 (m,
16H), 1.41 — 1.23 (m, 11H),
.14 (dt, = 9.0, 6.4 Hz, 1H),
1.00 — 0.87 (m, 4H).

TH NME (400 MHz, Me(OD) 8
8.41 {(br, 2H), 8.20 (5, 1H), 3.2¢
(dd, 1H), 461 (1, 2H), 436 (d,
2H). 4.13 (1, 2H), 3.97 {t, 3H),
3.71-3.64 (m, SH), 3.49 (5, 4H),
319312 (m, 2H), 3.01 - 2.91
(o, 2H), 2.63-2.39 (m, 1H),
2.31-2.33 {(m, 3H), 2.03- 1.98
{m, 1H), 1.80 - 1.57 (m, 14H),
1.32 (g, 6H),1.10 {dd, 1H) 8.95-
.90 (m, 4H).
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nee4
Structure inhibition
Fosf M)

I

'H NMR
[M-HY N

TH NMR (460 MHz2, MeCD) 8
8.38 (br, 2H), 8.21 (5, 1H), 5.19
{dd, 1H), 463 (1, 2H), 4.42 (5,
263, 4.18-4.15 (in, 2H), 3.98 (1,
3H), 3.70-3.56 {m, 13H), 3.18~

E . 6484 | 316 (m, 2H), 3.03 -2.93 (m,
N: N ///0 'D 3 {3}, 2.63-2.59 (im, 1H), 2.37-
231 (m, 3H), 2.01- 1.98 (m,
1H), 1.76 - 161 (m, 14H), 135
{s, 6H},1.11 (dd, 1H) 0.94-0.91
(o, 4H).

OH oH

l)\/\/\N—CGHw

21 HO HO 1é

~3

N
~3
3

TH MMR (400 MHz, DMSO-
ds) § 8.54 (s,

1H), 8.17 (s, 2H), 7.79 (t,.J

= 6.0 Hz, 1HY, 748 (4.7 = 80
Hz, 260, 7.32 (4.7 = 8.0 Hz,
2H3, 5.60 (bs, 1H), 4.95 (bs,
11, 5.27-5.24 (m,

22 8.6 850.68 1H), 4.95 (m, 2), 4.37-
4.02 {m, 16H), 3.72-
3.52 (m, 12H), 316 (m,
4H), 2.32-2.23 (m, 3H), 2.07
{m, 1H), 1.73-1.46 (m,
12H), 1.04 (m, 1H), 0.75 (5,
1H).
H NMR (400 MHz, DMSO-
ds) 813 (s,
IH), 7.74 (. /=060 Hz, 1H), 7
38(d,.J =76 Hz 2H), 724
i {d./=7.6Hz,
P 7H), 5.22 {m, 1H), 4.18-
HO OH LR
23 i 0H> OJ—o“ N NHZH)Q‘H 4.2 714.6 4.02 (m, 10H}, 3.89 (s, 1H),
Hd N oy 2.17-3.66-3.52 (m, 4H), 3 .49~

d ek 3.47 {ra, 45D, 2.92-2.71 (m,
41, 2.50 (s, 3Hy, 2.27-2.21 (m,
3H), 1.96 (m, 1H), 1.71-1.43
(ra, 12H), 1.09-1.02 (m, 41),
0.74 (s, 1H).
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& &u“er

436299

T WMR (400 Milz, CDCh)
473 (d, 1H), 3.97 (d, 1),
3.71-3.52 (o, 4H), 3.38 (. 2H),
2.38 (s, 2H), 2.27-2.16 (ny, 4H),
1.83-1.70 (m, 10H), 1.58 (s,
2H), L.53-1.57 (m, ZH), 1.33-
1.22 (m, BH) 0.90-0.86 (m,
3H).

53

451.219

TH NME (400 MHz, DMSO-
d6ya 8.22 (s, 2H), 8.12 {5, ZH},
755, I=68 Hz, 1H), 7.27-
T3 2Hy, 691 {dJ=76
Hz, 1H}), 5.25 {s, 2H}, 5.00-4 58
{m, 2ZH), 368, J=2 4 Hz,
1H), 3.49-3.40 (m, SH), 3.22~
3.14 {m, 2H}, 2.00-1.90 (m,
2H3, 1.79 (s, 3H), 1.71-1.61 (m,
283,

N
28 N M»‘NQ
Q
\\ h

10.5

451202

T NMR (460 Mitz, DMSO-
ds) 4 8.13 (br. 3H),

787 (d. 2H), 738 (4,

JH, 5.10 (s, 2H), 4.93 @d, 2H)
.3.67 (d. 1T, 3.49-3.33 (m,
$H), 3.21-3.08 (m, ZH), 2.01-
1.90 (m, 2H), 1.79 (s, 3H),
1.70-1.66 (m, 2HD.

=~

47G.187

TH MMR (400 MHz, DMSO-
d6) 8 13,7 (br. s, 1H), 8.46 (1, ]
= 8.4 Hz, 1H), 8.12 (br. s, 3H),
7.16-7.14 (m, 1H), 5.45 (5. 2H),
4.98-4 86 (m, 2H), 3.71-3.69
(m, 1H), 3.51-3.48 (m, 1H)
339 (s, 3H), 3.37 (s, LFD), 3.22-
3.16 (m 2H), 2.06-1.99 (m,
1H), 1.95-1.91 (m, 1D, 1.78 (5.
38, 1.75-1.62 (m, 2H).
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\\ o Ox-0

N
CN‘QIU\N B
S N "“/&ON/
F

H,N

>1000

TH NMR (460 MHz2, IIMSO-
ds) 848 (/=84 Hz, 1H),
812 {d, /=36 Hz, 3H), 7.22-
739(dd, =84 Hz 2.4 Hz,
1H), 549 (s, 2H), 4.94 (m, 2H),
4.34

=64 Hz 2H}, 3.71 {m,
1H), 3.50-3.40 (m, SH), 3.21~
3.16 {m, 2H), 2.02-1 8% (m,
1Hy, 1.89-1.77 (mm, 1H), 1.76~
1.65 (m, 7TH), 1.44-

1.41 {m, 2H), 1.34-151 (m,
4H}, 0.89-G.86 (m, 3H).

31

\\ 0 Oy OH
N
CN‘<\ IKN Y
HN

H,N

~N

481.28

T NMR (400 MHz, DMSO-
dey 6 8.24 (m, 3H), 7B (4,7 =
76 Hz, 1H), 6.33 (4, J = 8.4
Hz, 1H), 5.37 (5, 2H), 5.00-4.88
(i, 2H), 3.68-3.38 (m, 6H),
3.18-3.12 {m, 2H). 2.45

(ra, 3H), 2.02-1.90 (m, 2H),
1.77 (s. 3H), 1.70-1.62 (m, 2H).

32

>1000

v g
o
(94}
~3
el

'H NMR (400 Mz, DMSO-
ds) & 8.18 (s, 3H),

TRT{d, =84 He, IHL. 721 b
rs, 1H), 6.34¢d.J=

8.8, 1H), 5.36 (5, 2H), 499~
488 (m, 2H, 422 (1, /=064
Hz, 2H), 3.70-3.54 (m, 1H),
3.498-3.39 {m, 3H}, 3.18-

341 {m,

2H3, 2.44 (s, 3H), 262~

1.99 (i, 2H), 1.90-1.61 (m,
TH), 1.42-1.31 (m, 6H), 0.89 (s,
3H).
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33 |

TH NMR (400 MHz, DMSO-de)
4 12.26 (br. s, 1H), 8.19 (s, 3H),
7.82{d, /=88 Hz, 1H), 7.30
(br. s, 1H}, 029 (d, /= 88 Hz,
1H), 3.35 (s, 2H), 3.00-4.86 (m,
2H), 3.68-3.65 (m, 2H), 3.38 (s,
453, 3.14-3.09 (m. 2H), 2.87
(br. 5, 2H), 2.03-2.01 (m, TH),
1.90 {m, 1H), L76-1.61 (m,
5H), 1.14-1.11 (m, ZH), .93~
091 (m, 2H), 668 {1, /=72
Hz, 3H).

HO OH

15
34 HO
OH
N
"™ om CN‘<\I /’i
HoN' NN

410

100302

TH NME (400 MHz, DMSO dg)
G 8.95 (5, 1H), 8.34 {5, 1H),
821 (m, 3H), 784 (d, /=87
Hz, 1H), 7.39 (brs, 1H), 6.31
{(d,J=88Hz, 1H), 5.34 (brm,
463, 4.93 (m, 2H), 4.56 (m,
2HY, 439 ¢, =69 Hz, 2H),
4.13 {ra, 2H), 3.79 (s, 3H), 3.59
{m, 6H}, 3.43 (m, 11H), 313
{m, 6H}, 2.86 (s, 2H), 2.04 (m,
1H), 191 (my EH), 1.78 (m,
TH), 1.16 (m, 8H}, 0.89 (m,
2H).

A)Y"L
@
4L
*sz
e

343

98762

TH NMR (400 MHz, DMSO) &
TO3 (s, 1M}, 7794, /= 8.6
Hz, 1H), 7.01 (brs, 1H). 6.22
(A, J=86Hz 1H), 331 (s,
2H), 4.59-4.26 (m, 14H), 3.77
{m, 4H), 3.535 (m, 9H), 3.38 (m,
TH}, 2.90 (m, SH3, 2.50 (m,
2H), 1.74 (m, 9H), 1.27 (m,
1H), 112 (m, 6H), 6.91 (m,
283,

Br (@]

36 N N
A

Cl O ITI

2
4

519.083

I MR (400 Mz, DMSO-de)
8779 (d. J= 2.0 Hz, 1H), 7.35
(dd,J = 5.4, 2.4 Hz, 1H), 6,95
(d,J = 8.4 Hz, 1H), 5.00 (s,
2H). 4.88 (s, 2HD), 3.66-3.58 (m,
2H), 3.39 (s, 3H), 3.00 (1,
10.0 Hz, 1H). 2.84-2.72 (m,
250, 1B7-1.61 (. BH), 1.24-
1.21 {m, 1H).
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|
Cl o) N N

(753

~§

zZ
Y
O

¥4
NS}
~3
2
b

I NMR (460 Mitz, DMSO-de)
§7.83 (d,J = 2.0 Hz, 1H), 7.54
(4d,.J = 8.4, 2.0 Hz, 1H), 7.08
(d,J= 8.4 Hz, 1H), 332 (s,
2H), 5.22-5.16 (m. 1H), 4.88 (s,
2H), 3.66-3.58 (m, ZHD), 3.38 (s
36). 2.99 (1, ./ = 10.4 Hz, 1H),
2.84-2.72 {m, 2H). 1.87-1.57
(ro, 8H, 1.37 (0, J = 6.0 Hz,
6H, 1.27-1.26 (m, 1H).

Cl 0] lll N
T

38 N

>10000

369256

[ MR (400 MHz, DMSO-
d6) 5 7.84 (d. 1H), 7.54 (a4,
1H), 7.07 (d, 1H), 5.32 (s, 2H),
4.88 (s, 2H), 4.31 (1, 2H), 3.65-
3.57 (o, 2HD), 3.37 (s, 3HD.
3.01-2.96 (m, 1H), 2.82-2.68
(m, 2H), 1.87-1.59 (m, SH).
1.42-1.20 (m, 75, 0.88 (¢, 3.

Cl (@] N N
Y | D—N
34 N N
o}

1000

611.303

T NMR (460 Mitz, DMSO-
d6) 5 7.85 (d. J = 2.4 Hz, 1H),
7.55 {dd, J = 8.4, 2.0 Hz, 1H),
708 (d, J = 8.4 Hz, 1H), 532
(s, 2H}, 4.88 (s, 2H). 432 (1, J =
6.4 He, 2H), 3.66-3.58 (1n, 7H),
3.37 (s, 3H). 3.01-2.96 (my, 1H).
2.82-2.72 {m, 2H), 1.87-1.60
(r, 10H), 1.41-1.24 (m, 138,
0.84 (t. T = 6.4 Hz, 3H).

[
Cl Ox NN
| DN
40 N N

'H NMR (400 MHz, DMS0-dy)
6856 (L. /=32 Hz IH), 744
(d,/=20Hz, 1H), 7.37{g&d, J
=84,24Hz, 1H}L 697 J=
84 He, 1HY 5.14 (5, 2H)}, 488
(s, 2H}, 3.65-3.37 (m, 2H), 3.37
{s, 3H}, 3.27-3.23 (m, 2H}, 2.98
{t, /=104 Hz, 1H), 2.88-271
{ny, 2H}, 1.87-1.52 (m, 9H),
1.39-1.27 (m, SH), 0.89 (1, /=
6.8 Hz, 3H).
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41

Cusa

oo
N/\/O\/\

NHz

>1G000

901426

TH NMR (460 MHz2, IIMSO-
d6) 395 (s 1H), 831 (4, J=

7.6 Hz, 1H), 8§.23 (s, 3H}, 7.84
(s, 1H}, 757 (dd. T=84, 2.0
Hz, 1H), 708(d J=84 Hz,
1H), 5.33 (s, 3H}, 5.01-4.87 (m,
2H}, 4.63 (s, 2H), 4.41 (s, 4H),
4.312-4.03 {m, 1H), 3.93-3.91
{ra, 2H), 3.79 (m, 2H), 3.74-
3.60 (m, 3H), 3.39 (m, 8H),
3.20-3.17 {m, 45}, 2.99-2.98
{m, 2H3, 2.02-1.91 (m, 2H),
1.78-1.63 (m, TH}, 1.25 (5, 6H),
.86 (s, 3H).

0.4

608.198

TH NMR (460 MHz2, IIMSO-
d6) 8 7.45-7.43 (m, 2H), 4.96-
4.93 {m, 2H), 4.37-4.36 (m,
28}, 4.25-4 11 (m, 2H), 3.94-
3.93 (m, 2H), 3.75-3.71 (m,
2H), 360-3.5‘% {xn, 6H), 3.37-
3.34 (m, 2H), 3.31 (m, 1H),
2.73-2.58 {m, “H‘» 51-2.49
{, 2H), 1.80 (bs, 2H).

43

TH NMR. (4006 MHz, DMSO-
d6) 6 7.45-7.43 (m, 2H), 4.96-
4.93 (m, 2H), 4.37-4.36 (m,
2H), 4.25-4.11 (m, 2H), 3.94-
3.93 (m, 2H), 3.75-3.71 (m,

{{) 3.60-3.58 (m, 6H), 3.37-

34 Gu, 2H), 3.31 (m, 1H),

2.7%? 38 (m, 2H}, 2.51-2.49
(i, 2H}, 1.80 (bs, 2H).

44

0.11

o
2
o~
R

'H NMR (400 MHz, DMSO-ds)
¢ 7.89 (s, 1H), 7.45-7.41 (m,
2H), 5.10-4.85 (m, 3H), 4.60-
4.10 (m, 10H), 4.06-3.30 (m,
20H), 3.10-3.05 (m, 1HYL 2.71-
2.50 (rn, 5H), 2.10-1.40 (m,
2H).
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45 R . —~
F% Q /-/O_/_o
N

K,Nin
FF F

(.53

'H NMR (400 MHz DMSCO-d:)
6953 (s 1H),820(d. /=38
Hz, 1H}, 8.10-8.00 (m, 3H),
R35.65 758 {g. /=90 Hz, 2H), 5.49
{s, 1H}, 4.95-4.93 (m, 3H).
4.57-3.38 {m, 28H), 3.18-2.66
{ra, 8H), 1.31-1.26 (m, 3H).

46 6
A

0.15

TH MMR (460 MHz, MeOD) 6
8.28 (s, 130, 7.36 (m, 1H), 7.27
~ 747 (m, 1H), 5.07 (m, H),
4.99 (m, 1H), 4.58 (o, 410,
4.45 (m, 2H), 4.29 (m, 4H),
911.404 | 4.11-3.94 (m, 2HD), 3.92 -
3.87 (m, 3H), 3.77 (m, 48,
3.64 (nL 7H), 3.27 - 3.03 (m,
SH), 3.00 ~ 2.92 (m, [H), 2.84
(m, TH), 1.83 (s, 25D, 1.36 (s,
6H), 0.91 (1, J = 6.5 Hz, 3H).

47 o
e

b3
b2

'H NMR (400 MHz,
DMSO-dgy 6 8.02-7.98
{m, 1H), 7.91 (s, 1H),
7.45-7.41 (m, 2H), 4.98-
487 (m, 2H)}, 4.47-4 46
{ny, 4H), 4 42-4.13 {(m,
4H), 3.92 (s, 2H), 3.80
910.418 (s, 2H)}, 3.72 (s, 3H},
3.62-3.56 {m, 2H), 3.539-
3.32 (m, 12H), 2.67-2.56
(m, 4H), 2.40-2.33 (m,
4H), 1.40 (bs, 2H), 1.23-
115G, 6H, 083 (1, J =
7.2 Hz, 3H}.

48 ) _/——or_/ HOY NOH

(.53

TH NMR (400 MHz, DMSO-d2)
57.94 (s, 1H), 7.45-7.43 (m,
JH), 5.00-4.95 (i, 28D, 4.87-
4.14 (m, 18H), 3.93-3.47 (m,
23H). 3.39-3.16 (m, BH), 2.61-
2.58 (m, 2H).
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49 o
F Q
N /
N~$<F
F

(.82

564.46

U NMR (400 Mz, DMSO) §
7.52 (dd, 7= 9.5, 4.0 Hz, 2H),
S.03% - 487 (mu, 2HD, 435 -
4.08 (i, 5H), 3.95 - 3.88 (m,
4H). 3.67 (s, ZH). 336 (1, T =
4.6 Yz, 4H), 2.89 (s, 3H), 2.82
258 (m, 4H), 244 (1, J= 47
Hz, 4H).

607.5

'H NMR (460 MHz, DMSO) &
.08 - 7.95 {m, 1H), 7.56 -
7.44 (m, 2H), 5.03 - 487 (m,
28}, 4.26 - 4.07 (m, 3H), 3.88
(s, 4H}, 3.37 (1, 1= 6.1 Hz,
138}, 2.87 (d, = 6.7 He, 2H),
2.72 - 2.65 (in, ZH}, 2.46
236 (m, TH}.

0.18

TH NMR (400 MHz, DMSO) &
7.56 - 7.46 (m, 2H), 4.94 (d, J
=11.9He, 2H), 428 (1, I =66
Hz, 5H), 3.90 (s, 6H}, 3.56 (s,
4T, 2.86 (s, 3H), 2.72 ~ 2.66
(i, 2H), 238 (44, 1= 137, 6.5
Hz, 61), 1.89 ~ 1.86 (m, 2H).

0.54

TH NMR (400 MHz, DMSO}
7.53(q. T = 9.6 Hz, 2H), 4.95
(q J = 18.0 Hz, 7D, 4.40 -
405 (m, 6H), 3.92 (&, T= 126
Hz, 5H). 3.68 (1, T = 4.8 He,
SH), 3.50 €1, J = 4.6 Hz, 4H),
2.73 (s, 2H), 2.46 (d, ] = 5.7
Ha, 3H), 2.38 (s, 4H).

1.0

605.24

(H{ NMR (400 Mz, DMSO) §
751 (1. F= 10.2, 6.9 Hy, 2H).
S.00 - 4.88 (ru, 2H), 4.24 (. ]
=7.2.34 Hz, 5H),3.99-3.87
(m, SH}, 3.68 (s, 2HD). 3.54 (1, 7
= 4.5 ¥z, SH), 2.90 (s, 2H),
2.80 — 2.64 {m, 2H), 2.38 —
2.6 (. 6H), 1.68 (p, J = 7.3
Hz, 25, 1.55 - 1.34 (m, 4H).
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¥, +
Struciure inhibition {;;3; ;j}_'/ 'H NMR
Fosf M)
o TH NMR (400 MHz, PMSO) &
( j 7.53 (g, § = 8.2 Hz, ZH), 4.94
N (4. J=11.9Hz 2H), 4.25 (dd, J
///) =77.53 Hz, 5H), 3.93 (s, SH),
Q

<
e

54 Fm d 0.5 50123 | 3.64(d, J = 6.5 Hz, SH), 2.87
F N/\J (3§ = 7.4 Ha, 25, 278 - 2.64
LN (e, 2H), 2.45 - 2.13 {m, 6H),
KFF 168 (d, T =82 Hz, 2H), 1.54
F (0, F= 7.4 Hz, 2H).
Ve T NME (400 MHz, DMSO) &
8.40 822 (m. 1H), 7.48 (q, J
=90 Hyz 2H), 4.91(d T = 14.9
Hz, 2H), 426 (3d, T = 16.4, 8.0

83 O -NH i7.8 55946 )
: . o Hz, 3H). 4.11 (5, 1HD), 3.89 (.
F HaN NN FEH). 3.83 (s, 3HD, 278 (4, T =
\\/N_$<F 7.1 Hz, 2H), 2.70 ~ 2.56 (m,
F £ F 3H), 2.45 ~ 2.28 (m, TH).
{60530} Example 46, Pharmacokinetic profiling
{80531 To assess the time course of the plasma and lung exposure of compounds

disclosed herein, rodents were dosed IT with an exemplary compound of the present disclosure.
The plasma and lung samples were taken at different tiroe points. The drug levels were measured

by LCMS.

{00533} When dosed IT to mouse, compound 46 extubited significantly higher plasma and
fung exposure profiles compared to retaghptin (FIG. 2). Furthermore, the compound was
retained in the hung for 7 days while retagliptin fevel in the fung was very low after 48 h.

{80533} Table 5 presents the pharmacokinetic parameters of compound 46 in mouse and

rat.
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{00534} Table 5. PK data from intratracheal or inhalation delivery in the mouse and rat for

compound 46

Species and | Mouse; Male; CD-1 strain Mouse; Male; CD-1 Rat; Male;
strain strain Sprague Dawley
strain
Route of intratracheal Inhalation Intratracheal

adminisiration

Dose 2 mg/kg: 1 mg/ml in PBS | 10 mg/ml in PBS for 15 | 2 mg/kg; 1 mg/ml
mins i PBS
Measurement Plasma Lung Plasma Lung Plasma | Lung
Coax (ng/mb or 435 24,623 359 20,939 14746 | 41392
ng/g)
tiz (hr) 1.28 3441 1.5 688 119
Tmax {hr} 0.25 0.25 0.5 0.25 0.25 0.25
AUCo.24 728 258,902 534 18038 | 638004
{(ng Wl or
ng h/g)
AUCount 729 1,082,408 552 509,951 | 18575 | 4738852
{ng.WmkL or
ng.lvg)
MR Tour (hr} 1.88 80.6 1.69 6 186
AUC ratio 1 1,349 1 9238 1 145
[00S35] Example 47, in vivo Efficacy Studies
{80536] Experimental methods of ALI model
{80537} LPS from E. cofi 1111:B4 (Sigma) was used to induce acute lung injury in mice.

Body weight matched (19 gram~22 gram) female C57BL/6J nuice at 9-11 weeks of age were
selected to use in ALY model.

[60538] For oral delivery, DPP4 inhibitors were dissolved in PBS resulting in clear
solution. Vehicle control or DPP4 inhubitors were dosed at 10 mi/kg through oral gavage once or
twice a day selected based on PK profile. For intratracheally delivered DPP4 imhibutors,
compounds were dissolved in PBS resulting in clear solution. Vehicle control or DPP4 inhibitors

were dosed at 2 mi/kg through a 22g flexible catheter every other day.
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{08539} LPS {1.5 mg/kg for testing orally delivered DPP4 mhibitors and 1.2 mg/kg for
testing mtratracheally delivered DPP4 mhibitors) or PBS i sham group was intratracheally
mjection into mice lung at day 0. DPP4 mhibitors or vehicle control were given to mice starting

from one day before LPS mjection {day -1).

{00548} All animals were sacrificed at day 3.5 after LPS injection. Bronchoalvestar lavage
fluid (BALF) was retrieved using standard method. 1 mi 4% formalin was used to inflate the
lung, which was subsequently fixed in 4% formalin for 24 hours and preserved in 70% EtOH

until histological process.

100541} For readouts, total protein content in BALF was quantified using BCA assay;

pulmonary inflammation and damage were assessed using H&FE staming,
{00542} Experimental methods of Bleomycin model

{80543} Bieomycin (Hospira} was used to induce lung fibrosis in mice. Body weight
matched (24 gram~28 gram) male U57BL/6 mice at 10-12 weeks of age were selected to use in

bleomycin model.

{00544} For oral delivery, DPP4 inhibitors were dissolved in PBS resulting in clear
solution. Vehicle control or DPP4 inhibitors were dosed at 10 ml/kg through oral gavage once or
twice a day selected based on PK profile. For intratracheally delivered DPP4 inhihitors,
compounds were dissolved in PBS resulting in clear solution. Vehicle control or DPP4 inhibitors

were dosed at 2 ml/kg through a 22g flexible catheter every four days.

[00545] 0.5 U/kg Bleomycin or PBS in sham group was intratracheally injected into mice
fung at day 0. DPP4 inhibitors or vehicle control were given to mice starting from one day before

bleomycin injection {day -1},

{80546} All animals were sacrificed at day 20 after bleomycin injection. Bronchoalveolar
iavage fluid (BALF) was retrieved using standard method. 1 ml 4% formalin was used to nflate
the lung, which was subsequently fixed in 4% formalin for 24 hours and preserved in 70% EtOH

until histological process.

{00547} For readouts, body weight was measured every day; total protein content in BALF
was quantified using BCA assay; pulmonary fibrosis was assessed using Masson’s trichrome

staining.
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{00548] In a mouse ALY model, Compound 46 showed a minimal efficacious dose of 0.02
bleomycin induced pulmonary fibrosis model, displaying rescue of key metrics including body
weight, BALF protein content, fibrotic area, and histological scoring (FIG. 3). The minimal

efficacious dose in every four-day intratracheal dosing regime was 0.5 mg/kg.

{60549] Additional assessment of the efficacy of compound 46 was determined n
combimation with the standard of care drug Nintedantb in the rodent bleomycin model (FIG. 4).
The combination of compound 46 and Nintedanib displayed mmpressive and synergistic efficacy
as determined by Bliss independence calculations in metrics of BALF protein content and

Ashcroft scoring for fibrotic severity.

{00558} Single cell RNA-sequencing from the lungs of mice was performed to understand
which celf types are proliferative in response to compound 46 treatment. After treatment with
compound (0.5 mg/kg I'T, amimals sacrificed 2 and 4 days after dosing), only cycling and
transitional AEC2s were induced to proliferate among other cellular populations, including other
epithehial cell types but excluding actively expanding immune cells (FIG. 5A, B). The data
moreover demonstrates a time-dependent accumulation of AEC2s after treatment with the

compound.

191



WO 2022/159955 PCT/US2022/070259

WE CLAIM:

1. A compound of formula (I}

NC
@’L\WD
X O
\L1B (I)

n1 m1

wherein

each --- represents a single bond that, when optionally present, form a fused cyclopropy!

g,
L is -NHCH>- or ~CH(NH:)-,
X! is selected from -0-, -S-, -8(0)-, $S(O)-, and -NH-;

112 15 a C2-Cr-alky! wherein one or more -CHo- are optionally and independently replaced

by a motety selected from ~-O-, -C{0O}-, and -NH-;

71 is selected from H, Ce-Cro-aryl, and 5- to 10-membered heteroaryl {wherem 1-4 heteroary]

members are independently selected from N, (3, and S);
m is an integer that is O when Z'is H, and is 1 when 7! is other than H;
al 1s an integer selected from 0, 1, 2, and 3;

R! is selected from H, Ci-Cio-alkyl, and -Ci-Co-alkyl-(Ce-Cro-aryl), and is optionally

substituted with one to six ~-OH;
R? 18 Ci-Cio-alkyl substituted with one to six -OH;
OR

a compound of formula (1)
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R5d R3
|

5¢
RE A OYN N

\ [ N | >_N (an
RSb . N

R5a o R NH;

wherein

Wis CHor N;

o 15 an integer selected from 1, 2, and 3;

R is selected from C1-Ce-alkyl, Ci-Cs-hydroxyalkyl, and (CH2CH:0)H (wherein x is an

integer selected from 1, 2, 3, 4, and 5};
R is Cr-Cs-alkynyl;

R R® R and R™ are independently selected from H, Ci-Ce-alkyl, halo, -NRARP (wherein
R* and RY are independently selected from H and Ci-Cio-alkyl), -C(O)OH, -B{OH),, -
C{OINRARE, -C{O)OR”, and -C(O)-L2-Z2-[{CH2o-NRR |, wherein

L? is a (2-Cu-atkyl wherein one or more -CHz- are optionally and independently

replaced by a moiety selected from -O-, -C(O)-, and -NH-;

77 is selected from H, Cs-Cro-aryl, and 5- to 10-membered heteroaryl {wherein 1-4

heterocaryl members are independently selected from N, O, and 8);

R® is selected from H, C1-Cu-alkyl, and -Ci-Cio-alkyl-{Cs-Cro-aryl}, and is optionally
substituted with one to six -OH;

R’ is C1-Cio-alky! substituted with one to six -0H;

m2 is an integer that is O when Z' is H, and is 1 when Z’ is other than H; and

#21s an integer selected from 0, 1, 2, and 3;

wherein at least one of R* R R and R™ is other than H,; and

wherein when W is CH, then R™ and R are not selected from -C(Q)YOH, -C{0)0Me,
and -C{(O)YOEy

OR
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a compound of formulda (IH)

(R™)o3

/\’ | NH, O © X3\L3/ZS\[H/NR8R9]
A n3 m3
N =

p3 g3 K/N \/(N (I

R10
wheremn
X s -0 or -NH-;

L7 is a bond or C2-Crz-atkyl wherein one or more -CHz- are optionally and independently
replaced by a motety selected from -O-, ~-C(O)-, and -NH-;

7 1s selected from H, -Ns, Ce-Cro-aryl, 5- to 10-membered heteroaryl {wherein 1-4
heteroary] members are independently selected from N, O, and 8), and (3- to 14-
mermbered heterocycloalkyl {wherein 1-4 ring members are independently selected from
N, (3, and S},
wherein hetercaryl and heterocycloalkyl are optionally substituted with 1 to &

substituents selected from the group consisting of hale, NOz, OH, UN, and C:-Ce-
haloalkvyt;

w3 is an imteger that is 0 when 77 is H or -N3, and i3 1 when 77 is other than H or -Na;

73 18 an integer selected from 0, 1, 2, and 3;

R® 15 selected from H, Ci1-Cie-alkyl, and -C1-Cro-alkyl«{Cs-Cio-aryl), and is optionally
substituted with one to six -OH;

R? 15 C1-Cro-alkyl substituted with one to six -OH;

RY s Ci-Cs-haloalkyl:

each R'! is independently selected from H, Ci-Cs-alkyl, and halo;

03 1s an imteger selected from 0, 1, 2, and 3;

p31s an integer selected from 0, 1, 2, and 3;

g3 1s an integer selected from 0, 1, 2, and 3;

194



WO 2022/159955

or a pharmaceutically acceptable salt thereof,

with the proviso that the following compounds are excluded:
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NH, O

NH, O

NH, O
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6.

~3

o]

9.

10

1. The compeound or pharmaceutically acceptable thereof according o any ovne of claums

. The compound or pharmaceutically acceptable thereof according to any ove of claims

. The compound or pharmaceutically acceptable thereof according to any ove of claims

14, The compound or pharmaceutically acceptable thereof according to any one of claums

. The compound or pharmaceutically acceptable thereof according to any one of claims

The compound or pharmaceutically acceptable thereof according to clawn 1, wherein the
compound 13 of formula (I}.

The compound or pharmaceutically acceptable thereof according to claim 2, wherein L1
is ~-NHCH:.

The compound or pharmaceutically acceptable thereof according to claim 2, wherein L'
is ~CH(NH:z}-.

The compound or pharmaceutically acceptable thereof according to any one of claims 2
to 4, wherein X' i3 O.

The compound or pharmaceutically acceptable thereof according to any one of claims 2
to 5, wherein Z! is H.

The compound or pharmaceutically acceptable thereof according to any one of claims 2
t0 5, wherein Z' is Cs-Cio-aryl or 5- to 10-membered heteroaryl {wherein 1-4 heteroaryl
members are independently selected from N, O, and S).n

The compound or pharmaceutically acceptable thereof according to any one of claims 2
to 5 and 7, wherein Z’ is phenyl.

The compound or pharmaceutically acceptable thereof according to any one of claims 2

to 5 and 7, wherein 7' is triazelyl

~d

The compound or pharmaceutically acceptable thereof according to any one of claims

109, whereinnl 13 | or 2.

-3

t0 10, wherein R! 1s Ci-Cro-atkyl optionally substituted with one to six -OH.

-3

to 11, wherein R! is C1-Ce-alkyl

-3

t0 12, wherein R? is Cr-Co-alkyl substituted with one to five ~-OH.

-3

to 13, wherein R? is C-Ce-alkyl substituted with three to five ~-OH.

~3

to 14, wherein R? is;
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OH OH

OH OH OH

16. The compound according to claim 2, wheremn:

72 is Co-Cro-aryl or 5-to 10-membered heteroaryi (wherein 1-4 hetercaryl members are

independently selected from N, &, and §);
nlislorZ;
R' s Ci-Cio-alkyl; and
R2 s R? is Co-Us-alkyl substituted with one to five -OH.

17. The compound or pharmaceutically acceptable thereof according to claim 1 or 2, wheremn

the compound 15 one selected from the following table:

Yy,
9
24 &uﬁr 4
e} O
=0
C7H4s
N\\\,"
9
N
7 5 H/\g/ 15
)
0]
=0
CrH1s HO
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N\\\,’ o, OH
i N 10
HN o
Yo
O
\
C7H45
A
° &g b
o} &
Citys
A
D
: &g 1
S, o
CrHis
N
g
| g
A
3 D 29
N
&Hﬁr
08, e
Citys
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B Q

i HO HO o\_0 8 OH QH 2
H\_/:\/\NfCGHWB §

Q

Nz
AN
L~
N
Y |
Q I“Hz\\a
{ S0
q d ™Mz
o}
Lo {
i3 NH 23 o
g N,C6H13 §
HO
g HQ 4 \—<\’N_/_
HO L OH N=N
OH
HO, OH
Hq /
—/  OH
’N OH
CsHis
HO.
HO'™ OH HO: OH
HO NH  Ne
12 t 14 e W o 0
{ ) oo N A
NYO\/\ N\)Ok {
o 0o, NQ H
H
HO
HOt.
N
ll HO. OH
o = HOQ OH

- Hom/ HQ Ny
i() O\\_ N 9 HO‘%/ ;ij Lo ’:r’\;
HO-—/_ NHJ ; H b "‘N\ANQ
o ™ W N
22 PR "o123 H—@ o >;7~

HO 16
HOM N\mOH
HOM \wsOH HO N \_@_}-}N—QO

OH

18. The compound or pharmaceutically acceptable thereof according to claim 1, wherein the

compound is of formula (If).

19. The compound or pharmaceutically acceptable thereof according to claim 18, wherein W

15 CHL
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28,

30,

31

. The compound or pharmaceutically acceptable thereof according to claim 13, wherein W

s N

. The compound or pharmaceutically acceptable thereof according to any one of claims 18

{0 20, wherein each of R and R™ is H.

. The compound or pharmaceutically acceptable thereof according to any one of claims 18

to 21, wherein R™ is -C{(O)YOH or -C{OOR™,

. The compound or pharmaceutically acceptable thereof according to any one of claims 18

7

to 21, wherein R™ is -C(O)-L-Z2-[(CH2)n2-NR°R .

. The compound or pharmaceutically acceptable thereof according to any one of claims 18

to 23, wheremn 27 15 Co-Cro-aryi or 5~ to 10-membered hetercaryl (wheremn 1-4 hetercaryl

members are independently selected from N, (4, and S).

. The compound or pharmaceutically acceptable thereof according to any one of claims 13

to 24, wherein Z° is phenyl or triazolyl

. The compound or pharmaceutically acceptable thereof according to any one of claims 13

t0 25, wherein 77 1s triazolyl.
> y

. The compound or pharmaceutically acceptable thereof according to any one of claims 13

t0 26, whereinn2 is 1 or 2.

The compound or pharmaceutically acceptable thereof accordmmg to any one of claims 13

0 27, wherein R® is C1-Cre-alkyl optionally substituted with one to six -OH.

. The compound or pharmaceutically acceptable thereof according to any one of claims 18

0 28, wherein R® is C1-Ce-alkyl

The compound or pharmaceutically acceptable thereof according to any one of claims 18
t0 29, wherein R’ is Co-Co-alkyl substituted with one to five -OH.

The compound or pharmaceutically acceptable thereof according to any one of claims 18

o 30, wherein R7 is C2-Cs-alkyl substituted with three to five -OH.

. The compound or pharmaceutically acceptable thereof according to any one of claims 18

0 31, wherein R is;
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OH OH

OH OH OH

33. The compound according to claim 18, wheren:
one of R™ R, R and R™ is -C{O)-L2Z5[{CHD-NRO R 1z

77 is Cs-Cro-aryl or 5- to 10-membered heteroaryl (wherein 1-4 heteroaryl members are

independentiy selected from N, (, and 8},
n2is or2;
R® is C1-Cro-atkyl: and
R7is C2-Ce-alkyl substituted with one to five -OH.

34. The compound or pharmaceutically acceptable thereof according to ¢laim 1 or 18,

wherein the compound is one selected from the following table:

|
cl Os NN
37 \;EVT\QI"?_NQ 3
o . 5 \XNHZ
YTQI \>—N
39 \\NHZ

9H19

Cale~ypy |

R

CoOH O \XNW

[*3]

cl o ,\l‘
N

. ?J' ()

Y \>—NQ CeHwa_N)l’:JN/\/OV\O o 0 NS
38 41 N
\\NHZ )

C6H13

- -
36 DAA)E[%NQ 30 CT\%N;O oy.4

N XN
NH, o N ’,V’&o Nl/
F
Y HO,C OYI\II .
w AT Qs I
: NH, 3 « S
S 2
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HO<-OH \\ o o o

27 )t 3 C‘<\ I
©/\)\ HN' ’& N

HN,_
HO: OH
£ 2 OH Nan
| "o HO N/_Q\’N H
V% NOYN Ny M N
HO! N
CoH 0 ‘=M r1oH {:;N—§ Lx ™
HoN N" o
OH {
HO: OH
_\_S—(Of Ne
He HO N/_Q\’N H
~ SMTNNAN
7 R 35 o ~
N oH \\ 0 o
\ N‘(\NI /’L N HO o CN_<\N' N~ HO
HoN' N o Mz i

35, The compound or pharmaceutically acceptable thereof according to ¢laim 1, wheremn the

compound 1s of formula (1),

36. The compound or pharmaceutically acceptable thereof according to claim 35, wherein X°

15 0.
37. The compound or pharmaceutically acceptable thereof according to claim 35, wherein X°
15 -NH-.

38. The compound or pharmaceutically acceptable thercof according to any one of claims 35

b

to 37, wherein Z° is -Na,
39 The compound or pharmaceutically acceptable thercof according to any one of claims 35

to 37, wherein Z° is Ce-Cro-aryl or 5- to 10-mermbered heteroaryl (wherein 1-4 heteroaryl

members are independently selected from N, (3, and S).

40, The compound or pharmaceutically acceptable thereof according to any one of claims 35

t0 39, wheremn each of p3and g3 18 1.

41, The compound or pharmaceutically acceptable thereof according to any one of claims 35

t0 40, wherein Z° is phenyl or triazoiyl.

42 The compound or pharmaceutically acceptable thereof according to any one of claims 35

t0 41, wherein Z7 s triazolyl.
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43.

44.

46.

47.

49,

50

The compound or pharmaceutically acceptable thercof according to any one of claims 353
to 42 whereinn3 s 1 or 2.
The compound or pharmaceutically acceptable thercof according to any one of claims 353

to 43, wherein R® is Ci-Cuo-alkyl optionally substituted with one to six -OH.

. The compound or pharmaceutically acceptable thereof according to any one of claims 35

to 44, wherein R® is C1-Cs-alkyl.

The compound or pharmaceutically acceptable thereof according to any one of claims 35
to 45, wherein R” is (3-Cs-alkyl substituted with one to five -OH.

The compound or pharmaceutically acceptable thereof according to any one of claims 35

to 46, wherein R” is {2-Cs-alky! substituted with three to five -GH.

3. The compound or pharmaceutically acceptable thereof according to any one of claims 35

to 47, wherein R” is:;

OH OH

OH OH OH

The compound according to claim 35, wherein:

7% is Co-Cro-aryl or 5- to 10-membered heteroaryl (wherein 1-4 heteroaryl members are

independently selected from N, O, and 8);
niislorZ;
R®¥is C1-Cio-alkyl; and
RY is (2-Cs-alkyl substituted with one to five -OH.

The compound or pharmaceutically acceptable thereof according to claim 1 or 35,

wherein the compound s one selected the following table:
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42 F P, o Oy 46 OH
TR s

e sl
o NiNl Cohes

43 F Fam 0 ON-NH 47 0/2
? va
Fm,\‘ = /Jo

F L '

44 F NHzO o ofo/\/ 4§ @H/« _/—o/_/
s~ F 2 o O
O™ ~

48 _/—-o HO' OH 49 O
F. . /__/O O . 'f—|2N Q
’\j F

. F
o/—\N F ] F i
n/ —\-—0\_\ o 0 Hz'\% F oQN o WF
50 A 51 oA
Ny N\) N_N\)

52 OJ&‘(N ' 83 °J§=(N
Ny N\) Na N\)
FF FIFF
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o]
(¥4
95

) Oy NH
F Q
HaN
ng ~ N N“;,N
1 \\,N—gg
F
F ¢ F

[
oty

. A pharmaceutical composition comprising a compound or pharmaceuotically acceptable
salt thereof according to any one of claims 1 to 50, and a pharmacestically acceptable
carier,

52. A method for selectively mereasing the proliferation of cuboidal alveolar type 2 (AEC2})

cells m a subject in need thereof, or for restoring dimunished proliferation of AECZ cells

in a subject in need thereof, comprising admimistering to the subject a compound or

pharmaceutically acceptable salt thereof according to any one of ¢laims 1 to 50.

A
(43

1. A method for mhibiting dipeptidyl peptidase IV (DPP4) 1n a subject in need thereof,
comprising administering {o the subject a compound or pharmaceutically acceptable salt

thereof according to any one of claims 1 to 50,

54. A method for treating a pulmonary disease in a subject suffering therefrom, comprising
administering to the subject a compound or pharmaceutically acceptable salt thereof

according to any one of claims 1 to 50.
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