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SALTS AND PRODRUGS OF -METHYL-D-TRYPTOPHAN

{Cross-Reference to Related Applications

{0001 This application claims priority to U.S Provisional Application Serial No 62/196,671
filed on July 24, 2015 and U.S Provisional Application Serial No 62/305,748 filed on March 9,

2016, the entire contents of which are hereby mcorporated by reference in their entirety.
BACKGROUND OF THE INVENTION
Field of the Invention

{0602} The present disclosure 15 related to compounds for inhibition of indoleamine-2.3-
dioxygenase pathway, in particular salts and prodrugs of indoximod with enhanced

pharmacokinetic properties relative to indoximaod

Summary of Related Art

{0603} Tryptophan degradation into kynurenine i1s mediated by indoleamine-2,3-dioxygenase
(IDO1} expressed by plasmacytoid dendritic cells, placental, epithelial and tumor cells and by

tryptophan-2,3-dioxygenase (TDO2) expressed mainly by the liver and tumor celis.

[(004] IDO1 plays an mmportant role in the regulation of immune responses by triggering
anergy on reactive effector T cells and by modulating differentiation and activation of regulatory
T cells {Tregs). From a more general viewpoint, the IDO enzyme 1s imvolved in pathway that
comprises all proteins that directly or indirectly contribute to modulate the immunosuppressive
functions dependent on IDO activity, including proteins that mediate nduction of DO
expression, activation of enzymatic activity by reductases, post-translational modifications that
regulate activity, protein degradation, and the interpretation and transmission of the signals
elicited by low concentrations of Trp and the presence of Trp catabolites [collectively known as

kynurenines {Kyns)] including catabolic stress sensors integrated into the General Control
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Nonrepressed-2 {(GCN2) pathway, the Aryl Hydrocarbon Receptor {AhR) pathway, and the
mammalian Target Of Rapamycin {mTOR) pathways. This concept of integrated downstream
regulatory pathways with IDO at the center has emerged from studies on multiple model systems
by many research groups and this notion may be critically important for understanding how the
IDO pathway 1s induced, how IDO exerts downstream effects, and the mechanism of action of
IDO pathway inhibitors that target IDO directly or target other components of the IDO pathway
i, 2]

{0665] Therefore, direct pharmacological inhibition of IDGT enzymatic activity or inhibition
of the upstream factors that activate IDO1 enzyme or inhibition of the downstream effects of
IDO1 enzymatic activity should stimulate an nomune response by multiple mechanisms that may
involve preventing anergy of effector T cells, reactivating anergic effector T cells, preventing the
activation of regulatory T cells, promoting phenotypic conversion of Tregs to pro-inflamatory
TH17 cells and promoting phenotypic reprogranmiming of immunosuppressive dendritic cells nto

immunostimulatory dendritic cells,

{6006} For these reasons, numerous enzymatic mhibitors of DO have been described and are
being developed to treat or prevent IDO related diseases such as cancer and infectious diseases.
Numerous molecules that inhibit IDO enzymatic activity either as competitive or non-competitive
mhibitors have been described m the literature, for example n patent apphications
W2012142237,  WO0O2014159248, WO0O2011056652, WO2009132238, WO2009073620,
WOZ008115804, WO 2014150646, WO 2014150677, WO 2015002918, WO 2015006520, WO
2014141110, WO 2014/186035, WO 2014/081689, US 7714139, US 8476454, US 7705022, US
8993605, US 8846726, 1S 8951536, UST7598287.

[6807] One of the first IDO pathway mhibtiors studied in prechinical models has been 1-
methvi-DL-tryptophan {(1mT), a racemic mixture of enantiomers, which was shown to mediate
immune dependent rejection of allogeneic fetuses n mice [3] and immune dependent
enhancement of antitumor activity of chemotherapy and radiotherapy {4} Each one of these
enantiomers shows different biological properties. 1-methyl-L-tryptophan {(LImT) has been

shown to mhibit IDO! enzymatic activity (Ki=34 uM, {5} in cell-free assays using purified
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recombinant IDO1 enzyme, and in tumor cells treated with INFy or in tumor cell lines transfected
with expression vectors that encode TDOT under the control of an heterologous promoter, while
the D 1somer {(indoximod) does not inhibit enzymatic activity in these type of assays [6]
Nonetheless, both isomers are capable of restoring T cell proliferation in an MLR assay with
DO+ dendritic cells as the stimulator cells, or in syngeneic antigen-dependent T cell proliferation
assays using IDO+ DCs isolated from tumor draining lymph nodes [6]. In this type of assay,
where IDO+ DCs are present, T cells do not proliferate. However, inhibition of the IDO pathway
by these inhibitors restores the proliferative capacity of T cells. Interestingly, both somers show
different potency in this assay, with indoximod being more potent (EC30=30 uM)} than L1mT
(ECS0= 80-100 uM) or the racemic mixture {80-100 uM) [6]. Moreover, despite the fact that
indoximod does not show inhibition of enzymatic activity in other types of assays, it shows
inhibition of enzymatic activity in this co-culture assay, as seen by reduced Trp degradation and

Kyn synthesis.

[6608] A somewhat puzzling issue has been the fact that indoximod does not show inhibition
of IDO1 enzymatic activity in vitro, but somehow mimics the biological consequences of D01
inhibition i vivo or in cell based assays. Experimental evidence from a number of research
laboratories points to the conclusion that indoximod 15 participating in the inhibition of the IDO1
pathway. Several possible mechanisms by which this could be taking place are: 1) mhibition of
isoforms of TDO1, 2) inhibition of 1D0O2, 3) aliernative formation of mdoximod —derived
metabolites, 4) racemization of indoximod into LimT, 5) mhibition of Trp transport, 6) mhibition
of the GCNZ pathway by formation of mdoximod-tRNA complexes, 7) imnhibition of enzymes
mvolved m Trp sensing such as WARST or WARS?2, 8) alteration of autophagy under conditions
of ammno acid deprivation induced stress or 9) bypassing mechanisms that inactivate mTOR under
conditions of amino acid deficiency [7]. These mechanisms are not necessarily mutoally
exclusive, and so far are compatible with the current experimental data. Further mvestigations are
needed to elucidate which of these biochemical mechanisms 1s responsible for the biological

activity of indoximod.
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[9009] The biological activity of indoximod to relieve immunosuppression in vivo and in vitro
is supported by studies performed in several laboratories in murine preclinical models. Indoximod

has demonstrated activity in the following biological assays:

1. Incombination with chemotherapy, indoximod demonstrates antitumor effects in animal
models of ectopic melanoma, colon and lung tumors, and in orthotopic and autochtonous
breast tumor models. The antitumor effect of indoximod 1s lost in nude and IDO1-KO
mice [6].

2. mndoximod can prevent the process of activation of mature Tregs in vivo, and facilitates
the in vitro and n vivo trans-differentiation of Tregs nto pro-inflamatory TH1 7-like T
cells [8, 921

3. In tumor vaccination protocols, the combination of two different antitumor vaccimes with
mdoximod was effective in converting a higher proportion of Treg cells into TH17-like T
cells, with concomitant antitumor effect [9].

4. In melanoma models, combimation of anti-CTLA4 (ipthmumab) and indoxaimod, results in
synergistic antitumor effect {10}

5. Inwvive, indoximod was more efficacious as an anticancer agent in chemo-immunotherapy
regimens using cyclophosphamide, paclitaxel, or gemcitabine, when tested o mouse
models of transplantable melanorna and transplantable (4T1) and autochthonous (mmTV-
neu} breast cancer {6].

6. IDO1 has also been implicated in the differentiation of naive CD4 T cells into Tregs, by
the combined effect of Trp deprivation and the presence of Trp catabolites, through a
mechanism that depends on GCNZ [11, 12} This conversion 1§ mterrupted in vivo in the
presence of indoximod.

7. Similarly, IDO+ pDCs have also been implicated in the activation of mature Tregs in vivo,
which also requured an intact GUN2 pathway in the Treg population. This phenomenom
could be prevented by excess Trp or by indoximod {81

8. Inaddition to preventing the activation of mature Treg cells, indoximod can mediate the
conversion of suppressive FoxP3™ Tregs into pro-inflamatory TH17 cells in vitro and in
vivo. This conversion of Tregs into TH17 cells required the presence of antigen or

4
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[6618]

engagement of B7 in the pDCs, and the presence of functional IDO1 and GCN2 genes in
the pDCs. Indoximod was able to mimic the phenotypic consequences of IDO1 or GCN2
gene ablation [9], therefore supporting its role m inhibition of the IDO pathway.
Antitumor and immunologic studies using DO 1-KO mice or pDCs derived from IDO1-
KO mice demonstrated that the beneficial effects of indoximod are lost in the context of a
genetic background lacking a functional IDO1 [6]. In particular, it was observed that
IDG1-KO nuce develop tumors, which are not sensitive to treatment with indoximeod in
combination with chemotherapy. Additionally, pDCs derived from tumor draining lyvmph
nodes of IDO1-KO mice are able to stimulate the proliferation of T cells in culture, to the
same extent as IDO(-) APCs. These observations were interpreted as a genetic validation
of IDO1 as the pharmacologic target of indoximod. However, this could also be
interpreted as indoximod blocking some other point of action within the IDO pathway.
The antttumor and immunologic observations made by admmnistration of indoximod were
also reproduced by admimistration of other well documented IDO1 mhubttors (1e.
molecules that inhibit the enzymatic activity of IDOT in vitro and 1 cell based assays)
such as 5-Br-brassinin, menadione, methyl-thiohydantoin-tryptophan, and analogs of
phenylimidazole {unpublished}, thereby validating the IDO1 pathway as the

pharmacologic target |4, 13, 14].

. In prechinical amimal models, the 1n vive pharmacodynamic effects of indoximod are seen

mainly in tumor draining lymph nodes, where the effect is seen as activation and
proliferation of CD8a+ cells, reduction in the number of FoxP3 + Tregs, reprogramming
of Tregs (CD40L) to immunostimulatory T cells (CD40L") and reprogramming of IDO”
antigen presenting cells from CD11¢™/CD80/86™ to CDB0/86 " phenotype.

For these reasons, indoximod 1s being investigated 1n human chinical trials for cancer

indications. Indoximod is being studied in several cancer mmdications in combination with

different chemotherapestic and biological immunotherapeutic agents, such as docetaxel,

paclitaxel, gemcitabine, Nab-paclitaxel, temozolomude, ipilimumab, sipuleucel-T, or vaccines.

[6611]

Indoximeod is orally bicavailable with a favorable pharmacokinetic (PK) profile (Tmax

~ 3h; halt-life: ~10 h) and an excellent safety profile. Pharmacokinetic studies in patients have

5
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demonstrated that indoximod shows a linear PK profile at doses of up to 800 mg/dose, with
maximum plasma concentration {Cmax} of 15 uM and drug exposure (AUC o) levels of ~100
uM.h However, increasing doses above 800 mg/dose up to 2000 mg/dose, does not result m a
linear or proportional increase in Cmax or drug exposure, thus potentially limiting the therapeutic
activity of this investigational drug.

[0612]  Mixed-lymphocyte response (MLR) T cell proliferation assay show that T cells that are
in an DO environment restore ~S50% of their proliferative capacity at concentrations of
ndoximod higher than 30 yM. Murine antitumor experiments show that biclogical effects of
indoximod are observed when mice are dosed with indoximod n the drinking water at 3 mg/mlL
(~500 mg/kg/day), or dosed orally at 200 mg/kg bid, which results in Cmax higher than 20 M
and exposures greater than 300 uM.b. For these reasons, it ts desirable to increase the Cmax and
exposure to indoximod in human chinical trials so they may reach the levels necessary for
therapeutic activity. However, the non-hmear pharmacokinetic profile of this drug makes it
untikely that this could be solved by mncreasing the dose given to patients.

[8013] For the above mentioned reasons we mvestigated whether different formulation of
mndoximod such as spray dry dispersions or salts or mndoximod prodrugs m different salt forms
would increase solubility and absorption rate or reduce blood clearance to levels that increase the
maximum concentration and exposure to mdoximod. Moregver, we looked for prodrugs and its
salts that could result in mcreases parameters of exposure when dosed orally and in pill (capsule
or tablet} dosage formulation.

[6814] The results of these mvestigations showed that a few selected prodrugs resulted in
increases in parameters of exposure; and that increases in in vitro solubility and i vivo exposure

could be achieved by a few salts of indoximod upon oral administration.

SUMMARY OF THE INVENTION

{6615} In one aspect the invention describes compounds and pharmaceutical compositions

comprising compounds according to Formula laand 1b
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Formuia 1a Formula 1b

- . . . . . . . ; - . . . . . .
Wherein A®, is an inorganic or organic anion and C ¥, is an inorganic cation as defined herein.

{0616} In another aspect, the invention comprises compounds and pharmaceutical

compositions comprising compounds according to formula (2}

Formula 2
Where Rl, R and mH,A are defined herein

{0017} In another aspect, the present disclosure provides

a) pharmaceutical compositions comprising compounds of formula 1a, 1b or formula 2, that result
in elevated exposure and maximum concentration to 1-methyl-D-tryptophan (indoximod) after
oral adminstration to a subject, compared to administration of an equivalent molar dose of

mndoximod formulated as a free base.

b} methods of use of compositions comprising compounds of formulas 1a, 1b or 2, to modulate
the activity of indoleamine-2,3~-dioxygenase pathway in a subject in need thereof, comprising the
oral administration of sufficient amounts such compositions to such subject in an appropriate

pharmaceutical form or vehicle.
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¢} methods of use of compositions comprising compounds of formulas 1a, 1b or 2, for the
treatment of cancer in a subject in need thereof, comprising the oral adnunistration of sufficient

amounts of such compositions to such subject in an appropriate pharmaceutical form or vehicle.

d} methods of use of compositions comprising compounds of formulas 1a, 1b or 2, to treat tumor-
specific immunosuppression associated with cancer, in a subject in need thereof, comprising the
oral adnunistration of sufficient amounts such compositions to such subject in an appropriate

pharmaceutical form or vehicle.

e} methods of use of compositions comprising compounds of formulas 1a, 1b or 2, to treat
immunosuppression assoctated with infectious diseases (e.g HIV-1 infection, influenza), na
subject in need thereof, comprising the oral admunistration of sufficient amounts such

compositions to such subject in an appropriate pharmaceutical form or vehicle.
BRIEF DESCRIPTION OF THE DRAWINGS

{6618} Figure 1 shows the XRPD spectrum of indoximod in free base and in its hydrochioride
salt form.

[8619] Figure 2 shows the thermos gravimetric {TGA) and differential scanning calorimetry
(BSC) analysis of indoximod hydrochioride salt.

{6628} Figure 3 shows the XRPD spectrum of indoximod in free base and in 1ts phosphate salt
form.

9021} Figure 4 shows the thermos gravimetric {TGA) and differential scanning calorimetry
(DSC) analysis of indoximod phosphate salt.

{6622]  Figure 5 shows the measured solubility profile vs. pH of mdoximod and its salts in
various solvent solutions and simulated biological fluids.

{6623]  Figure 6 shows the maximum plasma concentration (Cmax} and exposure {AUC o) of
mndoximod vs the molar dose of indoximod, ndoximod hydrochloride or indoximod phosphate

given to rats i oral capsule form.
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DETAILED DESCRIPTION OF THE INVENTION

[0624] Indoximod (1-methyl-D-tryptophan, DImT) 15 an mvestigational inhibitor of the
indoleamine-2,3-dioxygenase (ID0) pathway that is being tested in several human climcal trials
for multiple cancer indications, in combination with standard and experimental chemotherapeutic

and immunomodulatory agents and active immunotherapies.

[6825] In the presence of IDO" dendritic cells, CD8” effector T cells become anergic and
unable to proliferate. Moreover, regulatory T cells (CD4™ CD25" FoxP37) are activated in the
presence of IDQ” DCs and become able to mediate systemic immunosuppression to tumor or viral
antigens. Indoximod is capable to revert these processes, allowing effector T cells to proliferate
and directing reprogramming of Tregs to a TH17 helper-like phenotvpe. In in viiro assays, these
effects are mediated by indoximod with an EC50 of ~ 30 uM [6]. In preclinical murine tumor
models, antitumor effects, stimulation of effector T cells and reprogramming of Tregs in the

draming lymph nodes requires daily doses of ~ 500 mg/ke, with exposures > 300 uM h.

[0626]  Human pharmacokinetic experiments at oral doses that range between 200 mg to 2000
mg/dose have shown that the pharmacokinetic parameters Cpx and exposure {AUC.4u) increase
linearly with dose, up to a range of ~ 800 mg/dose. At these doses, Cpax in plasma reaches an
average of ~15 pM and AUC s reaches ~ 100 uMh. The Cpy and AUC parameters do not
significantly increase above those values at hugher doses of up to 2000 mg/dose. Therefore, in
order to achieve indoxumod concentration and exposure levels that are comparable to those that
produce immunomodulatory and antitumor therapeutic effects in murine models 1t would be

useful to increase the Cuyy and exposure levels of indoximod.

{6627] The present invention describes compounds of formula la, 1b and formula 2 that
produce a higher exposure and maxumum serurn concentration of indoximod upon oral

admunistration, compared to oral administration of equivalent molar doses of indoximod.

Salts of Indoximod

[(028] In one embodiment, a salt of indoximod is disclosed. In one embodiment, the salt has a

structure according to Formula la:



WO 2017/019175 PCT/US2016/035391

Formula 1a

wherein A%, is an inorganic or organic anion in an ionization state —p. In one embodiment, the

anion is present at a stoichiometric ratio # that ensures molecular charge neutrality.

[(029] In one embodiment, the anion A%, is selected from the group consisting of chloride,
phosphate, sulfate, mesylate, besylate, acetate, ascorbate, aspartate, glutamate, glutarate, lactate,
maleate, malonate, oxalate, succinate, fumarate, tartrate and citrate. In one embodunent, the anion
is presented at a stoichiometric ratio n such that the resulting salt 1s charge neutral. Accordingly,
in one embodiment, the anion has an ionization state p of -1, -2 or -3 and 15 presented at a
stoichiometric ratio n of 1, 1/2 or 1/3, respectively, such that the stoichiometric conditions of
charge neutrality are satisfied. In one embodiment, the phosphate is HPO, ™, and the HPO,” is
present at a stoichiometric ratio n of 0.5, In one embodiment, the phosphate is HPQO4, and the
HPO, is present at a stoichiometric ratio n of 1. In one embodiment, the sulfate is SO47, and the
SO,7 is present at a stoichiometric ratio n of 0.5, In one embodiment, the mesylate is CH805",
and the CH:SO;" present at a stoichiometric ratio n of 0.5

80361 In another embodiment the anion AT, is CI at a stoichiometric ratio n of 1. In another
preferred embodiment the anion A®, 15 Cl7 at a stotchiometric ratio n of 1 and the crystalline form
18 an anhydrous 1soform of Form 1.

{6631} In one embodiment, the salt has a structure according to Formula ib:

10
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T
c,

Formula 1b

wherein C'%, is a cation in an ionization state +p. In one embodiment, the cation is present at a
. . . . ., . . -+ .

stoichiometric ratio m that ensures molecular charge neutrality. In one embodiment, the Py is
P ~ e + + + +7 +2 . .

selected from the group consisting of Li", Na™, K', Mg~ and Ca™". In one embodiment, when p is

+1,mis 1, and when p is +2, m 18 Y4

Indoximod Prodruss

{6632]  In one embodiment, a prodrug of indoximod is disclosed. In one embodiment, the

structure of the prodrug, in free base or salt form, 1s provided in Formulda 2

HA,

Formula 2
[8033] In one embodiment, R' i ~OH, -0Cy-alkyl, -OCH;CH(OH)YCH,0OH, -
O(CHLLN(CH:)2, -OC -salky-RY, -NHCPHRY(COOH), -NHCYWHR(COOH), -0C calkyIR®, -
OC 1-alkyl-CYH(NHL, HCOOH), or -OC 1-alkyl-CH(NH2HCOOH). In one embodiment, R' is
NHCYWHRHCOOCH:) or -NHCPHRYCOOCH;).
[0834] In one embodiment, R’ is -H, -COXCYHNH)RY -C(OYCH(NH)R -
C{OYCH,CYVH(NHL)-CIOYOCH;, -C(OYOR’, or -C{OINHR".

{6035] To one embodiment, R’ is tetrahydropyran or O

11
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[8636] In one embodiment, RY is -H, -Cisalkyl, «(CHy)-28SH, -CisalkylSCisalkyl, -C).
salkylOC salkyl, -CH,-R®, -CH,OH, -CH(OH)CH:, -(CH,),C(OINH, -(CH,).C(O)OH, -
(CH, )1 aNH;, or -(CHy) 1 aNC(=NH NH,,

(037} In one embodiment, when R* is not -H, C and C% are carbons with the § or R
stereochemistry, respectively.

{038] In one embodiment, R’ is -H, Ci-salkyIR®, or R®. In one embodiment, R® is selected
from the group consisting of -H, arvl, alkylarvl, heteroaryl, cycloalkyl, and heterocycloalkyl,
wherein the aryl, alkylaryl, heteroaryl, cycloalkyl or heterocycloalkyl 1s optionally substituted
with one two or three R’ groups.

[0639] In  one embodiment, each R’ is  independently halogen,  cyano,
nitro, -OR, -N(R )y, -8R, -C{O)YOR, Cr.ealkyl,
Cighaloalkyl, -C{OMN{R), -CIOR, -S(OJR, -S(OJOR, - S{OIN(R}p, -S{OnR, -5{(0R0OR,
SSORNR),, -OCOR, -OC(CICR, -OCOHN(R):, -NERIOR, -NRC(OOR,
or -N{RY(OIN(R ), wherein R 13 H or Cjalkyl

{0040] Tn some embodiments of the prodrug of Formula 2, R! cannot be ~OH when R? is H.
{0641} Furthermore, in all embodiments, the prodrug cannot be Ntert-butoxycarbonyl-1-
methyl-D-tryptophan, ethyl N*-benzyl-1-methyl-D-tryptophanate, or benzyl N*  (fers-
butoxycarbonyl)-1-methyl-D-tryptophanate.

[6842] In one embodiment, HA, 15 an acid. In one embodiment, the acid HA, 15 selected from
the group consisting of PO H; (phosphoric acid), SO, (sulfuric acid), HCI {(hydrochloric acid),
HSO;CH: (methyl sulfonic acid), CeHsSO:H (benzyl sulfonic acid), acetic acid, ascorbic acid,

glutamic acid, glutaric acid, lactic acid, maleic acid, malonic acid, oxalic acid,

aspartic acid, g
succinic acid, fumaric acid, tartaric acid and citric acid.

{6643} In one embodiment, the acid HA, is present at a stoichiometric ratio # such that the
resulting prodrug is charge neutral. Accordingly, in one embodiment, the stoichiometric ratio n of
the acid HA, 15 0, 0.5, 1 or 2 such that the prodrug is charge neutral.

[(644] The invention also provides prodrugs of indoximod, i their free base or salt form. In

one embodiment, the prodrugs of indoximod are represented by compounds of Formula 2,

12
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HN-R

et
N

A HA,

Formula 2
wherein
R is -OH, -0Cy-alkyl, -OCHCH(OH)CH,0H, -O(CH,),N(CHz),, -OC;-salkyl-R”, -
NHCPHRYCOOH), -NHCYHRYCOOH), -0C-salkyIR®, -0OC -alkyl, -CPH(NH)(COOH), or
-OC alky LCPH(INHZ(COOH),
R’ is -H, -C{OCYHINHIRY, -COWCPHINH)RY, -C(OYCH,CYVH(NH,)-C(O)YOCH;, -
C{OYOR’, or -C{OYNHR’,

R is tetrahydropyran, or ~d ;

wherein RY is H, -Cisalkyl, -(CHz)-28H, | CrsalkyISCisalioyl, -CysalkylOC salkyl, -
CHR®, -CH,OH, -CH(OH)CH;, -(CHy)iCONH,,  -(CHy)C(O)OH, -(CHy)4NH,, or -
(CH, )1 sNC(=NH, INHy,;

wherein C and C% represents a carbon with the S or X stereochemistry, respectively,

when R? is not -H; wherein R’ is -H, Cm;aikyiﬁ(’; or R®

wherein R® is H, aryl, alkylaryl, heteroaryl, cycloalkyl, or heterocycloaikyl, wherein such
arvl, alkylaryl, heteroaryl, cycloalkyl or heterocycloalkyl 1s optionally substituted with one two or
three R’ groups:

wherein  each R’ is  independently  selected from  halogen, cyano,

nire, -OR, -N{R ), -SR, -C{OYOR, 'y galkyl,
C i ghaloaltkyl, -C{OYN(R),, -C{O)R, -S{O)R, -S{O)OR, -S(OIN(R)y, -S{ORR, -S{OL0R, -§(0);N(
R}y, -OC{OIR, -OC{0)OR, ~OC{OIN(R),, -N(RYC(O)R, -NRIC(O)YOR,

or -N{RYC{OWN{R )»;
wheremn R 15 -H or Cygalkyl;

with the proviso that R' cannot be -OH when R” is -H, and the compound cannot be

13
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N’tert-butoxycarbonyl-1-methyl-D-tryptophan

ethyl N"-benzyl-1-methyl-D-tryptophanate

benzyl N*-(rert-butoxycarbonyl)-1-methyl-D-tryptophanate

HA, 1s an acid selected from the group consisting of POsH; (phosphoric acid), SOH;
(sulfuric acid), HC! (hydrochloric aciud), HSOCHs (methyl sulfonic acid), CsHsSOsH (benzyl
sulfonic acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid,
maleic acid, malonic acid, oxalic acid, succinie acid, fumanie acid, tartaric acid and curic acid;
and # 15 the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
[0045] In a another embodiment, the mvention provides prodrugs of mdoximod, in their free

base or salt form, as represented by compounds of Formula 2,

HA,

Formula 2
wherein R! is -OH, ~OC,-salkyl, ~-OCH,CH(OH)YCH,0H, -O{(CH,,N{(CH3),, or -0C;-
salky R, -
R%is H, or -C(O)YCYH(NHRY,

v L0
N S A\
R’ is tetrahydropyran, or O 0 ;

wherein R is H, -Crsalkyl, -(CHypiSH, -(CHp)aSCHs, «(CHy) 50CHs -CH-R', -
CH,OH, -CH(OH)CH;, -(CH H.C{ONH,, -(CH;h3C(O0H, -(CHy)uNH,, or ~(CHy)y
sNC{(=NH;)NH;;

wherein €% represents a carbon with the .S stereochemistry, when R* is not H;

wherein R® is H, aryl, alkylaryl, heteroaryl, cycloalkyl, heterocycloalkyl, wherein such
arvl, alkylaryl, heteroarvl, cycloalkyl or heterocvcloalkyl is optionally substituted with one two or

three R’ groups:;

14
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wherein each R’ is independently halogen, cyano, nmitro, -OR, -N(R}, -SR, -C{(OYOR,
Crealkyl Cyghaloalkyl, -C{ON(R),, -C{OIR, -S{OIR, -S(OYOR, -S{OIN(R),, -S{O)R, -S(O),0R,
-S(ORNR),, -OCO)R, -OC(OOR, -OCONR), -NECOR, -NERC(OOR,
or ~-NRYC(ON(ER )

wherein R 1s H or Cj.salkyl;

with the proviso that R' cannot be -OH when R? is H;

HA, 15 an acid selected from the group consisting of POsH; (phosphoric acid), SOH,
(sulturic acid), HCl (hydrochloric acid), HSOsCH; (methyl sulforuc acid), CeHsSOsH (benzyl
sulfonic acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid,
maleic acid, malonic acid, oxalic acid, succinic acid, fumaric acid, tartaric acid and citric acd;
and # 1s the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
{00461 In a preferred embodiment, the invention provides prodrugs of mmdoximod, 1n their free

base or salt form, as represented by compounds of Formula 2,

HA,

Formula 2

wherein
R'is -OH, -0C;-alkyl, -OCH,CH(OH)YCH,0H, -O(CH, ,N(CHz),, or -OC-salkyl-R’,
R’ is H, or -C(O)CVHMNHR®,
9 o
WA
R is tetrahydropyran, or ~g © ;
wherein R is H, -Crsalkyl, -CH,-RE, (CH )1 C(O)NH,, -(CH,),SCHs, (CH,)15C(O)0H,
or ~{CHy}1.4NH>
wherein C% represents a carbon with the 5 stereochemistry, when R? is not -H;
wherein R® is -H, aryl, alkylaryl, or heteroaryl, wherein such aryl, alkylaryl or heteroaryl

is optionally substituted with one R’ group,

15
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wherein R’ is selected from halogen, cyano, nitro, -OR, -N{R),, -SR. -C{OYOR, Cralkyl,
Cyghaloalkyl, -C{ONER),, -C{(OIR, -S{OIR, -S{OI0OR, -S(OIN(R ), -S(O)R, -S(0)0OR, -S(O)N(
R}, -OC{O)R, -OC(O)0OR, -OC(OIN(R),, -NIGC(OR, -NERYC(O)YOR, or -NEJC{OINR),;

wherein R 15 -H or Cy4alkyl;

with the proviso that R' carmot be -OH when R” is H;

HA, 15 an acid selected from the group of PO4H; (phosphoric acid), SOH, (sulfuric acid),
HCI (hydrochloric acid), HSG:CH; (methyl sulfonic acid), or CeHsSO:H (benzyl sulfonic acid);
and # 15 the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
{0647]  In another preferred embodiment, the mvention provides prodrugs of indoximod, in

their free base or salt form, as represented by compounds of Formula 2,

HA,

Formula 2

wherein
R'is -OH, -0C;-salkyl, -OCHCH(OH)CH,OH, -O(CH, :N(CH: ), or -OC -salkyl-R’,
R%is H, or -C(O)YCYH(NHRY,

LS
~

+2 o
. ..\ "P\/O/\‘“
R’ is tetrahydropyran, or O .

wherein RY is -CHRCH(CH:),. -CVH(CH)CHCHs, -(CHL)RSCH:  -CHp-R®, -
{(CH, 1 C{ONH,, -(CH 1 C(OYOH, or (CH)aNH;;

wherein C* represents a carbon with the § stereochemistry;

wherein R’ is phenyl;

with the proviso that R' cannot be -OH when R” is H;

HA, 15 an acid selected from the group consisting of POsH; (phosphoric acid), SOH,

(sulturic acid), HCI (hydrochloric acid) HSOsCH; (methyl sulfonic acid), and CsHsSO-H (benzyl
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sulfonic actd), and » 1s the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the
resulting salt.
[8048] In a most preferred embodiment, the invention provides prodrugs of indoximod, in their

free base or salt form, as represented by compounds of Formula 2,

HN- R

\ HA,

Formula 2

wherein

R is -0C alkyl, or -OCH,CH(OH)CH,OH,

R*is H or -C{OYCH(NHRY,

wherein R* is -CH,CH(CH: )., -(CH,),SCH: or -(CHy ), C(O)NH,;

wherein C* represents a carbon with the S stereochemistry

with the proviso that R' cannot be -OH when R” is H,

HA 15 an acid selected from the group of PO H; (phosphoric acid), SO4H, (sulfuric acid),
HCl (hydrochloric acidy HSO:CH; (methyl sulfonic acid) or CeHsSO:H (benzyl sulfonic acid);
and # 15 the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
{0049} In a preferred embodiment, the invention provides prodrugs of indoximod, in their free
base or as a pharmaceutically appropriate salt form, as represented by compounds of Formula 2

represented n Table 1.

{6050] In one embodiment, the prodrug substantially includes at least one of the following
compounds: (i) ethyl N*-(I-leucyl}-1-methyl-D-tryptophanate; (11} 2,3-dihydroxypropyl 1-methyl-
D-tryptophanate; (111} N*-(L-leucyl}-1-methyl-D-tryptophan; (iv) sthyl N*-(7-1soleucyl}-1-methyl-
D-tryptophanate; (v} N(L-glycyl}-1-methyl-D-tryptophan; {vi} (S)-S-amino-6-({{R}-1-carboxy-2-
(1-methyl-1H-indol-3-yljethyljamino}-6-oxohexanoic  acid;  (vit)  AN(L-lysyl}-1-methyl-D-

tryptophan; (viit} N“-(Z-phenylalanyl}-1-methyl-D-tryptophan; (ix) ethyl N-(L-glutaminyl}-1-
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methyl-D-tryptophanate; (x) 2-(dimethylamino)ethyl 1-methyl-D-tryptophanate; (x1) (2-ethoxy-2-
oxido-1,3,2-dioxaphospholan-4-yhymethy!  1-methyl-D-tryptophanate; ()  2-(tetrahydro-2H4-
pyran-4-ylethyl 1-methyl-D-tryptophanate; (xui1) ethyl 1-methyl-D-tryptophanate; {xiv) isopropyl
I -methyl-D-tryptophanate; (xv) N"-{(Z-methionyl)-1-methyl-D-tryptophan; or (xvi} ethyl N*-(L-
methionyl)-1-methyl-D-tryptophanate.

Pharmaceutical Compositions of Indoximod Salts and Prodrugs

{6851} In one aspect, the mvention provides a pharmaceutical composition comprising salts of

indoximod, as represented by compounds of Formula 1a and 1b,

Formula 1a Formula 1b
wherein A7, is an inorganic or organic anion and C Py is an inorganic cation in an ionization state
and at a stoichiometric ratio that ensures molecular charge neutrality .
[6852] In a second embodiment of the first aspect, the mvention provides a pharmaceutical
composition comprising salts of indoximod, as represented by compounds of Formula 1a, wherein
A, is an anion selected from the group consisting of chloride, phosphate, sulfate, mesylate,
besylate, acetate, ascorbate, aspartate, glutamate, glutarate, lactate, maleate, malonate, oxalate,
succinate, fumarate, tartrate and citrate, wherein negative charge p 15 -1, -2 or -3 at stoichiometric
ratio # of 1, %2 or 1/3, respectively, so that it satisfies stoichiometric conditions of charge
neutrality.
{6653} In a third embodiment of the first aspect, the invention provides a pharmaceutical
composition comprising salts of indoximod, as represented by compounds of Formula 1b,

. -+ . . p oot ATt vt +7 42 P . ..
wherein CF,, is an cation selected from the group of Li”, Na™, K7, Mg ™ or Ca™", wherein positive
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charge p 15 +1 or +2 at stoichiometric ratio m of 1 or 1%, respectively, so that it satisfies
stoichiometric conditions of charge neutrality.

[0034] In a fourth embodiment of the first aspect, the invention provides a pharmaceutical
composition comprising salts of indoximod, as represented by compounds of Formula 1a, wherein
A, is an anion selected from the group consisting of HPO4™ (phosphate), SO4™ (sulfate), HoPOy
(phosphate), CI', and CH;80y (mesylate), at stoichiometric ratio # of 05, 0.5, 1 or 1,
respectively.

[0355] In a preferred fifth embodiment of the first aspect, the invention provides a
pharmaceutical composition comprising salis of mdoximod, as represented by compounds of
Formula 1a, wherein A%, is C1 at a stoichiometric ratio n of 1.

[0056] In a most preferred fifth embodiment of the first aspect, the 1ovention provides a
pharmaceutical composition comprising salts of mdoximeod, as represented by compounds of
Formula la, wherein A", is CU at a stoichiometric ratio n of 1 and the crystalling form is an
anhydrous soform of Form 1.In a second aspect, the mvention provides a pharmaceutical
composition comprising prodrugs of indoximod, in thewr free base or salt form. In one

embodiment, the prodrugs of indoximod are represented by compounds of Formula 2,

HA,

Formula 2

wherein

R' is -OH, -0OC-aalkyl, -OCHCHOH)CH,OH, -O(CH,N(CHs)y, -OC-alkyl-R®, -
NHCWHRYCOOH), -NHCWHRY(COUH), -0C-alkyIR®, -OC-alkyl, -CYVH(NH(COOH), or
-OC -alky-CHHNH2 ) COOH),

R’ is -H, -COYCVH(NH)R®, -C(OYCHINHHR', -COYCH,CHINHL)-C(O)OCH;, -
C{O)OR’, or -C{OINHR?,

18
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\T‘ \5330/\\

R is tetrahydropyran, or ~d © ;

wherein R? is H, -Cyisalkyl, «(CH)-28H, |, CsalkylSCysalkyl, -CisalkylOCsalkyl, -
CH-RS, -CH,OH, -CH(OH)CH:, -(CH),C(OINH,,  «(CH)CO)OH, (CH)4NH,, or -
(CHy )i sNC(=NH)NH,;

wherein C and CY0 represents a carbon with the § or R stereochemistry, respectively,

when R* is not -H: wherein R is -H, J—5alky'iR6; or R®

wherein R” is H, aryl, alkylaryl, heteroaryl, cycloalkyl, or heterocycloalkyl, wherein such
arvl, alkylaryl, heteroarvl, cycloalkyl or heterocycloalkyl 1s optionally substituted with one two or
three R’ Sroups,;

wherein  each R’ is  independently  selected  from  halogen,  cyano,
nitro, -OR, -N(R )y, -8R, -C{O)YOR, Cr.ealkyl,
Cr.ghaloalkyl, ~-C{OIN(R),, -C(O)R, -S(O)R, ~S(O)OR, -S{ON{R ), -S(O)R, -S(0»OR, ~S{O):N(
R, -OC(O)R, -OC(O0R, -OC{OIN(R),, -NRY(OIR, -NR)YC(O)YOR, or -NRYC(OIN(R ),

wheremn R 15 -H or Cygalkyl;
with the proviso that R! cannot be -OH when R? is -H, and the compound cannot be

N%tert-butoxycarbonyl-1-methyl-D-tryptophan

ethy! N%benzyl-1-methyl-D-tryptophanate

benzyl N'-(tert-butoxycarbony!}-1-methy-D-tryptophanate

HA, 15 an acid selected from the group consisting of POH; {phosphoric acid}, SOH;
{sulfuric acid), HCL (hydrochloric acid), HSG:CHs {(methyl sulforue acid), CeHsSCH (benzyl
sulfonic acid}, acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid,
maleic acid, malonic acid, oxalic acid, succinic acid, fumaric acid, tartaric acid and citric acid;
and # 1s the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
{6657} In a another embodiment of the second aspect, the invention provides a pharmaceutical
composition comprising prodrugs of indoximaod, in their free base or salt form, as represented by

compounds of Formula 2,
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HA,

Formula 2

wherein R' is -OH, -0C;-alkyl, -OCH,CH(OH)CH,OH, -O(CH,,N(CH,),, or -0C;-
salkyl-RC, -

R%is H, or -C(O)YCYH(NHRY,

) \\E/ XP:fO/\

R’ is tetrahydropyran, or ~g © ;

wherein R* is H, -Cisalkvl, -(CHahSH, -(CH15SCHs, -(CHy)150CH;, ~CHgnR6, -
CH,OH, -CH(OH)CH;, -(CH H.C{ONH,, -(CH;h3C(O0H, -(CHy)uNH,, or ~(CHy)y
s NC(=NH)NH;

wherein C% represents a carbon with the . stereochemistry, when RYis not H;

wherein R® is H, aryl, alkylaryl, heteroaryl, cycloalkyl, heterocycloalkyl, wherein such
arvl, alkylaryl, heteroarvl, cycloalkyl or heterocvcloalkyl is optionally substituted with one two or
three R’ groups;

wherein each R’ is independently halogen, cyano, nitro, ~OR, -N(R),, -SR, -C(O)OR,
Cr.ealkvl,Cyehaloalkyl, -C{ON(R ), -C{OR, -S{O)R, -S{(O)OR, -S(OIN(R),, -S(O):R, -5(0)0R,
-S(ORNR),, -OC(HR, -~OC(OIOR, -OCON(R), -NERI(OR, -NERIC(O)OR,
ot -NRYIC(OINR )

wherein R 1s H or Cpsalkyl;

with the proviso that R cannot be -OH when R” is H;

HA, 15 an acid selected from the group consisting of POH; {phosphoric acid}, SOH;
{sulfuric acid), HCL (hydrochloric acid), HSG:CHs {(methyl sulforue acid), CeHsSCH (benzyl
sulfonic acid}, acetic acid, ascorbic acid, aspartic acid, glutamic acid, ghutaric acid, lactic acid,
maleic acid, malonic acid, oxalic acid, succinic acid, fumaric acid, tartaric acid and citric acid;

and # 1s the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
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[0058] In a preferred embodiment of the second aspect, the mveotion provides a
pharmaceutical composition comprising prodrugs of indoximod, in their free base or salt form, as

represented by compounds of Formula 2,

HA,

Formula 2

wherein

R is -OH, -0C;-alkyl, -OCHCH(OHYCH,OH, -O(CH, p,N(CHz),, or -0C-salkyl-R,

R%is H, or -C{OYCHNHIRY,

- 0,0

R’ is tetrahydropyran, or E\O, \O/\;

wherein R is H, -Crsalkyl, ~-CH-R®, «(CHL),CIOWNH,, (CH,,LSCH;, «(CHy) 2 C(OY0H,
ot -{TH)1.4NH,

wherein C represents a carbon with the 8 stereochemistry, when R? is not -H;

wherein R® is -H, aryl, alkylaryl, or heteroaryl, wherein such aryl, alkylaryl or heteroaryl
is optionally substituted with one R’ group;

wherein R’ is selected from halogen, cyano, nitro, -OR, -N{R),, -8R, -C{O)OR, Ciealkyl,
Cighaloalkyl, -C{OIN{R}),, -C{OIR, -S{OIR, -S{O)OR, -S(OIN{R),, -8(O):R, -S(OC)OR, -S5{ON({
R}, -OC(O)R, -CC(O)OR, -OC{OIN{R),, -NIGC(OR, -NRIC(C)YOR, or -NRIC{OIN(R})2,

wherein R is -H or Cy.alkyl;

with the proviso that R' cannot be -OH when R® is H;

HA, 1s an acid selected from the group of PO4H; (phosphoric acid), SOsH; (sulfuric acid),
HC (hydrochloric acid), HSGCH; (methyl sulfonic acid), or CeHsSO:H (benzyl sulfonic acid);

and # 1s the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
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{6659} In a most preferred embodiment of the second aspect, the invention provides a
pharmaceutical composition comprising prodrugs of indoximod, in their free base or salt form, as
represented by compounds of Formula 2,

HN-R?

\ HA,

Formula 2

wherein

R'is -OH, -0C;-alkyl, -OCHCH(OH)CH,OH, -O(CH,),N{CHx),, or -OC -alkyl-R’,

R”is H, or -C(O)CH(NH)RY,

o 0.0

R is tetrahydropyran, or L\OI \Q/\;

wherein  RY is -CH,CH(CH:), -C7H(CH)RCH,CH,, (CH.),SCH: -CH,-R®, -
(CHo L C{OWNH;, ~(CH 1 C(0)YOH, or -{CH;)uNH;;

wherein C represents a carbon with the S stereochemistry;

wherein R’ is phenyl;

with the proviso that R' cannot be -OH when R’ is H;

HA, 1s an acid selected from the group consisting of POsH: (phosphoric acid), SOH;
(sulfuric acid), HCI (hydrochloric acid) HSCACH; (methyl sulfonte acid), and CsHsSO5H (benayl
sulfomic acid), and # 15 the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the
resulting salt.

{6660 In a most preferred embodiment of the second aspect, the mvention provides a
pharmaceutical composition comprising prodrugs of indoximod, in their free base or salt form, as

represented by compounds of Formula 2,
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HA,

Formula 2

wherein

R is -OC;-salkyl, or -OCH,CH(OH)CH,0H,

R*is H or -C{OYCH(NH)RY,

wherein R is -CH,CH(CH, )y, -(CH,),SCH; or -(CH, ), C(O)NH,;

wherein C represents a carbon with the S stereochemistry

with the proviso that R' carmot be -OH when R% is H,

HA 15 an acid selected from the group of POsH; (phosphoric acid), SO4H, (sulfuric acid),
HCl (hydrochloric acidy HSO3CHs (methyl sulfonic acid) or CeHsSOsH (benzyl sulfonic acid):
and # 15 the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
{6861} In a preferred embodiment, the invention provides a pharmaceutical composition
comprising prodrugs of mdoxumod, o their free base or as a pharmaceutically appropriate salt

form, as represented by compounds of Formula 2 represented 1 Table 1.
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Table 1. Prodrugs of indoximod

Cpd Number Structure Name
o1 ethyl N%(L-leucyl)-1-methyl-D-
' fryptophanate
0 2 3-dihydroxypropyl §-methvi-3-
) tryptophanate
03 N-(L-leucyl)-T-methvl-D-tryptophan
o cthyl N°-(L-isoleucyl)-1-methyl-D-
tryptophanate
03 N*(L-glyeyly-1-methyl-D-tryptophan
N
i
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(5)-5-amino-6-({({R)-1-carboxy-2-(1-
06 methyvi-1H-mndol-3-vDethyDamine)-6-
oxchexanoic acid
07 NPAL-lysyl)-1-methyl-D-trvptophan
08 N°-(1-phenylalany)-1-methyi-2-
tryptophan
o ethyt N'-(I -glataminy -1 -racthyi-73-
9
ryptophanate
” 2-(dimethylaminoethyl 1-methyl-D-
0
fryptophanate
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(2-cthoxv-2~oxido-1,3,2-

11 dioxaphospholan-4-yDmethy! 1-methvl-
D-tryptophanate
2~(tetrabvdro-2H-pyran~4-vlethvl 1-

12

methyl-D-tryptophanate
i3 ethyl 1-methyl-D-tryptophanate
14 isopropyl T-methyl-D-tryptophanate
15 N“-(L-methiony)-1-methyl-D-tryptophan
6 ethy] N°-(J.-methionyl)-1-methyl-D-

; iryplophanate

[6662]  In another aspect, the invention provides methods of use of compositions of formulas 1

and 2, to modulate the activity of indolearine-2,3-dioxygenase pathway 1o a subject in need
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thereof, comprising the oral administration of therapeutically effective amounts such

compositions to such subject in an appropriate pharmaceutical form or vehicle.

{6663} In another aspect, the invention provides methods of use of compositions of formulas
fa, 1b and 2, for the treatment of cancer in a subject in need thereof, comprising the oral
admimstration of therapeutically effective amounts of such compositions to such subject in an

appropriate pharmaceutical form or vehicle.

[6664] In another aspect, the invention provides methods of use of compositions of formulas
1a, 1b and 2, for the treatment of tumor-specific immunosuppression associated with cancer, in a
subject in need thereof, comprising the oral admimstration of sufficient amounts such

compaositions to such subject in an appropriate pharmaceutical form or vehicle.

{B065] In another aspect, the imvention provides methods of use of compositions of formulas
fa, 1b and 2, to treat immunosuppression associated with infectious diseases (e.g HIV-1 infection,
influenza), i a subject in need thereof, comprising the oral admunistration of sufficient amounts

such compositions to such subject in an appropriate pharmaceutical form or vehicle,

{0666] In one embodiment, a salt and/or a prodrug of indoximod 15 included n a
pharmaceutical composition, and the composition 1s ncluded in a solid capsule, gelatin capsule,

tablet or pill. In one embodiment, the salt and/or the prodrug 1s included 10 a dissolvable capsule.

[0667]  In specific embodiments, the compositions of the present invention may additionally
contain other adjunct components conventionally found in pharmaceutical compositions, at thewr
art-established usage levels. Thus, for example, the compositions may contain additional
materials useful m physically formulating vanous dosage forms of the compositions of the present
mvention, such as dyes, flavoring agents, preservatives, antioxidants, opacifiers, thickening
agents and stabilizers. The formulations can be sterilized and, if destred, mixed with auxiiary
agents, e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for imfluencing
osmotic pressure, buffers, colorings, flavorings and/or aromatic substances and the like which do

not deleteriously mnteract with the oligonucleotide(s) of the formulation.

[6668] In certain embodiments, pharmaceutical compositions of the present invention

comprise one or more excipients. In certain such embodiments, excipienis are selected from
28
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water, salt solutions, alcohol, polyethylene glycols, gelatin, lactose, lactose monohydrate,
amylase, magnesium stearate, talc, silicic acid, viscous paraffin, hydroxymethylcellulose,

microcrystaliine cellulose and polyvinylpyrrolidone.

[0669]  In certain embodiments, a pharmaceutical composition of the present invention is
prepared using known techniques, including, but not limited to mixing, dissolving, granulating,

dragee-making, levigating, emulsifying, encapsulating, entrapping or tableting processes.

[8670] Additional embodiments relate to the pharmaceutical formulations wherein the
formulation 1s selected from the group consisting of a solid, powder, liquid and a gel. 1n certain
embodiments, a pharmaceutical composition of the present invention 15 a liquid (eg, a
suspension, elixir and/or solution). In certain of such embodiments, a liquid pharmaceutical
composition 1s prepared using ingredients known in the art, including, but not linuted to, water,

glveols, oils, aleohols, flavoring agents, preservatives, and coloring agents.

{6671} In certain embodiments, a pharmaceutical composition of the present invention s a
sohd (eg, a powder, tablet, and/or capsule). In certain of such embodiments, a sohd
pharmaceutical composition comprising one or more ingredients known in the art, including, but
not hinuted to, starches, sugars, diluents, granulating agents, lubricants, binders, and disintegrating

agents.

{06872} In certain embodiments, a pharmaceutical composition of the present invention
comprises a delivery system. Examples of delivery systems mclude, but are not lumted to,
Iiposomes and emulsions. Certam  delivery systems are useful for preparing certan
pharmaceutical compositions mcluding those comprising hydrophobic compounds. In certamn

embodiments, certain organic solvents such as dimethyisulfoxide are used.

[6673] In certain embodiments, a pharmaceutical composttion of the present invention
comprises a co-solvent system. Certamn of such co-solvent systems comprise, for example, benzyl
alcohol, a nonpolar surfactant, a water-miscible organic polymer, and an aqueous phase. In certain
embodiments, such co-solvent systerns are used for hydrophobic compounds. A non-limting
example of such a co-solvent system i3 the VPD co-solvent system, which 13 a solution of
absolute ethano! comprising 3% w/v benzyl alcohol, 8% w/v of the nonpolar surfactant

29



WO 2017/019175 PCT/US2016/035391

Polysorbate 80 and 65% w/v polyethylene glycol 300. The proportions of such co-solvent systems
may be varied considerably without significantly altering thewr solubility and toxicity
characteristics. Furthermore, the identity of co-solvent components may be varied: for example,
other surfactants may be used instead of Polysorbate 80; the fraction size of polyethylene glycol
may be varied; other biocompatible polymers may replace polyethylene glycol, e.g., polyvinyl

pyrrolidone; and other sugars or polysaccharides may substitute for dextrose.

[6674] In certain emboduments, a pharmaceutical composition of the present nvention
comprises a sustamned-release system. A non-limiting example of such a sustained-release system
i3 a semi-permeable matrix of solid hydrophobic polymers. In certain embodiments, sustamed-
release systems may, depending on their chemical nature, release pharmaceutical agents over a

period of hours, days, weeks or months.

{0875] In certain embodiments, a pharmaceutical composition of the present invention is
prepared for oral admunistration. In certain of such embodiments, a pharmaceutical composition 1s
formulated by combining one or more agents and pharmaceutically acceptable carriers. Certain of
such carriers enable pharmaceutical compositions to be formulated as tablets, pills, dragees,
capsules, hiquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a subject.
Suitable excipients include, but are not limted to, fillers, such as sugars, including lactose, lactose
monohydrate, sucrose, mannitol, or sorbitol; cellulose preparations such as, for example, maize
starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyi-celtulose, sodium  carboxymethylcellulose, microcrystalline cellulose,
and/or polyvinylpyrrolidone (PVP). In certain embodiments, such a mixture 15 optionally ground
and awxiliaries are optionally added. In certain embodiments, pharmaceutical compositions are
formed to obtain tablets or dragee cores. In certain embodiments, disintegrating agents {e.g.,
cross-linked carboxymethyl cellulose, such as croscarmellose sodium, cross-linked polyvinyl

pyrrolidone, agar, or alginic acid or a salt thereof, such as sodium alginate} are added.

{6676} In certain embodiments, dragee cores are provided with coatings. In certain such
embodiments, concentrated sugar solutions may be used, which may optionally contain gum

arabic, tale, polyvinyl pyrrolidone, carbopol gel, polvethylene glycol, and/or titanim dioxide,
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lacquer solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may

be added to tablets or dragee coatings.

{6677} In certain embodiments, pharmaceutical compositions for oral administration are push-
fit capsules made of gelatin. Certain of such push-fit capsules comprise one or more
pharmaceutical agents of the present mvention in admixture with one or more filler such as
lactose, binders such as starches, and/or lubricants such as talc or magnesium stearate and,
optionally, stabilizers. In certain embodiments, pharmaceutical compositions for oral
adnunistration are soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or
sorbitol. In certain soft capsules, one or more pharmaceutical agents of the present invention are
be dissolved or suspended in suitable hiquids, such as fatty oils, ligud paraffin, or hquid

polyethviene glycols. In addition, stabilizers may be added.

[6678] In certain embodiments, pharmaceutical compositions are prepared for buccal
admuustration. Certain of such pharmaceutical compositions are tablets or lozenges formulated in

conventional manner,

{6679} In certain embodiments, a pharmaceutical composition 1s prepared for admmistration
by injection (eg., intravenous, subcutaneous, ntramuscular, etc). In certain of such
embodiments, a pharmaceutical composition comprises a carrier and 15 formulated in aqueous
solution, such as water or physiologically compatible buffers such as Hanks's solution, Ringer's
solution, or physiological saline buffer. In certamn embodiments, other ingredients are included
{e.g., ingredients that aid m solubility or serve as preservatives}). In certain embodiments,
mjectable suspensions are prepared using appropriate bguid carriers, suspending agents and the
like. Certain pharmaceutical compositions for injection are presented n unit dosage form, e.g.,
ampoules or in multi-dose containers. Certain pharmaceutical compositions for injection are
suspensions, solutions or emulsions in oily or agueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing agents. Certain solvents suttable for use
in pharmaceutical compositions for injection include, but are not himited to, hipophilic solvents
and fatty oils, such as sesame oil, synthetic fatty acid esters, such as ethyi oleate or triglycerides,

and liposomes. Aqueous injection suspensions may contain substances that increase the viscosity
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of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, such
suspensions may also contain suitable stabilizers or agents that increase the solubility of the

pharmaceutical agents to allow for the preparation of highly concentrated solutions.

[0686]  In certain embodiments, a pharmaceutical composttion of the present invention may be
an effervescent tablet or granulate. Effervescent tablets most commonly consist of a soluble acid
source and a carbonate source to produce carbon dioxide gas, the latter serving as disintegrant.
The acidity needed for the effervescent reaction can be derived from food acids, acid anhydrides
and acid salts. The food acid can for example be ciiric acid, tartaric acid, malic acid, fumaric acid,
adiptc acid or succiic acid. The acid anhydride may be succinic anhydride or citric anhydride or
the like. The acid salis may be eg sodium dihydrogen phosphate (monosodium phosphate),
disodium dihydrogen pyrophosphate (sodium acid pyrophosphate), acid citric salts (sodium
dihvdrogen citrate and disodium hydrogen citrate), sodium acid sulfite (sodium bisulfite). Suitable
carbonate sources are for example sodium bicarbonate, sodium carbonate, potassium bicarbonate,
potassium carbonate, sodium sesquicarbonate {nuxture of equal molar amounts of sodium
carbonate and sodium bicarbonate), glycine carbonate, L-lysine carbonate, arginine carbonate,

calcium carbonate.

{6081} Effervescence may also be induced by the formation of other gases such as oxygen, e.g.
released from sodium perborate or from a combination of e.g. a peroxygen compound that yields
active oxygen on nuxture with water (e.g.  sodium perborate monohydrate or sodium
percarbonate) and a chlorine compound that liberates hypochlorite on contact with water {e.g.

sodiem dichloroisocyanurate or calcium hypochlorite}.

{6682} The pharmaceutical composition of the present invention can be manufactured
according to standard methods known in the art. Granulates and effervescent tablets according to
the mvention can be obtained by dry compaction or wet granulation. These granulates can

clidants and lubricants and be

bl

subsequently be mixed with e.g suitable disintegrating agenis
compressed into tablets or filled into e g sachets of suitable size. Effervescent tablets can also be
obtained by direct compression of a suitable powder mixture, 1e. without any preceding

granulation of the excipients.
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{6683} Suitable powder or granulate mixtures according to the invention are also obtainable by
spray drying (e.g., by hot process spray drying or by basic spray drying) , lvophilization, melt
extrusion, pellet layering, coating of the active pharmaceutical ingredient or any other suitable
method. Preferably, the conditions are chosen such as to prevent amorphization of the active
pharmaceutical mgredient. The so obtained powders or granulates can be mixed with one or more
suitable mgredients and the resulting nuxtures can either be compressed to form effervescent

tablets or filled into sachets.

[0684]  All publications, patents and patent apphcations, including any drawings and
appendices therein are mcorporated by reference mn their entirety for all purposes to the same
extent as if each individual publication, patent or patent application, drawing, or appendix was
specifically and individually indicated to be incorporated by reference in its entirety for all

puUrposes.

DEFINITIONS

{6685} Terms used herein may be preceded and/or followed by a single dash, - 7, or a double
dash, “=“, to indicate the bond order of the bond between the named substituent and its parent
moiety; a single dash indicates a single bond and a double dash indicates a double bond or a pair
of single bonds in the case of a spiro-substituent. In the absence of a single or double dash it 15
understood that a single bond is formed between the substituent and its parent moiety; further,
substituents are intended to be read “left to right” unless a dash indicates otherwise. For example,
Cisalkoxycarbonyloxy and -OC{0YCsalkyl indicate the same functionality; similarly arvlalkyl,

arvialkyl-, and —alkylaryl imdicate the same functionality.

{6686]  Further, certain terms herein may be used as both monovalent and divalent linking
radicals as would be familiar to those skilled in the art, and by their presentation linking between
two other moieties. For example, an alkyl group can be both a monovalent radical or divalent
radical; in the latter case, it would be apparent to one skilled in the art that an additional hydrogen

atom s removed from a monovalent alkyl radical to provide a suitable divalent moiety.
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{6687} The term “alkeny!” as used herein, means a straight or branched chain hydrocarbon
containing from 2 to 10 carbons, unless otherwise specified, and containing at least one carbon
carbon double bond. Representative examples of alkenvl include, but are not limited to, ethenyl,
2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenvl, S5-hexenyl, 2-heptenyl, Z-methyl-1-

heptenvi, 3-decenvi, and 3,7-dimethylocta 2,6-dienvl

[(088] The term “alkoxy” as used herein, means an alkyl group, as defined herein, appended
to the parent molecular moiety through an oxygen atom. Representative examples of alkoxy
mnclude, but are not limuted to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert butoxy,

pentyloxy, and hexyloxy.

{6689] The term “alkyl” as used herein, means a straight or branched chain hydrocarbon
contaiming from 1 to 10 carbon atoms, unless otherwise specified. Representative examples of
alkyl include, but are not himited to, methyl, ethyl, n-propvl, iso-propyl, n-butyl, sec-butyl, iso-
butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2,2-dimethylpentyl, 2,3-
dimethylpentyl, n-heptyl, n-octyl, n-nonyl, and n-decyl. When an “alky!” group is a linking group
between two other moteties, then it may also be a straight or branched chamn; examples include,
but are not limited to ~CHy-, -CHCHy-, -CHCHLCHO(CH;)-, ~-CHCH{CH,CHA)YCH,-

[8096] The term Cy.salkyl refers to a hinear or branched alkyl of 1 to § carbon atoms.

{6691} The term Crealkyl refers to a linear or branched alkyl of 1 10 6 carbon atoms.

{6892] The term “aryl,” as used herein, means a phenyl (i.e., monocyclic aryl), or a bicychic
ring system containing at least one phenyl ring or an aromatic bicychic ring containing only
carbon atoms in the aromatic bicyclic ring system. The bicyclic arvl can be azulenyl, naphthyl, or
a phenyvl fused to a monocychie cycloalkyl, a monocychic cycloatkenyl, or a monocychic
heterocyclyl. The bicychic aryl 1s attached to the parent molecular moiety through any carbon
atom contained within the phenyl portion of the bicyclic system, or any carbon atom with the
napthyl or azolenyl ning. The fused monocyclic cycloalkyl or monocyclic heterocyclyl portions of
the bicychic aryl are optionally substituted with one or two oxo and/or thia groups. Representative
examples of the bicyclic arvls include, but are not himited to, azulenyl, naphthyl, dihydroinden-1-
vl, dihydroinden-2-yl, dihydroinden-3-yl, dihydroinden-4-yl, 2 3-dihydroindol-4-yl, 23-
dihydroindol-5-yl, 2,3-dihydroindol-6-vl, 2,3-dihydroindol-7-yl, inden-1-yl, inden-2-yl, inden-3-
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vl, inden-4-yi, dihydronaphthalen-2-yl, dihydronaphthalen-3-yl, dihydronaphthalen-4-vi,
dihydronaphthalen-1-vl, 5,67 8-tetrahydronaphthalen-1-yl, 5,6,7,8-tetrahvdronaphthalen-2-y1,
2,3-dihydrobenzofuran-4-vl, 2 3-dihydrobenzofuran-5-yl, 2,3-dihydrobenzofuran-6-yl, 23-
dihydrobenzofuran-7-y1, benzo{d}[1,3]dioxol-4-vl, benzo[d][1,3]dioxol-5-yl, ZH-chromen-2-on-
S-vl, 2H-chromen-2-on-6-yi, 2H-chromen-2-on-7-yl, 2H-chromen-2-on-8-yl, isoindoline-1.3-
dion-4-yl, isoindoline-1,3-dion-5-yl, inden-1-on-4-yl, inden-1-on-5-yl, inden-1-on-6-yl, mnden-1-
on-7-yl,  2,3-dihydrobenzof[b}f1,4ldioxin-5-yl,  2.3-dihydrobenzo[b][1 4]dioxin-6-yl,  2H-
benzolb][1,4joxazim3{4H}-on-53-yi, ZHbenzo[b}[ 1 4joxazin3{4H}-on-6-vl, 2H
benzo[b][1 4loxazin3(4H}-on-7-vl, ZHbenzo[b}[ 1 ,4joxazin3(4H}-on-8-vl, benzo[djoxazin-2(3H}-
on-5-yl, benzo[d]oxazin-2(3H}-on-6-vl, benzo[dloxazin-2(3H)-on-7-yl, benzo[d]oxazin-2(3H)-
on-8-vl,  quinazolin-4(3H)-on-3-yl,  quinazolin-4(3H)}-on-6-yli,  quinazolin-4(3H}-on-7-vl,
quinazolin-4(3H)}-on-8-yl, quinoxalin-2(1H}-on-3-yl, qumoxalin-2{1H}-on-6-yl, quinoxalin-
2(1H)-on-7-vl, quinoxalin-2{1H}-on-8-y1, benzo|djthazol-2{(3H}-on-4-y1, benzo[djthiazol-2(3H}-
on-5-vl, benzoldjthiazol-2(3H)-on-6-yl, and, benzo[djthiazol-2{3H}-on-7-yL In certam
embodiments, the bicyclic aryl 1s (1) naphthyl or (1) a phenyl ring fused to either a 5 or 6
membered monocychic cycloalkyl, a 5 or 6 membered monocyclic cycloalkenyl, or a 5 or 6
membered monocyclic heterocyclyl, wheremn the fused cycloalkyl, eycloalkenyl, and heterocyclyl
groups are optionally substituted with one or two groups which are independently oxo or thia.
[6093] The term “arylalkyl” = alkylaryl” and “arvialkyl-” as used herein, means an arvl
group, as defined herein, appended to the parent molecular moiety through an alkyl group, as
defined herein. Representative examples of arvlalkyl include, but are not hmited to, benzyl, 2-
phenylethyl, 3-phenylpropyl, and 2-naphth-2-vlethyl

[(694] The terms “cyano” and “nitrile” as used herein, mean a -CN group.

{6895] The term “cycloalkyl” as used herein, means a monocyclic or a bicyclic cycloalkyi ring
system. Monocyclic ring systems are cyclic hydrocarbon groups containing from 3 to 8 carbon
atoms, where such groups can be saturated or unsaturated, but not aromatic. In certain
embodiments, cycloalkyl groups are fully saturated. Examples of monocyclic cycloalkyls include
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, and
cvclooctyl.  Bicyclic cycloalkyl ring systems are bridged monocyclic rings or fused bicyclic
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rings. Bridged monocyclic rings contain a monocyelic cycloalkyl ring where two non adjacent
carbon atoms of the monocyclic ring are linked by an alkylene bridge of between one and three
additional carbon atoms {7.e., a bridging group of the form -(CHj)y-, where w 15 1, 2, or 3).
Representative examples of bicyclic ring systems include, but are not limited to,
bicyclo[3.1 Ttheptane, bicyclo[2.2 1Theptane,  bicyclof2.2 2]octane,  bicyclo{3.2 2}nonane,
bicyclol3.3.1nonane, and bicyclo[4.2 1inonane. Fused bicyclic cycloalkyl ring systems contain a
monocychic cycloalkyl ring fused to etther a phenyl, a monocychic cvcloalkyl, a monocyclic
cycloalkenyl, a monocyclic heterocyclyl, or a monocyclic hetercaryl. The bridged or tused
bicyclic cycloalkyl 1s attached to the parent molecular moiety through any carbon atom contained
within the monocyclic cycloalkyl ring. Cycloalky] groups are optionally substituted with one or
two groups which are independently oxo or thia. In certain embodiments, the fused bicychic
cycloalkyl is a 5 or 6 membered monocychic cycloalkyl ring fused to either a phenyl ring, a S or 6
membered monocyclic cycloalkyl, a 5 or 6 membered monocychic cycloalkenyl, a 5 or 6
membered monocychc heterocyclyl, or a 5 or 6 membered monocyclic heteroaryl, wherein the
fused bicychic cycloalkyl 15 optionally substituted by one or two groups which are independently
oxo or thia.

[0896]  “Cycloalkenyl” as used herem refers to a monocyclic or a bicychie cycloalkenyl ring
systemn. Monocychie ring systems are cyclic hydrocarbon groups containing from 3 to 8 carbon
atoms, where such groups are unsaturated {i.e., containing at least one annular carbon carbon
double bond}, but not aromatic. Examples of monocyclic ring svstems include cyvclopentenyl and
cvclohexenvl. Bicvclic cycloalkenyl rings are bridged monocyclic rings or a fused bicyclic rings.
Bridged monocyclic rings contain a monocyclic cycloatkeny! ring where two non adjacent carbon
atoms of the monocyclic ring are hinked by an alkvlene bridge of between one and three additional
carbon atoms {re., a bridging group of the form -{CHyk- , where wis 1, 2, or 3). Representative
examples of bicyclic cycloalkenyls include, but are not limited to, norbornenyl and
bicyclof2.2 2]oct-2-enyl.  Fused bicyclic cycloalkenyl ring systems contain a monocyclic
cycloalkeny! ring fused to etther a phenyl, a monocyclic cycloalkyl, a monocyclic cycloalkenyl, a
monocyclic heterocyelyl, or a monocyclic heteroaryl. The bridged or fused bicyclic cycloalkenyl

is attached to the parent molecular moiety through any carbon atom contained within the
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monocyclic cycloalkenyl ring. Cycloalkenyl groups are optionally substituted with one or two
groups which are independently oxo or thia.

(8697} The term “halo” or “halogen” as used herein, means Cl, Br, lor F,

(098] The term “haloalkyl” as used herein, means at least one halogen, as defined heren,
appended to the parent molecular motety through an alkyl group, as defined herein
Representative examples of haloalkyl include, but are not himited to, chioromethyl, 2-fluoroethyl,
trifluoromethyl, pentafluorocethyl, and 2-chloro-3-fluoropentyl.

{6699] The term “hetercaryl,” as used herein, means a monocyclic heteroary! or a bicyclic ring
system containing at least one heteroaromatic ring. The monocyclic heteroaryl can be a 5 or 6
membered ring. The 5 membered ring consists of two double bonds and one, two, three or four
nitrogen atoms and optionally one oxygen or sulfur atom. The 6 membered ring consists of three
double bonds and one, two, three or four mitrogen atoms. The S or 6 membered heteroaryl 1s
connected to the parent molecular motety through any carbon atom or any nifrogen atom
contained within the heteroaryl Representative examples of monocychic heteroaryl include, but
are not bmted to, furyl, mmdazolyl, indolyl, l-methyl-indolvl, isoxazolyl, isothiazolyl,
oxadiazolyl, oxazolyl, pyndinyl, pyndazinyl, pyrimidinyl, pyrazinyl, pyrazolvl, pyrrolyl,
tetrazolyl, thiadiazolyl, thiazolyl, thieny], triazolyl, and triazinyl. The bicyclic hetercaryl consists
of a monccyclic heteroaryl fused to a phenyl, a monocychic cycloalkyl, a monocychic
cvcloalkenyl, a monocvclic heterocyclyl, or a monocyclic hetercaryl.  The fused cycloalkyl or
heterocyclyl portion of the bicychic heteroaryl group is optionally substituted with one or two
groups which are independently oxo or thia. When the bicyclic hetercaryl contains a fused
cycloalkyl, cycloalkenyl, or heterocyclyl ring, then the bicyclic hetercaryl group 1s connected to
the parent molecular moiety through any carbon or nitrogen atom contammed within the
monocyclic heteroaryl portion of the bicychic ring system. When the bicyclic heteroaryl is a
monocyclic heteroaryl fused to a phenyl ring or a monocychic hetercaryl, then the bicychc
heteroary! group is connected to the parent molecular moiety through any carbon atom or nitrogen
atom within the bicyclic ring system. Representative examples of bicyclic heteroaryl include, but
are not limited to, benzimidazolyl, benzofuranyl, benzothienyl, benzoxadiazolyl,

benzoxathiadiazolyl, benzothiazolyl, cinnolinyl, 5,6-dithydroquinolin-2-vyl, 5,6-

>
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dihydrossoguinolin-1-yl, furopyndinyl, indazolyl, indolyl, isoquinolinyl, naphthyridinyl,
quinolinyl, purinyl, 56,7 8-tetrahydroquinolin-2-yl, 5,6,7 8-tetrahydroquinolin-3-vi, 5,6,7,8-
tetrahydroquinolin-4-yl, 5,6,7 8-tetrahydroisoquinolin-1-yl, thienopyridinyl, 4,5,6,7-
tetrahydrobenzo[c][1,2.5loxadiazolyl, and 6,7-dihydrobenzo[cl{1,2 Sloxadiazol-4(SH)}-onyl. In
certain embodiments, the fused bicyclic heteroaryl 15 a S or 6 membered monocyclic heteroaryl
ring fused to etther a phenyl ring, a 5 or 6 membered monocyclic cycloalkyl, a 5 or 6 membered
monocychic cycloalkenyl, a 5 or 6 membered monocyclic heterocyclyl, or a 5 or 6 membered
monocyclic heteroaryl, wherein the fused cycloalky!, cycloalkenyl, and heterocyclyl groups are
optionally substituted with one or two groups which are independently oxo or thia.

{66100} The term “hetercarvialkyl” and  alkylheteroaryl” as used herein, means a heteroaryl,
as defined herein, appended to the parent molecular moiety through an alkyl group, as defined
herein. Representative examples of heteroarylalkyl include, but are not linuted to, fur-3-yimethyl,
tH-imidazol-2-yimethyl, TH-imidazol-d-yimethyl, 1-(pyndine-4-vljethyl, pyridine-3-ylmethyl,
pyridine-d-yimethyl, pyrimidin-3-vimethyl, 2-(pyrimidin-2-yhpropyl, thien-2-vimethyl, and
thien-3-ylmethyl

{66161} The terms “heterocyclyl” or “heterocycloalky!” as used herein, means a monocyclic
heterocycle or a bicyclic heterocyele. The monocyclic heterocyele 15 a 3, 4, 5, 6 or 7 membered
ring containing at least one hetercatom independently selected from the group consisting of O, N,
and S where the ring is saturated or unsaturated, but not aromatic. The 3 or 4 membered ring
comtains 1 heteroatom selected from the group consisting of O, N and S. The 5 membered ring
can contain zero or one double bond and one, two or three hetercatoms selected from the group
consisting of O, N and S. The 6 or 7 membered ring contains zero, one or two double bonds and
one, two or three heteroatoms selected from the group consisting of O, N and 8. The monocyclic
heterocycle is connected to the parent molecular motety through any carbon atom or any nitrogen
atom contained within the monocyclic heterocycle. Representative examples of monocychic
heterocycle include, but are not himited to, azetidinyl, azepanyl, azinidinyl, diazepanyi, 1,3-
dioxanyl, 1,3-dioxolanyl, 1 3-dithiolanyl, 13-dithianyl, inudazolinyl, imidazolidinyl,

I, morpholinyl, oxadiazolinyl,

isothiazolinyl,  isothiazolidinyl, isoxazolinyl, isoxazolidinyl

oxadiazolidinyl, oxazolinyl, oxazolidinyl, piperazinyl, piperidinyl, pyranyl, pyrazohnyl,
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pyrazohidinyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, thiadiazolinyl,
thiadiazolidinyl, thiazolinyl, thiazohdinyl, thiomorpholinyl, 1,1-dioxidothiomorpholinyl
(thiomorpholine sulfone), thiopyranyl, and trithianyl. The bicyclic heterocycle 1s a monocyclic
heterocycle fused to either a phenvl, a monocyclic cycloalkyl, a monocyclic cycloalkenyl, a
monocyclic heterocycle, or a monocychic heteroaryl, The bicyclic heterocycle s connected to the
parent molecular moiety through any carbon atom or any nitrogen atom contained within the
monocyclic heterocycle portion of the bicychic ring system. Representative examples of bicyclic
heterocyclyls include, but are not imited to, 2,3-dihydrobenzofuran-2-y1, 2 3-dithvdrobenzofuran-
3-yl, mdolin-1-yl, indolin-2-yl, indolin-3-yi, 2 3-dihydrobenzothien-2-yl, decahydroquinolinyl,
decahydroisoquinolinyl, octahydro-iH-indolyl, and octahydrobenzofuranyl. Heterocyelyl groups
are optionally substituted with one or two groups which are mdependently oxo or thia. In certain
embodiments, the bicychc heterocyclyl 1s 3 5 or 6 membered monocyclic heterocyclyl ring fused
to phenyl ring, a 5 or &6 membered monocyclic cycloalkyl, a 5 or 6 membered monocyche
cycloalkenyl, 2 § or 6 membered monocychic heterocyclyl, or 2 § or 6 membered monocyclic
heteroaryl, wherein the bicychic heterocyclyl 1s optionally substituted by one or two groups which

are independently oxo or thia.

[68182]  The terms “hydroxy” as used herein, means an -OH group.

{06163}  The term “nitro” as used herein, means a -NG, group.

[68164]  The term “ox0” as used herein means a =0 group.

{066185] The term “thia” as used herein means a —5— group.

[68166]  The term “saturated” as used herein means the referenced chemical structure does not

comtain any multiple carbon-carbon bonds. For example, a saturated cycloalkyl group as defined
herein includes cyclohexyl, cyclopropyl, and the like.

{66167} The term “unsaturated” as used herein means the referenced chemical structure
contains at least one multiple carbon carbon bond, but is not aromatic. For example, a
unsaturated cycloalkyl group as defined herein includes cyclohexenyl, cyclopentenvl,

cvclohexadienyl, and the like.
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{66108}  As used herein, the term “individual” or “patient” used mterchangeably, refers to any
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine, cattle,
sheep, horses, or primates, and most preferably humans.

[68109]  As used herein, the phrase “therapeutically effective amount” refers to the amount of
active compound or pharmaceutical agent that elicits the biological or medicinal response that 1s
being sought in a tissue, system, animal, individual or human by a researcher, veterinaran,

medical doctor or other clinwcian.

[66110]  In certain embodiments, a therapeutically effective amount can be an amount suitable

for

(1) preventing the disease; for example, preventing a disease, condition or disorder in an
individual who may be predisposed to the disease, condition or disorder but does not yet

experience or display the pathology or symptomatology of the disease;

(2) inhibiting the disease; for example, inhibiting a disease, condition or disorder in an
wndividual who is experiencing or displaying the pathology or symptomatology of the disease,

condition or disorder; or

{(3) ameliorating the disease; for example, amehorating a disease, condition or disorder in
an individual who 18 experiencing or displaying the pathology or symptomatology of the disease,
condition or disorder (i.e., reversing the pathology and/or symptomatology) such as decreasing

the severity of disease.

{00111}  As used here, the terms “treatment” and “treating” means (i) amelhorating the
referenced disease state, for example, ameliorating a disease, condition or disorder in an
ndividual who is experiencing or displaying the pathology or symptomatology of the disease,
condition or disorder (1.e., reversing or improving the pathology and/or symptomatology) such as
decreasing the severity of disease; or (i) ehiciting the referenced biological effect (eg., IDO

modulation or tryptophan degradation mhibition).

{06112}  Manifestation of amelioration of a disease condition with underlying IDO-mediated
mmunosuppression may require the concomutant or seqguential administration of additional
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therapeutic agents, such as antineoplastic agents in the case of cancer, or antiretroviral agents in
the case of viral diseases. For example, administration of IDO inhibitors for the treatment of
cancer does not always produce a direct antitumor effect when used as a single agent. However,
when combined with chemotherapeutic drugs {(antineoplastic) the antitumor effect observed is

higher than the sum of effects of each agent alone.

[08113]  As used herein, the terms “catalytic pocket”, “catalytic site”, “active site” collectively
and indistinctly refer to a region of the enzyme that contains amino acid residues responsible for
the substrate binding {(charge, hydrophobicity, steric hindrance) and catalytic amino acid residues
which act as proton donors or acceptors or are responsible for binding a cofactor and participate n

the catalysis of a chemical reaction.

{06114} As used herein, the phrase “pharmaceutically acceptable salt” refers to both
pharmaceutically acceptable acid and base addition salts and solvates. Such pharmaceutically
acceptable salts include salis of acids such as hydrochloric, phosphoric, hydrobromic, sulfuric,
sulfinic, formic, toluenesulfonic, methanesulfonic, nitric, benzoic, citrie, tartaric, maleic,
hydrotodic, alkanoic such as acetic, HOOC-{CHn-COOH where n s 0-4, and the like. Non-
toxic pharmaceutical base addition salts 1nclude salts of bases such as sodium, potassium,
calcium, ammonium, and the like. Those skilled 1 the art will recognize a wide variety of non-
toxic pharmaceutically acceptable addition salts.

[68113]  As used herein, the term “indoximod” refers to 1-methyl-D-tryptophan, also referred to

as D-1MT or B1mT.

[068116]  As used herein, the term “prodrug of mndoxamod” refers to any substance that after n

vivo administration 1s metabolized to produce mdoximod as one of the main metabolites.
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EXAMPLES
Exampie 1: Reagents and Methods of Synthesis

6611717  All reagents and solvents were purchased from commercial sources. All commercial
reagents and solvents were used as received without further purification. The reactions were
monitored using analytical thin layer chromatography (TLC) with 0.25 mm EM Science silica gel
plates (60F-254). The developed TLC plates were visualized by short wave UV light (254 nm) or
immersion in potassium permanganate solution followed by heating on a hot plate. Flash
chromatography was performed with Selecto Scientific silica gel, 32-63 um particle sizes. All
reactions were performed in flame or oven-dried glassware under a nitrogen atmosphere. All
reactions were stirred magnetically at ambient temperature unless otherwise indicated. 'H NMR.
spectra were obtained with a Bruker DRX400, Varian VXR400 or VXR300. 'H NMR spectra
were reported 1 parts per million (8) relative to TMS (0.0}, DMSO-ds (2.50) or CD;0D (4.80) as

. 1 . . . .
an internal reference. All 'H NMR spectra were taken in CDCl; unless otherwise indicated.

Synthesis of ethy! I-methyl-D-tryptophanate hydreochloride (NLG-1283)

NH,HC!
/g COOH EOH 0
CL )
SOCl, N
Y
D-1MT NLG-1283

{66118] To a suspension of D-1MT (4.00 g, 18.3 mmol} in ethanol (50 mL} at 0 °C was added
SOCH (1.34 mL, 18.3 mmol) and the mixture was stirred at 80 °C overnight. After cooling to 11,
the solvent was distilled-off and the crude was diluted with diethyl ether (100 mL}, the white solid

was filtered-off and washed with dry ether to afford the desired product (5.1 g, 98 %)

Synthesis of isopropyl -methyl-D-tryptophanate hydrochloride (NL{-1284)
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NH-
COOCH PrOH
ord :
N S0CH
\
B-1MT #MLG-1284

100119}  To a suspension of D-1MT (0.500 g, 2.29 mmol) in isopropanol {15 mL) at 0 °C rt, was
added SOCI, (6.167 mL, 2.29 mmol} and the muxture was stirred at 80 °C overnight. After cooling
to rt, the solvent was distilled-off and the crude was basified with 25 % ag NaHCGO; (20 mL)}, the
product was extracted with CH,Cl, the combined organic extract was dried over Na;SQO4 and the
solvent was distilled-off under reduced pressure. The free base was converted to its HCI salt by
adding dry HCl in dioxane, the solvent was removed under reduced pressure to afford the desired

product as white solid (0.252 g, 37%).

General method for the synthesis of carbamate esters

R\
NH * :<O
2 o
R
Ca/u\o NH
{0
HO NaHCO, N o
E\i; . ./;L\ \ HO
N
DAMT ‘

[00126] To a stirred solution of D-1MT (0.150 g, 0.687 mmol) in 1.1 THF/IM NaHCGO; (2.75
mb, 2.75 mmol) was added the appropriate chloroformate dropwise. The muixture was allowed to
stir for 30 min. and the solution was diluted with water and extracted with ether 2x. The aqueous
layer was cooled to 0 oC and conc H{CI solution was added to adjust the pH to ~1. The cold
aqueous layer was immediately extracted with ethy! acetate and the combined organic lavers were
washed with water, brine and dried. The solvent was removed under reduced pressure to afford

crude the carbamate. The crude was purified by column chromatography and treated with

activated charcoal to afford the pure carbamate.
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# Compound Name Yield
{%)
NLG-1277 ( N%{cthoxycarbonyl}-1-methyl-D- 81
O tryptophan
NH

—

123 (£ 3H, 1= 6.8 Hz), 3.63-3.71 (., 1H), 3.74 (s, 3H). 4.07-4 12 (m, 2H), 4.69 (dd,
1H, J=6.7,11.6 Hz), 5.20 (dd, 11, T = 6.9, 11.5 Hz), 6.9 (s, 1H), 7.07 (. 1H, 6.9 Hz),
7.21-7.45 (m, 2H). 7.57 (d, 111, I = 7.1 Hz), 9.07 (br s, 1)

NLG-1278 ; o I-methyl-N*({ncopentyloxy arbonyl)-D- 72
s} tryptophan
NH
; DH
b ¢
N
|

0.90 (s, 9H), 3.34 (s, 2H). 3.64 (s, 3H), 3.73 (t, 1H, J = 6.8 Hz). 4.75 (d, 1H. ] = 7.8 Ha),
5.23(d, 1H. J = 7.9 Hz), 6.89 (s, 1H), 7.07 (¢, 1H, J = 8.2 Hz), 7.25-7.59 (m overlapped
with CHCI3, 2H), 7.58 (d, 1H. 7.8 Hz), 8.4 (br s, 2H)

Synthesis of N'-(feri-butoxyearbonyl)-1-methyl-D-tryptophan

O
O -

“NHBoc
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06121} To a mbxture of D-1MT (3.0 g, 13.75 mmol) in dioxane {70 mL} at 0 °C was added
NaQOH (550 mg dissolved in 30 mL DI water}, followed by the addition of Boc,O. The reaction
was stirred at ¢ °C for 4 h and stirred overnight at rt. The solution was concentrated under reduced
pressure to approx. one third the original volume. The reaction was acidified with 1N HCl at 0 °C
and the product was extracted with EtOAc. The organic extract was washed with brine and dried
over Na;SOy, the solvent was evaporated under reduced pressure to afford the product that was

used directly in the next step without further purification (4.3 g, 98%).

Synthesis of benzyl N"-(fert-butoxycarbonyl)-1-methyl-D-tryptophanate

\-on
J

“NHBoe Cs:00;
BrBr

001221  In 60 mi of DMF was dissolved N*-{tert-butoxycarbonyl)-1-methyl-D-tryptophan (3.00
g, 9.42 mmol) to which CsyCOs5 {(1.78 g, 5.47 mmol} and benzyl bromide (1.61 mL, 942 mmol)
was added. The resulting suspension was allowed to stir at room temperature for 2 hours. After
the end of reaction (TLC), the DMF was removed under reduced pressure followed by suspending
the residue n toluene/ethyl acetate before washing with distilled water (3 x 50 mL) and brine. The
organic laver was dried over anhydrous sodium sulfate and concentrated under vacuum. The

residue was purified by column chromatography on silica gel (3.5 g, 91%).

synthesis of benzyl 1-methyl-D-tryptophanate hydrochloride (NLG-1338)

oy L
Oy d O%M Of

“NHBoc HCI/EOAC
—
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{66123} Ethyl acetate {(26.9 mL} and MeOH (8.9 mL} in a RB flask equipped with a septum and
a needle vent were cooled m an ice bath with stirring. Acetyl chloride (14.22 mbL) was added
siowly. The resulting solution was stirred at 0 °C for 20 minutes and MeOH (0.5 mL) was added.
A flask containing benzy! N-(tert-butoxycarbonyl}-1-methyl-D-tryptophanate {3.5g, 8.6 mmol)
was placed 1o an ice bath and the cold, freshly prepared HCI (4M in EtOAc) was poured into the
flask containing benzyl N"-(tert-butoxycarbonyl}-1-methyl-D-tryptophanate slowly. The solution
was stirred vigorously at 0 °C for 15 min where the formation of a white suspension was observed
and the flask was removed from the 1ce bath. The suspension was allowed to stir vigorously for
2.5 h. The solution was cooled in an ice bath diluted with ether (50 mL} and the suspension was
filtered and the solid cake washed with cold ether. The solid was allowed to dry under high
vacuum and the desired product was 1solated as a colorless solid (6.45 g, 88%). 1H NMR (d¢-
dmdso); 3.28 (dd, 2H, J = 5.6, 15.2 Hz), 3.70 (s, 3H), 4.26-4.29 (m, 15}, 5.08 (d, 1H, J = 12.4
Hz), 5.13(d, 1H, I = 12.4 Hz), 7.04 (¢, 1H, T = 7.6 Hz), 7.06 (s, 1H), 7.10-7.18 (m, 3H)}, 7.30-7.35
(m, 3H), 7.42 (d, 1H, J = 8 Hz), 7.53 (d, 1H, J = & Hz).

General scheme for the derivatization of -COOH group of D-1MT




WO 2017/019175 PCT/US2016/035391

R oo B
OH NH,
HATU

[08124] To a solution of N-{tert-butoxycarbonyl}-l-methyl-D-tryptophan (314 mmol),
appropriate alcohol or amine {3.14 mmol) and HATU (3.14 mmol} in acetonitrile (30 mL) at 0 °C
was added DIPEA (9.42 mmol) and the solution was allowed to warm to rt. After stirring
overnight {17 h), the reaction was diluted with water (80 mL} and the product was extracted with
CH:CL (3 x 50 mlL). The combined organic extract was washed with water (25 mEx1}, brine
{25mixl) dried over Na;SO4 and concentrated under reduced pressure to afford the crude.

Chromatographic purification afforded the desired product.

# Compound Name Yield
(%)
NLG-1531- . !}Boc {8}-3-{tert-batoxy}-2-{{tert-butoxycarbonyDamino}-3- 40
B.1-EIS \ / NH oxopropyl Na-(tert-butoxycarbony)-1-methyi-D-
/N»—i a0 g tryptophanate
Ry
>LO o)

141 (s, 9H), 1.44 (s, 9H), 1.45 (s, OH), 3.16 (dd. 1H, 1= 153, 4.8 Hz), 3.29(dd. 1H, J = 15 3,
4.8 Hz), 3.75 (s, 3H), 4.35-4.52 (in, 3H), 4.61 (d, 11, J = 6.3 Hz), 4.99 (4, 11, J = 8.6 Hz), 5.28
(d, 1, 1=8.7 Hz), 6.87 (s, 1), 7.11 (&, 1H . J= 7.3 Hz), 722 (t. 1H . J = 7.3 Hz), 7.29 (d, 111 ]
=82 Hz), 7.52 (d, 1H, I = 7.8 Hz).
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NELAG-1558- (2,2-dimethyl-1,3-dioxolan-4-vhimethyl N-(tert- 78
A-E23 butoxvearbonvh)-T-methyvi-D-tryptophanate
127 (5. 3H), 133 (s, 3H), 135 (5, 9 H), 321 (d, 2H, I= 3.6 H2),3.44-3 530 {m, 1H), 3.67 (s, 3H},
3.80-3.86 (m, 1H),3.99-4.03 (mm, 2H), 4.07-4.12 {m, 1H}, 458 (g, 1H, J=063Hz), 499 (d, 1H, ]
=82 Hz}, 682 (s, I1H), 703 (1, 1H, J=74Hz), 714 (t, 1H, f=74 Hz), 721 (d, I1H, I=8.1 Hz),
747 (d, 1H, J = 8.0 Hz).
NELAG-1557- \N " Boc 2-(dimethylamino)ethyl N*-(tert-butoxycarbonvl)-1- 38
i
B-Eid WO\/\N/ methyl-D-trvptophanate
N O |
133¢s, 1H), 1.43 (s, 8H), 223 (5, 5H), 2.29 (s, 1H), 243 - 260 (mm, 4H}, 3.27 (4, /= 5.6 He,
2H), 3.74 (s, 3H), 4.1 - 423 {m, 2H)}, 4.63 (m, 1H), 510 (m, 1H}, 6 91 (s, 1H), 7.10{ddd, J =
80,08, 1.2 Hz 1H), 721 (ddd, /=8.0,68, 1.2 Hz, 1H), 728 (d./=8.0, 1H), 7.54 (d, /= 8.0
Hz, 1H).
NLG-1572- Q | 2-{(tetrahvdro-2H-pvran-4-vethyl NO(tert- | 60
A-E39 butoxyearbonyl)-1-methyi-D-tryptophanate

129 - 135 (m, 2H), 1.42 (s, 9H), 1.60-1.67 (m, 5HY). 3.17 - 3.35 (m, 4H), 3.74 (s, 3H), 3.54 —
3.93 (o, 2H), 4.10 (dq. ZH, /= 10.4, 6.4 Hz), 4.55 — 4.65 (m, 1H), 5.06 (d, 1H. = 8.2 Hz), 6.86
(s, 1TE), 7.09 (ddd. T, J=8.0,7.0, 1.1 Hz), 7.21 (ddd. 1H, 7= 8.2, 6.9, 1.1 Hz). 7.28 (4, 1H, J =

7.4 Hz), 7.48 - 7.59 (m, 1)
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NLG-1556- \{ tert-buty! N°(tert-butoxycarbony!)-1-methyt-D-~ | 91
A-E22 O teyptophyl-L-valinate

O
\/j\“?’

0.69(d, 3H. J= 6.8 Hz), 0.75 (d. 3H, 1 = 6.8 Hz), 1.42 (s, 18H), 1.98-2.03 (m, 1 1), 3.18 (dd. 15,
J=14.4,7.2 He), 3.27-3.35 (m, 1H), 3.73 (s, 3H). 4.35-4.39 (m. 1H), 4.50 ( brs, 1H), 5.07 (br s,
1H), 6.31 (d, 1H, J = 8.8 Hz), 6.92 (s, 1H), 7.12 (t, 1H, J= 72 Hz), 7.22 (1, 11, F = 7.2 Hz), 7.2
(d, 1H, I = 8.0 Hz), 7.64 (d. 1H, J = 8.0 Hz)

NLG-1561- N,BOC tert-butyl 4-2-((N°-(teri-butoxycarbonyl)-1-methyl-D- 92
A-E29 § } tryptophyDoxy yethvDpiperidine-1-carboxylate
0 S
J
N \{J;
N D o
N
|
0.95-1.05 {m, 2H), 1.47 (5, 18H), 1.32-1.40 (m, 3H), 1.55(d, 2H, J=24 H2), 2.59 (dt, 2H, J =
27,128 He), 325(d, 2H, ) = 3.6 Hz), 3.74 (s, 3H), 3.99-4.05 (m, 2H), 4.94-3.00 (m, 2H), 5.04
(d,1H, ] =8.0Hz), 652 (brs, 1H), 6.86 (s, 1H), 7.09(t, 1H, J=74 Hz), 721 (1, 1H, = 7.6 Hz),
728¢(d 1H, I=80Hz),733(d, IH J=80Hz).
NLG-1563- a <----W‘/‘N_BOC tert-butyl 4-({{(N“(tert-butoxycarbonyl)-i-methvl-D- 83
A-E30 tryptophyhoxy ymethy Dpiperidine-1-carboxylate

0.93-1.10 (m, 2H). 1.20-1.32 (m, 1H), 1.45 (s, 18H), 1.63-1.69 (m, 2H), 2.59 (it, 2H. J = 2.4,
13.2 Hz), 3.25 (¢, 2H, J = 5.4 Hz), 3.75 (s, 3H), 3.84-3.92 (m, 21}, 4.01-4.06 (m, 2H), 5.06 (d,

1H, 7=8.0 Hz), 6.35 (brs, 1H), 6.86 (s, 1H), 7.10 (dt, 17, T=12, 6.8 Fz), 7.24 (dt, IF. T = 1.2,
6.8 Hz), 728 (d. 1H, T = 8.4 Hz). 7.53 (d, 1H. I = 8.0 Hy)
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NLG-1578- O~ methy! N%(tert-butoxycarbonyi)-1-methyl-D- 91
@] /ﬂ ] ) .
A-E43 } N tryptophviglveinate

1.25 (s, 9H), 3.15-3.25 (m, 2H), 3.67 and 3.69 (two s, 3H), 3.70 and 3.71 (two s, 3H), 3.90-3.92

(m, 2FD), 5.21 and 4.48 (s, 1H), 6.54-6.32 (m, 1H), 6.93 (s, 1FD), 7.13 - 7.03 (m, 1H), 7.14 - 7.30
(m, 2H), 7.59 (d, 1H,J = 8.0 Hz).

Synthesis of N'-(fert-butoxycarbonyl)-1-methyl-D-trypiophylglyeine (NLG-1579-A-E44)

MNEG-1578-A-E43 NLG-15879-A-E44

[06123]  To a solution of NLG-1578-A-E43 (300 mg, 0.770 mmol) in THF {10 mL) was added
water (2 mL} and lithium monchydrate (49 myg, 1.16 mmol) and the mixture stirred under ambient
temperature for 2.0 h. The mixture was neutralized with 1M HCI (at 0 °C) and poured into ice
cold water (20 mL). The aqueous layer was extracted with EtOAc (3 x 35 mL). The combined
organic layers were dried over Na; SOy and concentrated. The crude product was purified by flash
column chromatography to afford the desired product as white solid (260 mg, 90 %). 'H NMR:
1.25 and 1.39 (two s, 9H). 3.18-3.24 (m, 2H), 3.70 (s, 3H), 3.81-4.05 (m, 2H), 4.55 (s, 1H), 5.20 —
533 (m, 1H), 6.63 (s, 1H), 6.92 (s, 1H), 7.10 (¢, 1H, J=7.2 Hz), 7.15 — 7.25 (m, 2H), 7.59 (dt,
1H,.7=7.9Hz)
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NH,HCH = NH,HCH
J\g N

N
1

R =H, alkyl, alkylaryl

R =H, atkyl, alkylaryl

{06126] To a nmixture of tBoc protected amine (1.57 mmol) in dioxane (15 mL) at rt was added
HC1 (4 L, 4.0 M solution 1n dioxane). After stirring for 2.5 h, the solvent was distilled-off under
reduced pressure. The residue was stitred with methyl rert-butyl ether (10 ml), the solid was

filtered and dried under reduced pressure to atford the desired product.

{66127f The following compounds were synthesized following procedures described in the

above sections.

# Compound MName Yield
(Vo)
NLG-1557 \ 2-(dimethylaminojothyl l-methyl-D-tryptophanate | 42
Q pJN;:‘ dihydrochloride
o, HC

Q‘ § NHHC
N)

i

TH NMR (400 MHz, Methanol-dy): 2.69 (s, 3H). 2.77 (s, 3H), 3.46 (dd, J = 6.7, 2.1 Hz, 2H), 3.81
(s, 3H), 4.35 (m, 1H), 4.46 (. J = 6.6 Hz. 1H), 4.54 (m, Hz, 1H), 7.11 (dd, /= 8.0 1.2 Hz, 1H),
718 ~7.25 (m, 2H), 7.40 (d, J = 8.0), 7.58 (d, J = 8.0, 1H).
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NLG-1561

2-(piperidin-4-vhethyl I-methyl-D-tryptophanate | 64
dilrydrochloride

(DMSBO-d6) 1.24-1.45 (m, 3H), 1.60 (d, 2H, =132 Hz), 2.64-2.72 (m, 2H), 3.11-3.14 {m, 2H),
325(dd, 1H, J =144, 7.6 Hz}, 3.33-3.83 (m, 1H, merged with H,O froma DMSO), 3.75 (s, 3H),
399408 (m, 2H), 4154, 1H. J=66Hy), 704 (L IH, J= 74 Ha), 716 (&, 1H, I =7.6 Hz), 7.24
(s, 1H), 742 (4, 1H, J = 8.0 He), 7.53 (d, 11, ] = 8.0 Hz), 8.75 (br s, 3H), 8.95 (brs, 1H), 9.16 (br
g, 1H)

NLG-1563

pipenidin-4-yimethyl -methyl-D-tryptophanate 50

dibvdrochloride

(DMS0-d6) 1.16-1.34 (m, 2H), 1.41 (d, 11L, J = 13.6 Hz), 1.53 (d, LH, J = 13.6 Hz), 1.61-1.66 (i,
1H), 2.66-2.70 (i, 2H}, 3.08-3.16 (m, 2H), 3.22-3.28 (m, 1H), 3.36-3.44 (m, 1H), 3.74 (s, 3H),
3.78-3.88 (m, 2H), 4.12-4.17 (m, 1H), 7.05 (1, 1H, I =74 Hz), 7.15 (1, 1H. J =74 Hz), 7.24 (s,
1H), 7.40 (d, 1H, 1= 8.0 Hz), 7.55 (d, 1H, ] = 7.6 Hz), 8.83 (br s 3H), 9.06 (br s, 1H), 9.34 (br s,
1H)

NLG-1872

0O 2-{tetrahydro-2 H-pyvran-4~-yDethy! T-methyl-D- 94

tryptaphanate hydrochlonde

"H NMR(DMSO-ds, 400 MHz): 6= 0.93 ~ 111 {m, 2H), [ 18 (d, 1H, J = 6.2 Hz), 1.26 - 1 43 (m,
4H), 314 (d, 2H. =112 Hz), 3.23 (dd. 1H, J=14.7, 7.7 Hz), 3.29 — 3.39 (m, 2H). 3.69-3.78 (in,
4H), 4.04 (4. 2H, S =62 Hz), 4. 17 (t. 1H, /= 6.6 Hz), 7.04 (ddd, 1H. 7= 8.0, 7.1. 1.0 Hz), 7.16
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(ddd, 1H.7=83.7.0.1 2 Hry. 723 (5. 1H), 742 (d. 1H, /=82 Hz), 753 (dd, 1H, /= 8.1, 14
H7). 8.69 (br 5. 3H).

NLG-1578 methyl [-methyvl-D-tryptophyiglycinate 93

hydrochloride

312(dd, 1H. J=14.7, 7.8 Hz.). 3.25 (dd, 1H, J= 14.7. 5.7 Hz), 3.64 (s, 3H}. 3.72 (5. 3H), 3.93
(t,2H,J = 6.0 Hz), 3.97-4.06 (m, 1), 7.03 (1, 1H, J=7.5Hz), 7.14 (. 1, J=7.20 Hz), 7.19 (s,
1H), 739 (4, IH, =82 Hz). 7.71 (d, 1H, J=8.0Hz), 8.21 (s, 2H), 9.15 (m, 1H).

synthesis of O-(1-methyl-B-tryptophyl)-L-serine dihydrochloride (NL-G158581)

NH,HCH
O
\ Y
Os 0  OH
3
“NH,HC
NLG-1551-B.1-E15 NLG-1551

{00128  To a solution of NLG-1551-B.1-E15 (0,450 g, 824.66 mmol} in CHCh (10 mE) was
added HCL (2 mL, 4 M solution in dioxane) at 0 °C and the solution was allowed to warm to rt.
After stirring for S h, the solvent was evaporated and the reaction was diluted with trifluoroacetic
acid {8 mL) and the solution was stirred for 7 b at rt. After evaporating triflucrcacetic acid the
reaction was diluted with dry HC solution (1 mL, 4 M solution in dioxane) and the mixture was
stured for 10 mun. The solvent was evaporated under reduced pressure, the product was triturated
with ethanol.ether (10:90, 15 mL) and the product was filtered and washed with dry ether (10
mL). The product was dried under reduced pressure (0.190 g 61%). 'H NMR (400 MHz,
CD;0D): 3.22-3.28 (m, 1H), 3.43 (dd, 1H, J = 15.4, 4.7 Hz), 3.70 (s, 3H), 4.23 (1, 1H, J = 3.9 Hz),
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435 (dd, 1H, J = 8.0, 4.9 Hz), 4.60 (d, 2H, J = 3.8 Hz), 6.99-7.04 (m, 1H), 7.05 (s, 1H), 7.09-7.16
(m, 1H), 7.29 (d, 1H, ] =8.3 Hz), 7.50 (d, 1H, J = 7.9 Hz).

Synthesis of I-methyl-D-tryptophyl-L-valine hydrochloride (NLG-1556)

N N
i |
NLG-1556-A-E22 NL{-1556

061291 Dioxane (7 mL) and MeOH (1.20 mlL, 28.6 mmol) in a RB flask equipped with a
septum and a needle vent were cooled in an ice bath with stirring. Acetyl chloride (2.00 mL, 28.6
mmol} was added slowly. The resulting solution was stirred at 0 °C for 20 minutes and MeOH
(0.1 mL} was added. A flask contaming NLG-1556-A-E22 (678 mg, 1.43 mmol) was placed in
an ice bath and the cold, freshly prepared HCl (4M in dioxane} was poured into the flask
contaming WELG-15856-A-E22 slowly. The solution was allowed to warm to RT and stirred
vigorously for 18 h. The solvent was removed using rotary evaporator to afford pure white sohd
(205 mg, 40%)(DMSO-d6) 0.71-0.77 (m, 6H), 1.91-2.00 (m, 1H), 3.08 (dd, 1H, J = 144, 84
Hz), 3.23 (dd, 1H, J = 14.4, 8.4 Hz), 3.73 (s, 3H), 4.12-4.17 (m, 2H), 7.06 (t, 1H, ] = 7.4 Hz), 7.17
(t, 1IH, I=78Hz), 720 (s, 1H), 740 (d, 1H, J=84Hz), 774 (d, 1H, J =80 Hz), 82 (brs, 3H)},
8.74(d, 1H, J = 8.4 Hz)
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Synthesis of 2,3-dihydroxypropyl I-methyl-D-tryptophanate hydrochioride (NLG-1558)

F-O r—-OH
pc?( y Ao
O O%/O
oy . [
F;JH < HZHC|
Boc )
MNLG1558-A-E23 NLG-1558

[86136] A solution of NLG1558-A-F23 (11.5 g, 26.59 mmol ) in THF (100 mL) at 0 °C was
added TFA {163 mL, 2127 mmeol} and water (0.958 g, 53.18 mmol) and the cooling bath was
removed, the mixture was stirred at 1t for 2 h. HCI (13.3 mL, 53.18 mmol; 4.0 M solution n
dioxane) was added and continued stirting for 1 h. The reaction was stirred at 40 °C for 45
minutes. The precipitated white sohid was filtered and washed with MTBE to afford the
hydrochloride salt (4.5 g, 51%). "H NMR (400 MHz, DMSO-ds). 3.32-3.40 (m, 1H), 3.44-3.52
(m, 3H), 3.76-3.86 (m, 4H), 4.16-4.37 (m, 3H), 7.10 (1, 1H, J= 7.4 He), 7.14 (s, 1H), 7.19 (¢, 1H,
J=76Hz), 738 (d, 1H, J=8.2 Hz), 7.58 (d, 1H, T = 7.9 Hz).

General scheme for the derivatization of the -NH; and ~COOH group of D-I1MT

oo DIPEA 0 o iy HCH
CHHNT YR HATU ﬁ/Y R R ﬁ
o O o
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R'i
0=
o NH
., B
Y R
. N

R =EtL Bn

{66131} Appropriate D-tryptophanate hydrochlornide ester {1.0 g, 3.54 mmol} and appropriate
acid {3.54 mmol) were stirred in acetonitrile (56 mL) at 0 °C. HATU (1.48 g, 3.89 mmol) and
iPrNEt {246 mi, 1415 mmol}) were added and the reaction stirred overnight at room
temperature. The solvent was removed under reduced pressure and the crude was diluted with
water {50 mL} and dichloromethane (50 mL). The organic layer was separated and the aqueous
layer was extracted with dichloromethane (3 x 50 mL)}. The combined organic layer was washed
with brine (50 mL), dried over Na,S(Q4, and concentrated under reduced pressure. The crude

product was purified by flash column chromatography to afford the desired product.

# Compound Name Yield
{7}
NLG-1564- o cthyl N ({tert-butoxycarbony)-L-leucyl)-1-methyl-D- | 92
B-E31 tryptophanate
Boc—NH  NH
- OFt
AN S
N
!
0.86 (dd, oH, J=6.2,2.1 Hz), 1.20(t. 3H, J=7.1 Hz), 1.39 (s, 9H), 1.55-1.38 (m, 2H), 3.29 (d,
TH, = 5.7 Hz). 3.74 (5. 3H), 4.03-4.18 (. 3H), 4.79-4.86 (m, 2H), 6.60 (d. 1H, J = 7.8 Hz),
6.87 (s, 1H), 7.00 (L 1H, J=7.4 Hz), 720 (¢ 1H, J=7.5 Hz). 7.26 (5. 1H), 7.52 (d. 1H, ] = 7.9
Hz}
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NLG-1565- 5 o cthyl N%((tert-butoxycarbonyl}-L-isoleucvl}-1-methyi- | 93
A-E32 D-tryptophanate
0.50-0.84 (m, 6H), 1.02 - 0.91 (m, 2H), 1.19 (1, 3H, /=71 Hz), 1.40 (s, 9 H), 1.87 (m, 1H},
328(t,2H,J=34Hz), 372 (5, 3H). 400 - 404 (m, 1H), 4.05- 416 (m, 2H), 4 85 (¢, 1H, J =
64Hz), 495(d, IH, J=20Hz), 646 (d, 1H,J=77Hz), 687 (5, 1H), 7.10 (ddd, IH. =80,
6.8 1.1 H»),720(ddd, 1H,.7=82,69, 12 H,726(d, 1H, J=80Hz), 753 (dt, I1H, /=79,
1.0 Hz).
NLG-1566- O ethyl N%{(tert-buloxycarbonyl)-L-glutaminy)-1- 90
A-E37 HaN= o methyl-D-tryvptophanate
Boc—NH  NH
o
OFEt
WA S 4
N
!
Li6(t, 3H,J=71H), 1.33 (s, 9H), 1.79 - 199 (m, 2H), 2.05 (ddd. 1H, /=152, 6.9, 5.7 Hz),
218 (ddd, 1H, /=148, 86,39 H2), 3.21 (d,2H, J=39 Hz), 3.68 (s, 3H), 4.00 - 4.14 (m,
3, 4.73 (A, IH, J=7.7,539 Hz), 522 (s, 1H), 3.35 (d, 1H, /= 7.0 Hz), 5.90 (s, 1H), 6.85 (s,
1H), 6.87-6.93 (m, 1H), 7.04 (ddd, 1H,./=8.0,69, 1.1 Hz), 7.14 (ddd, 1H, J=82,69,1.1
Hzy, 747 =721 (m, 1H), 745 (d, IH, J=79 Hax).
NLG-1574- /\ o ethyl N°{(tert-butoxycarbony!)-L-phenylalanvi}-1- 80
A-E40 s methyl-D-tryptophanate

Boc—NH  NH

= OFt
Sals
N
i

1.14 (¢, 31, 7= 7.1 H), 1.25 (s, GH), 2.82 (s, 2H), 2.91-3.02 (m, 11}, 3.03-3.10 (m, 2H), 3.25
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(dd, 1H. 7= 14.78. 5.2 Hz). 3.67 (s. 3H), 399 - 407 (m, 2H), 433 ( brs. 1H), 479 (. 10, J =
6.2 Hz), 637 (d. 1H, J="7.8 Hz). 6.57 (s, 1H). 7.06 (ddd, 1H, J=8.0, 6.8, 1.2 Hz), 7.14 - 7.25
(m, 6H), 7.41 (d, 11, J = 7.9 Haz).

NLG-1585- methyl N -(tert-butoxyearbonyl-N*-({(R)-1-cthoxy-3- | 71
A-E45 (1-methyl-1H-indol-3-yD-1-oxopropan-2-y1}-L-
asparaginate
PAB{L3H, J=72Hz 139 (s, 9H), 263 (dd, 1H, J=171,61H2), 295 (dd, 1H, J=172,44
Hz), 329 (d,2H, J=358Hz),3.62 (5, 3H), 3.74 {5, 3H), 4.03-4 13 (m, 2H}, 4.53 (brs, 1H),
479-4 83 (m, 1H), 5.61 (d, 1H,J=9.0Hz}, 6.88 (s, 1H}, 7.01-7.10 (m, 2H), 7.19 (ddd, 1H, /=
8.2,69,1.2 Hz), 7.24-7.27 (m, 1H), 7.51 (m, 1H).
NLG-1546- %_OH ethyl Nu-({tert-butoxycarbony}-D-tryptophyl)-1- 97
B-E2¢ /:==\”'—#\ i _g methyl-D-trvptophanate
%/U\I\f BockN >~ <R
. kN %
H
LIS (L, 3H, J=71Hz), 138 (5,9H), 1.73 (brs, 1H),3.13 (dd, 2H, /=54, 25 Hx), 3.32 (5,
1H), 3.57 (5, 3H), 405 (dd, 2H, /=172, 72 Hz), 443 (s, 1H), 472 = 480 (m, 1H), 5.07 (s,
THY, 6.22 (s, 1H), 6.42 (5, 1H), 690 (s, 1H},. 6.97 (5, 1H), 7.04 - 725 (m, 5H), 733 (4, /=82
Hz, 1H), 7.66 (d, J=78 Hz, 1H), 787 (s, 1H)
NLG-1549- O} okt ethyl No-(Na-(tert-butoxycarbonyl-1-methy-D- 95
A-E26 /ﬁ\ir‘"\\/—}':é‘N _J{ﬁ tryptophyD-1-methvl-D-ryvptophanate

SN
N BocHn /~\\/§\
‘4

N)‘\/f)
|

1.16 (¢, 31, 7= 7.1 Hz), 1.37 (s, OH), 3.02 — 3.20 {m, 3H), 3.35 (d, 11L, J = 15.0 Hz), 3.57 (s,
3H), 3.68 (s, 3H), 3.94 - 4.10 (m, 2H), 4.42 (brs, 1H), 4.75 (d, 11, J= 6.8 Hz), 5.04 (s, 1H),
6.24 (brs, 1H), 6.37 (s, 1H). 6.84 (brs, 1H), 6.94 (s, 1H), 7.08-7.18 (m, 3H), 7.17 - 7.25 (m,
IH), 7.27 - 733 (m, 1H), 7.65 (d, 1H, J= 7.9 Hz)
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NLG-1568- Q ---O/ """ ethvl No~({(tert-butoxycarbonv-L-tryptophvi)-1- 97
B-E28 = o o methyl-D-trvptophanate
N a\\ BocHN }k{’h =
h 7
LAI2 {0 3H, J=71 Hz), 139 (s, 0H), 290 (d, 1H, J=152 Hz), 3.05 -3.32 (m, 3H), 3.56 (s,
3HY, 391 -4.10 (u, 2H), 444 (brs, 1H), 475 (brs, 1H), 5.15 (brs, 1H}, 6,18 (4, 1H, /=738
Hz), 6.27 (s, 1H), 6.86 (d, IH, /=23 Hz), 7.04 (ddd, 1H,/=8.0,6.8, 1.2 Hz), 7.14 (ddd, 1H, J
=80,71,12Hz), 716 =727 (m, 3H), 730 (dt, 1H, /=81, 1.0 Hz), 737(d, 1H, /=82 Hz),
768 {d 1H,J=77Hz), 780 (s, 1H}
NELAG-1553- a ethyvl N%((tert-butoxycarbonyiy-L-valyl)-1-methyt-D- 95
B-E21 Oo tryptophanate
Boc
NH
0.80(d,3H, T=68 Hz), 0.87 (4, 3H, J =068 Hz), L19(t, 3H, I =72 Hz), 1.40 (s, OH}, 2.09-
2,17 (m, 1H), 3.25-332 (m, 2H), 3.74 (s, 3H), 3.94-3.97 (m, 1H), 4.09-4.15 (m, 2H), 4.84-4 89
(m, 1H), 4.93-4.95 (m, 1H), 645 (d. 1H, J =76 Hz), 6.87 (s, 1H), 710 {t, 1H, J = 7.4 Hz), 7.21
(t, 1H, J=76Hz), 727 (4, 1H, I=76Hz), 753{dd, 1H,J =80, 1.2 Hz)
NELG-1554- G ethyl N*((tert-butoxycarbonyDglveyl)-1-methyl-D- 94
A-E25 tryptophanate

O

4 O
/’{;\i"\ H’N—/& !Boc
N NH

{
i

122 (4, 3H, J=72Hz), 142 (5,9H), 331 (4, 2H, I = 5.2 H2), 3.72-3.77 {m, 2H), 3.74 (s, 3H),
4.07-417 (m, 2H), 4.86-4.91 (m, 1H), 5.04 (brs, 1H), 6,50 (d, iH, J="7.6 Hz), 6.856 (s, 1H),
TA0WIH, =74 Hz), 721 (4, IH, J=74Hz), 728 (d, IH, I=80Hz), 750(d, 1H,J =756
Hz)
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NELAG-1555- ethyl N%{(tert-butoxycarbonyl)-L-alany!)-1-methyi-D- | 93
A-E27 tryptophanate

120 (0 3H, J=70H2), 129 (d,3H, J=72 Hz). 140 (s, 9H),330(d, 1H, J=356 H7).3.75 (s,

3HY, 4.09-4 16 {m, 3H}, 4 81-4 86 (m, 1H), 493 (brs, 1H), 6.61 (brg, 1H}, 687 (s, 1H), 709 (¢,

IH, 1=74Hz), 721, 1H, J=76Hz), 7.27(d, 1H, =84 Hz, merged with chloroform), 7.52

(d, 1H,J=8.0Hz)
NLG-1548- benzy! N%(N"N"-bis(tort-butoxycarbonyl)-L- 91
A-E18 tvsyl)-1-methyl-D-tryptophanate

BocHN

"H NMR (400 MHz, Chloroform-d) § 1.25 (q. /= 7.7 Hz, 2H), 1.39 (s, 9H), 1.44 (s, 9H), 147 -

1.55 (m, 1H), 1.67 - 1.80 (m, 2H), 3.02 (1, /=67 Hz, 2H), 3.29 (d, /= 5.3 Hz, 2H), 3.66 (s,

3H), 4.04 (s, 1H), 4.53 (5, 1H), 490 (q. J=6.1 Hz, 1H), 497 (s, 1H). 5.09 (g, /= 12.2 Hz, Z2H),

657, J=78He 1H), 664 (s, [H), 708 (. /=74 Hs, 1H), 720 (t, J= 7.6 He, 1H), 7.23

7.29 (m, 4H overlapped with CHCL), 730 - 7.39 (m, 3H), 749 (d, /= 7.9 Hz, 1H).
NLG-1547- _\</ o tert-botyl (8)-3-(((R)-1-{benzyloxy)-3-(I-methyl-1H- | 93
D-E17 O indol-3-v1}-1-oxopropan-2-yDamuno }-4-{{tort-

2 butoxycarbonyliamino }-3-oxopentanoate
BocHN NH
O A
E\Ej /

8138 (s, 9H), 1.43 (s, 9H), 1.76 — 1.9} (m, 1H), 1.94 - 2.09 (m, 1H), 2.20 {dt, /= 16.6, 7.0 Hz,
VH), 231 (dt, /=166, 73 He, TH), 319 - 336 (m, 2H), 3.67 (5, 3H), 490 (dt, /= 8.1, 5.6 Hz,
I1H), 5.00-5.14 (m, 2H), 5.19 (s, 1H), 6.70 (s overlapping m, 2H), 7.08 (ddd, /=8.0,69,1.2

&0
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Haz, 1H), 718 = 7.28 (m, 4H), 7.29 - 7.37 (m, 2H), 7.50 (dt, /= 8.0, 1.0 Hz, 1H).

DB-Goses- | — ) ethyl N°{(tert-butoxycarbony!)-L-methionyi}-1- 84
B-EO78 % methvl-D-tryptophanate

Boc—NH  NH

"
O
\’/\‘O\——

o

§1.21 (t, J=7.2 Hz, 3H), 1.40 (s, 9H), 1.79— 1 .89 (m, 1H), 1.94 — 2.00 (m, 1H), 2.01 (s,
3H), 2.31-2.36 (m, 1H), 2.36-2.46 (m, 1H), 3.30 (dd, J=5.7, 3.6 Hz, 2H), 3.75 (s, 3H),
412 (q, J=7.2 Hz, 2H), 4.26 (d, J=7.5 Hz, 1H), 4.84 (q, /=6.4 Hz, 1H), 5.17 (d, /=83
Hz, 1H), 6.67 (d, J=7.2 Hz, 1H), 6.89 (5, 1H), 7.10 (t, /=7.4 Hz, 1H), 7.21 (t, J=7.2 Hz,
1H), 7.28 (d, /=75 Hz, 1H), 7.53 (d, J=7.9 Hz, 1H),

Synthesis of N'-((S)-5-(tert-butoxy)-2-((tert-butoxycarbonyl)amine)-5-oxopentanoyl)-1-
methyl-D-tryptophan (NLG-1847-E.2-E17)

A(O 0

) O
BocH NH

cHN
NaOH ot
o T O
1
i

NLG-1547-D-E17 NLG-1547-E2-E17

061321  tert-Butyl(8)-5-{({{R)-1-{benzyloxy }-3-(1-methyl-1H-mdol-3-yi}-1-oxopropan-2-

yhamino}-4-({tert-butoxycarbonyljamino}-5-oxopentanoate {800 mg, 1.38 mmol) was suspended
in MeOH (8 mL) and THF (& mL). After cooling to 0 °C, NaOH sol'n (2.4 mL, 2M) was added
and the reaction stirred for 1 h. The solution was acidified with 1M HCI to pH = 4 and the
solvents were concentrated under reduced pressure (40 °C). The solution was partitioned between
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water and DCM in a separatory funnel and the organic layer was collected. The aqueous layer
was extracted with DCM (2 x 15 mL) and the combined organic layer was washed with water and
brine.  Chromatographic purification afforded the desired product (0.502 g, 72%). 'H
NMR(Chloroform-d, 400 MHz): § = 1.38 (5, 9H), 1.44 (5, 9H}, 1.68 — 1.81 (m, 1H}, 1.84 - 1.99
(m, 1H), 2.12 — 2.33 (m, 3H), 3.23 — 3.42 {(m, 2H), 4.23 (s, 3H), 4.86 (d, 1H, J= 6.9 Hz), 5.41 (4,
1H,.7=8.6Hz), 6.83(d, 11, J=7.5 Hz), 6.93 (s, 1H), 7.09 (dt, 1H, /=80, 1.2 Hz), 7.18 (1, 11,

J="7.8Hz), 7.23 (apparent d overlapped with CDCly, 1H,), 7.60 (d, 1H, /=79 Hz).

Synthesis  of  (S)-4-amino-5-(({R)-1-carboxy-2-{1-methyi-1H-indol-3-vljethyl}amino}-5-
exopentansic acid hydrochloride (NLG-1547)

A{ O O
HO

0
o o)

BocHNT NH HOI HCIH,N  NH
i Y o
N N) d "

! |

}
(NLG-1547-E.2-E17) (NLG-1547)

100133]  To N"-((S)-S-(tert-butoxy}-2-{{tert-butoxycarbonylJamino)-3-oxopentanoyl}- 1 -methyl-
D-tryptophan (470 mg, 0.93 mumol) was added HCl (4M 1n dioxane) (4.7 mL). The resulting
solution was allowed to stir at room temperature for S hours. The solution was concentrated and
the solid was dissolved in MeOH and treated with activated charcoal and heated to 60 °C for 1h
The solution was filtered through celite and the filtrate concentrated to afford the desired product
as a beige solid {0.304, 85 %). 'H NMR (DMSO-ds, 400 MHz): {mixture of rotamers} 1.73 — 2.21
(m, 4H), 2.93 ~ 3.12 (m, 1H), 3.14 ~ 3.27 {m, 1H), 3.70 (s, 370), 3.83 (q, 1H, J = 5.8 Hz), 4.53 -
472 (m, 1H), 7.01 (¢, TH, J= 7.3, 3.7 Hz), 7.07 — 7.19 (m, 2H), 7.35 (dt, 1H, J = 7.5, 3.5 Hz),
7.44-7.61 (m, 1H), 8.42 (br s, 3H), 8.83 ~ 9.10 (m, 1H).

General method for the hydrolysis of substituted D-1MT ethyl esters
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To a solution of appropriate amude {0.991 mmoly in THF (10 L) was added water (3

ml) and bithwmw monochydrate (67 myg, 1.59 mmol} and the nuxture stured under ambient

temperature for 2 h. The mixture was neutralized with 1M HCl {at 0 °C}) and poured into ice cold

water (20 mL). The aqueous layver was extracted with EtOAc (3 x 35 ml). The combined organic

layers were dried over Na:SOy and concentrated. The crude product was purified by flash column

chromatography to afford the deswred product.

Yield
# Compound Mame
(%)}
NLG-1578-A- HO N((tert-butoxycarbonyi}-L-leucy-1-methyl-D3- 87

E33

trvptophan

0.76 — 0.96 (m, 61, 1.39 (s, 9H), 1.40-1.54 (m., 3H), 3.29 (dd. 1H, J = 15.1, 5.3 Hz). 3.40
(dd,1H, J=14.9,5.7 Hz), 3.70 (s, 3H), 4.41 (¢, 1H, J=93, 5.4 Hz), 4.86 (g, IH, J=6.7,
5.8 Hz), 526 (d, IH. J=9.1 Hz), 6.88 ( brs, LH), 7.05 - 7.11 (m, 1H), 7.14 - 7.28 (m. 3H),
7.59 (d, 1H, J = 7.9 Hz)

NLG-1548-B-
E18

O
OH
r—‘*>, 2

.,

= ,N
[i RN H
e N
4 /
BocHNM

NHBoc

NO%N” N"-bis(tert-butoxycarbonyl-L-lysyl)-1-

methyl-D-tryptophan

91
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105120 (m, 2H), 137 (s, OH), 1.44 (s, 9H). 1.65 — 1.80 (m, 2H). 2.98 (brd, 2H), 3.15 —
3.51 (m, 2H), 3.69 (s, 3H), 3.84 — 4.04 (m, 1H), 4.15 (d, 1H. J = 7.6 Hz), 4.69 (s, 1H), 4.85
(d, 1H, J = 6.6 Hz), 5.43 (s, 1H), 5.73 — 6.18 (m, 2H), 6.91 (s, 1H), 7.06 (1, 11, J=7.4 Hz),
718 (t, 1H, J=7.5 Hz), 7.24 (&, 11, J = 8.3 Hz), 7.60 (d, 11, J= 7.9 Hz).

NLGIS71-A- ) N -{{tert-butoxycarbonvl}-L-isoleucyl)-1- 88
£ Og methvl-D-tryptophan
= -
) HN Boc
gy J\g NH
N 1T
!
0.75-0.88 (m, 8 H), 1.37 (5, 9H), 1.62-1.70 (m, 1H), 3.13-3.17 and 3.30-3.32 (two m, 2H),
3.65 and 3.70 (two s, 3H), 4.89-492 (m, 1H), 533 (d, 1H. /=92 Hz), 679 (1, 1H, /=71
Hzy, 6.92 (s, 1H). 708 (4, 1H, /=74 H), 719 (4, 1H, J=77Hz), 725(d, 1H, /=68 Hz),
756 and 7.62 (two d, IH, J= 8.0 Hz),
NLGIS69-A- ¢ N%((tert-butoxycarbonyl)-L-ghitaminy}-1-methyl- | 83
£38 HaN o D-tryptophan
----- {
Boc—NH  NH
—
T §OH
N )
\
1

134 (s, 9H), 139 (dd, 1HL, J= 14 1, 7.9 Hz), 1.73-1.77 (m, 1H), 1.94-2 .04 (1a, 2H), 3.02
(dd, 1TH. J = 14.6,7.9 Hz), 3.13 (dd, 11, J= 14.5, 5.2 Hz,), 3.69 (s, 3H), 3.90-3.96 (m, 1H),
4.40-4.45 (m, 1H), 6.72 (s, 1H), 6.80 (d, 1H. 7= §.3 Hz), 6.96-7.02 (m, 1), 7.05 (s, 1H),
710 (ddd. 1H. J=8.2,7.0, 1.1 Hz), 7.18 (s, 1H), 7.34 (d, 1H, J= 8.2 Hz), 7.51 (d, 1H. J =
79 Hz), 7.98 (4, 1H, J= 7.9 Hz), 12.70 ( br s, 1H).
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NELGISTS-A-

N%{{tert-butoxycarbonyl)-L-phenviatanyf)-1- 75

F41 == methyl-D-tryptophan
Boc—NH  NH
—
OH
N
N
|
130 (s, 9H), 2.81-2.88 (m, 1H), 2.94-3.00 (m, 1H), 3.08 (dd, I1H, /=14 8, 58 Hz}, 3.21-
325(m, 1H), 3,66 (s,3H), 441 (d, IH. /=67 Hz), 479486 (m, 1H)}, 5.13(d, 1H, /=83
Hez), 6.56 (d, 1H,J=6.5 Hz), 6.63 (s, 1H), 6.95-7.25 {(m, 8H), 7.46 (d, 1H,./=7.9 Hz).
NLG-1546-C- 4 OH N%({tert-butoxycarbonyl)-D-tryptophy - -methyl-D- 84
E20 HN,(/ tryptophan
"J F’ocH’hD
! L
1.31 (s, 9H), 3.05-3.13 (m, 3H), 3.29 (s, 1H), 3.55 (s, 3H), 4.44 (5, 1H), 475 (q?J= 6.1 Hz,
TH), 5.10 (s, 1H), 6.26 (s, 1H), 6.58 (s, EH)Q, 6.89 (s, 2H), 7.07 - 7.24 (m, 5H), 731 (4, 1H,
J=80Hz), 764 (4, 1H, J=66Hz), 809835 (m, 1H}
NLG-1549-B- } on N%(N%(tert-butoxycarbonyl)-1-methy-D-irvpiophvl)- | 40
26 o it 1-methyl-D-tryptophan
S S NP
N Boctn z/»\@
?i, 7
1.27 (s, 9H), 2.99 (dd, 1H, /=147, 54 Hz), 3.09 (dd, 1H, /=143, 6.7 H2), 3.16 {dd, iH, J
=148, 52 Hz), 3.25-3.44 (m, 1H), 3.57 (s, 3H), 3.69 (5. 3H), 4.39 (brs, 1H), 4.76 (dt, 1H,
J=81 535Hr) 5.01(brg, 1H), 6.29 (brs, 1H), 6.53 (5, 1H}, 6.79 (br s, 1H), 6.91 (5, 1H),
6.97 (brs, 2HY, 7.07 - 718 (m, 2H), 7.20 (d, 1H, /=82 Hz), 7.21 -~ 7.34 (m overlapped
with CDCl;, 2H), 7.62 (d, 1H,J=79 Hz)
NEG-1560-C.3~ £ o W% -((tert-butoxycarbonyl)-L-tryptophyl)-1-methyl-D- 91
£28 = /j 2 tryptophan
Q’I—§> HNlﬁé‘---- vplop

135 (s, 9H), 3.08 (2.79 — 3.25, 4H), 3.50 (s, 3H). 3.71 - 3.79 (m, 1H), 4.31 — 4.33 (m, 1H),

4.62 —4.96 (m, 1H), 6.45 (s, 1H), 6.70 — 6.91 (m, 1H), 6.98 — 7.06 (m, 1H), 7.08 (¢, 1}, J =
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75 Hzy, 712~ 7.25 (m, 4H), 744 (q. 21, J = 8.8 Hz), 7.36 (d, 1H, 7= 7.9 Hz), 8.02 (b 5,
1H).

NELG-1553-C-
E21

G N%((tert-butoxyearbonvl-L-valyl-1-methvl-D- 160

— O grypmph an

‘f\
jou
—Z__
/r
T
8

3.77(d,3H, J =68 Hz), 0.81 (d, 3H, J = 6.4 Hz), 1.38 (s, 9H), 1.84-1 .92 (m, 1H), 3.30-3.32
(m, 1H), 3.66-3.77 {m, 4H), 4.08-4. 12 (m, 1H), 4.88-4.92 (m, 1H), 323 {d, 1H, =92 Hz),
6.66(d, 1H, J=72Hz,692(s, 1H}, 709 (t, I1H, J=74Hz), 720, 1H, I=76Hz}, 726
(d, IH, J = 8.4 Hz, merged with chloroform), 7.62 (d, 1H, J=8.0 Hz)

NLG-1554-B- N%((tert-butoxycarbonyliglyeyl)-1 -methyl-D- 83
E25 tryptophan
1.39 (s, 9H), 3.25-3.35 (m, 2H), 3.2-3.74 (m, 5H), 4.85-4.90 (m, 1H), 521 (brs, 1H), 6.63
(brs, 1H), 6.96 (s, 1H), 7.08 (t, 1H, J = 7.4 Hz), 7.17-7.27 (m, 2H, merged with
chloroform), 7.35 (d, 1H, I = 7.6 Hz)
NL{-1555-B- QO N%{(tert-butoxycarbonyl}-L-alany1}-1-methyl-D- 86
B27 Og tryptophan

121 {d.3H, =72 Hz). 1.38 (s, 9H), 3.19-338 (m, 3H), 3.73 (s, 3H), 4.22-4.27 (m, 1H),
484 (brs, 1H), 6.77 (brs, 1H), 6.87 (s, 1H), 708 (4, IH, J =74 Hz), 719 IH, ] =74
Hz), 7.24 (d, 1H, I = 8.8 He, merged with chloroform), 757 (d, 1H, I = 7.6 Hz)
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DDOGSI0-A- \S N%{(tert-butoxycarbonyl)-L-methionyl)-1-methyl- | 92
079 D-tryptophan

/ A Boc,
= HN
N NH
O
OH

1.36 (s, 9H), 1.68 — 1.87 (m, 2H), 1.94 and 2.01 (s, 3H), 2.25-2.43 (two m, 2H), 3.23 {dd,
J=14.9 63 Hz, 1H), 3.36 (dd, J=14.6, 4.8 Hz, 1H), 3.71 (s, 3H), 4.23-4.34 (two m, 1 H),

s

4.82-4.94 (two m, 1H), 5.52 (d, J=6.7 Hz. 1H), 6.79 - 6.99 (m, 2H), 7.09 (1. J=7.4 Hz, 1H),

719 (1, J=7.4 Hz, 1H), 7.25 (d, J=6.1 Hz, 1), 7.58 (d, J=8.0 Hz 1H)

General method

for ‘Boc deprotection.

[00133]  To a solution of appropriate Boc protected amine (0.707 mmol) in dioxane (2 mL) was

added HCI solution (1.77 mL, 4.0 M solution in dioxane} at 0 °C. The solution was allowed to

warm to 1t and stirred vigorously for 2.5-18 h. The solvent was removed using rotary evaporator.

The solid was diluted with dry ether (15 mlL) and the product was filtered to afford the crude

product. The crude was dried under high vacuum to afford the desired product.

# Compound Namg Yield
{%%)
MNLG- N%(D-tryptophyl)-1-methyl-D-tryptophan 95
1546 QH hydrochloride
N HCI HoN

H

IH, /=

"H NMR (400 MHz, Methanol-d,) §3.15(d, /= 8.5 Hz, 1H),3.19(d, /= 8.5 Hz, 1H),3.36 (d,

49 Hz, 337341 4o, 1H), 3.71 (5, 3HL 406, 1H, /=36 Hz), 4.74 (5, 1H), 6.93 (5,

1H), 7.02 (t, 1H. J = 6.2 Hz), 7.04 — 7.07 (m, 1H), 7.14 (1d. 2H, /= 7.9, 1.7 Hz), 7.20 (s, 1H), 7.22
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(d. =581 Hz 1H), 730 (d, 11, J=8.2 Hz), 738 (d. 1H, J = 8.1 Hz), 7.56 (d. 1H, J = 8.0 Hz),
7.65(d, 1H, /= 7.9 Hz), 7.70 (d, 1H, J = 8.2 Hz)

NLG- OQ,V OH WN%(L-tysyh)-1-methyl-D-tryptophan 87
1548 VA dihydrochloride
N
NH, HCI
= ! N\ H 2
PN
\
HO HoN
"H NMR (400 MHz, DMSO-ds): 0.88 — 1.13 (m, 2H), 133 - 1.56 (m. 4H), 2.54 (¢, 2H, J="7.1
Hz}, 2.95 - 3.10 (m, 1H), 3.15 - 3.24 (ma, 1H}, 3.42 (apparent g overlapping with H,O, 1H, /=70
Hz), 373 (5,3H), 450467 (m, 1H), 701 ¢, 1H,J=75Hz}, 706 - 718 (m, 2H), 738 (d, 1H, J
=83Hz),755(d, 1H, /=79 Hz),8.02 (brs,3H), 820 (brs, 3H), 883 (d, 1H, /=81 Hz), 12.93
(brs, 1H)
NLG- f-methyl-N(1-methvl-D-tryptophvD-D-tryptophan | 92
1549 hvdrochloride
/ s
W I
N
|
"H NMR (400 MHz, DMSO-ds): 3.10 (td, 2H, /=155, 7.9 Hz), 3.24 (ddd, 2H, /= 175,151,359
Hz),3.72 (s, 2H),3.73 (s, 4H). 4.02 (dd, 1H. J=8.3,5.1 Hz), 4.58 (g, I1H. /=70 Hz), 7.04 (1d,
2H, =74 42H), 709723 {m, 4H}, 740, 2H. /=81 Hz), 758 (d, 1H. /=79 Hz), 7.74
(d, 1H,J=79H, 811 (s, IHL 897(d, 1H, /=77 Hz), 12.82 (brs, 1H)
NLG- G N°-{L-valyl)-I-methyl-D-tryptophan hyvdrochloride | 92
1553 ) / Og
= HN

\//’L ) NH, HCI

—Z

"1 NMR (400 MHz, DMSO~ds): 0.54(d, 30, J = 7.2 Hz), 0.72 (d, 3H. I = 6.8 Hz),1.89-1.94 (m,
TH), 3.01 (dd. 1H, T=14.8,9.6 Hz), 3.22 (dd. 1H, J = 14.6, 3.0 Hz), 3.56-3.65 (m, 1H). 3.70 (s,
3H), 4.61-4.66 (m, 1H), 7.01 (¢, 1TH, J= 7.6 Hz), 7.12 (s. 1H), 7.12 (¢, 1H. J = 7.6 Hz), 7.36 (1. 1H,
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J=80Hz),756(d, 1H, J=8.0H»), 809 (brs,3H), 878 (d, 1H, I=8.4 H»), 12.8 (brs, 1H}

NLG- N%glyeyl-1-methyl-D-tryptophan hydrochloride 87
1554
"H NMR (400 MHz, DMSO-ds): 3.02-3.08 (m, 1H), 3.17-3.22 (m, 1H), 3.48-3.60 (m, 2H), 3.74
(s, 3H}, 4.35-458 (m, 1H), 7.03 (1, IH, =78 Hz}, 7.12-7. 18 (m, 2H), 738 (d, IH, F = 8.0 Hz},
7.55{d, IH, J=80Hz), 813 (brs, 3H), 8.76(d, 1H, J=8.0Hz}, 12.87 (brs, 1H)
NLG- Q N*-{L-glany})-I-methyl-D-tryptophan hvdrochloride | 44
1535 / Og
—
HN
N /g ‘g‘“NHg_HG!
N
!
"H NMR (400 MHz, DMSO-do): 1.18 (d, 3H), 3.02-3.06 (m, 1H), 3.17-3.23 (m. 1H), 3.72 (s, 3H),
4.05-4.09 (m, 1H), 4.57-4.62 (a, 1H), 7.02 ¢t 1H, J= 7.6 Hz), 7.12-7 15 (m, 2H), 738 {d, 1H, J =
80 Hz), 752 (d, IH, J =76 Hz), .16 (br g, 3H), 8.88-8.92 (m, 1H)
NLG- N®%(L-trvptophyl)-1-methyi-D-tryptophan 30
1564 hvdrochloride

T NMR (400 MHz, DMSO-~d,): 6= 2.85 (dd, 1H, = 14.7, 82 Hz). 298 (dd, IH. J=14.5, 7.9
Hz), 3.08 (dt, 26, J = 14.7. 5.0 Hz), 3.63 (s, 3H), 4.06 (br s, 1H), 4.55 (q. 1H, J = 7.9), 6.87 (dd,
1H, J= 8.0, 7.0 Hz), 6.97 (s, 1H), 7.01 (t, 1H, J = 7.4 Hz), 7.06 (t, 1H, J= 7.4 Hz), 7.08 - 7.15
(m, 2FD). 7.34 (d, 2H, J = 8.2 Hz), 7.56 (dd, 2H, J = 8.0, 5.1 Hz), 8.09 (s, 3H). 8.95 (d, 11, /= 8.1
Hz), 11.02 (s, 1H)
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NLG- o, ethy! N ~(L-feucyl)- | -methyi-D-trvptophanate a3
1564 . ? OO hydrochloride
/ .....
T HN
N ! NH, HCI
N
|
"H NMR (400 MHz, DMSO-d,): 0.70 (L 6H, J =57 Hz). 1.13 (t, 3H, J=7.1 Hz), 1.38 - 1.23 (m,
3H)L,301(dd, 1H. J=145,94Hz), 318 (dd, 1H,J=145 52 H»),3.70 (s, 3H),4.08 (g, 2H . J
=71 Hz), 462 -4353 (m, 1H), 700 (ddd, I1H, J=78 7.0, 1.0 Hz), 7.00-7.13 {m, 2H), 736 (d,
IH, /=82Hz), 750(dd, 1H, /=76, 1.1 Hz), 8.18 (brs, 3H), 899 (d, 1H,/=8.1 H2).
NLG- O Ve ethyl N” ~(L-isolencyl)-1-methvi-D-tryptophanate 93
1565 . ?ﬁ OO hydrochlonde
=y N
Yy NH, HCI
N fiive
}
TH NMR (400 MHz, DMSO-ds): 0.60 — 0.66 (m, 6H), 0.75 - 0.82 (m, 2H), 1.12 (¢, 3H, /=71 Hz,
443, 163 {brg, 1H), 3.02(dd, 1H, J=146,94 He), 317{dd, 1H, J =146, 52 Hz), 3.61 (brs,
TH)Y, 3.69 (6, 3H), 4.07 (¢, 2H, J=7 1 Hz), 4.62 (brs, 1H), 701 (¢, 1H, J=75Hz), 710 -7 14
(m,2H), 736 (d, 1K, /=82 Hz), 749 (d, 1H,J=79 Hz), 8.00 (brs, 2H), 8 85 (brs, 1H).
NLG- O ethvl N°-{L-glutaminy!)--methyl-D-tryptophanate 59
1566 H2N o hydrochlonde
ClHH,N N
—
- 9]
@ \
\

"I NMR (400 MHz, DMSO-ds); 1.08 (¢, 3H, J= 7.1 Hz).1.81-1.97 (m, 2H), 2.01-2.12 (m, 2H),
3.07 (dd, 1H, J=14.4, 8.4 Hz), 3.16 (dd. 1H, J = 14.4, 6.0 Hz), 3.70 (5, 3H), 3.82 (1, 1H, J = 6.0
Hz), 4.03 (g, 2H, J= 7.1 Hz), 4.53 (q, 1H, J = 7.0 Hz), 6.93 (s, 11D, 7.02 (ddd, 1H, J= 7.9, 7.0,
1.0 Hz), 7.09-7.14 (m, 2H), 7.35 (d, 1H, J = 8.2 Hz), 7.40 (s, 1H), 8.24 (brs, 3H), 9.01 (d, 11,/

=72 Hz).
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NLG- ethy! N%(D-trvptophyl)-1-methyl-D-tryptophanate 97
1367 hydrochloride
7
"H NMR (400 MHz, DMSO-ds): 1.19 (1, 3H, J=7.1 Hz), 1.91 (brs, 2H), 2.87 (m, 1H), 3.25 (4,
2H,J=506Hz2),333 (dd, 1H,J=14.5,44 Hz),3.66 (5,3H), 370 (dd, 1H, /=9.0,47 Hz), 410
(m, 1H), 487 (dt, 1H, /=835,55H«, 671 (d, 1H, /=85 Hz),6.95(d, 1H, /=2.6 Hz}, 7.00 -
730 (m, 2H), 712 - 7.22 (m, 2H), 7.24 (4, 2H, /=61 Hz), 732 (d, 1H, /=81 Hz), 7.51 (d, 1 H,
J=T77Hz),760(d, 1H,/=80Hz),766(d, 1H,/=83Hz), 815 (s, 1H).
NLG- O N%(L-glutaminy)-1-methyl-D-trvptophan 97
1569 ka - hydrochloride
CIHHN <NH
N { OH
ALY 8
Y
"H NMR (400 MHz, DMSO-ds): 1.79-1.84 (m, 2H), 1.95-2.06 (m, 2H), 3.04 (dd, 1H. J=14.6,8.3
Hz3. 319 (dd, 1H, /= 146,352 Hz), 349335 {(m, 2H}, 3.70 (s, 3H), 3.78 - 388 (m, 1H), 4.53
(td, 1H, J=83,52 Hy), 693 (s, 1H), 7.00 (ddd, 1H,/=80,70 1.0 Hz), 716 - 7.07 (m, 2H),
733 (dt, IH,J=83,09 Hz), 738 (s, 1H), 754 (dt, 1H, J=79,1.0 Hz), 828 (d, 2H, /=42 Hz),
8.87(d, 1H, J=81Hz)
NLG- N(L-leucyl}-I-methyi-D-tryptophan hvdrochionide | 93
1570

TH NMR (400 MHz, DMSO-ds): 0.68 (£, 6H. J = 5.5 Hz). 134 — 1.17 (m, 3H), 299 (dd, 1H . J =
14.5,9.6 Hz), 3.20 (dd, 1H, J= 14.6, 4.7 Hz), 3.34 — 3.40 (m, 3H), 3.68 (s, 3H), 4.52 ~ 4.62 (m,
1H), 6.99 (1, 1H. J = 7.4 Hz), 7.16 — 7.08 (m, 2H), 735 (d, 1H, J= 8.2 Hz), 7.54 (d, IIL /=79
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Hz), 8.17 (brs, 2H). 8.8 (4, 1H, /=83 Hz)

NLG- O N%(L-isoleucyl)-1 -methy-D-tryptophan 94
1571 e ?» Og hydrochlonide
= § HN
T / NH, HCI
E\'\E Piine
|
"H NMR (400 MHz, DMSO-ds): 0.55-0.65 (m, 6 H), 0.71 — 0.75 (o, 1H), 1.03-1.12 (m, 1H), 1.57
—1.63 (ra, 1H}, 299 (dd, 1H, /=14.6,9.8 Hz),3.19(dd, 1H, J=14.6,4.7 Hz}, 3.61-3.63 (m,
1H}, 3.69 (6, 3H), 4.58-4.64 (m, 1H), 70, 1H, J=76Hz), 708 - 713 (m, 2H), 735 (4, 1H, J=
82Hz), 733(d, 1H, J=79Hz), 810 (brs, 3H), 872 (d, 1H, /=81 Hz).
NLG- | /N 5 ethyl N*{L-phenylalanyD-1-methyl-D- 60
1574 ' ' ;—4 tryptophanate hydrochloride
ClHH.N  NH
= Q
f
SaYaw-
N
!
"H NMR (400 MHz, DMSO-~ds): 1,15 (1, 3H, /=71 Hz), 2.32 (dd. 1H,J=13.7, 9.9 Hz), 3.17 -
323 (m,3H), 3.46(dd, 1H,J/=99,4.1 Hz),3.64 (s, 3H), 4.03-4.11 (m, 2H), 483 (dt,1H, J=
84,56H2), 672 (s, 1H), 699 (ddd, 1H,/=80,69 1 1Hz), 731 -705 (m, 7H), 745{d, 1H,J
=79 Hey, 761 {d, IH, J=84 He)
NLG- Q o N%{L-phenylalanyvi)-1-methyi-D-tryptophan 9N
1575 / hvdrochloride

H NMR (400 MHz, DMSO-d.): 2.78 (dd, 1H, /= 13.9, 7.1 Hz), 2.89-2.97 (m, 21, 3.10 (dd, 111,
J=143, 53 Hz).3.35 (brs, 3H), 347 (s, 3H), 4.05 (dd, 1H. J=7.1. 5.6 Hz), 4.51 (td, 1H, J =
8.2.53 Hz), 6.92 - 6.94 (m. 2H), 6.99 — 7.18 (m, 6H). 7.36 (dt, J = 8.3, 0.9 Hz. 1H), 7.56 (dt, J =

8.0, 0.9 Hz, 1H), 8.89 (d, J = 8.1 Hz, 1H).
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NLG- OH I -Methvl-D-tryptophvlglyveine hyvdrochlonide G0
= O
1579 >‘\ NH D
e =
NH,HCH
s
N
}

H NMR (400 MHz, Methanol-dy): 3.25 (dd, 2H, /= 14.8, 7.9 Hz), 3.43 (dd, 11, J= 4.8, 6.1
Hz), 3.77 (s, 3H), 3.92 (d, 2H, J = 5.5 Hz), 4. 14-4.19(m, 1H), 7.09 (¢, 1H. J=7.5 Hz), 7.16- 7.24
(., 2H), 736 (d, 1H , J=8.1 H2). 7.67¢d, 1H, /= 7.9 Hz).

NLG- methyl N*-((R)-f-cthoxy-3-(1-methyl-1H-indo}-3- 92
1385 v)-1-oxopropan-2-vi)-L-asparagimate hvdrochlonde
SINH
]
L iNH,HCH
O
/
"H NMR (400 MHz, DMSO-dy): 112 (¢, 3H, J="7.1 Hz), 2.64-2.76 (m, 2H), 3.06 (dd, 1H. J=
145,82 Hz),3.17(dd, 1H, J=14.6,59Hz), 3.58 (s, 3H),3.73 (5, 3H). 4.04-4.13 (m, 3H), 4.57
(td, 1H, J=8.0,539Hyz), 7.02 (ddd. 1H, J=80,7.0, 1.0Hz), 712-7.16 (m, 2H), 739 (dt, 1H, J =
8.3,0.9 Hz), 751 (dt, IH, J=18.0, 1.0 Hz), 827 (5, 3H), 9.00 (d, 11, /= 7.8 Hz)
NLG- o ethyl N*{L-methionyl)-1-methyl-D-tryptophanate 90
O .
3272-81 o hydrochloride
o { HN
S NH, HCI
i
3
N\

"H NMR(DMSO-d,, 460 MHz): & (ppim) 1.69 (t, J=7.1 He, 3H), 2.44 (s, 3H), 2.61 — 2.82 (ra, 2H},
3.59 (dd. J=14.5,9.5 Hz, 1H), 3.74 (dd, J=14.6, 5.0 Hz, 1H), 4.27 (5, 3H), 4.37 (s, 1H), 4.63 (q,
J=7.1 He, 2H), 5.05 — 5.22 (m, 1H), 7.56 (t, J=7.4 Hz, 1H), 7.62 ~7.75 (m, 2H), 7.91 (d, J=8.2
Hz, 1H), 8.05 (d, J=7.8 Hz, 1H), 8.86 (s, 2H), 9.60 (d. /=7.8 Hz, 1H).
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NLG-
3386-01

O\ N*%(L-methionvl}-l-methyl-D-tryptophan hydrochloride | 76
S--on
------ LD
r”/”?\__ M-
4\\\ N NH; HCI
N
}
S

"H NMR(DMSO-ds, 400 MHz). § (ppm) 1.73-1.77 (m, 2H), 1.88 (s, 3H), 2.11-2.17 (m,
2H), 3.03 (dd, J=14.6, 9.3 Hz, 1H), 3.24 (dd, J=14.6, 4.7 Hz, 1H), 3.73 (s, 3H), 3.78 (¢,

J=5.7 He, 1H), 4.51 — 4.67 (m, 1H), 7.02 (t, /=7.4 Hz, 1H), 7.11-7.15 {m, 2H), 7.37 (d,
J=8.1 Hz, 1H), 7.56 (d, /=8.1 Hz, 1H), 8.78 (br s, 1H)

Synthesis of (2-ethoxy-2-oxido-1,3,2-dioxaphosphelan-4-yi)methyl 1-methyl-D-
fryptophanate hydrochloride (NLG-1559)

N\ﬂ HN OH

A\
Ney NH OH .
CYA Ao 22 S oA on IPOC
= O = o iy EtOH

MNLG-1558 free bass NLG-1559-A-E24

£S89 O 5 HCI
o]
\_ Y O 1 0 )
- - O R HCI = N
w /\[ /P'\O/\\ ’ I \/,L‘o, w‘,}o
N HMN. o i

NLG-1559-B-E24 NLG-1558

2,3-dibydroxypropyl N-(tert-butosycarbonyl}-1-methyl-D-tryptophanate (NLG-1559-A-

E24)

[06136]

To a solution NLG-1558 free base {(0.750 mg, 2.57 mmol) in acetonutrife (10 ml) at O

°C was added BocyO (560 mg, 2.57 mmol} and the reaction was allowed to warm to RT and

stirred for 4 h. The solvent was removed under reduced pressure and the crude was purified by

column chromatography to afford the desired product (760 mg, 75%). 'H NMR: 1.34 (s, 9H),
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3.13-3.23 (m, 2H, 3.35-3.38 (m, 1H), 3.42-3.45 {m, 1H), 3.67-3.72 (m, 4H), 4.01-4.08 (m, 2H),
5.01-5.04 (m, 1H), 6.83 (s, 1H), 7.05 (t, 1H, J=7.4Hz), 7.16 (, 1H, J = 7.3 Hz), 7.23 (d, 1H, J =
8.2 Hz), 7.49 (4, 1H, J = 7.9 Hz).

{2-ethoxy-2-oxido-1,3,2-dioxaphospholan-4-yl)methyl Na-(tert-butoxycarbonyl)-I-methyl-D-
tryptophanate (NLG-15858-B-E24)

661377 To a solution of NLG-1389-A-E24 {650 mg, 1.66 mmol} in dry pyridine (2 mb} at O
°C was added POCH and the solution was allowed to warm to rt. After stirning overnight (18 hj,
ethanol (1.5 mL) was added and the reaction continued for 4 h. The solvent was removed under
reduced pressure and the crude was purified by column chromatography (460 mg, 57%). 'H
NMR: 1.13 (t, 3H, J = 7.0 Hz), 1.30 (s, 9H), 3.10-3.20 {m, 2H), 3.47-3.55 (m, 1H), 3.60 (s, 3H),
41.9-4 44 {(m, 3H), 4.55-4 .57 {m, 1H), 5.23-5.27 (m, 1H}, 6.79 and 6.83 (two s, 1H), 7.01 (t, 1H, J
=74 Hz), 712 (t, 1H, J =72 Hz), 7.18 (d, 1H, §=9.2 Hz), 7.46 (d, 1H, J = 7.7 Hz).

(2-Ethoxy-2-oxide-1,3,2-diexaphosphelan-4-ylimethyl I-methyl-D-tryptophanate
hydrochloride (NLG-1559)

[06138]  To a solution NLG-1559-B-E24 (550 mg, .14 mmol) in dry CHCL (10 mL) at 0 °C
was added anhydrous HC1 (1.4 mL, 4 M solution 1n dioxane} and the mixture was allowed to
warm to rt. After stirring for 2 h, the solvent was removed under reduced pressure and the crude
was washed with dry ether (3 x 15 mL}. The white solid was filtered and the product was dried
under reduced pressure (0.241 ¢, 61 %). (CD30D-ds) 1.20 (td, 3H, T =71, 43 Hz), 326-3.42
(m, 2H), 344 {dd, 1H, ] =51, 3.0 Hz), 3.48-3.56 (m, 1H), 3.71 (s, 3H),3.95¢h, 2H, I =71 Hz},
421-436(m, 3H), 437-4.53 (m, 1H), 7.02 (1, 1H, ] =74 Hz), 7.07(d, 1H, ] = 4.0 Hz), 7.10-7.17
(m, 1H), 7.30 (d, 1H, I = 8.2 Hz), 7.49 (d, 1H, J = 7.4 Hz).
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Pharmaceuticaily accepiable salt composition(s)

Synthesis of (R)-1-carboxy-2-(1-methyi-1H-indol-3-yijethan-i-aminium chloride (NLG-
1607)

N Oy 0f \NI O OH
1 N Lo e
</\ ’/NHZ (WNHBCP
D-1MT NLG-1607

[06139] To an ice cold aqueous HCL (15.5 mL., 30.9 mmol; 2M) solution was added DIMT (4.5
g, 20.6 mmol). After stirring for 30 munutes, the clear solution was evaporated under reduced
pressure and the crude was evaporated thrice with Ethanol (40 mL} The crude was stirred in

Ethanol and rerr-butylmethylether and filtered to afford the desired product (4.25 g, 81%:).

[06140]  An alternative method was developed where ~ 10 g of D-1MT was suspended 1n 250
ml glass bottle with 100 mL of acetonitrile. 10 mL HCI solution pre-dissolved in acetonitrile
(511.2 mg/mL) was added into the D-1MT free form solution according to 1:1 molar ratio to free
base:acid, and then kept shaking at room temperature overnight to form salt. The filtered solid
was dried under vacuum at 30°C overnight. A white powder (11.1 g} was obtained by the above
process, and characterized by XRPD, DSC and TGA (Figures 1-2). The purity was 99 7% area
based on the HPLC analysis, and the stoichiometry was analyzed by ELSD, the calculated molar
ratio {APLHCI acid) were 1:1.0. The powder was crystalline as assessed by polarized light
microscopy (PLM} and by X-ray powder dispersion spectrometry {XRPD, Figure 1}. The salt was
anhydrous as assessed by thermogravimetric analysts {TGA) and differential scanning calorimetry

(DSC) (Figure 2).
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Synthesis of (R}-1-carboxy-2-{1-methyl-1H-indol-3-yljethan-l-aminivm methanesulfonate

(NLG-1619)

(.:.}
CH380;

D-1MT NLG-1619

{66141} To a stirred solution methane sulfonic acid (1.50 mL, 22.9 mmol) in DI water {50 mL)
was added D-1MT (1.0g, 4.48 mmol) in 100 mg portions. The solution was stirred vigorously for
3h at 75 °C until the solution was homogeneous. The solution was concentrated under reduced
pressure and the solid collected (1.38 g, 96%). 'H NMR(Methanol-ds, 400 MHz): § = 2.69 (s, 3H),
332-339(m, 1H),3.49(dd, 1H, /=153, 49 Hz), 3.80 (s, 3H}, 425 (dd, 1H, /=728, 49 Hz),
710 (ddd, 1H, /=80,70, 1.0 Hz), 714 (s, 1H), 721 (ddd, 1H, /=82, 7.0, 1.1 Hz), 7.38 (dd,
1H, J=8.3, 1.1 Hz}, 7.62 (dt, 1H,.7=8.0, 0.9 Hz)

Synthesis  of (R)-l-carboxy-2-(1-methyl-1H-indol-3-yl)ethan-1-aminivm  dihydrogen
phosphate (NLG-1668)

D-1MT MNLG-1660

661421 To the solution of phosphoric acid (6.673g, 6.87mmol} in deionized water (30 mL) at
50 °C, was added D-IMT (0.5g, 2.29) portion wise and the mixture was stirred at 50 °C
overnight. Solution was then concentrated to half of its original volume and aliowed to stand at
room temperature overnight. Resulting precipitate was filtered, washed with cold ethanol, and

dried to yield NLG-1668 as white solid {0.250, 34%). 'H NMR (400 MHz, DMSO-d;) § 2.95 (dd,
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1H, J=15.1, 8.6 Hz), 3.22 — 3.29 (m, 1H), 3.46 (dd, 1H, J = 8.6, 4.2 Hz), 3.71 (s, 3H), 7.00 (ddd,
1H, J=80,7.1, 1.0Hz), 7.09— 7.15 (m, 2H), 7.37 (d, 1H, J=8.4 Hz), 7.55(d, 1H, J=7.9 Hz)

{66143} An alternative method was developed where ~ 10 g of D-1MT was suspended in 500
mkL glass bottle with 100 mL of THF. 20 mL of H:PO, solution pre-dissolved in THF (7923
mg/mL) was added into the D-1MT free form solution according to 1:3 molar ratio to free
base:acid, and then kept shaking at room temperature overnight to form salt. The filtered solid
was dried under vacuum at 30°C overnight, checked by XRPD, DSC, TGA and ELSD. A white
powder {11.1 g) was obtamed, which showed to be crystalline by PLM and XRPD pattern (Figure
3). The salt was anhydrous based on DSC and TGA data (Figure 4). The purity was 99 8%, and
the stoichiometry was analyzed by ELSD, the calculated molar ratio (free base: phosphoric acid)

were 1:0.57.

Synthesis of (R)}-1-carboxy-2-(1-methyl-1H-indol-3-yljethan-{-aminium hydrogen suifaie

(NLG-1667)

D=7 NLG-1667

[06144]  To a suspension of D-1MT (1.00 g, 4 58 mmol} in water/THF (4.1, 100 mL} at rt, was
added 0.5M H,504 (9.16 mL, 4 58 mmol} and the mixture was stirred at rt overnight. The white
solid was filtered-off and washed with cold THF to afford the sulfate salt of D-1MT (0.429 g,
34%). (DMSO-dg) 3.17 (dd, 1H, T = 15.1, 7.2 Hz), 3.27 (dd, 1H, ] = 15.0, 5.3 Hz), 3.74 (s, 3H),
3.96 (t, 1H, J=6.2 Hz), 7.04 (t, 1H, J = 7.4 Hz), 7.12-7.21 (m, 2H), 7.41 (4, 1H, ] = 8.2 Hz), 7.58
(d, 1H, J = 8.0 Hz), 8.52 (br s, 4H),

General method for the generation of mono and di phosphate salts of indoximod prodrugs,

To a solution of free base (0.747 mmol) m EtOH (Smi) at 0 °C was added phosphoric acid {0.747

mmol; a solution in EtOH 1 mL} or (1.494 mmol i case of diamine) and the mixture was allowed
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to warm to RT and stirred for 5-18 h. The solvent was removed under reduced pressure and the

restdue was duuted with methyl rert-butylether (10 mL), after sturing for 1-5 h the solid was

filtered and dried under reduced pressure to afford the desired product. For NLG-03380-02, the

free base was generated from NELG-03380-01 using i1on-exchange resin.

186145}
# Compound HName Yield
(%e)
NLG-1626 (2R)-1-(2 3-dihvdroxyvpropoxy -3-(1-methyl- 44

1H-indol-3-vI)-1-oxopropan-2-aminium

dibvdrogen phosphate

TH NMR (DMSO-de, 400 MHz): 3.07-3.13 (m, 2H), 3.27-3.38 and 3.43-3.50 (m, 2H), 'H NMR
(400 MHz, DMSO-ds): 3.60-3.68 (m, 1H), 3.73 (s, 3H), 3.84 (br s, 1H), 3.90-3.96 (i, 1H), 4.02-
412 (m, 1), 6.95 (br s, 3H), 7.02 (ddd, 1H, J= 8.0. 70. 1.0 Hz), 7.11-7.19 (m, 2H), 738 (dt,
1H, J= 8.3, 0.9 Hz), 7.49-7.56 (m, 1H).

NLG-1629

(8)-53-amino-1-({{(R)-1-ethoxy-3-(1-methyl-1H-
mdol-3-y1}-1-oxopropan-2-yHamino)-1,3-

dioxopentan-2-aminiom dihydrogen phosphate

59

TH NMR (400 MHz DMSO-dg): 1.10 (t, 3H, J=7.0 Hz ), 1.64-1.70 (m, 1H), 1.75-1.85 (m, 1H),

2.06 (t, 2H, J =79 Hz), 3.06-3.18 (m, 2H), 3.44 (br s 1H), 3.72 (s, 3H), 4.04 (¢, 2H , J= 7.1 Hz),
452 (q, 1H. J= 7.1 Hz), 6.80 (s, 1H), 7.02 (t, 1H, J= 7.5 Hz), 7.11~ 7.16 (m, 2H), 7.32-7.38 (m,
2H), 7.50 (d, 1H, J= 7.9 Hz), 7.82 (brs, 3H), 8.57 (s, 1H).

79




WO 2017/019175 PCT/US2016/035391

NLG-1664 (R3-4-(((Z-ammmonio-3-(} -methyl-1 H-indol-3-
vipropanovDoxy ymethyDpiperidio-1-um

dibydrogen phosphate

(DMSO-dy) 1.35-1.56 (m, 4H), 1.63-1.68 (m, 1H), 2.61-2.73 (m, 2H), 3.09-3.26 (m, 4H1). 3.73 (s.
3H),3.81 (dd, IH, J=5.1,10.9 Hz), 3.88 (dd, 1H. 7=35.1, 1 1.1 Hz). 3.95 (1, 1H, ] = 6.7 Hz), 7.02
(t1H, J=7.4 Hz), 7.09-7.17 (m, 1H), 7.21 (s, 1H), 738 (d, 1H, I =82 Hz), 749 (d. 1H, 1 =79
Hz), 8.44 (brs, 10H)

NLG-1665 O /'""" (5)1-{((R)-1-ethoxy-3-(1 -methyl-1 H-indol-3-v1)-1~ 59

oxopropan-2-vhamino)-4-methyl-1-oxopentan-2-

% aminium dihydrogen phosphate
N"“s g P OH

"H NMR (400 MHz, DMSO-dg): 0.77 (dd, 6HL, J = 6.5, 61, 2.2 Hz), 1.1 (t, 31, J=7.1, 7.1 Hz),
1.18-1.32 (m, 1H), 1.39-1.50 (m, TH), 1.39 - 1.49 (m, 1H), 3.06 (dd, 1H. /=145, 8.4 Hz), 3.17
(dd, TH, J=14.4, 5.4 Hz), 340 (dd, 1H, J=8.6,5.7 Hz), 3.72 (s, 3H), 4.06 (¢, 2H. J= 7.1, 7.1,
7.1 He), 4.55 (td, 1H, J=8.1, 8.1, 5.5 Hz), 5.52 (bs, 8H), 7.02 (¢, 1TL, J = 7.2 Hz), 7.10 - 7.15 (m,
2H), 7.38 (4, 1H, J = 8.3 Hz), 7.51 (d, 1H, J= 7.9 Hz), 8.62 (d, 1H, J= 7.9 Hz).

NLG-1678 O oM (836-{{{(R)-1-carboxy-2-(1-methvl-1H-indol-3- | 81
O yhethyDamino -6-oxchexane-1, 3-digmmam
-y @ .
= A ﬁ N dihvdrogen phosphate
] G
SN O-P-0OH
\ OH
7 e
HO-P-0" HyN@
OH
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H NMR(Deuterium Oxide, 400 MHz): 5 = 0.30 — 0.78 (m, 2H). 1.21 (ddd, 2H, 7=9.1. 6.8, 2.6
Hz). 1.28 — 1.49 (i, 2H). 2.39 (1d, 2H, J = 7.4, 3.8 Hz), 3.08 (dd, 1H, J= 15.0, 10.9 Hz), 3.45
(ddd, 1H. J= 15.1. 4.5, 1.0 Hz), 3.74 (s, 3H), 3.79 (1. 1H, J = 6.7 Hz), 4.68 - 4.77 (m. 1H), 7.14

(d, 1H, J= 0.8 Hz), 7.14 ~ 7.20 (m, 11, 7.28 (ddd, 11, J=8.3.7.1, 1.1 Hz), 7.41 ~ 7.47 (m, 1ID),
770 (dd, 1H, /=79, 0.9 Hz) ppm

NLG-16T7

(R}-2-({1-carboxy-2-(1-methyl-1H-indol-3-
yvhethyllamino)-2-oxoethan-1-amininm

dihvdrogen phosphate 80

(DMS0-d6) 3.01-3.05 (m, 1H). 3.18-3.22 (m, 1H), 3.42-3.56 (m, 2H), 3.72 (s, 3H), 4.42-4.50 (i,
1H), 7.01-7.14 (m, 3H), 7.33-7.37 (m, 1H), 7.51-7.55 (m, 1H), 8.44 (br s, 9H), 8.65 (s, 1H)

MNLG- Q. s {53 1-{{{R}~1~cthoxy-3-({-methyi- i H-indol-3~ | 75
06327282 / QQ vi-1-oxopropan-2-vDamino )-4-(methylthio)-1-

::f ) N\ HN (i%i Hy @O“I(ngH oxobutan-2-amintum dihydrogen phosphate

|
i OH
EN

'H NMR{(DMSO-dg, 400 MHz): 8 (ppmy) 113 (t, /=7 1 Hz, 3H), 1.64-1.72 (m, 1H), 1.73

—1.84 (m, 1H), 1.93 (s, 3H), 2.28 (1, /=7 9 Hz, 2H), 3.08 (dd, /=14.6,8 S Hz, 1H), 3.18

(dd, /=14.5, 52 Hz, 1H), 3.54(t, /=6 0 Hz, 1H), 3.73 (s, 3H), 4.07 {q, /~7.1 Hz, ZH),

456 (q. J=6.8, 6.1 Hz, I1H), 7.02 (1, =74 Hz, 1H), 7.07 - 723 (m, 2H), 7.38 (d, /=8.2

Hz, 1H), 7.51 (d, /=79 Hz, 1H), 798 ( brs, SH), 8.68 (d, /=77 Hz, 1H)
NLG- (83 1-({(R}-1-carboxy-2-(1-methyl-1H-ndol-3- | 78
06338002 yvhethylyamino)-4-(methylthio)-1-oxobutan-2-

e § aminium dihydrogen phosphate
O‘“E’“‘QH
1 OH

TH NMR(DMSO-ds, 400 MHz): § (ppmy) 1.63 — 1.79 (m, 2H), 1.85 (s, 3H), 2.13 (t, /=8.1
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Hz, 2H), 3.01 (dd, /=14.6, 9.0 Hz, 1H), 3.23 (dd, /=14.7, 4.6 Hz, 1H), 3.72 (s, 4H), 4.51
(s, TH), 7.00 (t, J=7.5 Hz, 1H), 7.06 — 7.20 {(m, 2H), 7.36 (d, J=8.2 Hz, 1H), 7.54 (d,
J=7.9 Hz, 1H), 8.63 (s, 6H)

General method for the generation of mono and di methanesulfonate and benzenesulfonate

salts of indoximeod prodiugs,

[00146]

To a solution of free base (0.25g, 0.723mmol) in ethanol (10 mL} at rt, was added

methanesulfonic or benzenesulfonic acid {(6.723 mmol or 1,446 mmol in case of diamines) and

the mixture was stirred at 1t overnight. Ethanol was evaporated and the crude product was stirred

in methyl zer-butyl ether for 1-5 h

corresponding methanesulfonate or benzenesulfonate salt.

The precipitate was filtered and dried to vield the

# Compound Name Yield
(%)
NLG-1627 OH (ZR)-1-(2,3-dihydroxypropoxy -3-(1-methyi- 41
Ot {H-mdol-3-v1-1-oxopropan-2 -apunium
) Oy 0 mothanesulfonate

L@
NH;

CH,50P

"H NMR (400 MHz, DMSO-d,): 2.31 (s, 3H). 3.24- 3.29 (m, 2H), 3.29 -3.41 (m. 2H), 3.65-3.68
(m, TH), 3.75 (s, 3H), 4.04 (dd. 1H, J=11.1, 6.3 Hz), 4.16 (dd, 1H, J=11.0,4.0 Hz), 4.28 (brs,
1H), 7.06 (ddd, 1H, J=8.0,7.1, 1.0 Hz), 717 (ddd, 1H, /=82, 7.1, 1.1 Hz), 7.21 (s, 1H), 7.39-
7.46 (m, 1H), 7.54 (dt, 1H, J= 8.1, 0.9 Hz), 8.29 (br s, 3H).

82




WO 2017/019175 PCT/US2016/035391
NLG-1631 0 ((S)-3-amino-1-(({R)-1-cthoxy-3-(1-methyl-1H~ndol-3-v1)~1- | 78
HN . . .
o oxopropan-2-yllamino)-1,5-dioxopentan-2-amininm

CHLSO; HalNg NH methanesulfonate

/r:::‘\}\r__\ O/\
A D o
|

"H NMR (400 MHz, DMSO-de): 1.11 {t, 3H, J = 7.1 Hz), 1.80-1.86 {m, 2H), 1.97- 2.13 {m, 2H),
231 (s, 3H), 3.08 (dd, 1H , J= 14.5, 8.2 Hz), 3.18 (dd, 1H, J= 145, 6.0 Hz), 3.72 (s, 3H), 3.85
(q, 1H. J= 5.6 Hz), 4.06 (q, 2H, J= 7.1 Hz), 4.59 (¢d, 1H, J = 8.0, 6.0 Hz), 6.98 (s, 11}, 7.03
(ddd, 1H, J=8.0,6.9, 1.0 Hz), 7.09-7.18 (m, 2H), 7.34-7.42 (m, 2H), 7.52 (@, 1H, /=79, 1.0
Hz), 8.12(d, 3H, J = 5.6 Hz), 8.93 (4, 1H, J=7.9 Hz),

NLG-1662 (R)-4-(((2-ammonio-3-(1 -methyl-1H-indol-3-
yvDpropanoyloxvimethyDpiperidin--1um
methanesulfonate

/ 32
N CH3SO§)
i
{DMSO-dey 1.25 (dt, 2H, J=83,343 Hu, 149 (ddd, 3H, 1=8.0,12.1, 232 Hz), 2 50 (5, 6H),

2.34-2.69 (m, 2H), 3.01-3.13 (m, 2H), 3.58 (s, 3H),3.70 (dd, 11, T=42, 11.0 Hz). 3.79 (dd, 1H.
J=4.1,11.0 Hz), 3.96-4.07 (m .1H), 6.88 (¢, 1H. J=7.5 Hz), 6.95-7.03 (m, 2H), 7.12 (d, 1H. I =
8.1 Hr), 7.31 (d, 1H, T=79 Hz), 8.13-8.33 (m, 3H), 8.39 (1. 1H, I = 10.5 H»)

NLG-1666

'< (8)-1-(((R)~1-ecthoxy-3-(I-methyi-1 H-1ndol-3-y1)-1- 69
X —
5‘ - o 7 oxopropan-2-yviammo }-4-methyi-1-oxopentan-2-
Y ® N
/t'\! V :‘ZMNH NH; aminium methanesulfonate
G- CH3SO3
D
"H NMR (400 MHz, DMSO-dy): 0.73 (dd, 6H, J =82, 6.3 Hz, 6H), 1.16 (¢, 30, J=7.1, 7.1 Hz,

3H), 1.24 (£, 2H,J=7.1,7.1 Hz, 2H). 1.32 (dt, 1H, J = 13.0, 6.7, 6.7 Hz, 1H), 2.29 (s, 3H), 3.03
(dd, 1H, /= 145,93 Hz, 1H), 3.20 (dd.1H, J=14.5, 33 H2).3.72 (s, 3H), 4.11 (q. 2H, J=7.1,
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71.71Hz), 464 (1d, 1H, /=88, 88 55 Hz), 7.02(t 1H, /=75, 75 Hz), 713 (d, 2H, /= 9.8
Hz). 738 (4, 1H, J= 8.2 Hz), 7.52 (&, 1H, J=7.9 Hz). 8.01 (5. 3H), 8.92 (d. 1H. /= 8.2 Hz, 1H).

NLG-1668

O {8)3-6-(({R)-1~carboxy-2-(1~-methyl-1H~ndol-3- 79

vhethvhammo)-6-oxchexane-1,5-diaminium

{ Hi mothancsulfonate
‘: CH3~

H NMR(Mothanol-ds, 460 Milz): 6 = 0.82 — 0.98 (m, 2H), 1.26 — 1.40 (m, 2H), 1.42 ~ 1.56 (m,
2H), 1.73 (dt, 1H. J = 153, 7.5 Hz), 1.96 (dddd, 11 J=26.4, 16.4, 12.9, 6.1 Hz), 2.53 (ddd, 21,

J=13.0,606,46Hz),2.71{s, 6H), 3.14 (dd, 1H, /=145, 10.0 Hz), 344 (ddd, 1H, 7= 149, 4.6,

1.0 Hz), 3.78 (s, 3H). 3.81 (1 1H, /= 6.5 Hz), 7.03 - 7.11 (m, 2H), 719 (ddd, 1H,/=83,71.12
Hz), 736 (dt, 1TH, /= 8.3, 0.9 Hz). 7.60 (dt. 1H, /= 8.0, 1.0 Hz) ppm

NLG-16T1

othyl N%((5$)-2-(A-azany])-4-methylpentanoy - | -methy1-D- 68

1
§
L ] m,’/l\o/\\ trvptophanate besvlate

N HN
/

L
N so2

"H NMR (400 MHz, DMSO-d,): 0.73 (dd, 611, 7= 8.2, 6.3 Hz), 1.16 (t, 3H, J=7.1, 7.1 Hz), 1.24
(t, 2H, J=73,73 Hz), 1.32 (dt, 1H, J=13.0,6.5, 6.5 Hz), 2.98 - 3.09 (m, 1H), 3.20 (dd, 1}, J
=14.5,5.2 Hz), 3.72 (s, 3H), 4.11 (g, 2H, J=7.1,7.1, 7.1 Hz), 4.64 (1d, 1H, J=89,89,54
Hz), 6.99 - 7.05 (r, 1H), 7.09 - 7.17 (m, 2H), 7.26 — 7.35 (m, 3H), 7.38 (d, 1H, /= 8.2 Hz), 7.52
(d, 1H, J = 8.0 Hz), 7.59 (dd, 2H, 7= 7.7. 1.5 Hz), 8.00 (s, 3H), 8.92 (d, 1H, J = 8.2 Hz).
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eneral method for the gemeration of mono, disulfate and hydrogen sulfate salts of

indoximed and indoximod prodrugs.

[66147]

acid (0.611 mmol or

To a solution of free base (1.22 mmol) in dry THF (10 mL) at 0 °C was added sulfuric

22 mmol} as a solution in THF (2 mL) and the solution was allowed to

warm to rt. After stirring for 2-6 h, the solvent was distilled-off and the crude was stirred with

methyl ferr-butyl ether, the solid was filtered and dried under vacuum to yield the desired product.

# Compound Name Yield
(%)
NLG-1628 QR)-1-(2 3~dihydroxypropoxy -3~ 1-methvi- | 43

\Ok Y sulfate
Ny o O ol o utate

Oﬁ @ Coufo® HNTTY

Sznr” S o\1

\%‘) ~OH

w OH

1H-mdol-3-y1}-1-oxopropan-2-aminium

TH NMR (400 MHz. DMSO-d5): 3.05-3.19 (o, 2H), 3.29 - 3.40 and 3.44-3.55 (two m, 2H), 3.62-
3.69 (i, 1H). 3.74 (5. 3H), 3.89-3.99 (. 2H), 4.07 - 4.12 (. 1H), 6.25 (brs, 2H), 7.03 (¢, 1H. J
= 7.7 Hz), 7.11-7.21 (m, 2H), 7.40 (d, 1H, J= 8.1 Hz), 7.51-7.57 (m, 1H).

NLG-1638

IS
O Fiph--

e PN 0
\ \ £
---- NP e S e

P0=3-0% HN@ NH
HaN®  NH & r"\r{ SN
-
) o
= { W 7
/’/\4(_‘[ o R 3
\//Lh > O>— \A“f
N

H
§

(5)-3-ammo-1-{((R)-1-ethoxy-3-{1-methyi-1H-
indol-3-vh)-1-oxopropan-2-yhamino)-1,5-

dioxopentan-2~-aminim sulfate

83

TH NMR (400 MHz, DMSO-dy) - 1.10 (1, 3H, J= 7.1 Hz), 1.63-1.74 (m, 1H), 1.75-1.86 (m,
1H), 2.02-2.07 (m, 2H), 3.13 (qd, 2H. J= 14.5, 6.8 Hz), 3.52 (dd, 1H, J=7.4, 5.0 Hz), 3.72 (s,
3H), 4.04 (q, 2H. J=7.1Hz), 455 (q, 1H, J = 1.6 Hz), 6.47 (brs, 2H), 6.85 (s, 1H), 7.03 (¢, 1H.
J=7.5Hz), 7.10 -7.19 (m, 2H), 7.29 (s, 1H), 7.38 (d,1H, J=8.2 Hz), 7.51 (d, 1H, J=7.9 Ha),

859 (d. 1H, J=79Hz).
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NLG-1663

(R }3-4-({((2-ammonio-3~(1 -methyi-1 H-mdol-
3-yhpropanoyhoxy)methyDpiperidin-1-mum
hydrogen sulfate

HSO,
75

(DMSO-dg) 1.08-1.30 (m, 2H), 1 42-1.59 (m, 2H), 1.64-.178 (m, 111), 2.64-2.84 (m, 2H). 3.11-
3.35 (m, 4H), 3.75 (s, 3H), 3.81-3.90 (m, 2H), 4.22-4.27 (m, 1H), 5.79 (brs, 7TH), 7.06 (1, 1H. J =
7.4 Hz), 7.11-7.24 (m, 2H), 7.43 (d. 1H, J = 8.1 Hz), 7.51 (4, 1H, J = 7.7 Hz), 8.17 (s, 1H), 8.39
(s, 2H), 8.51 (s, 1H)

NLG-1667

(R)-1-carboxy-2-(1-methyi-1H-indol-3-
vhethan-1-ammium hydrogen sulfate

30

(DMSO-dg) 3.17 (dd, 1H, J=15.1, 7.2 Hz), 3.27 (dd, 1FL, J = 15.0. 5.3 Hz), 3.74 (s, 3H), 3.96 (¢,
1H, J=6.2Hz), 7.04 (t, 1H, ] = 7.4 Hz), 7.12-7.21 (m, 2H), 7.41 (&, 11, J = 8.2 Hz), 7.58 (d, 1H.
J=3%.0 Hz), 8.52 (brs, 4H)

MNLG-1669

{(8)-6-(({R)-1~carboxy-2-(1-mothyl-1H- 82
indol-3-yhethyamino)-6-oxohexane-1,5-

diamintum sulfate

HgN @

"H NMR(DMSO-ds, 400 MHz): 5 = 1.08 — 1.58 {m, 7H), 2.55 - 2.71 {m, 2H), 3.03 (dd, 1H, J =
146,88 Hz), 321 (dd, 1H,/=14.6,49 H#),3.63 (5, 1H),3.72 (5,3H), 453 (d, 1H, /=79 Hz),
7024, 1R, J=7T4H2),7.09-718 (m, 2H), 737 (d, 1H, /=82 Hz), 7.56 (d, I1H, /=79 Hz},
8.25 (br s, 6H) ppm
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Hz), 7.00 (¢, 1H, J= 7.3,
8.48 (d, 19, J=7.9 Hz).

TH NMR (400 MHz, DMSO-dy): 0.72 — 0.78 (m. 6H), L.11 (1. 3H, J=72.72 Hz), 1.14 - 1.18
(s, TH), 1.22 - 1.30 (m, 1H), 1.45 (dt, 1H, J=13.5, 6.8, 6.8 Hz), 3.00 — 3.08 (m, 1H), 3.15 (dd,
1H, J=14.5, 5.6 Hz), 3.70 (s, 3H), 4.05 (q, 2H. J= 7.1, 7.1, 7.1 Hz), 4 54 (q, 1}, J = 7.5, 7.5, 7.4
7.5 Hz), 7.11 (m, 2H), 7.36 (d. 1H, J=8.2 Hz), 7.49 (d, 11, .J = 7.9 Hz),

1. triphosgene
EfsN, DMAP

2. AcOHMeOH

Synthesis of (R)-methyl 2-({((2-(1 H-imidazol-4-yl)phenoxy)carbonyhamino)-3-(-methyl-1 /-
indol-3-yljpropanocate (NLG-1264)

[06148]

To a solution of 2-(1H-imidazol-4-y1iphenol (1.0 mmol) (prepared according to J. Med.

Chem., 2008, 51 (16), pp 4968-4977) in DMF (3 mL) was added tniethylamine (1.1 mmol). After

stirred for 10 mun, a solution of 4,4'-Dimethoxytrityl chloride (1.0 mmol} in DMF {2 mL} was

added dropwise. After stirred overnight under a mitrogen atmosphere, the reaction mixture was

poured into 1ce water {10 mL}). The solid was filtered oft, washed with cold water and dissolved in
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ethyl acetate. The organic layer was dried over Na2S04 and concenirated the crude product was
taken into next step without further purification. To a suspension of (R}-methyl 2-amino-3-(1-
methyl-1H-indol-3-yl)propancate (0.5 mmol)} (prepared as described by Paul Cox, Donald Craig,
Stephanos foannidis, Volker S. Rahn, Tetrahedron Letters 2005, 46, 4687} in DCM (3 mbL) was
added triphosgene (0.5 mmol) and Et3N (2.0 mmol) at 0 oC. The solution was allowed to stir for
Ih and was concentrated to drvness. The crude residue was used wmmediately in the next step
without purification. The crude residue was dissolved m DCM (S mlL), the phenyl imidazole
dervative (0.5 mamol} and DMAP (1.5 nunol) were added. The resulting solution was allowed to
stir at 1t overnight. The solvent was removed under reduced pressure and the crude residue was
filtered through a plug of silica gel and concentrated. To the residue was added MeOH (3 mL)
and AcOH (2 mL) and the solution was stirred at tt for 30 mun. The solution was diduted with
water and made basic with solid K2CO3 {pH ~ 8-9). The agueous was extracted with EtOAc and
the combined organic lavers were washed with water, brine and dried (Na2S04). The crude
restdue was purified by column chromatography on silica gel afforded the compound (21%
yield). 1H NMR: 3.20-3.48 (m, 2H), 3.66 (s,3H), 3.70 (s,3H), 4.61-4.75 (m, 1H), 6.57 (d, 1H, J =
7.2 Hz), 6.90-7.30(m, 7 H), 7.50-7.58 {m, 1H), 7.10-7.76 {m, 2H).

Example 2: Characterization of solid form of indoximod free base

[06149]  D-1MT (HPLC purity 99.6%;) free base is a white powder and it displays birefringence,
needle shape and crystalline appearance under the polanized light microscope (PLM) and by X-
ray powder dispersion spectroscopy (XRPD) (Figure 1), It only shows single melt endothermic
peak with onset at 293.8°C by thermogravimetric analysis (TGA) and differential scanning
calorimetry {D8C) and ~0.01% weight loss from 30-200°C, indicating that is an anhydrate form.
This erystalline form is non-hygroscopic (0.09% weight gain from 0-80 %RH), and does not
show changes after dynamic vapor sorption method (DVS). Furthermore, stability studies of the
solid powder form indicate that D-1MT is chemucally stable at the tested conditions
(25°C/60%RH, 40°C, 40°C/75%RH, 60°C and 70°C) for 4 weeks. Additionally, it 15 also stable in
solotion 1n 0.1 N HCL and 50 mM phosphate buffers pH 2-8 at 25°C for 24 hours, while it shows
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minor degradation (0.45%-3.3%) in pH 2 and pH 8 buffers with 0.3% H,0; (the most umpurity
was RRT=0.58}.

Example 3: Characterization of indoximeod free base solubility

{06156}  The solubility of indoximod as free base 10 buffered or un-buffered solutions, as well as
in sumulated biological fluids (SGF, FaSSIF or FeSSIF) i1s shown i Figure S {open symbols).
Solubility of indoximod n aqueous solutions of pH 2-8 13 1.8-2.0 mg/mL, with higher solubility
at pH <1.5 or >10. This low solubility at neutral pH range 15 likely due to the high molecular
packing energy of indoximod in the crystal, which is reflected by the very high melting point of
293.8°C. This low solubility of indoximod in the pH range corresponding to mtestinal pH may in
part explain the limiting dose absorption at doses higher than 800 mg in humans. Therefore, we
studied whether salts or sprayed dry dispersions of ndoximod could increase solubility and

exposure after oral dosing.
Example 4: Characterization of indoximod salts and their solubility

{66151} Several salts of indoximod were manufactured and their physicochenucal properties
were evaluated (Table 2). The hvdrochlonide, suifate, phosphate, hemi-phosphate, mesylate and
hemi-mesylate salts were sohid white powders that showed crystaliine properties by PLM and
XRPD and were anhydrous by TGA. These salts showed lower melting pomnt than the free base,
suggesting increased solubility in water in the range of pH between >1.5 and <10. Most of these
salts showed mcreases of solubiiity to ~4.7-8 6 mg/mL m water and 5.5-10.6 mg/mL 1n SGF, with
the hydrochloride salt showing a very sigmficant increase to >200 mg/mL m water or SGF.
{68152 Another mdoximod salt tested was the maleic acid salt, which showed low melting
pownt of 194°C and poor crystallinity by PLM and XRPD. This salt has the appearance of a sticky
white powder of hydrate or solvate form (4.5% weight loss by TGA).

{66153} The tosylate salt shows the appearance of a brown oil, which may be advantageous as

that could mcrease the intestinal absorption of the active ingredient.
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{66154}  Other salts had less favorable physico-chemical properties. For example, lactate and N-
methyl glucamine did not form a salt with mndoximod, and the crystal showed a mixture of
indoximod free base crystals and N-methyl glucamine or lactate crystals.

{06155}  The sodium salt did not show crystalline morphology, it was a hydrate or solvate with
very low melting and multiple decomposition peaks by TGA or DSC and thus it was not further

characterized.
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Example 4: Sprayed dry dispersions of indoximod

[06156] A Dist of indoximod sprayed dry dispersion (SDD) formulations were made in order to
assess whether any SDD formulation was able to increase the molecular absorption by generating
and maintatning a supersaturated state of indoximod in gastrointestinal fluid so that its absorption
could be enhanced. In this study, SDD formulations were made by two methods: hot process
spray dry — formulation solution heated up to 110°C before spraying dry, and basic spray dry —
formulation pH raised up to ~ 11.5 (room temperature) before spraying drv. The performance of
each SDD formulation was investigated by in-vitro dissolution test 1o simulated gastric buffer
(GB) and simulated intestinal fluid (SIF). As shown in Table 3, Cuaap represented the maximum
concentration of indoximod m solution when enough of the SDD formulation was dissolved
GB for 30 min; Cuauwoo represents the maximum indoximod concentration when the SDD was
dissolved wn SIF for 90 mun; UltraCoy represents the concentration wn SIF after 90 mun of
dissolution followed by ultracentrifugation to remove any particulates and UltraCyage represents
the concentration in SIF after 1200 min of dissolution followed by ultracentrifugation to remove
any particulates. It was expected that the enhanced concentrations of indoximod i GB and SIF
increased the absorption of indoximod when the SDD formulation was dosed in animals as well
as human beings. Another criterion to evaluate these SDD formulations was physical and
chemical stability of indoximed in these formulations. It was found that SDD formulations made
by hot process spray drug method were in general more stable than those made by basic process
spray dry. In addition, higher drug load in the powder was preferred since it could decrease the
dose amount of the final formulation. Based on all these criteria, two SDD formulations were
selected for further in vivo PK studies in monkeys. The first one was 50% indoximod/ 50%
PVPVA-64, which showed a 1.8-fold increased predicted intestinal concentration than indoximod
(UltraCop 3293 ng/mL vs 1849 ng/mL}); and the second was 50% indoximod/ 50% Affinisol 126,
which showed a 2.3-fold higher predicted intestinal concentration than indoximod (UltraCyp 4340
ng/mL vs 1849 ng/mb). These SDDs were prepared by the hot process dry spray which showed

better stability properties.
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Table 3: Bissolution tests for spraved dry dispersion formulations of indoximod
Composition Process Method mgﬁ;‘;& (iéiiﬁﬁ) g;‘if; {:,:‘gfﬂtgo
Indoximod API NA 5154 2,213 1.849 1,854
{control)
]()O/Dti?gg;:?ﬁ{&%% bot process spray dry 6,253 3,027 2,982 3,392
3% gﬁgf‘s’;ﬁ";q v basic spray dry 7466 4.064 3,023 3,096
3% %ﬁi}‘é‘g‘i 7% basic spray dry 17.281 7313 3,943 3171
23% gﬁf,;ij,‘zoéi 3% basic spray dry 20,116 9349 2.531 2,908
= %Ii?ggiiﬁijbé ve hot process spray dry 6,851 1,932 3.892 3,976
3 J;ii:j‘i‘i;‘?{"]‘iﬂ (: 3% tiot process spray dry 4015 2,487 2,494 2.598
2% ?iii;i;z‘ﬁ)d; 3% hot process spray dry 8,488 3,623 3,372 2,840
30% ?ifi;ii“i‘f; 0% basic spray dry 10,442 4,743 4828 2635
0% E‘;f;\‘;’é‘i‘f 3% basic spray dry 9,967 4630 4,802 3,067
3 Qjﬁéﬁfgf‘gﬁégg 0% hot process sprav dry 6,078 3,455 3,690 3.471
500/6;?;32;2?%?250% Bot process spray dry 5,931 3,352 3,599 3,228
30% E?\‘f;z’ioj 0% hot process spray dry 8,481 3,695 3,203 3,018
3 Qjﬁjﬁfif‘gggg 0% hot process sprav dry 8,995 4187 4,340 4.194
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Example 5: Pharmacokinetic comparison of indoximod free base, mdoximod salts and

indoximeod SDD in cynomoigus monkeys

{66157} In order to determine whether salts or SDDs that show increase in solubility compared
to indoximod free base result in an increase in the maximum concentration (Cmax} and total
exposure {AUC.-..) of indoximod, we carried out a comparative crossover pharmacokinetic study
in cynomolgus monkeys, which is a common species used to predict human oral bicavailability.
Two groups of 4 monkeys each (all males) were orally dosed at 275 pmol/kg (Group 1) or 825
umol/kg {(Group 2) with: 1) mndoximod free base capsules; 2) indoximod hydrochloride capsules;
3} indoximod hemi phosphate capsules; 4) SDD1 suspension (indoximod 50%/30%PVPVA-64,
(w/w}} and S) SDD2 suspension (indoximod 50%/Aftinisol 126 50% (w/w)}. Fach monkey was
dosed with each of the 5 dose formulations once every 7 days, and blood samples were obtained
at 0, 0250, 05h, 1 h 2h, 4h 6h, 8h, 12h 24 h, 36 h and 48 . Concentration of mdoximod
was determined from plasma by a validated LC-MS/MS analytical method. Crae and AUC 481
was calculated by non-compartmental analysis using WinNonLin software {(Certara).  For
mdoximod in capsule formulation, anmmals in Group 1 were orally dosed with 3 capsules A and
amimals in Group 2 were dosed with 4 capsules B, Compositions of capsules A and B are shown
i Table 4. For mdoximod 1o SDD formulation, anmmals in Group 1 were dosed with 4 mL/kg of a
15 mg indoximod/mL suspension and amimals in Group 2 were dosed with 4 ml/kg of a 45 mg
mdoximod/mL  suspension. The SDD  suspension formulations were prepared 1w 0.5%
methylcellulose (Methocel).

Yable 4. Composition of capsules containing indoximod in its free base or salt forms for oral dosing to

cynomolgus monkeys

Indoximod Free Base indoximod HCI Indoximod 0.5 POH;
MW (g/mol) 218.26 254.76 267.3
Ingredients (mg) Cap A Cap B Cap A Cap B Cap A Cap B
Active Ingredient (ing) 100 225 116.7 2625 1224 2755
Avicel PH101 (mug) 179 462 20.8 46.9 21.9 49.2
Mannitol (mg) 17.9 4G.2 208 46.9 21.9 49.2
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Croscarmellose Sodinm (mg) 7.1 16.1 83 18.8 87 197

Total 142.9 3214 166.7 375 174.9 393.6

{00158] The average Cmax and AUC gusny parameter values observed in each group obfained
after dosing with each formulation of indoximod are shown in Table 5. The percentage of increase
in these values as well as the P value obtamed for the comparison of each formulation agamst that
of mdoximod free base 1s shown m Table S. Dosing of indoximod HCI capsules results in a
signtficant merease in Cmax {31-65%) and exposure (37-53%) at both dose levels tested
compared to dosing of indoximod free base capsules. Simularly, mdoximod hemu phosphate
capsules produced a significant increase in Cmax {7-44%) and exposure (27-34%}. On the
contrary, indoximod in SDD1T or SDD2 formulation produced a sigmificant increase in Cmax (15-
94%) but failed to increase the overall exposure with respect to indoximod free base capsules. For
these reasons, mdoximod salts in their hydrocholoride, hemi-phosphate or phosphate salts are
preferred over indoxamod in 1ts free base form, either in capsules or in spray dry dispersions.

Table 5: Comparison of Cmax and total exposure (AUCG->w0} between indoximod free base vs ity salts

or sprayed dry dispersions in monkeys

indoximod ndoximod indoximod indeximod ndoximod
Free Base HCl 0.5 H4POy PVPVA-64  Affinisol 126
Dose 275 umolkg
Number of Animals 4 4 4 4 4
Cmax, average (LM) 12.943.3 213489 i8.5+4.8 2545 21345
% Increase over indoximod FB NA 65 44 94 65
P value NA 0.047 0.033 6.010 0.017
AUC{D->48h) (ML h) 66+17 10118 &9+15 72.5+18 83+25
% Increase over indoximod FB NA 33 34 9 26
P value NA 0.043 0.065 3.36 0.2
Pose 825 pmol/kg
Mumber of Animals 4 4 4 4 4
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Cmax, average (WM 25.6x12.8 33.4+12 234127 29.4x10 337484
% Increase over indoximod FB NA 31 7 15 32
P value NA G.010 0.042 0.041 0.025
AUC(G->48h) (uM.b) 127473 173+75 161481 141261 136+37
% Increase over indoximod FB NA 37 27 11 7
P value NA 0.012 0.015 0.18 0.29

[681597  This study shows that the hydrochloride and phosphate salts of indoximod can produce
an increase in Cmax and AUC pharmacokinetic parameters with respect to the free base, in the

range of doses between 275-825 pmol/kg.
Example 6: Pharmacokinetic testing of indoximod salts in capsule formulation in rats

[68168] In order to determine whether salt formation increased the maximum concentration
(Cmax} and total exposwre (AUCy-.) of indoximod in rats, we tested the hydrochlonde,
phosphate, sulfate and mesylate salts of indoximod, and formulated these into capsules by mixing

them with appropriate excipients. Three dose levels were investigated: 37, 185 or 500 pmol/kg .

{08161} Gelatn capsules {(Torpac, 20 mg capacity} were prepared contamning 11.4, 28.6 or 50
umol/capsule of indoximod or its salts, with or without excipients consisting of microcrystalline
cellulose, lactose monohydrate, croscarmellose sodium and magnesium stearate, in proportions
shown m Table 6.1-0.3. Capsules were manually filled and the composition uniformity of a
representative sample of capsules from each batch was verified by weight and by LC-MS/MS to
determine the average indoximod content.

Table 6.1 Composition of capsules A containing indoximod in its free base or salt forms for oral dosing

of rats at 37 pmoldkg

indoximod indoximod indoxitmod indoxitmod indoximod
Free Base HCE H, POy H,80, CH8OLH
MW (g/mol) 218.26 23476 316.23 316.33 314.36
(mg) Ye(wiwy | {mg) Ye(wiwy | {mg) Ye(wiwy | {mg) Ye(wiwy | {mg) Yo(wiw)
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Active Ingredient 2.50 12.50 292 14.59 3.62 1811 3.62 1811 3.60 18.00
Miceocrysialline Celhidose 745 37.25 7.3 36.50 7.1 35.50 7.1 3549 7.1 3550
Lactose Monohydrate 745 37.25 73 3650 71 35.50 71 3549 71 35.50
Croscannetiose Sodium 2.4 12.00 2.28 11.40 1.98 9.90 1.98 4.90 2 10.00
Magnesram Stearate 0.2 1.06 0.2 1.06 0.2 1.06 0.2 1.06 0.2 1.06
Total 20.00 100 20.00 100 2600 100 2600 106 2500 100
umol/capsule i14 114 114 114 11.4
Capsules/aninal 1 i 1 1 1

umolkg 37 37 37 37 37

mg free base/kg 3 8 8 8 8

Table 6.2: Composition of capsules B containing indoximaod in its free base or saff forms for oral dosing

of rats af 183 pmolkg

indoximod indoximod DlmT
Free Base HCH 0.3 H:PO,
MW (g/mel) 218.26 15476 2673
{mg) Ya(w/w) | (mg) Ya(w/w) | (ng) Yo(Wiw}
Active Ingredient 6.25 31% 7.3 37% 7.63 38%
Microcrystalline Celludose | 5.55 28% 5.1 26% 5.03 25%
Lactose Monohydrate 5.55 28% 51 26% 5.05 25%
Croscarmellose Sodivm 2.45 12%% 2.3 12% 2.05 10%
Magnesium Stearate 0.2 1% 0.2 1% 0.2 Yo

Total 20.00 100 23,00 106 24,00 1064
umol/capsute 28.6 28.6 286
Capsules/animal 2 2 2

umol/kg 185 183 185

mg free base/kg 40 40 40
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Table 6.3: Composition of capsules C containing indoximod in its free base or salt forms for oral dosing

of rats at 560 ymolkg

indoximod indoximod DimT
Free Base HCL 0.5 H:PO,
MW (z/mol} 218.26 254.76 2673
(rug) Se(wiw) | (g Yolw/w) | (rug) S(wiw)
Active Ingredient 10.83 100% 126 100% 13.27 100%
Total 10.83 100 12,6 100 13.27 100
umol/capsule 50 50 50
Capsules/aninal 3 3 3
umob/kg 500 560 300
mg free base/kg 110 110 110

[06162] To test the pharmacokinetic profile achieved by dosing indoximod mn its free base or
salt forms, rats were dosed by intra-stomach delivery with 1 capsule A, 2 capsules B or 3 capsules
 to achieve dose levels of 37, 185 and 500 umol/kg (equivalent to 8, 40 and 110 mg/kg of
indoximod, respectively). Rats were fasted 16h prior to dosing to eliminate any confounding food
effects, and food was returned 2h after dosing. Blood samples were obtamed from each rat at 0,
15 man, 30 mun, th, Zh, 4h, 6h, 10h, 24h, 48h and 72h after dosing. The concentration of
indoximod in plasma was determined by LC-MS/MS, and pharmacokinetic parameters were

calculated using the software WinNonLin {Certara}.

{66163} The most relevant pharmacokinetic parameters that were evaluated were the maximum
concentration of indoximod {Cmax} and total exposure (AUC»). Tables 7.1-7.3 and Figure 6

show a summary of the experimental results.

[06164] Indoximod hydrochloride salt form results in non-statistically significant decrease in
Cmax at low dose level, a statistically significant increase at the intermediate dose and a
statistically significant decrease at high level The drug exposure (AUC) for the hydrochloride salt
did not show a significant change at the low and high dose level but showed a significant increase
at the intermediate level. The different behavior of indoximod hydrochloride in rodents compared
to primates is unexpected based on the solubility and dissolution profile of this salt, and it does
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not follow a dose dependent trend, which highlights the importance of conducting species-specific

and dose-dependent tests for the prediction of pharmacokinetic profiles in humans.

66165] Indoximod phosphate and hemiphosphate showed a significant increase in Cmax and
AUC at the low and intermediate dose levels but a significant decrease in Cmax and a non-

statistically sigmificant decrease in exposure at the highest dose level.

[06166] The dose-dependent correlation for Cmax and AUC for the free base, HCI and PO,H;
forms of mdoximod 1s shown in Figure 6. This figure shows an increase in Cmax for the HCI and
POyH; salts with respect to the free base at the low and intermediate dose levels but a saturation
in the Cmax dose-response curve at the highest dose level, which 1s not seen for the free base. The
dose-response curve for AUC shows a more linear increase of AUC with dose, except for the
PO4H; salt which seems to increase less than dose proportional at the highest dose level tested.

{86167}  Sumilarly, other salt forms of indoximod such as sulfate or mesylate increase the Cmax

and AUC ~30-40% when tested at 37 pmol/kg.

{06168} These tests indicate that the hydrochloride and phosphate salis of indoximod have
increased solubility with respect to the free base form and display increased Cmax and AUC

parameter values.

Table 7.1: Comparison of Umax and total exposure (AUCy....} between indoximod free base vs its salt

farms in rats dosed at 37 pmol/kg

indoximod indoximod indoximod indoximod indoximod
Dose: 37 umoVkg Free Base HCI H.PO, H,80, CH.SOH
Number of Animals i1 4 10 4 4
Cmax, average (WM} 15928 9542 22.349 22.647 20.342
% Increase over indoximod Free Base NA -40 49 42 28
P value NA 0.069 0.044 6.077 0.18
AUCD->wy (uM.h) 353G+2166 2899477 558+185 5534106 5374194
% Increase over indoximod Free Base NA -23 43 42 38
P value NA 0.159 0.018 0.065 0.2
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Fable 7.2: Comparison of Cmux and total exposure (AUC,...} between indoximod free base vs ifs salt

forms in rats dosed at 185 pmol/kg

indoximod indoximod indoximod
Dosc: 185 umolkg Frec Base HCl HiPOy
Number of Animals 8 G 6
Croax, average (UM) 20.8+4 38.4+10 40.9+5
% Increase over indoximod Free Base NA 84 96
P value NA <0.0001 <0.0001
AUCD->wy (uM.h) 1080+478 14934728 1446+645
% Increase over indoximod Free Base NA 38 34
P value NA <0.0001 <0000}

Fable 7.3: Comparison of Cmux and total exposure (AUC,...} between indoximod free base vs ifs salt

forms in rats dosed at 500 pmol/kg

indoximod indoximod indoximod
Dose: 300 umolkg Free Base HCl H,PO,
Number of Animals 6 ] 6
Croax, average (UM) 76,2425 44.4=8 37.2+10
% Increase over indoximod Free Base NA ~42 ~51
P value NA 0.012 0.0027
AUCO->w0) {(uM ) 287141379 2706847 190241288
% Increase over indoximod Free Base NA -6 34
P value NA 0.41 0.12

Example 7: Pharmacokinetic testing of indoximod prodrugs in liguid formulation
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{66169} The pharmacokimetic profile of indoximod obtained after oral administration of several
indoximod prodrugs was tested in such a way that reflected only differences in intestinal
permeability and conversion of prodrug to indoximod in vivo without reflecting differences in
solid state form such as differences in polymorphic crystals or amorphous solids which may
impact solubility or solubilization rate for the different prodrugs. Therefore, indoximod and each
of us prodrugs was solubilized m appropriate vehicle which was either saline solution,
Cremaphor™ ethanolsaline  (10:10:80), or Chremaphor EtOH:saline: HCL  (10:10:80:0.1N),
Indoximod or its prodrugs were dissolved at a concentration of 1 mg/mL and dosed to rats by oral
gavage at 10 mL/kg to achieve a final dose of 10 mg/kg; or dissolved at 25 mg/mL and dosed to
rats by oral gavage at 2 mL/kg to achieve a final dose of 50 mg/kg; or dissolved at a concentration
of 10 mg/mL and dosed orally to mice by oral gavage at 3 mL/kg to achieve a final dose of 50
mg/kg. Blood samples {0.1-0.2 mL} were collected from the femoral artery port from rats or by
retro-orbital bleeding from mice and plasma was immediately collected by centrifugation and
stored on dry ice to avord prodrug hydrolysis after plasma collection. Blood samples were
collected at 0, 15 min, 30 min, 1h, 2k, 4h, 6h, 10h, 24h, 48h and 72h after dosing from rats or at 0,
30 mun, th, Zh, 4h, 6h, 16h and 24h after dosimg from miuce. The concentration of mdoximod and
of each prodrug in plasma was determined by LC-MS/MS, and pharmacokinetic parameters were
calculated for indoximod and its prodrugs. The pharmacokinetic parameters reflect the average of
individual parameter values obtained from each individual rat {(n} or one common parameter from

a single pharmacokinetic curve derived from blood samples obtained from a group of mice (n).

{66176} 'Tables 8.1 and 8.2 show the mmdoximod Cmax and AUC .. obtained after dosing
etther ndoximod or each one of the test prodrugs. Since all rats were orally dosed at the same
dose of 10 mg/kg, but each prodrug has different molecular weight, in order to compare the
values of Cmax and AUC g obtained after dosing each prodrug vs. dosing mdoximod as a free
base, the measured Cmax and AUCp.>) and were normalized by multiplying them by the ratio of

MW prodrug’ MWingoximos, thus assuming linear pharmacokinetics within a ~2-fold dose range.

{68171} Table 8.1 shows that some prodrugs result in an effective increase in either Cmax,
AUC or both pharmacokinetic parameters. Since the prodrugs were admmistered in completely

soluble form, this suggests that those prodrugs that show enhanced Umax and/or AUC of
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indoximod in plasma do so by a mechanism that involves a combination of factors including
enhanced permeability of the prodrug through the intestinal cell wall, reduced clearance of the
prodrug with respect to indoximod and good rate of conversion of the prodrug to indoximod in
vivo. Not every prodrug form of indoximod resulted in enhanced maximum concentration and
exposure of indoximeod compared to administration of indoximod. In particular, exposure (AUC)
to mdoximod seems to be enhanced when dosing NLG-1563, NLG-1564, NLG-1566, NLG-1548,
NLG-1572, NLG-1557, NLG-1559, NLG-1570, NLG-1565, NLG-1554, NLG-1538, NLG-1551,
and NLG-1547, while indoximod Cmax seems to be enhanced when dosing NLG-1557, NLG-

1558, NLG-1554, NLG-1566, NLG-1570, NLG-1283 and NLG-1263.

{66172] Table 82 shows prodrugs that did not result in an effective increase in indoximod
Cmax nor indoximod exposure when dosed orally to rats at 10 mg/kg, indicating that some of
these chemical substitutions may either decrease permeability, or the rate of conversion to
mdoximod or merease the rate of prodrug clearance by routes that do not result in conversion to

mdoximod, or a combination of those effects.

{06173} Table 8.3 shows prodrugs that were tested by oral dosing to rats at 50 mg/kg. NLG-
1283 causes an increase i Cmax and AUC when dosed to rats at SO mg/kg. However, this
prodrog results in a decrease in Cmax and AUC when dosed to mice at S0 mg/kg. Conversely, the
highly similar molecule NLG-1284 does not produce a significant increase in Cmax or AUC
when dosed at 50 mg/kg to rats, but 1t does produce a significant increase in Cmax and AUC m
mice, suggesting that different species have different rates of absorption, elimination and
metabolization of these prodrugs and that mimimal changes i molecular structure can affect the
outcome in different species. A dose dependent PK was carried out in mice, which were dosed at
16, 5¢ and 100 mg/ke of indoximod, or at similar doses for prodrug NLG-1626 or NLG-1665. A
caveat of the comparison between dosing prodrugs vs indoximod as a free base was that prodrugs
were fully soluble in the dosing formulation, while indoximod was insoluble at doses of 50 and
100 mg/ke. This may result in a time-dependent controlled release effect for indoximod which
could result in lower Umax but higher AUCs than when dosed in fully soluble form. NLG-1626
and NLG-1665 resulted in a significant increase in indoximod Cmax compared to what is
observed when dosing indoximod in suspension, at all doses tested. However, NLG-1626 showed
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a dose dependent increase AUC for indoximod, where the percentage of increase in AUC
decreases at higher doses. Table 8.3 also indicates that formation of carbamates on the amino
group of indoximod result in prodrugs with marked reduction in pharmacokinetic parameters for

mndoximod.

Exampie §: Pharmacokinetic testing of indoximod predrug salts in solid capsule

formulation in rats

{66174} To test which prodrugs have the best combined set of pharmacological properties
(solubtlization rate, solubility, intestinal permeability, clearance rate and rate of metabolization to
indoximod) needed to achieve greater plasma concentrations of indoximod and increased
exposure to indoximod after oral dosing 1in a capsule formulation, the prodrugs that showed
enhanced indoximod Cmax or exposure when dosed in solution were prepared in several salt
forms and nuxed with excipients to form a powder blend. These blends were formulated so that
each capsule contained the same molar dose of each prodrug. Gelatin capsules {Torpac, 20 mg
capacity ) were prepared containing 11 pmol/capsule A, 28 pmol/capsule B or 50 umol/capsule C
of indoximod free base (2.5, 6.3 or 11.4 mg/capsule, respectively) or its prodrugs n diverse salt
forms, i an excipitent blend consisting of mucrocrystalline cellulose, lactose monchydrate,
croscarmellose sodium and magnesium stearate, in proportions shown m Tables 9.1a and 9.1b.
The composttion and uniformity of a representative sample of capsules from each batch was

verified by weight and by LC-MS/MS to determine the average indoximod or prodrug content.

{6175}  To test the pharmacokinetic profile achieved by dosing indoximod prodrugs in different
salt forms, 1 capsule A (11 pmol/capsule) or 2 capsules B (28 umol/capsule) or 3 capsules C (50
umol/capsule) were dosed to rats by intra-stomach delivery. The dose levels tested were
equivalent to 8 mg/kg (37 pmolkg) of indoximod equivalent when dosing 1 capsule A of 11
umol/capsule, 40 mg/keg (185 umol/kg) of indoximod equivalent when dosing 2 capsules B of 28
umol/capsule and 110 mg/kg (500 pmol/kg) of indoximod equivalent when dosing 3 capsules €
of 50 umol/capsule. Rats were fasted 16h prior to dosing to eliminate any confounding food
effects, and food was returned 2h after dosing. Blood samples were obtained from each rat at O,

15 min, 30 min, 1h, 2h, 4h, 6h, 10h, 24h, 48h and 72h after dosing. The concentration of
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indoximod in plasma was determined by LC-MS/MS, and pharmacokinetic parameters were

calculated using the software WinNonLin (Certara}.

{66176} The most relevant evaluated pharmacokinetic parameters were the maximum
concentration of indoximod {Cmax} and total indoximod exposure (AUCp.). Tables 10.1 and

10.2 show a summary of the experimental results.

{00177} The statistical comparison of pharmacokinetic parameters indicated that ethyl N* -(L-
leucyh-1-methyl-D-tryptophanate in its hydrochloride (NLG-1564), phosphate (NLG-1665),
mesylate (NLG-1600) or besylate (NLG-1671) salt forms dosed at 37-185 pumol/kg was able to
significantly {(p<<0.05} increase exposure of indoximod by 33-127%, while its sulfate salt (NLG-
1691y did not result 10 a siguficant increase mm Cmax or AUC at those doses. Similarly,
significant increases in Cmax were observed for NLG-1564, NLG-1665 and NLG-1666. At doses
of 500 pmol/kg, NLG-1564 hydrochloride, showed a minor increase in Cmax and AUC compared

1o indoximod.

{66178] Table 10.2 shows that 2,3-dihydroxypropyl -methyi-D-tryptophanate 1n its phosphate
(NLG-1626) form resulted in signuficant increase 1 Cmax (37-153%) and AUC (46-75%), while
s hydrocholoride (NLG-1558), and sulfate (NLG-1628) salts resulted m less significant
increases in Cmax and AUC. Interestingly, the mesylate salt of 2 3-dihydroxypropyl -methyl-D3-
tryptophanate (NLG-1627) resulted in a decrease in Cmax and AUC, thought this decrease was
not statistically significant.

001791 Table 10.2 also shows that ethyl! N"-(L-methionyl)-1-methyl-D-tryptophanate (HCL,
and phosphate salts, NLG-3272) show a statistically significant increase in Cmax and AUC at
doses of 37-500 pmol/kg,

1001807  Other prodrugs that were studied included: a) ethyl N*(L-glutaminyl}-1-methyl-D-
tryptophanate (free base, HCI, phosphate or mesylate salts), b) N'-glycyl-T-methyl-D-tryptophan
(HC1 or phosphate salt), ¢) methyl N*-((R)-1-ethoxy-3-(1-methyl-1H-indol-3-y1}-1-oxopropan-2-
yh-L-asparaginate (HC1 form) and d) N"-(L-lysyl}-1-methy -D-tryptophan {{free base, HCI, sulfate

or phosphate salts}. These prodrugs resulted in minor and non-statistically significant variations
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the Cmax or AUC for mmdoximod compared to an equivalent molar dose of indoximod (Table

10.3).

[06181] Interestingly, piperidin-4-vlmethyl 1-methyl-D-tryptophanate in 1ts HCl or phosphate
salt forms (NLG-1563 and NLG-1664) resulted 1n a statistically significant decrease in Cmax {69-
79%, p<0.004} and AUC (54-64%, p<0.014) for indoximod. Since this compound showed an
increase in Cmax (24%) and AUC (75%) when administered via oral solution, the difference
solubilization rate or final solubility may account for the observed differences when administered

n powder form.

Exampie 9: Pharmacokinetic testing of indoximod predrug salts in solid capsule
formulation in cynomeoloous monkeys

{06182 Since the rat shows a non-saturable linear increase in exposure with doses of
ndoximod of up to 100 mg/kg, while humans show a saturable exposure above doses of 10
mg/ky, we decided to evaluate two of the prodrug in primates, which may constitute a better
maodel to predict human pharmacokinetics than rats. Cynomolgous monkeys (4.5-5 kg) were
dosed with indoximod, NLG-1564 HCI or NLG-3272 HCI at doses of 92, 275 or 875 pmolkg in
a crossover study design where each animal recetved the same molar dose of either indoximod,
NLGIS64 HCL or NLG-3272 HCI every 7 days. Capsules were prepared according to the
formulation described in Table 9.2, Monkeys were orally dosed with 1 or 3 capsules A (458
umol/capsule) or 4 capsules B (1032 umol/capsule). Blood samples were collected at 0, 5 mun, 15
min, 30 mun, 1, 2, 4, 8 12, 24, 26 and 48 h post-dose, and the concentrations of prodrug and

indoximod were analyzed by validated LC-MSMS methods.

{66183}  The data m Table 11.1 shows that NLG-1564 HCI mcreases the Cmax of mdoximod
from ~ 230-500% and AUC from 195-518% 1n a statistically significant manner. Similarly, NLG-
3272 HCI increases the Cmax of indoximod from ~ 305-411% and AUC from 136-393% in a
statistically significant manner. The increase in pharmacodynamics indicators in primates was
unexpectedly superior from the results observed in rats, indicating that in primates, prodrugs of

indoximod of the present invention can provide a significant improvement in the maximum
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concentration and exposure to indoximod and are expected to improve exposure to the drug and

therapeutic efficacy in human patients.
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Table 9. 1a: Capsule Compositions — Rat Oral Dosing
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Active ) g - g g g &=
Ingredient Name Saltform | & 2 = <
indoxtmod 1-raethy -D-tryplophan free base 11 i 123 373 373 120 1.0
indoximod 1-methyl-D-tryptophan free base 28 2 313 278 278 123 18
indoximod 1-methyvi-D-tryptophan free base 50 3 1606 0 0 & 0
NEG-1676 N*~(L-lysyD)-1-methyl-D-iryptophan free base 11 1 188 330 334 132 10
NEG-1548 Ne(L-bysyDi-1-methyl-D-tryptophan HCE 11 1 240 325 325 1040 1.0
NEG-1669 N(L-kysyD-T-methyl-D-tryptophan H, 80, 11 1 255 315 315 105 10
NLG-1670 N(L-tysyD)-T-methyl-D-tryptophan H;PO, 11 i 311 290 290 99 10
NLG-1564 ethyl N* -(L-leucyl)-1-methvl-D-tryptophanate HCY 11 1 227 320 320 123 10
NLG-1564 ethyl N*-(L-leucyl)-1-methvl-D-tryptophanate HCY 23 2 576 162 162 160 1.0
MNLG-1564 ethyl N -(L-fencyl)-L-methyl-D-tryplophanate HCL 30 3 100 4 0 O 0
MNLG-1665 ethyl N* -(L-leucyl)- L-methyl-D-tryptophanate H;PO, 11 266 308 308 115 10
NEG-1665 ethyl N* -(L-leucyl}-1-methyl-D-tryptophanate H:PO, 28 2 531 V07 177 05 10
NEG-1666 ethyl N -(L-teucyl)- I-methyl-D-tryptophanate CHLSOH 1§ 1 253 313 313 112 10
NEG-1671 ethyl N* -(L-leucy)-1-methyl-D-tryptophanate Besylate 11 1 296 300 300 94 10
NLG-1691 ethyl N” «(L-leucy}}-1-methyl-D-tryptophanate H,50, 11 1 234 315 315 126 1.0
NLG-1358 2,3-dihydroxypropyl 1-methyl-D-tryptophanate HCY 11 1 188 335 3335 132 10
NLG-1626 2,3-dihydroxypropyl 1-methyl-D-tryptophanate H;PO, 11 1 224 325 323 116 10
NLG-1626 2, 3-dihydroxypropyl 1-methyi-D-tryptophanate HiPO, 28 2 558 167 167 906 1.0
MNLG-1627 2, 3-dihwvdroxypropy] 1-ruethy D -toyptophanate CH,S0:H 11 222 323 323 123 10
MNLG-1628 2,3-dihydroxypropyl 1-methyl-D-tiyptophanate H,80, 11 196 335 335 124 10
. 11 N tapinv- 1 ~-methvi-Di-
NLG-t672 I N-(L-ghuamingl)-1-methyl-D freebase | 11 214 3235 325 125 10
tryptophauate
ethyl N*-(L-ghutaminyi)-1- ri-E- , 74 1 G i
NLG-1s66  CUwiNHL-gluaminyl)-1-methyl-D HCT i 1235 313 313 138 10
tryptophanate
. 11 N tanunyi)-i-methyvi-D- =
NLG-1629 Syl N'-(L-ghitaminyl)-t-methyl-D HPO, 1 271 305 305 109 10
{ryptophanate
cthvl N (L-glutaminvl-1- 1~y - . . 5 3
NLG-1o3 iyl N(E-pluamingl)-l-methyl-b H,SO, i Toi243 312 312 122 10
tryptophanate
NLG-1631 SN -(L-ghiamingd)-1-methyl-D CH:80:H | 11 269 300 300 121 18

tryptophatate
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Table 9,15 Capsule Compositions — Rat Oral Dosing

PCT/US2016/035391

Yo WIW

- E 3 g
= ] ot e =)
2 £ %3¢ 4F fEs
& g B tﬁ_ £ 2E g 28
=" = B R O S
® ] B 87 5 Soa
[3) =3 0@ -] 2 = n
=t o 4 & W = % = N
i u @ “ =T ] = 2
Active ¥ g - g g g &
Ingredient Name Saltform | & 2 = <
MNLG-1563 piperidin-4-yimethyvl 1-methyi-D-tryplophanate HCL 11 i 222 320 320 128 10
MNLG-1664 piperidin-4-yimethyvl 1-methyl-D-tryptophanate H;PO, 11 293 288 288 122 10
NEG-1663 piperidin-4-vimethy! I-methyl-D-tryptophanate H,;80, 11 i 276 285 295 125 09
AN ((R)-1- v-3-(1-methyl-U{-indol-3-
NLG-isgs ety VA(R)-Tethoxy-3-1-methyl-UfHndol3- ey i 11236 315 315 124 10
vi)-1-oxopropan-2-yi)-£ -asparaginate
MNLG-1554 N%ghyeyl-1-methyl-D-tryptophan hydrochloride HCL 11 179 335 335 141 10
NLG-1677 N*-glycyl-1-methyl-D-tryptophan hydrochloride H;PO, 11 222 317 317 134 09
NEG-3272 ethyl N(L-methiony})-1-methyl-D-tiyptophanate  H;PO, i1 1 272 304 304 110 10
NEG-3272 ethyl N*(L-methionyl)-1-methyl-D-tvptophanate  H;POy 28 2 483 216 216 78 07
NEG-3272 ethyi N”-(L-methiony - 1-methyl-D-tryptopharate HCY 11 1 237 319 319 1.5 10
NLG-3272 ethyl N*-(L-methionyl)- l-methyl-D-tryptophanate  HCI 28 2 437 235 235 85 028
NLG-3272 ethyl N*-(L-methionyl)-1-methyl-D-tryptophanate  HCI 50 3 100 0 0 O 0
NLG-3380 WL -methiony])- 1 -methyl-D-tryptophan HCL 11 233 320 320 1135 10
MNLG-3380 N(L-mettiony])- 1 -methyl-D-tryptopharn HCL 28 2 42 242 242 88 08
MNLG-3380 N°(L-metliony])-1-methyl-D-tryptophan H;PO, 28 2 436 227 227 82 Q7
Table 8.2: Capsuie Compositions — Mownkey Oral Dosing
Yo wiw
e~ ] R
5 2 T Ey 3 Eiaz
| (5 % & = B g
2 3| F£E § &gz
= L% 23 F 282
2 3 g 5% = ggxz-
Active Y g - & 'ﬁ E*
Ingredient Mame Saliform | & .8 = <
indoxrmod 1-methyi-D-tryptophan free base 438 1,3 70 25 125 30 040
indoxtmod 1-methy-D-tryptophan free base 1032 4 70 125 125 30 00
NEG-1564 ethyl N -(L-teucyl)- I-methyl-D-tryptophanate HCY 458 1,3 700 125 125 380 00
NEG-1564 ethyl N” -(L-leucy)-1-methyl-D-tryptophanate HCY 1832 4 700125 125 58 00
NLG-3272 ethyl N*-(L-methionyl)-1-methyl-D-tryptophanate  HCI 458 1,3 700 125 125 50 0O
NLG-3272 ethyl N*-(L-methionyl)-1-methy{-D-tryptophanate  HC! 1032 4 70 i25 125 30 00
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CLAIMS

We claim:

L.

(%)

L

6.

~~1

A salt of mdoximod accordmg to Formula la:

Formula 1a

wherein AP, is an inorganic or organic anion in an ionization state -p, the anion present at a

stoichiometric ratio » that ensures molecular charge neutrality.

The salt of claim 1, wherein AT, is an anion selected from the group consisting of chioride,
phosphate, sulfate, mesvlate, besvlate, acetate, ascorbate, aspartate, glutamate, glutarate, factate,
maleate, malonate, oxalate. succinate, fomaraie, tartrate and ciirate, wherem the lontzation state -p
1s -1, -2 or -3 and the stoichiometric ratio »n 15 1, % or 1/3, respectively, so that it satisfics
stoichiometric conditions of charge neutrality .

The salt of claim 2, wherein the phosphate is HPO,™, the HPO,™ present at a stoichiometric ratio #
of 0.5,

The salt of claim 2, wherein the phosphate 1s HPO,, the HPO, present at a stoichiomeiric ratio #
of I

The salt of claim |, wherein the anion AT is C1", the CI present at a stoichiometric ratio n of 1.
The salt of claim 2, wherein the mesylate 1s CHaS04", the CH;80;" present at a stoichiometric ratio
nof 1.

A salt of indoximod. according to Formuda 1
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T
c,

Formula 1b

wherein C'P, is an inorganic cation in an ionization state +p, the cation present at a

stoichiometric ratio m that ensurcs molecular charge neutrality of the salt.

~ . . A . .. 3 4 - 2
8. The salt of claim 7 wherein C'Fy, is selected from the group consisting of Li', Na', K, Mg"™ and
+2 . . ) . . .
Ca™, wherein when pis+1, mis 1, and when pis+2, mis 4.

9. A prodrug of wndoximod, 1n free base or salt form, according to Formula 2:

HN-R?

Formula 2
wherein;

(a) R'is -OH, -OC -alkyl, -OCH,CH(OH)CH,OH. -O(CH, ,N(CH; ). -OC -alkyl-R7,
NHC®HRYCOOH), NHCYHRYCOOH), -OC -alkyIR, -OC —alkyl-
CUHINH,(COOH), or -0C,~alky-CPHINHL)(COOH);

(b R s H, -COCTHENHHRY, -COCPHINHORY, -C(OICH,CYH(NHY), -C(OYOCH,,
-COHYOR®, or -CONHRY,

{¢} R’ is tetrahydropyran or OP\Q/\\;

(dy R* is H, -Crsalkvl, «(CHu-SH, CrsalkylSCysalkyl, CpsalkylOC salkyvl, -CHy-RS, -
CH,OH, ~-CH(OH)CH;,

A(CHCOWH,. «(CH ) aCOYOH., «(CH ) NH,, or -(CH2)NC(ENH)NH,;
{e) C® and C™ are carbons with the S or R stercochemistry, respectively, when R is not H:

() R’is H, Cj-galkyIR®, or R°
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{g)

(B

R® is H, arvl, alkylaryl, heteroarvl, cycloalkyl, or heterocycloalkyl, wherein the arvl
alkviaryl, heteroarvl, cycloalkyl or heterocycloalkyl is optionally substituted with one, two
or three R groups;

each R’ is independently halogen, cyano, nitro, -OR, -N(R},, -SR, -C(OYOR, Csatkyl,
Cichaloalkyl, -C{(ON{R),, -C(O)R, -S(O)R, -S{(OI0R, -S{OIN(R), -S(ORR,

~S{ORLOR, ~-S(OLNR),, -OC(O)R, ~-OC(CHOR, -OC(OINR ), -NERIC(OR,
SNRYCOYOR, or -N{RYC{OIN(R Y, wherein R is H or Cyalkyl;

with the proviso that R' cannot be —OH when R* is H, and the compound cannot be N’-tert-

butoxyearbonyl-T-meihyl-D-tryptophan, ethyl N%benzyl-1-methyl-D-tryplophanate, or benzyl N

{(fert-butoxyearbonyl}-l-methyl-D-tryptophanate; and

HA, is

an acid selected from the group consisting of PO.H; (phosphonic acid), SOH, (sulfuric

acid), HCl (hvdrochloric acid), HSO:CH; (methy] sulforue acid), CoHsSOsH (benzyl sulfonic

acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutarie acid, lactic acid, maleie acid,

malonic acid, oxalic acid, succimic acid, fumaric acid, tartaric acid and citric acid, wherein the

stowchiometric ratio n of the acid 18 0, 0.5, | or 2 such that the prodrug s charge noutral.

10. The prodrug of claim 9, wherein:

(a)
{by

R'is -OH, -OCmalkyl, -OCH,CH(OH)CH,OH, - O(CHLN(CH, ), or -OC -alkyl-R7;
R%is H or -C{OYCPH(NH)RY,

\TyO\P{’O
R’ is tetrahydropyran, or ~d \O/\\;
RY is H, -Crsatkyl, (CH u-SH, «(CH)1aSCHs, «(CH)a0CH: -CH,-RE, -CHOH, -
CHOHICH,,  ~(CH ) C(OINH,,  «(CHypCGYOH,  -(CHyhaNH,,  or -{(CHph.
sNC{=NHNH,;
C® s a carbon with the § stereochemistry, when R* is not H;
R® is H, aryl, alkvlaryl, heteroarvl, cvcloalkyl, or heterocycloalkyl, wherein the aryl,
alkylaryl, hetercarvl, cycloalkyl or heterocycloalkyl is optionally substituted with one two

R
or three R groups;

Yy each R7 is independently halogen. cvano, nitro, -OR, -N(R), -SR, -C{O)OR, Ccalkvl,

Cishaloalkyl. -CIONR ), -C(OIR. -S(OIR, -S(O)OR, -S(OMN(R):. -S(O)R. -S(030R,
SSOWNRY, -OC(OR. -OC(OIOR, -OCONR), -NRICOR. -NR)C(O)OR,
or -N(RYC(OIN(R),, wherein R is H or Caalkyl;
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with the proviso that R cannot be ~OH when R is H; and

HA, 1s an acid sclected from the group consisting of of POgH; (phosphoric acid), SOH; (sulfuric
acid), HCl (bydrochloric acid), HSO:CH; (methyl sulfonic acid), CeHs;SO:H (benayl sulfonic
actd), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid, malete acid,
malonic acid, oxalic acid, succinie acid, fumaric acid, tartaric acid and ciiric acid, wherein the

stowchiometric ratio nis 0, 8.3, 1 or 2 such that the prodrug 1s charge noutral.

11, The prodrug of claim 9, wherein:
(a) R'is -OH, -OC,-alkyl, -OCH,CHOH)CH,OH, ~O(CH, L,N(CH,),, of -OC malky R
by R%is H or -C(OYCWHNH)RY,

“ "/O\_f,O
L A "/\'\
(¢) R'is tetrahydropyran, or O O ;
(@) R* is H, <Cpsalkel, (CH)SCHs ~CHpRS, «(CHapaCONHy, «CH-CO0H., or -

{CHy)1.aNH;

(e} C¥ is a carbon with the S sterecchemistry, when R* is not H;

() R%is H, arvl, alkyvlaryl, or hetoroarvl, wherein the arvl, alkviaryi or heteroaryl is optionally
substituted with one R” group;

(2) each R’ is independently halogen. cyano, nitro, -OR, -N(R), -SR, -C(O)OR, -Cyalkyi,
Cihaloalkvl, -C(ONR),., ~C{OIR, -5(O)R, -S(OY0OR, -S(OIN(R),, -S{O1R,
=S(ORCR, -S{OLNER),, -OCOR, -OCOOR, -OC{ONR),, -N{R)C{OIR, -NR)YC(O)O
R, or -NRYCOIN(R )., wheremR 1s H or Catky];

with the proviso that R' cannot be —OH when R is H;

HA, 18 an acid sclected from the group of POLH; (phosphoric acid), SOH, (sulfunc acid), HCI
{(hvdrochloric acid), HSO;CH: (uethyl sulfonic acid), CoHsSO:H (benzyl sulfonic acid}), wherein

the stoichiometric ratio » of the acid 15 €, 8.5, 1 or 2 such that the prodrug s charge neutral.
12. The prodrug of claim 9, wherein
{a} R'is -OH, -OC,-alkyl, -OCH,CH{OHICH,OH, -O{(CH,),N{CH,),, or -OC,-;alky1-R’;

(b) R%is H or -COCTHNHRY

\\T“O\P.‘;’D
s B3 e tmieentee, o L\O' \O/\_
{cy R s teirahydropyran, o ;
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(d) R4 ]:S ‘C}C{,‘C}I(C}C{J?, "(iCI'iz)ZSCI"I’;, ~C(S’l-i(CH;)CH,‘CH;, 'Ci‘{z"Réﬁ “((‘}Z{?}QC((})N}EB =
(CI‘%);C(O)(}E‘L Or ~(CE‘L);N}‘L/
(&) C® is a carbon with the § stercochemistry;

() R°is phenyl;
with the proviso that R cannot be ~OH when R is H;

HA, 1s an acid selected from the group of POH; (phosphoric acid), SOH, (sulfuric acid), HCI
(hvdrochloric acid), HSO:CH; (methyl sulfonic acid), CoHsSO:H (benzy! sulfonic acid), and
wheremn the stoichiometric ratio # of the acid 15 0, 0.5, 1 or 2 such that the prodrug 1s charge

ncotral.
13. The prodrug of claim 9, wherein:

(a) R'is ~0Cmatkyl or -OCH,CH(OH)CH,OH;
by R%is H or -C(OYCWHNH)RY,
(G) R4 ﬁS *CI‘ECI"I(CI‘L,)L '(C}‘IQ),SC}L Or -(CI‘L)zC(O)N}EjD

() C® is a carbon with the § sterecochemistry;
with the proviso that R' cannot be ~OH when R’ is H:

HA, 18 an acid sclected from the group of POLH; (phosphoric acid), SOH, (sulfunc acid), HCI
{(hvdrochloric acid), HSO:CH; (methyl sulfonic acid) or CoHsSOsH (benzyl sulfonic acid); and
wherein the stoichiometric ratio # of the acid 18 of 0, 0.5, 1 or 2 such that the prodrug is charge

neutral,

14. A prodrug comprising one of the following compounds:
ethyl N'(Z-leucvl)-1-methyi-D-tryptophanate;
ethyl V(L -methiony])-1-methyl-D-tryptophanate;
2.3-dhydroxypropyl 1-methyi-D-tryptophanate;
NO-{IL-leucyl)-1-methyl-D-fryptophan;
N°-(L-methionyl)-1-methyl-O-tryptophan;
cthyl N%-(L-isoleucyl)-1-methyl-D-tryptophanate;

NO-{L-glycyl-1-methyl-D-trvptophan:
121



WO 2017/019175 PCT/US2016/035391

i6.

I8,

{(S3-3-amino-6-{({R)-1-carboxy-2-(1-methyvi- 17 -ndol-3-vDethyDanuno -6-oxohexanoic acid;
N L-lysyD-1-methyl-D-trvptophan:

N°-(L-phenylalanvl)-1-methyl-D-tryptophan;

cthyl N*-(L-glataminy1)-1-methyi-D-tryptophanate;

2-(dimethylamino)ethyl 1-methyl-D-tryptophanate;
(2-ethoxy-2-oxido-1.3,2-dioxaphospholan-4 -y Dmethyl 1-methyi-D-tryptophanate;
2-(tetrahydro-2H-pyran-4-vhethyl T-methyl-D-tryptophanate;

ethyl T-methyl-D-irvpiophanate; or

isopropyl I-methyl-D-tryptophanate.

. A pharmaceutical composition of indoximod according to Formula 1a:

Formula 1a

wherein A®, is an inorganic or organic anion in an ionization statc —p, the anion present at a

stoichiometric ratio 7 that ensures molecular charge neutrality.

The pharmaceutical composition of claim 13, wherein AP, is an anion selected from the group
consisting of chloride, phosphate, sulfate, mesylate, besvlate, acetate, ascorbate, aspartate,
ghitamate, glutarate, lactate, maleate, malonate, oxalate, succmnate, fumarate, tartrate and citrate,
whercin the ionization state p is ~1, -2 or -3 and the stoichiometric ratio » 1s 1, % or 1/3,

respectively, so that it satisfies stoichiometric conditions of charge neutrality.

. The pharmaceutical composition of claim 16, wherein the phosphate is HPO,™, the HPO,” present

at a stoichiometric ratio 7 of 0.5,
The pharmaccutical composition of claim 16, wherein the phosphate 1s HPO, , the HPO, present at

a stoichiometric ratic n of 1.
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19. The pharmaceuntical composition of claim 15, wherein the anton A™ is CF, the CI present at a
stotchiometric ration of L.

20. The pharmaceutical composition of claim 16, wherein the mesylate 15 CHRS05, the CH,S05
present at a stoichiometrnic ratio m of 1,

21. A pharmaceutical coraposition of indoxtmod, according to Formula 1b:

)

~{F
&

“NH,

\ C’+pm

Formula 1b

. 4+ . . . B . . F . o oq . -
wherein C'?,, 15 a cation in an ionization state +p, the cation present at a stoichiometric  ratio

that ensures molecular charge neutrahity of the salt.

22. The pharmaceutical composition of claim 21 wherein C'P,, is selected from the group consisting of

+ nT.t ot +2 +2 : e : fe ;
Li, Na'", K', Mg “ and Ca™", wherein when pis+1, mis 1, and when pis+2, mis V2

23. A pharmaceutical composition of indoximod, in free base or salt form, according to Formula 2:

HN-R?

QL e

Formula 2

HA,

wherein:

{a) R'is -OH, -0C;=alkyl, -OCH,CH{OH)CH,0H, -O(CH,),N{CH,),, -0C,-salky-R’,
NHCOHRHCOOH), -NHCPHRYCOOH), -0C -salkyIR®, -0C -alkyl,
SCPH(NH M COOH), of ~-OC malkyl-C™HINH(COOH);

by R?is H, -C(O)CPHNH, IR, -CO)CPHINHLRY, -COYCH,CPH(NH,), -C(O)YOCH,,
-C(OYOR’, or -C{OINHR;
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\\ O\P{’O
24 R3 ic tetrahvdionyes Q’\O/\‘.
(¢} R s tetrahyvdropyran or ;

@ R is H, -Cpsalkyl, «(CH),-8H,  CosalkylSCrsatkyl, CpsalkylOC salkvl-CH,-R®, -
CH,OH, -CH(OHCH;, -(CH o CIOINH,, ~(CHnaCOYOH, «(CHapaNH,, or ~«{CHy)u
NC(E=NHINH,;

(e} C® and C® are carbons with the § or R stereochemistry, respectively, when RY is not H;

() R’is H, Ci-alkylR®, or R®

(g) R® is H, aryl, alkvlaryl, heteroarvl, cvcloalkyl, or heterocycloalkyl, wherein the arvl,
alkylaryl, hetercarvl, cycloalkyl or heterocycloalkyl is optionally substituted with one two
or three R’ groups;

(h) each R’ is independently halogen, cvano, nitro, -OR, -N(R), -SR, -C(O)OR, Cqalkyl,
Cighaloalkyl, ~-C{ONR, -C{OR, -S(O)R, ~-S(OIOR, -5(ON(R),, ~S(OnR,

-S{OR0R, -S(ORN(R),, -OCOR, ~-OCOOR, -OC(ONR)z, ~NERYCK(OIR,
-NRYC(OYOR, or -N{RYC{OIMN(R ), wherein R is H or Cyualkyl;

with the proviso that R' cannot be ~OH when R is H. and the compound cannot be N-tert-
butoxycarbonyl-1-methyl-D-tryptophan, ethyl N%-benzyl-1-methvi-D-tryplophanate, or benzyl W%

(tert-butoxycarbonyl)-1-methyl-D-tryptophanate; and

HA, 18 an acid selected from the group consisting of PO (phosphoric acid), SOH, (sulfunic
acid), HCl (hvdrochloric acid), HSO.CH; (methyl sulfonic acid), CoHsSO:H (benzyl sulfonic
acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid, maleic acid,
malonic acid, oxaklic acid, sncemic acid, fumaric acid, tartaric acid and citric acid, wherem the

stoichiometric ratio # of the acid is 0, 0.5, 1 or 2 such that the prodrug is charge neutral.

24. The pharmaceutical composition of claim 23, wherein:

(ay R is -OH, -OC,malkyl, -OCH,CHOH)CH,OH, -O(CH,),N(CHs),, or ~0C -atkyl-R;
by R?is H or -COYCOH(NHIRY,

(e} R’ is tetrahydropyran, or e ;

(@) R* is H. -Crealkyl, (CH,),~SH, (CH,).SCH,. -(CH)OCH,, -CH,-R®, -CH,OH, -
CH(OH)CH;, -(CH)wC(ONH,,  «(CH)COH,  ~(CH)WNH,, o ~(CHy)L
sNCENHNH,;

124



WO 2017/019175 PCT/US2016/035391

(¢} C¥ is a carbon with the § stereochemistry, when R* is not H;

() R® is H. aryl, alkylaryl, heteroarvl, cveloalkyl, or heterocycloalkvl, wherein the arvl,
alkylarvi, heteroarvl, cveloalkyl or heterocycloalkyl is optionally substituted with one two
or three R groups:

(2) each R’ is independently halogen, cvano, nitro, -OR, -N(R),. -SR, -C(O)OR, Cjealkyl,
Cyghaloalkyl, ~-C{OINR), ~-C{OIR, -S(O)R, ~S{(OYOR, -S(OIN(R),, ~-S(ORR, ~S(0O)»0R,
-S{ORN(RY,, -CC(O)R, -OC(O)OR, -OC{ONR), -NECOR, -NRIC(OXOR,
or ~N{RYC(OIN(RY),, wherein R is H or Cyalkyl;

with the proviso that R' cannot be —OH when R’ is H; and

HA, 1s an acid selected from the group consisting of POH, (phosphoric acid), SOH, (sulfunc
acid), HCl (bydrochloric acid), HSO.CH; (methyl sulfonic acid), CoHsSO:H (benayl sulfonic
acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid, maleie acid,
malonic acid, oxalic acid, succinie acid, fumaric acid, tartaric acid and ciiric acid, wherein the

stoichiometric ratio n 15 9, 0.3, 1 or 2 such that the prodrug is charge neutral.
25. The pharmaceutical composition of claimm 23, wherein:

(a) R'is -OH, -OC,-alkyl, -OCH,CHOH)CH,OH, ~O(CH LN(CHS ), of -OC ~alky LR
by R%is H or -C(OYCWHNH)RY,

O, 20
i ‘ . /’\*\\
(¢) R'is tetrahydropyran, or O O ;
(d) R4 1S Ha ~C1.5aiky1, "((/Hzquc}ii -CHZ'RG, "((jHZ)}.Q(:(O)Nszﬁ "((1“3)13(‘(0\;0{{ or -~

{CHy)1.aNH;

(e} C® is a carbon with the § stereochemistry, when R* is not H;

() R%is H, arvl, alkyvlaryl, or hetoroarvl, wherein the arvl, alkviaryi or heteroaryl is optionally
substituted with one R group;

() each R’ is independently halogen, cyano, nitro, -OR, ~N(R),, -SR, -C(OYOR, - satkyl,
Cighaloalkvl, -C(ONR),. ~-C{OIR, -5(O)R, -S(OY0OR, ~-S(OIN(R),, -S{O1R,
=S(ORCR, -S{OLNER),, -OCOR, -OCOOR, -OC{ONR),, -N{R)C{OIR, -NR)YC(O)O
R, and -N{RYC(ON{R Y, wheremnR 1s H or Cy_alkyl;

with the proviso that R' cannot be —OH when R is H;
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HA, 18 an acid selected from the group consisting of POLH; {(phosphonie acid), SGH, (sulfuric
acid), HCI (hvdrochloric acid), HSO,CH; (methyl sulfonic acid), and CoHsSOH (benzyl sulfomc
acid), wherein the stoichiometric ratio » of the acid 18 0, 0.5, 1 or 2 such that the prodrug 1s charge

aeutral.
26. The pharmaceutical composition of claim 23, wherein:

(a) R'is -OH, ~-0Cmalkyl, -OCH,CH(OH)CH,0H, ~O(CH)N{CHy)a, ot -0C,-alkyl-R7;
() R is H or -CIOYCTHMNH)RY,
\\\r/@\ /O
{¢) R’is tetrahydropyran, or O ;
(\d) R4 18 -C}‘LC}‘HC}‘L)?, -(:C}]‘Tz)gSC}{;’ -C(S)}‘I(C}L)CE‘LC}‘IL -C}‘{};-Ré, ‘(CI‘%)}C((})N}E?: -
{CHyRC{OYOH, or {{CHuNH,;
(6} €% is a carbon with the § stercochemistry;

() R°is phenyl;
with the proviso that R cannot be ~OH when R is H;

HA, 1s an acid sclected from the group consisting of PO,H; (phosphoric acid), SOH, (sulfunic
actd), HCI (hydrochloric acid), HSO;CH; (methyl sulfonic acid), and CHsSO:H (benzyl sulfonic
acid), and wherein the stoichiometric ratio # of the acid 1s 4, 0.5, 1 or 2 such that the prodrug is

charge neuiral.
27. The pharmaceutical composition of claimm 23, wherein:

(&) Rlis ~0C;matkyl or -OCH,CH(OH)CH,OH;
(fy R’ is H or -C{OYCHNH)RY,
(g) R4 ]S *CE‘ECI"I(CI‘E@)L ~(CE‘L)jSC}L’ Qor -(C}}TZ))C(O)N}‘{)‘,

{hy C9 s a carbon with the 5 stereochemistry;
with the proviso that R' cannot be —OH when R is H,

HA, s an acid sclected from the group of POLH; (phosphoric acid), SOH, (sulfuric acid), HCI
{(hvdrochloric acid), HSO,CH; (methyl sulfonic acid) or CgHsSOsH (benzyt sulfonic acid), and
wherein the stoichiometric ratio # of the acid 18 of 0, 0.5, 1 or 2 such that the prodrug is charge

neutral.

28. A pharmaceuatical composition comprising ong of the following compouvnds:
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ethyl N%-{L-leucy])-1-methyl-D-trypilophanate;

ethyl N'-(Z-methionyl}-1-methyl-D-tryptophanate;

2,3-dihydroxypropyl 1-methyi--tryptophanate;
NeAL-leacyl)-1-methyl-D-trvplophan;

N*-{I-methiony!)-1-methyl-D-trvpiophan;

ethyl N(I-isolencyl)-1-methyl-D-tryptophanate;
NOAL-glyeyD-1-methyl-D-tryptophan;

(43-S-amino-6-(((R)-1-carboxy-2-(I -methvi-1H-indol-3-vDethyDamino »-6-oxohexanocic acid;
N-(L-lysyl)-1-methyl-D-tryptophan;

Ne{I-phenvialanyvl)-1-methyl-D-try ptophan:

cthyl AN*-(L-glutaniny!)-1 -methyl-D-iryplophanate;

2-{dimethylaminoyethyl 1-methyl-D-tryptophanate;
(Z-ethoxy-2-oxado-1,3,2-dioxaphospholan-4-yDmethyl 1-methyl-D-tryptophanate;
2-(tetrahvdro-2H-pyran-4-vhethyl -methyl-D-trvptophanate;

ethyvl 1-methyl-D-tryptophanate; or

sopropyl T-methyl-D-trypiophanate.

29. The pharmaceutical composition of any of claims 13-28, wherein the compoesition is a solid capsule,

tablet or pill.

30. The pharmaceutical composition of any of claims 15-28, wherein the composition is a dissolvable

capsule.

31. A method of use of the pharmacentical composition of any of claims 15-30 to modulate the activity of
indoleamine-2 3-dioxygenase pathway in a subject in need thercof, comprising orally administering a
therapeutically effective amount of the composition to the subject 1n an appropriaic pharmaceutical form

or vehicle.
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32. A method of use of the pharmaceniical composition of any of claims 15-30 for the treatment of cancer
i a subject n need thereof, comprising orally admmistering a therapeutically effective amount of the

composition to the subject in an appropriate phammaceutical form or vehicle.

33. A method of use of the pharmmacentical composition of any of claims 15-30 fur the treatment of tumor-
specific unmunosuppression associated with cancer i a sobject i need thercof, comprising orally
administering a sufficient amount of the composition to the subject in an appropriate pharmaceutical form

or vehicle,

34. A method of use of the pharmaceutical composition of any of claims 13-30 to treat imumunosuppression
associated with infections diseases {e.g HIV-1 wnfection, mflucnrza) in a sobject i nced thereof,
comprising orally administering a sufficient amount of the composition to the subject in an appropriate

pharmaceutical form or vehicle,
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disclosed in Munn, because both Munn and Tazuke teach tryptophan compounds.

As said compound and salt were known in the art at the time of the invention, these cannot be considered special technical features that
would otherwise unify the inventions of Groups I-1ll. Groups I-lll thus lack unity under PCT Rule 13.

Note reg. item 4: Claims 31-34 are unsearchable because they are dependent claims and are not drafted in accordance with the second
and third sentences of Rule 6.4(a). These claims are, therefore, not included in the above analysis. :
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1-F I -D- iR 2~ (DU A - 2H-ME IR —4-J) 2,18

1-F JE-D- (L R £, i s 5K

1-F JE-D- L R = T IR

29 . WIAUR) B3R 15-28 AT — Tl B il (1) 25 W 28 6 4 , 3 A i i 286 ) o T A B B 551
FIEHLF o

30 WAL R R 15-28 AT — AT IR () 25 W0 2 &40 » Forb iR & 9 2 vl Vs 1 i 2571

31. —FPrEA 75 B 52 303 o d B AR ZE 3R 15-30 AT — W AT IR I 259 40 & 0 1
NI i J12 2, 3= 300NN 4 T 348 A28 Vi 14 PR 7 92 » Bk 7 v B 3 1) i iR 32 3 48 1 it P FE O 4 1 24
YIE Y KR B S E R R -5

32. —FPTEA T B 523 8 B AR ZE R 15-30 AT — W AT IR I 29 40 & iR TT
JERE B 798, FTid T3 vk A dE n) BT id 52 3838 48 10 it 7538 24 10 250 SR N b 0697 A
ME TR H A

33, —FPTEA T B 52 A B WA R ZE R 15-30 AT — W AT IR I 29 4 & 06 TT
559 R AH DG 1) e Bg — R S S B RN ) 7 9%, Pk J7 9k AL 1) Bk 32 48 11 it P 0 Y
25T BN I R B I TR 254

34, — PP T B 32 8 B AR ZE 3R 15-30 AT — W AT IR I 29 4 & iR T
5 BG4 (QIHIV- 1B IR AH OGS B i 7732 , Bk 7 V2 B0 m) ik 32 48 11 it
FTEIE A 23 N EEAN Y R BRI AR H 59
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1-FE-D-BREHEMEIZ

[0001]  AHSCHIIERIAZ X 51 H

[0002]  ARHIIEFELR 201547 H24 HH25 1 £ G I B /5 51 '562/196 , 671 F120164F3 H9
H 322 B 32 [ I I B PP 51°5:62/305, TASHIAR e, H 4= 5B Py 25 it 5] FTE B AR RN .
[0003] ‘KEHE &

% BB 4T

[0004] AR TFFIE K FH T gl e Ji—2 , 3= XUHN A B i 452 B A5 40, 45 il 2 B A AR A T s
W PH 3548 (indoximod) B AT SR 254K 2N 77 24 P 0 Bl Wk 78 S 22 (1%) 8 F0 17 25

[0005]  AHOGHIARMIAEIA

[0006]  €f S FR A A J R PR B R A 3k 1 I 3% A0 o v 2 4 L s 45 200 L« b 5 08 i R 928 2
P Ak R M| W -2, 3- XU 48Ul (IDO1) A5, e a3 2 ey JHF AU AR S 4 B R I8 1Y) 2 PR -
2, 3-XUM4 A (TD02) /rF .

[0007]  TDO1iE it 7 Js W PR 0B TR A b 51 K o S 87 A - a3 4 30 15 1 T4 B (Treg) 1Y
I3 ARV AR AE T s N R B R E — AR SRR, IDOME 2 S 846 A B
FE A A BT OB T TDOTE M S e 0 DhRE Y B 1 T (45 A S IDORIE S F  HH
A 5 R TRV 2k R Y 9 A 1 R R S A A B 1 A A LA B R AR S Tr p MAZAE Trp 4y
AR LG MR IR IR (Kyns) 1 51K BIE 5 R AILRR) 1iE15, A5 55 28 A%
il FEFE #1-2 (GON2) 345 757 F: ke 52 A4 (AhR) 8542 FIR L3040 B 0 25 R AR (mTOR) IS 42 1) 77
FER AT PR B8y o X AN AE O A B TDOR A Nlif i g2 S 2 I EH 24
WAL AT I Z AR KRG R TR, F HIX AR X F 7 1D0I& 152 a e 4 155 5
IDOGrAA] J 4% T JiE 2087 LA S B 2 #E8 [v) TDOEK ¥ [ TDOIE A2 117 . & 441 TDOI& 42 4401 1) 7710 1 A
FAFLEI AT RE 2R R SR [1,2] .

[0008]  [AILH , FE 22 24 B 2 45 TDO 1R (2 7% M B0 sl TDO T _E 37 PR - B 1 TDO 1 g
ARV A ) I i 80 SR 3 22 A WL A B e 9% S, TSR ATL i RT RE 0 A BHL (b 2502 T4 B ) e
SN S B HTIOE TG SN RS T B IS 1 7 1 T PR S IR B Treg B4/ 48 ETH1 741
P F) e B e Ak, AR 3 G T2 0 A S 5 240 L 2 e 2 RO 9 A i 1) R 2R L o 2

[0009]  pH T-1X L8 Jii [K], ¥F 2 IDOR B (2 #0177 O & 9 F ok , I IEAE T & 196 97 BT B
IDOAH IIEI » T W il AL et P2 o SCHikH ©L 2 IR 11 e 4 B AE S 4 MR il 7k
1 IDO E AR W& P B9 VF 2 4>+, Bl A2 L Rl 115 W02012142237.W02014159248,
W02011056652.W02009132238.W02009073620.W02008115804.W02014150646 .
W02014150677.W02015002918.W02015006520.W02014141110.W02014/186035.W02014/
081689.US7714139.US8476454.US7705022.US 8993605.US 8846726.US 8951536,
US7598287tH .

[0010] I PR A5E 2 A ff 7 ) 55 — IDOIR AR N i) 551 2 — A& 1-H FE-DL— (A % g (1mT) , — ke
B S AR R AN TR VR A4 FE R 7R ] A /N A R R R A i LA e 2 O PE HE e (31 R4k
I FBCTT A0 B8 v P 1) G 2 Mg Ik 4 5 (4] o 3k S 6 O S M AR R 5 — Fb B OR T AN G A2
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YIrEME ORI 1-H 2L SR (L ImT) 7515 FH 44k 117 25 25 TDO 1 i 1 JIC 40 i Il e v A7
FHINE y &b B [ Jif 8 248 e o B8 70 7 305 3732 1) T A TDO L 1) 1K FAA e e (1) Jid 40 i 3
H ] IDO1EE A i& M (K1 =34uM, [5]) , DS A A (5| Wk 75 55 1) 71338 L 2 7Y (1) 1 5 A A 100
HIEE AR vE P (6] o S Wik, 799 b S5 A AR 2 B 060 7 A FH T DO+ 5% 4 B A S 380 200 P e MLR 300
S8 H BN 8T MR 51 I B 45 4 B 1 TDO+DCIEEAT 1 1) 258 PR 7 J5 44K it 2k T 200 e 184 00 52 Pk
ST AE [6] o 75 47 7E TDO+DC I X Fil 2 7Y (9 0 5 v, TR B AN HEHE o AR 5 33X 2 170 31 551) 5
IDOIB A FN IR T TA ML) HGFE RE 71 B B2 , PR S AR 7R 1% 00 5 A B R AN [ 1 3
77, A P S B LE L ImT (EC50=_80-1001M) BX A/ g iR A4 (80-1001mM) B A %% (EC 50=
=30uM) [6] . A, A F ST b 0G|k it 56 4l 7R L e SR I e FR AN SR HE AR R )
{2 L S H P o e 5% 2 00 s e 1 0 R V7% 12 5 il 3 B IR Trp B A ANK yn B AT DL
[0011]  — AN A4 NP 1) 2, M)W 78 6 A 7R AR A0 A S5 7R TDO T AR 376 14 1 40 i) L (HL
J& DA AN 7 sOREF0LLE A4 P B0 22 T 400 B 1 00 5w T TDO TR A= 0 2 Jig SR o VF 22 9 S 6
F SRR AR Y, I PE SE S 5 T IDO LR AR M o X AT B8 K AL I L RR AT BE A LA »
1) P IDOL B[R AP AL, 2) #HI1DO2 , 3) BT 5 AT R 5| Wik 78 56 48— A7 A= B AR U4 , 4) W Wk 75 5
TEAME A N LANT, 5) FHI TrpF4is , 6) JH ik Ji2 Rl M| Wk 7 & ff - tRNA KR & P H1lGON23i& 12, 7)
N2 5 Trp/E N 1) BEE WIWARS 1 BRWARS2 , 8) 7F 2 FE FR FE 3 175 T 1) IS5 A4 1 1 e ) o4 2
B09) TE R EEIRER = 261 1 S iEmTORMY 55 B ML) [7] o X e ML R 2 A0 B HE R, 9 B2 H
B AR5 2T SE IR AR 2 AB AR 1 o 75 Bt — 2D (R B 90 K ) BH O L A= ) A 2 AL A H g o —
Foli 47 B 1| Rk 1 S B ) AE T 12k

[0012] 5| Wi Y S 4 7 Ak P AR SN B S S $0 kI IR AR W0 S i A4S 3 1 BV 2 Skl = 7
/NS PR AT AR Y 3 AT (R 98 1) S 3 WMk P SE 4B 2 7R DL T AE 40220 5 Hr e il 1 3 12k
[0013]  1.HRGALIT, Wl Wik 75 35 B 1 S5 Ao B8 298 &85 V7 e g R0 s Je g 1) sl A 2 v DL J% J5
A7 R0 PN A L e A TR v SR 70 PR A o P PR PG S 48 1 470 g ' AR AR /N BR R TDO 1~
KO/ H 32 2k [6] o

[0014] 2. Wg[Wb P SEAE W] LAFHIR 4k N A Treg VA AL I AR , FEAR i Treg ) 4 A AR I s =X
AR R HETHLTRET 2N [8,9] &

[0015] 3. 7E MRS B # P 5 Sy, T FAN [ 470 Jie e 2 T -5 M o P4 S A8 1) 2L 5 T A 300K 4
e b B Treg 40 3 A0 B THL TRE T2 A, (5] INF B AT 470 iyed £ F (9] &

[0016] 4. 7E B FIRALAL A, HUCTLAA (FFUT B FT) FNNG| R Y 55 4 1) 28 5 5 3500 IR0 e e 1
Fil10],

[0017] 5. 7EARN , M7E A R A 1) PR Z0R S I S AE (4T 1) AP A2 (mmTV-new) FLARIE 1/ &
R e R P Pt PG S 1Al FH IR I i S84 I B P Ath 1 Ak 2~ S 38 ¥R 97 7 P AE
PR A R 6] .

[0018] 6. IDO1E i & Hi T-GON2 I AL il 2 H TrpE 38 AN Trp 7 AR T 0 A7 78 18 25 1E FH A
S5 7 HPIECDA TN b i Treg [11,12] . AEM| WL PH SE M A7AE N , X Fh L AL AE AR P o
W o

[0019] 7. 2Kl , IDO+pDCHH 2 54K N B A Treg MBS » iX 75 B AE Treg B A4 v 58 B2 1
GON23R 42 o X Fh B 5 AT LA 3 3k 58 ) T p 8 P e 7 55 e e 1k (81

[0020]  8.B% T By 1k e AT Tre g 40 L IRT I 41 , M3l W 7 SE i ] DL R A0 FI R N A S5 40 1)
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FoxP3 Treg® b A AR PETHL T40M - Treg 25 TH1 7 40 ffd i) 3 P Ak, 75 B2 78 pDCHH A7 AE g JE Bl
B744 , LA M AEpDCH AEAE ThAEMETDO L AIGCON2 3 K] . 15| Wk 7 56 8 A6 % A5 400 TDO 1 B GON2 3 [K] 71
Rl R A LS FT9] , DR SCRF AR IDOIR AL Hh I AR

[0021] 9. f# FHIDO1-KO/IN B BRI H TDO1-KO/INER 1) pDCH 7t Jif g A e 928 - BF FL R B, 7E R
Z DIREMEIDOL () BAE 1 S A I DL L W51k P S A 1 A 2 7 R 2k (6] e il , WL 2 1DO01-
KON B e Jigg , LT g1 ok 78 S A 95 7 36 & A0 T AN BUER . 1 4, 5 E TDOT-KO /) B F i
I8 5| AL IR E 45 1) pDC A 8 1 ORE 772 470 Hh T4 M ) 389 %8 22 55 TDO (-) APCAHIR] (I FE JE o 1% L W 5%
S SR AR S TDO AR Dy M| Wik 1Y S5 1 24) 3 25 RIS 1R G824 B0 I o SR 1T 5 X+ 1 DA A g M Wik v
S HERH W IDOIE /R Y () — L H e/ F Ao

[0022] 1030 i A & A H5 30 S A9 TDO 101 7] (RIZE A4 &1 035 1 290 it 167 300 5 w900 1)
IDOT AL BEE T 1 23 1) 5 I W5-Br—25 8 7 H 2508 L H LA AR 2 Y IR IR — (0 S R B AR Lk
WAL R A A oK B 30 38 3 it FH | ok 7 5 8 51 A5 0] e e R 91 9% 2 L8 45 S, AT 36
UE T IDOLIg R N2 B 22 8 h (4,13, 14]

[0023]  11.7EIG IR FTSNA0EE AL Hh , W)Wk 118 S 48 1) Ak P 245 3% B0 0 A FH 2 AR g 5 1 ok
B2 5 i R, He Rz AR B W\ R A& CD8 a+ 2 i 1) s AN B \FoxP3+Treg M B & Il /D> \ Treg
(CDAOL") FE Zf Ay 425 I T4 Y (CDAOLY) , 35K IDO 7 Ji A2 38 4R Mg NCD11c"/CD80,/86 ™ . 4
FENCD80/86" R ,

[0024] |y -3 & Ji (K] , I 70 8 i 0 RE 0 N S R X 36 Hp A7 0 1 Wk P S 4 L & 78 J L
FERENE NE IR 7 5 AR R AL 223697 AT AE W22 G VR 7 77 i 2 DA 3% VA2 T L
PE A Nab—S8AZ I | 15 S Jiz | A7t DG B4 P 7 5 -T2 1 2H A5 T | Wk P S 41

[0025] M| e 64 ] 28 1 AR R I A A IR 2580 715 (PK) R (Tmax : £93h;
T £910h) FOR F 1 22 A itk o B I 245 4R80 J e ik ST R B, IR PR SRR R T AR RTE
800mg/FRIFL 1) 7 HE T I 2R PR ith 28 , B K I R S (Cmax) J915uM H.2454) % 5% (AUC 0-mm) 7K
SERZI100uM. ho SR T , 34 0775681 800mg /7 22 2000mg / FI & , A4 T E Cmax 5 2 4) 7 7%
) 2 TSR EL 451 285 0 , DR B E PR 1) 1 A% 7T 29 IR T v

[0026] R &Ik E 4 A S22 (MLR) TH i 389 58 I 5 S5 7 , 76w T~ 30uMY) M| e 76 SE Sl g i -
A0 IDO BR45 HH 1 T4 B P B2 FL 5 B8 J110 £150 % o B8 370 rloRg S 36 26 B, 24 1) /N B T A
7K HR 5] R P SE 48 D) Smg /mL (£)500mg /kg/ ) 452584 LL200mg /kg bidZ: 145 %), T3 Cmax
i T 20uM H % 5% K T-300uM . hi, U052 3 5] Wk 74 56 48 (1) AR P22 AR o o T L iR ], A5 2R 7
NI PR ARES: HH K Cma x 11 8% 25 T 15| Wik 75 S8 A8 38 fin , DA 00k BI36 7 V& PR T 7% IR 7K P o SR 1T 5 %
29 A 2 254X 30 0 S il 2R A A AN T R B G g T BB 1 7 R R VX A )
[0027] T IR R, AR FE 1 AS[R) (1) 05| Wik 115 S5 428 1l 551032 g 55 I o0 HCfA =50k = s
Wik PH S BT 25 (AR BRI 20 A2 75 2 186 D0 At B AR YSe 6., BIOHE LR 37 ok 2 B I 2 38 o e
R P55 AN 2% 5 T M| Wk 4 SR 1) /RSP o AN, FRATTF- 4R 24 4 1 B DAL (e B 71 51 771) 7 =
il 2 2410 7] e S BUR R 2 808 i il 24 J R .

[0028]  IX LA LI 25 AR, JUM L € 5T 25 5 802 52 S 00 I s I HLAR S A FE A AR
Tk e 1 G TRy DAE I 28 11 it FH S 1 LA s ek SE A 2R Sk S

[0029] R EAMEIAR

[0030]  — 5, A K R T AR E 1a FIbAL & AR S AL & W) 25 A &4
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Q
X -OH }o
{R) (R)
NH3* NH,
Z I\ 7N
[0031] | WY
\ ‘N - \ ~!\I "
\ A%n \ C™Pm
X, 1a A 1b

[0032] A AR T HLEA HLEA B 1 HLC™wiE tnA ST E SR TEHLRH &1
[0033] 5 —J5iil, AR EAERER Q) MM E SIS A &)

HN-R?

B .mH,A
x'n&r\”
[/ [ N\ ©
[0034] Ly “N
\

X 2
[0035]  H:AR'\RZFImHLATE AR SCH 58 X
[0036] S —TTH , AR AFFHRAE T
[0037] &) & la 1bB 2GR A A, H 3 EAEE it F 252 303 5 A
T it FH 5 P 7 R R PR C, 1) A T 2 R T P PO 7 5 B v 1 28 1 FR D R (9] Wk 7 5 1)
[10) 2 5 A RIS o
[0038]  b) 7EAG 55 2k 45 B A0 2 2 La LbER 210 A0 A W (1) 2EL 4 40 v =5 1 o e -2, 3—
RN AR PR 798, FITad T 20 46 ) 1M 28 32 o 48 11 it FH (638 24 1 259 0 X st A
YIRS RE I RA A .
[0039] o) 7B T N2k 4 B 2 2 La LbER 2 AL A W (0 4L & I8 97 S hE 1R 702
T3 77 V2 A0 4 1) e 2 52 0 3 48 11 it P 738 4 1 259 T8 sUBUEE A 0 R 1 R i ) ISR A A
Yo
[0040]  d) 764 7% B 2 ik A A8 R a B ALS I 405 W06 I7 5 e iE FH ok
P60 e R A S P SR S PR 1 7 v, BT 7 iR G ) 28 2 R 3 48 1 e PRI 4 i 25 X
AP IR R R I SR A
[0041] o) 754 T E R 2k E 48 A & 1a. IbE 2 AL & I & e 97 S5 46 4w (n
HIV-1/28 5% AR AH DG o B M 5 v, BT I 5 v B 1) it 28 52 3038 48 11 it P PE & 24 1
2y BN R BT ERA A
[0042]  [f$ P fajik
[0043]  PE1EIR T S Ui B ek % FL 3R I R T =1 s ik 5 SE 4 1) XRPD TS P
[0044]  PE 205 7 7 WG| 7 3 1 AR TR L Y A ER (TGA) N ZE m FA4 B3k (DSC) 437 o
[0045]  PEI3IE IR 1 5 i 2 il % FL B IR 5 7 2P Mg ok 7 5 4 %) XRPD 1% [ o
[0046] P45 7 T WG| 7 S B R £k X A ER (TGA) AN ZE m FA4 B3k (DSC) 437

13



N 107847486 A W OB P 5/78 T

[0047] W5 N 1 T 45 s 7] s v AR SR A A A2t A7 T T Wk 7 S el R EC 3 A S pHF
IR

[0048] 6@ | LLE I i BT 325 T KR AR W WAk 176 S 22 A 0T T B8 % 551 2 1) Mg ik 7 5
M| O 1 S A R R s B P P 7 S A ARl I 5L 1 e K ML IR E (Cmax) A& & (AUCo-inf)

[0049] R EHVER

[0050] 5| jk G S 4 (1— A 3 —D— (B 5% , D1mT) A2 AF 70 (1) W5 Wk e -2, 3- XU 48 B (1DO) i& 1%
(I 751, FL 25 5 o o AR S 36 A 770 AR G 02 8 1 71 DA K = Bl B e I VAR 2 P R 3 B RE
T NI RARLE H AT T

[0051]  FEIDO" B S 4N BRI A7, CD8 RN TN A AR 15 TE S Joi 1 HASBE B9 58 - b b , 15 1
T4 (CD4"CD25 ' FoxP3") 7E1DO DCHIAFLE T 30 , H HLAE 0 /-5 00 iy B0 23 0 i 1) 4=
B G ] W51k T SE A AR Pk S IR SE I AR, AT SO VTSI TA PR B BE I 51 F Treg BB 4R
THL T4 B RE R Y  LEAR AN DU 2 A, 3% 26 4 FH ph Ik P 6 78 ) 32, EC 50 8 2930uM 6] - 7E I
PR AT B3 b8 A5 0 e 7 b8 1 P 0S5 2k 2 T4 L AN Tre g 7 51 0 bR 28 485 b ) o g A 7 B 44
500mg/kg 14 H 55 & , H % §% >300uM.h.

[0052]  7EJE I H200mg £ 2000mg /77 & A28 7 & R I N 254080 J1 55256 2 4 BoR 24X
N 11 B K Crax M1 22 55 (AUCo-inr) TE 75115 £1800mg / 715 Fr V8 [l P o 7515 28 1 138 o o 73X 6 575
BN, 022 ) Craxik B 29 15uMA P48 , ELAUCo-ineik B ZJ1001M . h o Crax FTAUCE B AE ik
2000mg/ AR mFIE T, Ao W E W nm TIX S E . Rk, o 73k SRR =42
G 38 V1T FIATT IR Y 7 00 SR 1) A8 e 0 P 7 S ek i R 2 /K - A 224 1 W Wk 1 S5 7k 5 A
T TR KT 5 B TIAG| R 776 S 1 1) Cone 12 55 7K P 2

[0053] AR BAHHIAR T la b A2k &4, FAEL 1 it FI 7= A2 AR E T4 11 it FH 45 B
JIR TR AT P P 1P S B v 4D P 7S S 5% . R g K ITL VS A 5 o

[0054] Mgk g 5 4l 1) R

[0055]  FE—ANSEiti =9, AT T IR P AR 2h AR — NS B, BTk B A R
Hlalff &5 :

“NH,'
[0056] (/T%
|\\/ N

\ A?,

X 1a
[0057]  JLAAP R TEHLEA AL E 7 R o B S -—p AL — DL 7 =, BIE 5 AR 7 T
L FR PR A T R O nfE A .
[0058]  fE— NSty S, 1R APk DL A A R T VBRI AR L H
PR AR AT R AR - £ AR HTIIR MLRAR R L R IR A 2 IR AR T AR  FLIR AR | ok R
R ZBRAR VEIRIR T ZRRAR & SRR A BRAR AT R R AR o £ — NS0t 7 S, B S
T UM B n A7 AR, (675 Pt i) R R F T PR B9 o BRI , 78— NSt 77 S8, B 120l
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-1 283 L B ASp, 3F B JILL 1 1 /2801 /3040 2 B b n A e , 4 450 2 v b e 4k
SRS AR AN T B B RS 2 HPO4 2 FLHPO4 2LAO . 5 AL 2 B U n R AE o AE—
SNt TT R, R AR A2 HPO.” HHPO. AL HI AL 220 B b n A o £ — AL 7 R, TR AR 2
S04 2 H.S04 *LLO. 5HIAb it B nAFAE o 46— NSt 7 R rf , AR HR /2 CH3S03~ H.CH3S03 LA
0.5t 7 AE .

[0059]  7E 55— /sty B, BB FA P AL = B N TG CL W 78 53— AL 1 5L e
77 & BB A PR R e 91 R AICT B B R a1 T K A A,

[0060]  FE—/NSjia /7 &, Brid £ B A MR HE X 1 b iy 4544 -

C,

A 1b
[0062]  JHrpC™P, 2 S E B A+ p I BH S o FE— NS H T b, B DL A 201
et B e mAF AR A — NSt P, C Pt B DA R LRI 4 : Li " WNa '\ K" Mg fiCa ™ . /£
— ST R, Y pa I miE 1 H M p A2 mad 1/2,
[0063] MWk P 5 iy 24
[0064]  FE—ANSEH T R, AT 1IN FE LB R T2 AE— St B, 2 R
TEA B HT 251 25 # DL 2 it «

HN-R?

HA,

[0066]  7F—ANSLjii /7 ZEH R /& —OH. ~0C2-3%5¢ & . ~OCH2CH (OH) CH20H . ~0 (CHz) 2N (CH3) 2~
0C1-3%%JE-R® . -NHC  HR* (COOH) «-NHC ® HR* (COOH) .—0C1-6%% =R . ~0C 1247 52 —C © H (NH2)
(COOH) B%-0C1—2k3E-C ® H (NH2) (COOH) o 78— ANSE it J7 5, RU & -NHC ' HR* (COOCHs) B -NHC
®HR* (COOCHs) -

[0067]  FE—ANSZiti ) &, R%E-H.—C (0) C®'H (NH2) R*.—C (0) C ™ H (NH) R*.—C (0) CHoC ©'H
(NHz) —C (0) OCHs+—C (0) OR°5%~C (0) NHR®.,

\\ O
NN S 20
(o0ce] Mk RN [ PO

[0069] 7 —ANSEjiti 7 &, RYZE-H. ~Cr-skEdE «— (CH) 1-2SH—C1-5HE 3 SC -5kt 3 . —Ci-s ke 3
0C1-5%% 3 . —CH2—R® . —CH20H. —CH (OH) CH3+— (CHz) 1-2C (0) NH2+— (CHz) 1-3C (0) OH.— (CHz) 1-4NH2E}{—
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(CHz) 1-3NC (=NHz) NHz.,

[0070]  7E—/sEiti 7 &, YRS -HIN, C© F1C® 43 52 A SERRSTAR AL 22 B o
[0071]  {E—ANSti )y R, RO -H. CroekE FEROBKR o 7 — AN St 7 S, ROZBIE H LA R
AL —H 5 FE e FE 55 I | 455 I PR B RN A R e Ak, Horp 5 B 5 L 45 AL IR
BESE B A B AT — A AN B = AR T b AR

[0072]  {E—ANSLiifi 5 S, BRI HL R 1 3 VI VB IE . -OR-N (R) 2.-SR.—C (0) OR
Cr-ehidt . Cropi fUkEFE . —C (0) N R) 2.—C (0) R+—S (0) R.—S (0) OR.~S (0) N (R) 2.=S (0) 2R —S (0)
20R.=S (0) 2N (R) 2.-0C (0) R~—0C (0) OR.~0C (0) N (R) 2.-N (R) C (0) R.-N (R) C (0) OR&,~N (R) C (0)
NR) 2, HHHRAZHELC1-a i dE

[0073]  {E=R2M A 25 () — S8 St 77 e, MR*EHIS R AN AE & -O0H.

[0074] g4k, FE A ST 2 H, BT 25 A AT BE N BT AR -1 - H I -D- = iR N
A1 R -D- B IR B EIN - GRUT A e ) —1-H D S BRIk

[0075]  FE— ANt 7 B HAnsE R o 7E — SR 7 2, BRHAWIE H H DL 4 e ) 4
PO4H3 (B H2) SO4Hs (BiEZ) JHC1 (5E2) JHSO0sCHs (F JEA#ER)  CollsS0sH (R IEAHFR) B2 PR
MR RA IR B AR X IR VIR B oRIR N IR VIR T R E SR A B AT
B -

[0076]  fE—ANSLiiti 7 R, BRHALLAAL 0T & LU n A7 AE , {15 AT 15 5 24 2 F P PR i o (Rt
FE— AN 5 b, BRHAL AL 243 B Ein A2 0.0. 5. 1882, [ 75 il 25 A& B b 1)
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e R I B P gt — > B AN ST R S AR B 2% 110 2 AT 328 AR o 7 B e S ity v, XA %
IFE T A R FE IR 56 70 BRI B JL 5 BI6 7T B PR IR AR JL L 5E6 7T FL R L A L B 58 676
FAIR 4 75 FE S E6 TG B IR ZR PR BE IR, HL o U R PR g — N B ANk R AR B A )
AT LR

[0255]  GnARSCAT FHARLE 2587 = e -OHE A .

[0256]  GnARSCRT A ARTE “RS%E” B HE-NOoJE ]

[0257]  GnARSCAT M ARLE “EA0 = s =05

[0258]  GnARSCAT FHALE “Bi 4 = e S

[0259] A SCHT F RS “Ma A B 48 51 H B4 S 45 A B AT AT 2 AN BB B o 451 4, AR
SCE X AR e S S A B FE IR L IR T 25

[0260] WA SCET FHIIRTE “NMEF” BF S BN EEW &6 20— 2k, (HA %
T BRI o BN, WS SCRIT e S ANV R BA foe 2 B A B 8 B U 228 W IR O 28 W IR ) 0 2

Var
2

[0261]  4nASCHT F, AT B34S R R E “AMR” B B 2 AR 308, B 380 FLshd), t
B /INER VR ER B UG Sh ) R I R AR SER KR, B IEN .

[0262] G ASCHT A, 518 BT B R RPN B R ImE L B R R AR
2L RG-SR ERN S TSR 5 S A W B2 W N B R AL S el R )

[0263]  FRIELLS T b 0T A E N LU EE T LT H I & -

[0264] (1) TS5 9 5 451 4 , F9US97 PT B 2 A9 905 « o R B R L 1 oK 48 1 8 4 s 2 9 1)
T ESCRE AR ) A AR () 2 0 3 R BRI i

[0265]  (2) #2015 2, A0 1) X A 28 1 B 7 9 0 T DR B0 A 1) 9 B BSQE PR 1 4
HH R 5 o DR B G B

[0266]  (3) SRARFET s 19 L » B2 fifE 1A 28 17 B 7 35 9 T DR B0 A 1) 9 3L BSQE PR /4
IR T IR B (R 06 3 s 2R AT/ BCREIR) 5 9 B AR e s 1) ™ EE AR

[0267]1 N ASCHTH, RiE “VAJT (treatment, treating) ” 48 (1) RS WIIRIRAS , 11
UNZR AR TEAE 28 7 B 75 52 9 T3 DR B 2 117 9 3 B PR PR A ) 2 0 T IR B e (R 38
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Bl o 3 RN /B IR) W AR AR I M B 5 B (11) BIR S HERIEYIFAER (4,
IDOTA 7 B A S BR P R F 1))

[0268]  {si Y 7E [ IDOS1 5 14 e 955 H00 1) R I g bR 450 P 8 ot vl e 75 22 [ I B Ak o it
BUAMAIEIT A, W WIERDRE TR O T B BT R 7], B0 7099 B 1 0 1 D 1 1) Bl 4 S o 25
Ao B0, 24 FAE B — 500, T V6 97 JRE A TDOF il 751 ) e P R s 2 72 A BRI PR
VEFH o SR, 24 54097 259 (e g 771) 2EL A, 0 82 380 4 B B A T v T Bk g 4 Al 7
ERZ 1.

[0269]  GnASCHT I, RAB “MEALAS” L “BAR AT A7 “TE A A7 JEIR FNAS BE A b A2 FE B &
BRI EE G (R Aar B K PE L 23 (B2 BHD) 10 20 25 BR TR 28 551 9 o T~ (AR B0 s A B 67 57 45
GHIR T H S 5005 I R A0 U FR AR B 1 X 5

[0270] 4N RSCRTH , A8 “25 2% LT EesZ () 3R J& H8 22 b vl B2 52 (0 B RN e 35 AN 711
W o L2825 % F T B2 1 Sh ARG DL N BRI 2, 1 W 3h R R IR SRR R IR TR
FRR  H R R B BB R TR R IR AT AR R TR A TR S oK BR IR B e FR 1 W1 TR
H 2 0-4HHO0C— (CHz) n—COOHEE - 41 75 14 24 F W0 s S L FE W 26 , 15 an gy 36 L £ L 45
PO g IR 5 NS AR 0 T B R S B e 2 <l o K 2 = S 1)

[0271]  GnARSCAT A, AR “MIWR TG SE 487 /& Fi8 1-FF 2 -D- (& R , A FR D IMTEED ImT .
[0272]  GnAR ST AE “W5| W TG SE AR 10 247 A& $8 7R M N it FH 2 J5 Bl AR LA 7= 2B I Wk 7
FAEAE N T BRI 2 — AT 5

SE Tt £51)

[0273]  SEjidsl 1« RN AN-& BT V2

[0274] B A 70 A X ) B R L SRR o i A v M R RN 9 77 75— D Al Ak B B
F A8 FHEA0.25mm EM SciencelE iR (60F—-254) [/ 47 i 2 (1% (TLC) Wi il 52 5 o ¥4 5 5%
() TLCAR I 3 6 P UV (254nm) BEIR 7E 18 A R BT HH 32 £, B Jim 78 AR B iy o i Rz 4%
$932-63umfSelecto ScientifichEfRHEAT PRIE 1% . BrA S B AE B R AE K G EUHL AR
TR B HE 2R LA AT B AR S A U6, 75 WK BTG s SR CE IR S5 I BE 1 Wl a9 o A
Bruker DRX400.Varian VXR400ELVXR3003K75'H NMRiL: . AHXF T A P 35 2 BRI TMS (0.0) «
DMSO—ds (2.50) BCD30D (4.80) , LLF 34+ — (8) #]I&'H NMRI% . B AR 54 Ui , 75 W BT A 'H
NMRiE 41 £ECDC1 5 B 43 o

[0275] & plil-H JE-D- A &R £ g SRR 2 (NLG-1283)

NH, NH,HCI
COOH EtOH 0O
N - =
[0276] AN\ o\/
N SOCl, N
\ \
D-1MT NLG-1283

[0277]  {FO°C F[aD-1MT (4.00g,18.3mmol) T Z I (50mL) H VR B+ In AS0C12
(1.34mL,18.3mmol) , J IR EMIES0C Nt . A R =R 5 , 2810 22357, IR H
Wi B . 2Tk (100mL) # 8E , F F eo [E AR yE 4, IF F /K 2Bk, 15 2 pr s 7= (5. 1g,
98%) .
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[0278] &R 1-H H-D-t % R 57 T G £h 2 £k (NLG-1284)
NH,HCI

NH,
COOH ProH 7/
[0279] N\ —

N\ socCl,

D-1MT NLG-1284
[0280]  7£0°C =i F[MD-1MT (0.500g,2.29mmol) F 5 PIEE (15mL) = (118 =3 A A
SOC12(0.167mL,2.29mmol) , H KR AH7ES0C R A E = IR G , 2B 18IR ZE 7,
FEHL 4 25 %6 NaHCOs K VAR (20mL) AL 46 7= FICHC L AL, 5 A 3R I A HLAE U 2
NazS04~F-J8% , 4 ¥ 7150 s 28 TR 2% o Ve B el e ok /2 — o b I N TS 7K HC L 1 % 4k 9HC T 3
PRI E BRI A3 B 2 A AR B R P (0.252¢,37%)
[0281] & e ik FH R R 1) — B v

R

Ay

O

[0282] w :—<
NaHCO3

D-1MT
[0283]  [A]D-IMT (0.150g,0.687mmol) F-1:1 THE/IM NaHCO3 (2.75mL,2.75mmol) {1 HE
VSR MG 4 I & IR B o K VR A e FE30 40 %, FF HURH I R K B RS 9 FH < ik 2
2R KK E A EN20°C , HM N IRHC TS 0K pH 15 22 291 2B 1R L R A HUA 7K 2
FR G A VLZE K BRI T4 o DR T 2 BR 1 771 LR ARH i) U5 F IR IR - KR
J A R Al A S FHVE T R A3, DL 3 Al 2 H R TS
[0284] | # | it | 2% | & |
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(%)
NLG-1277 ( N(Z RS # I )-1-F &-D- | 81
o LR
o=
NH
o)
Y Ho
\

1.23 (t, 3H, T = 6.8 Hz), 3.63-3.71 (m, 1H), 3.74 (s, 3H), 4.07-4.12

(m, 2H), 4.69 (dd, 1H, T = 6.7, 11.6 Hz), 5.20 (dd, 1H, J = 6.9,

[0285] 11.5 Hz), 6.9 (s, 1H), 7.07 (¢, 1H, 6.9 Hz), 7.21-7.48 (m, 2H), 7.57

(d, 1H,J = 7.1 Hz), 9.07 (br s, 1H)

NLG-1278 > " 1-9 N ((FF R AR | 72
o<

#)-D-E&8R
NH

N
|

0.90 (s, 9H), 3.34 (s, 2H), 3.64 (s, 3H), 3.73 (t, 1H, J = 6.8 Hz),
4.75 (d, 14, J= 7.8 Hz), 523 (d, 1H, J =79 Hg), 6.89 (s, 1H),
7.07 (t, 1H, J = 8.2 Hz), 7.25-7.59 (m & CHCI3 £ &, 2H), 7.58
(d, 1H, 7.8 Hz), 8.4 (brs, 2H)

[0286] &N~ (BUT L HRIL) —1-H F-D-O R
o)

0
OH OH
[0287] "NHZ Boc,0 NHBoc
A\ R
N
N \

\
[0288]  7EO°C FIA/D-1MT (3.0g,13.75mmol) F &z (70mL) 1 V& & 40 i ANaOH
(550mg I MRAE30mL £ B T /K1) , SR JE A Boc20. ¥t [ MAIAE0C R Hi#E4/ Nt IEAE S IR
P FE R AR U R 2 R UG R R 2 =0 2 — K IR N AE0C TR AN HC1IR
b, I 7= ) FHEtOAC KB K A ALAE B F £ /K e, HEZNazS0a 15, YR N 28 KR I 77ILA
"R, KR — DAt BEEHT F—2 (4.32,98%) »
[0289] & RRN“— GRUT AR IE) —1—@%—1)—@%@3%%@5

0 (o}

OH OBn
[0290] NHBoc Cs2C03 “NHBoc
BnBr A\
N N
i \

[0291]1  7E60m1 DMFHHEMEN— (BUT Gk 3E) —1-F FE-D- % R (3.00g,9.42mmol) , 1]
HA AN Cs2C03 (1.78g,5.47Tmmol) FIFEFEE (1.61mL,9.42mmol) F FFEIVR BB E =R T
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P HE2 /NN o SO (TLC) 45 3R J5 , U TR 2DME, R 5k R IR B EER K/ B Lt , 2
Je FHZEA87K (3x50mL) A1E: K P vs o B G ML 2 4 To /K B BR 89 T 15 5 B 25 IR 4 B R i it
wER AR 2E4L (3.5g,91%) -

[0292] & pl1-H HE-D- A Z R HE £ IR R (NLG-1338)

[0293] “NHBoc  HCVEtOAc

“NH, HCI

[0294]  FEFEFE T , FEUKUT ¥4 2035 %5 B8 v FOET FLIIRBGE IR - 1) £ R 2. T (26 9mL) F1
MeOH (8.9mL) « ZZM2 AN L Bt (14.22mL) K FrfS A AE0 C R HiE #2043 %, I I AMeOH
(0.5mL) o F AN (U T S FEHEL) —1-FF 2D & B2 TE (3.5g,8.6mmol) RN E T-IK
TBH FEB A BB EE ) 25 HCT (AMTEtOAcH) 128N & AN GRUT S R B dt) —1-F -
Dt SRR BE (I eI o 7RO °C N B VRRI 2N 41 150 B, o 82 31 1 (IR BB L, I
W4 BRI MK P B o A VR BT B BE 2 . 5/ N B TRCE B 2 Bk (50mL) AR BRI UK Hh v
H, I Hd P8 BRI, TR R I8 A B Ve B R TE B B S R R, IR B 2
& [ AR PR BT 75 P24 (6. 45¢,88%) o IH NMR (ds—dmdso) 53.28 (dd,2H, J=5.6,15.2Hz) ,3.70
(s,3H) ,4.26-4.29 (m, 1H) ,5.08 (d,1H,J=12.4Hz) ,5.13(d, 1H,J=12.4Hz) ,7.04 (t,1H,]
=7.6Hz) ,7.06 (s,1H) ,7.10-7.18 (m,3H) ,7.30-7.35 (m,3H) ,7.42(d,1H,J=8Hz) ,7.53 (d,
1H,J=8Hz) .

[0295]  D-IMT)—-COOHIEH (I AT A AL — RT3

‘ WPE N
1 HATU \ \
0 0
>__ O,R N"R
. - H
[0296] HC! N\ NHHC & [~ NH,HC!
O ek VY o
N N
i |
O Q
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[0297]  [IN- (BT A FE KAL) —1-F R-D-A &R (3. 14mmol) & YA EE AL (3. 14mmol) Al
HATU (3. 14mmo1) 7F Z.Ji (30mL) H ¥ ¥ -F Il ADIPEA (9. 42mmol) , F-f8 A i iR 22 = i - it
PR LT/ J5 5 4 S B2 FH K (50mL) Ak, 3744 7 45 FCHaC 12 (3x50mL) AL HL o K 1
AHLEER K 25mLx1) «ERK (25mlx1) Y, ZNaoS0s T4 Ik R ik 46 , A BRI - €
ARSI TR P
# ot £ AR F &%)
NLG-1 [Boc (S)-Na-(B T #ILHIL)-1-F | 40
551-B.1 oMH B D-& A B 3-(RT A
3 %O F)2- (BT AAZE )R
[0258] / iﬂtBoc 2)-3- AR A B
>‘\O (o]

1.41 (s, OH), 1.44 (s, 9H), 1.45 (s, 9H),3.16 (dd, 1H, J = 15.3, 4.8 Hz),
3.29 (dd, 1H, J = 15.3, 4.8 Hz),3.75 (s, 3H),4.35-4.52 (m, 3H),4.61 (d,
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1H, ] = 6.3 Hz),4.99 (d, 1H, ] = 8.6 Hz), 5.28 (d, 1H, J = 8.7 Hz),6.87
(s, 1H), 7.11 (t, 1H,J = 7.3 Hz), 7.22 (t, 1H, I = 7.3 Hz), 7.29 (4, 1H,
J=8.2Hz),7.52 (d, 1H, ] = 7.8 Hz).
NLG-1 0 N-(RT A A )1-F 4 [ 78
Jox
\ O O

558-A- -D-& R B (2,2-=F #-1,3-
N
i
o
Boc

s SRS I T B

127 (s, 3H), 133 (s, 3H), 1.35 (s, 9 H), 321 (4, 2H, ] = 5.6
Hz),3.44-3.50 (m, 1H), 3.67 (s, 3H), 3.80-3.86 (m, 1H), 3.99-4.03 (m,
2H), 4.07-4.12 (m, 1H), 4.58 (g, 1H, ] = 6.5 Hz), 4.99 (d, 1H, J = 8.2
Hz), 6.82 (s, 1H), 7.03 (t, 1H, J = 7.4 Hz), 7.14 (¢, 1H, J = 7.4 Hz),
7.21(d, 1H, ] = 8.1 Hz), 7.47 (d, 1H, J = 8.0 Hz).

NLG-1 L .Boc Ne-(HR T R HKIHL)-1-F A | 38

HN = N — 2=
557-B- \ Oy~ | D-ERE 2-(=FARE)
El4 N" | 7 &
o | N

1.33 (s, 1H), 1.43 (s, 8H), 2.23 (s, 5H), 2.29 (s, 1H), 2.43 — 2.60 (m,
4H), 3.27 (d, J = 5.6 Hz, 2H), 3.74 (s, 3H), 4.1 — 4.23 (m, 2H), 4.63
(m, 1H), 5.10 (m, 1H), 6.91 (s, 1H), 7.10 (ddd, J = 8.0, 6.8, 1.2 Hz,
1H), 7.21 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 7.28 (d, /= 8.0, 1H), 7.54 (d,

J=8.0 Hz, 1H).
[0299]

NLG-1 Ne-(B T B 3 )-1-F 3£ | 60

372-A- -D-t&RER 2-(W A-2H-vt

E39 -4-HK) T A5
1.29 — 1.35 (m, 2H), 1.42 (s, 9H), 1.60-1.67 (m, 5H), 3.17 — 3.35 (m,
4H), 3.74 (s, 3H), 3.84 — 3.93 (m, 2H), 4.10 (dq, 2H, J = 10.4, 6.4 Hz),
4.55 — 4.65 (m, 1H), 5.06 (d, 1H, J = 8.2 Hz), 6.86 (s, 1H), 7.09 (ddd,
1H,J= 8.0, 7.0, 1.1 Hz), 7.21 (ddd, 1H, J= 8.2, 6.9, 1.1 Hz), 7.28 (d,
1H, J= 7.4 Hz), 7.48 — 7.59 (m, 1H)

NLG-1 Ne(R T A # H)-1-F % | 91

]535262-A- -D- &, R BE-L- 4 RERR T B

0.69 (d, 3H, J = 6.8 Hz), 0.75 (d, 3H, J = 6.8 Hz), 1.42 (s, 18H),
1.98-2.03 (m, 1H), 3.18 (dd, 1H, J = 14.4, 7.2 Hz), 3.27-3.35 (m, 1H),
3.73 (s, 3H), 4.35-4.39 (m, 1H), 4.50 ( br s, 1H), 5.07 (br s, 1H), 6.31

39



CN 107847486 A ﬁ'ﬁ HH :I:; 31/78 L

(d, 1H, ] = 8.8 Hz), 6.92 (s, 1H), 7.12 (1, 1H, J = 7.2 Hz), 7.22 (t, 1H, J
=7.2 Hz), 7.28 (d, 1H, ] = 8.0 Hz), 7.64 (d, 1H, ] = 8.0 Hz

NLG-1 B | 4N T RIEHI)-1- | 92

561-A- /_;) ¥R -D-& A B)RL) TR

E29 o ko -1-F BRAR T B

o
NH
\ éOC
N

\
0.95-1.05 (m, 2H), 1.47 (s, 18H), 1.32-1.40 (m, 3H), 1.55 (d, 2H, J =
2.4 Hz), 2.59 (dt, 2H, J = 2.7, 12.8 Hz), 3.25 (d, 2H, J = 5.6 Hz), 3.74
(s, 3H), 3.99-4.05 (m, 2H), 4.94-5.00 (m, 2H), 5.08 (d, 1H, J = 8.0
Hz), 6.52 (br s, 1H), 6.86 (s, 1H), 7.09 (t, 1H, ] = 7.4 Hz), 7.21 (t, 1H,
J=7.6 Hz), 7.28 (d, 1H, J = 8.0 Hz), 7.53 (d, 1H, ] = 8.0 Hz).

NLG-1 o~ ses | A((N*-(H T AR HH A )-1- | 83
[0300] | J03-A- /° ¥ -D-& A BRI F )
E30 - k-1 F BRAR T B
N
\

0.93-1.10 (m, 2H), 1.29-1.32 (m, 1H), 1.45 (s, 18H), 1.63-1.69 (m,
2H), 2.59 (tt, 2H, J = 2.4, 13.2 Hz), 3.25 (t, 2H, J = 5.4 Hz), 3.75 (s,
3H), 3.84-3.92 (m, 2H), 4.01-4.06 (m, 2H), 5.06 (d, 1H, J = 8.0 Hz),
6.35 (br s, 1H), 6.86 (s, 1H), 7.10 (dt, 1H, J = 1.2, 6.8 Hz), 7.24 (d,
1H,J=1.2, 6.8 Hz), 7.28 (d, 1H, ] = 8.4 Hz), 7.53 (d, 1H, ] = 8.0 H)
NLG-1 O— [N“(BRTAEZE)-FL |91

E 4 D- & Ak £ B T A

1.25 (s, 9H), 3.15-3.25 (m, 2H), 3.67 #= 3.69 (/> s, 3H), 3.70 F=
3.71 (AA s, 3H), 3.90-3.92 (m, 2H), 521 #= 4.48 (s, 1H), 6.54-6.52
(m, 1H), 6.93 (s, 1H), 7.13 — 7.03 (m, 1H), 7.14 — 7.30 (m, 2H), 7.59
(d, 1H, J= 8.0 Hz).

[0301] &N~ GRUT 48U B L) —1-F 2Dt & e H &R (NLG-1579-A-E44)
OH

[0302]

NLG-1578-A-E43 NLG-1579-A-E44
[0303]  [H]NLG-1578-A-F43 (300mg,0.770mmol) FTHF (10mL) " [ ¥ s Ik (2mL) FO4H —
KA (49mg, 1.16mmol) , AR S ELE L T HiHE2. 0/ RS9 M HCT (FR0
‘CF) A FE 3] 22 0K 7K (20mL) H o # 7K J= HEt0AC (3x35ml) ZEHL & FF A HL=ZE
NaoSO04 8 - 4 o W HH r= W a i PR AT 8 i i1k DA A3 31 2 3 S AR BT 75 7= 4 (260mg
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90%) o'H NMR:1.25F11.39 (B s,9H) .3.18-3.24 (m,2H) ,3.70 (s,3H) ,3.81-4.05 (m,2H) ,
4.55(s,1H) ,5.20-5.33 (m, 1H) ,6.63 (s, 1H) ,6.92 (s, 1H) ,7.10 (t,1H,J=7.2Hz) ,7.15-
7.25(m,2H) ,7.59 (dt H,J=7. 9Hz)

R

oR (>_ ;
(03041 & I Vol Q{BOP’\H - @.{ b Q{NH’HC'

R=H, K. REAFE R-H K km}by}ﬁx
[0305]  fEE T, i) - W&k (15mL) F i tBoc fR4P B % (1.57mmol) HIVE-& 4+ I AHCL
(4mL, 4 . OMIEVR T W& Jerh) AR HE2 5/ 5, PR T 28 TR 571 K R R 5 R AT
Bk (10mL) —FEBERE , W (A FEAE IR F T, DA 5 7.
[0306]  4ZHRLL_E# 7> BTk AR P& A T &)

i o £ Ak i
(%)
NLG-15 \N\ 1-FA-D-&&8B 2-(=F |42
57 Bt - AEH) B —Em
o
\ NH,HCI
[0307] rr

'H NMR (400 MHz, ¥ 85-ds): 2.69 (s, 3H), 2.77 (s, 3H), 3.46 (dd,
J=6.7, 2.1 Hz, 2H), 3.81 (s, 3H), 4.35 (m, 1H), 4.46 (t, J = 6.6 Hz,
1H), 4.54 (m, Hz, 1H), 7.11 (dd, J = 8.0 1.2 Hz, 1H), 7.18 — 7.25 (m,
2H), 7.40 (d, J = 8.0), 7.58 (d, J = 8.0, 1H).

|
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[0308]

NLG-15
61

NHHCI | -9 & D-& &8 2-(9k"Z | 64
/_;) SN T T

(DMSO-d6) 1.24-1.45 (m, 5H), 1.60 (d, 2H, J = 13.2 Hz), 2.64-2.72
(m, 2H), 3.11-3.14 (m, 2H), 3.25 (dd, 1H, J = 14.4, 7.6 Hz), 3.33-3.83
(m, 1H, 5% & DMSO % HO4-F), 3.75 (s, 3H), 3.99-4.08 (m, 2H),
4.15 (1, 1H, ] = 6.6 Hz), 7.04 (1, 1H, ] = 7.4 Hz), 7.16 (t, 1H, ] = 7.6
Hz), 7.24 (s, 1H), 7.42 (d, 1H, J = 8.0 Hz), 7.53 (d, 1H, J = 8.0 Hz),
8.75 (br s, 3H), 8.95 (br s, 1H), 9.16 (br s, 1H)

NLG-15
63

Q NH.HCI 1-9¥ A -D-& R Bk -4-% | 50
o/—<:/\

\ 2.

N
|

(DMSO-d6) 1.16-1.34 (m, 2H), 1.41 (d, 1H, J = 13.6 Hz), 1.53 (d,
1H, J = 13.6 Hz), 1.61-1.66 (m, 1H), 2.66-2.70 (m, 2H), 3.08-3.16
(m, 2H), 3.22-3.28 (m, 1H), 3.36-3.44 (m, 1H), 3.74 (s, 3H),
3.78-3.88 (m, 2H), 4.12-4.17 (m, 1H), 7.05 (t, 1H, J = 7.4 Hz), 7.15
(t, 1H, J = 7.4 Hz), 7.24 (s, 1H), 7.40 (d, 1H, J = 8.0 Hz), 7.55 (d, 1H,
J=7.6 Hz), 8.83 (br s 3H), 9.06 (br s, LH), 9.34 (br s, 1H)

NLG-15
72

O |1-PAD-&AMK 2-(WEA | %
2H-wtbrf-4-K) LB 2R &

TH NMR(DMSO-ds, 400 MHz): 3 = 0.93 — 1.11 (m, 2H), 1.18 (d, 1H,
J =62 Hz), 1.26 — 1.43 (m, 4H), 3.14 (d, 2H, J = 11.2 Hz), 3.23 (dd,
1H, J = 14.7, 7.7 Hz), 3.29 — 3.39 (m, 2H), 3.69-3.78 (m, 4H), 4.04
(d, 2H, J = 6.2 Hz), 4.17 (t, 1H, J = 6.6 Hz), 7.04 (ddd, 1H, J = 8.0,
7.1, 1.0 Hz), 7.16 (ddd, 1H, J=8.3, 7.0,1.2 Hz), 7.23 (s, 1H), 7.42 (d,
1H, J=8.2 Hz), 7.53 (dd, 1H, J=8.1, 1.4 Hz), 8.69 (br s, 3H).

NLG-15
78

O— | 1-FE-D-&R&BHART |93

0 /—< fis th ik &k

NH O

{ NH,HCI

N
|

3.12 (dd, 1H, J= 147, 7.8 Hz,), 3.25 (dd, 1H, J = 14.7, 5.7 Hz),
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3.64 (s, 3H), 3.72 (s, 3H), 3.93 (1, 2H, J = 6.0 Hz), 3.97-4.06 (m, 1H),
[0309] 7.03 (t, 1H, J=7.5Hz),7.14 (t, 1H, J=7.20 Hz), 7.19 (s, 1H), 7.39

(d, 1H, J=82 Hz), 7.71 (d, 1H, J=8.0 Hz), 8.21 (s, 2H), 9.15 (m,
1H).

[0310] & k0- (1-F 3-D-E & BE) -L- 22 & — Th iR th (NL-G1551)

[0311]
“’NH,HCI

NLG-1551-B.1-E15 NLG-1551

[0312]  {E0°C F[\INLG-1551-B.1-E15 (0.450g,824.66mmol) T-CH2C12 (10mL) H FRI VA VR Vs AN
HCI (2mL, AMPE T W& E ), FEE I IR 28 iR - FE SRR/ 5, 28 R VA 73K S N4
=9 412 (8mL) Wkt , RIS AR iR T R T/ AR 2R K =IO G B I S Je K
HCT¥ VR (ImL , AMVE R T —FEE ) F B R S B RE 1053 B 98U T 28 R G ¥ r= v H
CBE L 2% (10290, 15mL) F 8% , 3¢ HR =it 8 3 F TG 7K 20 BE (10mL) B3 - B R )8 =4
(0.190g,61%) .'H NMR (400MHz ,CD30D) :3.22-3.28 (m, 1H) ,3.43 (dd,1H,J=15.4,4.7Hz) ,
3.70(s,3H) ,4.23 (t,1H,J=3.9Hz) ,4.35(dd,1H,J=8.0,4.9Hz) ,4.60 (d,2H,J=3.8Hz) ,
6.99-7.04 (m,1H) ,7.05(s,1H) ,7.09-7.16 (m,1H) ,7.29 (d,1H,J=8.3Hz) ,7.50(d,1H,J=
7.9Hz) o
[0313] & Rl1-H ZE-D- L M- L- SN IR 2 R £k (NLG-1556)

O—t-Bu

[0314]

NLG-1556-A-E22 NLG-1556
[0315] ¢ T-3&&H bR A FEF LI RBEER H 1 — & b (TmL) FIMeOH (1. 20mL, 28. 6mmol) 7E
VKIS RS 2 BRI 2 S (2.00mL , 28 . 6mmol) o 44 TS VA VR 2E0°C R #it £ 2043 4 I
R IIMeOH (0. 1mL) o445 AANLG—-1556-A—-E22 (678mg, 1. 43mmol) FR B & T-vkig H , Hk %
1Y BT 656 1] 24 (FTHCT (AMT —RE He ) G2 18 il {31 22 & A NLG-1556-A-E221¥ Fe il H o A ¥ v T
2 2R FE R ZN IR 18 /NI o A FH e e 78 AN 22 B ¥ 77 A A5 31 4l 1 8] 4 (205mg ,40%) o
(DMS0-d6) 0.71-0.77 (m,6H) ,1.91-2.00 (m, 1H) ,3.08 (dd, 1H,J=14.4,8.4Hz) ,3.23 (dd,
1H,J=14.4,8.4Hz) ,3.73 (s,3H) ,4.12-4.17 (m,2H) ,7.06 (t,1H,J=7.4Hz) ,7.17 (t,1H,]
=7.8Hz) ,7.20(s,1H) ,7.40(d,1H,]=8.4Hz) ,7.74(d,1H,J=8.0Hz) ,8.2 (br s,3H) ,8.74
(d,1H,J=8.4Hz)
[0316] A Al-H3E-D-AE L2, 3- A lEEEER £ (NLG-1558)
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FS S

0.0

\
N— Ox© N
[0317] \ \
o —_ e ‘s
'NH NH,HCI
Boc

NLG1558-A-E23 NLG-1558

[0318]  7E0°C F[AINLG1558-A-E23 (11.5g,26.59mmol) F-THF (100mL) 7 {1 ¥4 & 7 TN TFA
(16.3mL,212.7mmol) F17K (0.958g,53.18mmol) FF LFR¥EA HIVE , ¥R & W1E I T i HE2 /)
B o 8 IMHCT (13.3mL,53. 18mmo] ;4. OMEIH T —R&EE ) FRak i F: 1/ o8 | A 7E40°C
R4S Bl BT UE I 1 o B A 3 i FIMTBE G i A 73 31 Eh g 25 (4.5¢,51%) o 'H NMR
(400MHz , DMSO—ds) :3.32-3.40 (m, 1H) ,3.44-3.52 (m,3H) ,3.76-3.86 (m,4H) ,4.16-4.37 (m,
3H) ,7.10 (t,1H,J=7.4Hz) ,7.14(s,1H) ,7.19 (t,1H,J=7.6Hz) ,7.38 (d,1H,J=8.2Hz) ,
7.58(d,1H,J=7.9Hz) »

[0319]  D—IMT#)—-NHo F1—-COOHIE A (I AT A=Ak i —F T %

[0320]

R = Et, Bn
[0321] B i&E 4D EREE Eh R 2R TG (1.0g,3.54mmo) FIi&E 4L (3.54mmol) FFO°C |
7E 2. Jf5 (50mL) Tk . Vs INHATU (1.48g, 3. 89mmol) AiPraNet (2.46mL, 14 . 15mmol) , ¥
PR 2R BRI 9 T 22 BRI R IRk P 5 A K (50mL) A — & bt (50mL) # Bk
SEANZE K AKZEH & F K (3x50mL) LK &I 1A HLUZE 37K (50mL) ¥k &
NazSO0s T4 FE ek IR 45 o K KL P~ P i i peidA e Ak, LS BT R 7240

# e 2 A JE (%)
NLG-156 5 Ne-((R T R K)-L-= | 92
4-B-E31 A BL)-1-F A -D-& R T
[0322] Boc—NH NH i
\ g OEt
N
|
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0.86 (dd, 6H, J = 6.2, 2.1 Hz), 1.20 (¢, 3H, J = 7.1 Hz), 1.39 (s,
9H), 1.55-1.58 (m, 2H), 3.29 (d, 2H, J = 5.7 Hz), 3.74 (s, 3H),
4.03-4.18 (m, 3H), 4.79-4.86 (m, 2H), 6.60 (d, 1H, J = 7.8 Hz),
6.87 (s, 1H), 7.09 (t, 1H, J=7.4 Hz), 7.20 (t, 1H, J = 7.5 Hz),
7.26 (s, lH) 7.52 (d, 1H, ] =7.9 Hz)

NLG-156 o Ne-((# T B )L+ | 93
5-A-E32 FRBL)-1-F L -D- & 2B
Boc NH LB

%

0.80- 0.84 (m, 6H), 1.02 — 0.91 (m, 2H), 1.19 (t, 3H,J = 7.1 Hz),
1.40 (s, 9 H), 1.87 (m, 1H), 3.28 (¢, 2H, J = 5.4 Hz), 3.72 (s, 3H),
4.00 — 4.04 (m, 1H), 4.05- 4.16 (m, 2H), 4.85 (q, 1H, J = 6.4 Hz),
4.95 (d, 1H, J = 9.0 Hz), 6.46 (d, 1H, J = 7.7 Hz), 6.87 (s, 1H),
7.10 (ddd, 1H, J = 8.0, 6.8, 1.1 Hz), 7.20 (ddd, 1H, J = 8.2, 6.9,
1.2 Hz), 7.26 (d, 1H, J = 8.0 Hz), 7.53 (dt, 1H, J=7.9, 1.0 Hz)

NLG-156 0 NO-((# T B A HK)-L-2 | 90
6-A-E37 | HN 5 BLA L )-1-F & -D- & 28R
i
Boc—NH NH

[0323]

—Z
O
o
m

1.16 (t, 3H, J = 7.1 H), 1.33 (s, 9H), 1.79 — 1.99 (m, 2H), 2.05
(ddd, 1H, J =152, 6.9, 5.7 Hz), 2.18 (ddd, 1H, J=14.8, 8.6, 5.9
Hz), 3.21 (d, 2H, J = 5.9 Hz), 3.68 (s, 3H), 4.00 — 4.14 (m, 3H),
475 (dt, 1H, J = 7.7, 5.9 Hz), 5.22 (s, 1H), 5.55 (d, 1H, J = 7.0
Hz), 5.90 (s, 1H), 6.85 (s, 1H), 6.87 — 6.93 (m, 1H), 7.04 (ddd, 1H,
J=8.0,69, 1.1 Hz), 7.14 (ddd, 1H, J=82,69, 1.1 Hz), 7.17 -
7.21 (m, 1H), 7.45 (d, 1H, J=7.9 Hz),

NLG-157 o N (4 T f A % % )-L- | 80
4-A-E40 K A ABL)-1-F % -D-
Boc NH & AR LA

@ﬂ

1.14 (1, 3H, J=7.1H), 1.29 (s, 9H), 2.82 (s, 2H), 2.91-3.02 (m,
1H), 3.03-3.10 (m, 2H), 3.25 (dd, 1H, J= 14.78, 5.2 Hz), 3.67 (s,
3H), 3.99 - 4.07 (m, 2H), 4.33 (brs, 1H), 4.79 (q, 1H, J =62
Hz), 6.37 (d, 1H , J = 7.8 Hz), 6.57 (s, 1H), 7.06 (ddd, 1H, J =
8.0, 6.8, 1.2 Hz), 7.14 — 7.25 (m, 6H), 7.41 (d, 1H, J = 7.9 Hz).
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NLG-158
5-A-E45

N2-(8R T & A HZ K )-N*- | 71
(R)-1-TAIL-3-(1-F -1

0]
N H-3] -3-20)-1- A A A -
N7 o |2-3)-L-K&Btp: P s
f ’Boc
" NH
(0]
0]
/

1.18 (t, 3H, J = 7.2 Hz), 1.39 (s, 9H), 2.63 (dd, 1H, J=17.1, 6.1
Hz), 2.95 (dd, 1H, J = 17.2, 4.4 Hz), 3.29 (d, 2H, J = 5.8 Hz), 3.62
(s, 3H), 3.74 (s, 3H), 4.03-4.13 (m, 2H), 4.53 (br s, 1H), 4.79-4.83
(m, 1H), 5.61 (d, 1H, J = 9.0 Hz), 6.88 (s, 1H), 7.01-7.10 (m, 2H),
7.19 (ddd, 1H, J = 8.2, 6.9, 1.2 Hz), 7.24-7.27 (m, 1H), 7.51 (m,
1H).

NLG-154 . No-((& T &AHKHK)-D-& | 97

o]

6-B-E20 @,\@T A BL)-1-F A -D-&RBK T
"f Boc;Ng_}/—D @S

N

H
1.18 (t, 3H, J=7.1 Hz), 1.38 (s, 9H), 1.73 (br s, 1H), 3.13 (dd,
2H, J=5.4,2.5 Hz), 3.32 (s, 1H), 3.57 (s, 3H), 4.05 (dd, 2H, J =
17.2, 7.2 Hz), 4.43 (s, 1H), 4.72 — 4.80 (m, 1H), 5.07 (s, 1H), 6.22
(s, 1H), 6.42 (s, 1H), 6.90 (s, 1H), 6.97 (s, 1H), 7.04 — 7.25 (m,

[0324] 5H), 7.33 (d, J = 8.2 Hz, 1H), 7.66 (d, J = 7.8 Hz, 1H), 7.87 (s,
1H)
NLG-154 S ot No-(No~(# T #2FLHIH)-1- | 95
9-A-E26 @r\(f 1 A -D- & A Br)-1-F & -D-
g R &, R BR LB5
N

!

1.16 (t, 3H, J = 7.1 Hz), 1.37 (s, 9H), 3.02 — 3.20 (m, 3H), 3.35 (d,
1H, J = 15.0 Hz), 3.57 (s, 3H), 3.68 (s, 3H), 3.94 — 4.10 (m, 2H),
4.42 (brs, 1H), 4.75 (d, 1H, J = 6.8 Hz), 5.04 (s, 1H), 6.24 (br s,
1H), 6.37 (s, 1H), 6.84 (br s, 1H), 6.94 (s, 1H), 7.08-7.18 (m, 3H),
7.17 - 7.25 (m, 2H), 7.27 - 7.33 (m, 1H), 7.65 (d, 1H, J= 7.9 Hz)
NLG-156 & No-((R T 2K HK)-L-& | 97

0-B-E28 b P A Br)-1-F K -D-E AR T

HN
p ; i
"\‘ BocHN )

H

1.12 (t, 3H, J= 7.1 Hz), 1.39 (s, 9H), 2.90 (d, 1H, J = 15.2 Hz),
3.05 — 3.32 (m, 3H), 3.56 (s, 3H), 3.91 — 4.10 (m, 2H), 4.4 (br s,
1H), 4.75 (br s, 1H), 5.15 (br s, 1H), 6.18 (d, 1H, J=7.8 Hz), 6.27
(s, 1H), 6.86 (d, 1H, J = 2.3 Hz), 7.04 (ddd, 1H, J = 8.0, 6.8, 1.2
Hz), 7.14 (ddd, 1H, J=8.0, 7.1, 1.2 Hz), 7.16 — 7.27 (m, 3H), 7.30
(dt, 1H, J= 8.1, 1.0 Hz), 7.37 (d, 1H, J = 8.2 Hz), 7.68 (d, 1H, J =
7.7 Hz), 7.80 (s, 1H)
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NLG-155 N N-((# T 2R HK)-L-4 | 95

3-B-E21 [ o ABL)-1-FA-D- AR T

HN Boc
\ jé—N'H it
\

0.80 (d, 3H, J = 6.8 Hz), 0.87 (d, 3H, ] = 6.8 Hz), 1.19 (¢, 3H, ] =
7.2 Hz), 1.40 (s, 9H), 2.09-2.17 (m, 1H), 3.25-3.32 (m, 2H), 3.74
(s, 3H), 3.94-3.97 (m, 1H), 4.09-4.15 (m, 2H), 4.84-4.89 (m, 1H),
4.93-4.95 (m, 1H), 6.45 (d, 1H, J = 7.6 Hz), 6.87 (s, 1H), 7.10 (t,
1H, T =74 Hz), 7.21 (t, 1H,J = 7.6 Hz), 7.27 (d, 1H, ] = 7.6 Hz),
7.53 (dd, 1H,J = 8.0, 1.2 Hz)

NLG-155 N Ne-((# T 8 ) H & | 94
4-A-E25 @’()L o | Bby1-P D68 E
HN
\

Boc
/

NH
N
|

1.22 (t, 3H, J = 7.2 Hz), 1.42 (s, 9H), 3.31 (d, 2H, J = 5.2 Hz),
3.72-3.77 (m, 2H), 3.74 (s, 3H), 4.07-4.17 (m, 2H), 4.86-4.91 (m,
1H), 5.04 (br s, 1H), 6.50 (d, 1H, J = 7.6 Hz), 6.86 (s, 1H), 7.10 (t,
1H, J = 7.4 Hz), 7.21 (t, 1H, ] = 7.4 Hz), 7.28 (d, 1H, J = 8.0 Hz),
7.50 (d, 1H,J=7.6 Hz

NLG-155 o /— |N((RTAABEL)L-A |5

o = RPN
5-A-E27 / o 2 BE)-1-F K-D- & AR T

HN B

[0325] \ J§—~'H°° 5

N

\
1.20 (t, 3H, J = 7.0 Hz), 1.29 (d, 3H, J = 7.2 Hz), 1.40 (s, 9H), 3.30
(d, 1H, ] = 5.6 Hz), 3.75 (s, 3H), 4.09-4.16 (m, 3H), 4.81-4.86 (m,
1H), 4.93 (br s, 1H), 6.61 (br s, 1H), 6.87 (s, 1H), 7.09 (t, 1H, J =
7.4 Hz), 721 (t, 1H,J = 7.6 Hz), 727 (d, 1H, ] =8.4 Hz, 5 &A%
&3, 7.52 (d, 1H, J = 8.0 Hz)

NLG-154 //@ Ne-(N?NO- R (& T # Ak | 91
8-A-E18 o4 B I)-L- B 2 BR)-1-F
[ o HK-D- &2 B F B
{ i NHBoc
N
\
BocHN

'H NMR (400 MHz, &5 -d) § 1.25 (q, J = 7.7 Hz, 2H), 1.39 (s,
9H), 1.44 (s, 9H), 1.47 — 1.55 (m, 1H), 1.67 — 1.80 (m, 2H), 3.02
(t, J= 6.7 Hz, 2H), 3.29 (d, J = 5.5 Hz, 2H), 3.66 (s, 3H), 4.04 (s,
1H), 4.53 (s, 1H), 4.90 (q, J = 6.1 Hz, 1H), 4.97 (s, 1H), 5.09 (q, J
= 12.2 Hz, 2H), 6.57 (d, J = 7.8 Hz, 1H), 6.64 (s, 1H), 7.08 (t, J =
7.4 Hz, 1H), 7.20 (t, J= 7.6 Hz, 1H), 7.23 — 7.29 (m, 4H 5 CHCl;
+ &), 7.30-7.39 (m, 3H), 7.49 (d, J= 7.9 Hz, 1H).
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NLG-154 | \/ o (S)-5-(R)-1-( ¥ % £ |93
7-D-E17 g #)-3-(1-F A -1H-% %
-3-20)-1- AR A IE-2-2)
RAE)A(B T EEE L)
) 4 OL@ FH)-5- BB T B

5 1.38 (s, 9H), 1.43 (s, 9H), 1.76 — 1.91 (m, 1H), 1.94 — 2.09 (m,
1H), 2.20 (dt, J = 16.6, 7.0 Hz, 1H), 2.31 (dt, J = 16.6, 7.3 Hz,
1H), 3.19 - 3.36 (m, 2H), 3.67 (s, 3H), 4.90 (dt, J = 8.1, 5.6 Hz,
1H), 5.00 — 5.14 (m, 2H), 5.19 (s, 1H), 6.70 (s & & m, 2H), 7.08
(ddd, J = 8.0, 6.9, 1.2 Hz, 1H), 7.18 — 7.28 (m, 4H), 7.29 — 7.37
(m, 2H), 7.50 (dt, J= 8.0, 1.0 Hz, 1H).

[0326] |DD-00508 \ —S§ Ne-((# T &k 2 )-L- | 84
-B-E078 & ¥ B ABEE)-1-F 4k -D-&
Boc—NH NH FER LA
0]
N —
)

5 1.21 (1, J=7.2 Hz, 3H), 1.40 (s, 9H), 1.79 — 1.89 (m, 1H), 1.94 —
2.00 (m, 1H), 2.01 (s, 3H), 2.31-2.36 (m, 1H), 2.36-2.46 (m, 1H),
3.30 (dd, J=5.7, 3.6 Hz, 2H), 3.75 (s, 3H), 4.12 (q, J=7.2 Hz, 2H),
4.26 (d, J=7.5 Hz, 1H), 4.84 (q, J=6.4 Hz, 1H), 5.17 (d, /=8.3 Hz,
1H), 6.67 (d, J=7.2 Hz, 1H), 6.89 (s, 1H), 7.10 (t, /=7.4 Hz, 1H),
7.21 (t, J=7.2 Hz, 1H), 7.28 (d, J=7.5 Hz, 1H), 7.53 (d, J=7.9 Hz,
1H).

[0327] & RRN"= ((S) -5- GRUT A 3E) —2- ((FUT LRI R IE) —5-AAULEE) —1-H 2E-D-
B (NLG-1547-E.2-E17)

X X4

® f ® 4
BocHN  NH BocHN  NH
[0328] NaOH
o — > { OH
b0 o
N N
| |
NLG-1547-D-E17 NLG-1547-E.2-E17

[0329] ¥4 (S) -5 (((R) ~1— (FFIEEIE) —3~ (1-H JE-1H-Mg| -3 -J) ~1 -4 AR A fi-2-38) &
H) —4- (GRUT AR L) 2 AE) -5 AR B BT IE (800mg, 1. 38mmo1) ¥ & T-MeOH (8mL) 1
THF (8mL) 1 . A1 2 0°C )5 , YR IMNaOHVE VR (2. 4mL, 2M) FK5 S B 035 £ 17N o B8 0 Id
HC1EEth EpH=4, ¥ B FIRIE (40°C) WY K4 VA TR 73 W0 S A A 7K AIDCM 2 [8) 43 ], I
WA HLZ 7K 2 FIDCM (2x15mL) ZEHL, F6 & FE 1A HLE FIZK R Rk ek - itk 4l i 45
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BT 7 (0.502¢,72%) o'H NMR (5 1/j-d,400MHz) :8=1.38 (s,9H) ,1.44 (s,9H) ,1.68-
1.81 (m,1H) ,1.84-1.99 (m,1H) ,2.12-2.33 (m,3H) ,3.23-3.42 (m,2H) ,4.23 (s,3H) ,4.86 (d,
1H,J=6.9Hz) ,5.41 (d,1H,J=8.6Hz) ,6.83 (d,1H,J=7.5Hz) ,6.93 (s,1H) ,7.09 (dt,1H,J
=8.0,1.2Hz) ,7.18(t,1H,J=7.8Hz) ,7.23 (B Ad5CDCls&E &, 1H,) ,7.60(d,1H,J=
7.9Hz) .

[0330] &k (S) —4-5 55— (((R) —1-¥2 5E-2- (1-FF - 1H-1g| W —3-Jik) 2, 3E) 4 J8) —5-44
AR 35 EE%]& (NLG-1547)

A<_>_( HC HCI H,N

BocHN

[0331] ,—s - - : ;_</

(NLG-1547-E.2-E17) (NLG-1547)

[0332]  [AIN“= ((S) —5- (RUT A2%) —2—- (GRUT A A k) 2 08) -5 BE) —1-F 2&-D-t8
ZIR (470mg,0.93mmo ) ¥ JIHCT (AMF ZRELe ) (4.7mL) oK BT AV AE iR R RS/
W ARG » T4 [ AT A - MeOH R, 7 L 14 7 A B I N #4 2260 'C AR $F LN o BV TR
A T, R SRR A, DA B K AR I BT R PR 4 (0.304,85%) o 'H O NMR
(DMSO—dg, 400MHz) = (e %% AR RS 4) 1.73-2.21 (m,4H) ,2.93-3.12 (m, 1H) ,3.14-
3.27 (m,1H) ,3.70(s,3H) ,3.83 (q,1H,J=5.8Hz) ,4.53-4.72 (m, 1H) ,7.01 (tt,1H,J=7.3,
3.7Hz) ,7.07-7.19 (m,2H) ,7.35(dt,1H,J=7.5,3.5Hz) ,7.44-7.61 (m,1H) ,8.42 (br s,
3H) ,8.83-9.10 (m, 1H) »

[0333]  JKARZHUARIID-1IMT 2 Bg i) — 5 ik

[0335] i) 3di 24k (0.991mmol) T-THF (10mL) 77 (VA T bn A K (3mL) F148E — K &4
(67mg,1.59mmol) , HRHR & MIFEPA SRR B N B HE2/ My RS A IM HCL (FE0°C ) H i
FAR] 22 UK A 7K (20mL>EP ¥ 7K )2 FHEt0AC (3x35mL) ZEHL . 4 & H 1 A HLZ & Nao S04 T 15
WY R Pl i PO R R alif , LS BT R P2
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# A 2 A R
(%)
NLG-1570- e N-((RT AL B L)L-F A | 87
A-E33 G P BE)-1-F 2-D- & &2
° NH
Boc

0.76 — 0.96 (m, 6H), 1.39 (s, 9H), 1.40-1.54 (m, 3H), 3.29 (dd,
1H, J = 15.1, 5.3 Hz), 3.40 (dd,1H, J=14.9, 5.7 Hz), 3.70 (s,
3H), 441 (td, 1H, J = 9.3, 5.4 Hz), 4.86 (q, 1H, J=67, 5.8
Hz), 5.26 (d, 1H, J = 9.1 Hz), 6.88 ( br s, 1H), 7.05 — 7.11 (m,
1H), 7.14 — 7.28 (m, 3H), 7.59 (d, 1H, J=7.9 Hz)

[0336] | NLG-1548- % a1 NO-(N2,NC- 2 (. T &k | 91
B-E18 [ o BA)-L-B A BE)-1-F 5
{ N )=NHBoc -D- &R
N
\
BocHN

1.05 — 1.20 (m, 2H), 1.37 (s, 9H), 1.4 (s, 9H), 1.65— 1.80 (m,
2H), 2.98 (br d, 2H), 3.15 — 3.51 (m, 2H), 3.69 (s, 3H), 3.84 -
4.04 (m, 1H), 4.15 (d, 1H, J = 7.6 Hz), 4.69 (s, 1H), 4.85 (d, 1H,
J=6.6 Hz), 5.43 (s, 1H), 5.73 — 6.18 (m, 2H), 6.91 (s, 1H), 7.06
(t, 1H, /=7.4 Hz), 7.18 (t, 1H, J= 7.5 Hz), 7.24 (d, 1H, J=8.3
Hz), 7.60 (d, 1H, J=7.9 Hz).

50



CN 107847486 A
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NLG1571-A
-E34

0 N((RT AEFE )L | 88

ek B & A BL)-1-F & D-

HN Boc ERE

\ NH
h{ livis

0.75-0.88 (m, 8 H), 1.37 (s, 9H), 1.62-1.70 (m, 1H), 3.13-3.17 #=
3.30-3.32 (B4~ m, 2H), 3.65 #= 3.70 (F/~ s, 3H), 4.89-4.92
(m, 1H), 5.33 (d, 1H, J = 9.2 Hz), 6.79 (1, 1H, J = 7.1 Hz), 6.92
(s, 1H), 7.08 (t, 1H, J=7.4 H), 7.19 (t, 1H, J=7.7 Hz), 7.25
(d, 1H, J= 6.8 Hz), 7.56 #= 7.62 (%A d, 1H, J= 8.0 Hz).

NLG1569-A
-E38

0 Ne-((# T 8 # K )-L- | 83
B BLRKR)-1-F K -D-8&,

e

HoN

OH

1.34 (s, 9H), 1.59 (dd, 1H, J = 14.1, 7.9 Hz), 1.73-1.77 (m, 1H),
1.94-2.04 (m, 2H), 3.02 (dd, 1H , J = 14.6, 7.9 Hz), 3.13 (dd,
IH, J = 14.5, 52 Hz,), 3.69 (s, 3H), 3.90-3.96 (m, 1H),
4.40-4.45 (m, 1H), 6.72 (s, 1H), 6.80 (d, 1H, J = 8.3 Hz),
6.96-7.02 (m, 1), 7.05 (s, 1), 7.10 (ddd, 1T J = 8.2, 7.0,
1.1 Hz), 7.18 (s, 1H), 7.34 (d, 1H, J= 8.2 Hz), 7.51 (d, 1H, J =
7.9 Hz), 7.98 (d, 1H, J=7.9 Hz), 12.70 ( br s, 1H).

NLGI1575-A
-E41

N-((# T BB IR)-L- | 75
F A A ARBL)-1-F 2 -D-
70

O
Boc—NH NH
OH

Y g
N
|

1.30 (s, 9H), 2.81-2.88 (m, 1H), 2.94-3.00 (m, 1H), 3.08 (dd,
1H, J = 14.8, 5.8 Hz), 3.21-3.25 (m, 1H), 3.66 (s, 3H), 4.41 (d,
1H, J = 6.7 Hz), 4.79-4.86 (m, 1H), 5.13 (d, 1H, J = 8.3 Hz),
6.56 (d, 1H, J = 6.5 Hz), 6.63 (s, 1H), 6.95-7.25 (m, 8H), 7.46
(d, 1H, J= 7.9 Hz).

NLG-1546-
C-E20

Non Ne((#T A )-D-E & | 84

Cf\(z ° Bt)-1-F & -D- & 2B,
"{ Boc;hlg_z/—@

H
1.31 (s, 9H), 3.05-3.13 (m, 3H), 3.29 (s, 1H), 3.55 (s, 3H), 4.44
(s, 1H), 4.75 (q, J = 6.1 Hz, 1H), 5.10 (s, 1H), 6.26 (s, 1H), 6.58
(s, IH), 6.89 (s, 2H), 7.07 — 7.24 (m, 5H), 7.31 (d, IH, J=8.0
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Hz), 7.64 (d, 1H, J= 6.6 Hz), 8.09 — 8.35 (m, 1H)

NLG-1549- L. NEN(HR T ABEHKE)-1-F | 40

B-E26 @,\(K P £ -D-& #BL)-1-F £ -D-&
"{ BOc;Ng_}/@ %ﬁé

1.27 (s, 9H), 2.99 (dd, 1H, J = 14.7, 5.4 Hz), 3.09 (dd, 1H, J =
14.3, 6.7 Hz), 3.16 (dd, 1H, J = 14.8, 5.2 Hz), 3.25 — 3.44 (m,
1H), 3.57 (s, 3H), 3.69 (s, 3H), 4.39 (br s, 1H), 4.76 (dt, 1H, J =
8.1, 5.5 Hz), 5.01 (br s, 1H), 6.29 (br s, 1H), 6.53 (s, 1H), 6.79
(br s, 1H), 6.91 (s, 1H), 6.97 (br s, 2H), 7.07 — 7.18 (m, 2H),
720 (d, 1H, J = 8.2 Hz), 7.21 - 7.34 (m 5 CDCl; £ &, 2H),
7.62(d, 1H,J=7.9 Hz
NLG-1560- A on N((B T REHZIE)-L-E 4 |91

C.1-E28 @’\f_”): o Bt)-1-F 35-D- & 2B
r‘f Boc;é_m

H
1.35 (s, 9H), 3.08 (2.79 — 3.25, 4H), 3.50 (s, 3H), 3.71 — 3.79
(m, 1H), 4.31 — 4.55 (m, 1H), 4.62 — 4.96 (m, 1H), 6.45 (s, 1H),
6.70 — 6.91 (m, 1H), 6.98 — 7.06 (m, 1H), 7.08 (¢, 1H, J = 7.5

[0338] Hz), 7.12 - 7.25 (m, 4H), 7.44 (q, 2H, J = 8.8 Hz), 7.56 (d, 1H, J
=7.9 Hz), 8.02 (br s, 1H).
NLG1353- XYoo | NHRT REKE) L&A | 100
cr2 /%8 | ®h)1-TAD-eAER

HN Boc
\ NH
N
|

0.77 (d, 3H, J = 6.8 Hz), 0.81 (d, 3H, J = 6.4 Hz), 1.38 (s, 9H),
1.84-1.92 (m, 1H), 3.30-3.32 (m, 1H), 3.66-3.77 (m, 4H),
4.08-4.12 (m, 1H), 4.88-4.92 (m, 1H), 5.23 (d, 1H, J = 9.2 Hz),
6.66 (d, 1H, ] = 7.2 Hz), 6.92 (s, 1H), 7.09 (t, 1H, J = 7.4 Hz),
7.20 (t, 1H, T = 7.6 Hz), 7.26 (d, 1H, J = 8.4 Hz, 5 &154 ),
7.62 (d, 1H, ] = 8.0 Hz)

NLG-1554- o) Ne-((F T @k # 3+ | 83
B-E25 og R EL)-1-F £ -D- & &
H/N ,Boc B
\ NH
\

1.39 (s, 9H), 3.25-3.35 (m, 2H), 3.2-3.74 (m, 5H), 4.85-4.90 (m,
1H), 5.21 (br s, 1H), 6.63 (br s, 1H), 6.90 (s, 1H), 7.08 (t, 1H, J
= 7.4 Hz), 7.17-7.27 (m, 2H, 5 & 154F), 7.55 (d, 1H,J =17.6
Hz)
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NLG-1555- o) NO-((H0 T £ 2% 2 )-L- | 86
B-E27 og A BL)-1-F 3 -D-& &
H/N ,Boc B
\ NH
N
|
1.21(d, 3H,J =7.2 Hz), 1.38 (s, 9H), 3.19-3.38 (m, 3H), 3.73 (s,
3H), 4.22-4.27 (m, 1H), 4.84 (br s, 1H), 6.77 (br s, 1H), 6.87 (s,
1H), 7.08 (t, 1H, J = 7.4 Hz), 7.19 (t, 1H, J = 7.4 Hz), 7.24 (d,
1H,J =8.8 Hz, 5&8454-3),7.57 (d, 1H,J = 7.6 Hz)
DD00510-A \S NO-((H0 T 8B 2% 2 )-L- | 92
l0sae] | 079 o Am)-1-F £D-&
Boc, 2B
HN
O
N NH
O
OH
1.36 (s, 9H), 1.68 — 1.87 (m, 2H), 1.94 #= 2.01 (s, 3H), 2.25-2.43
(A~ m, 2H), 3.23 (dd, J=14.9, 6.5 Hz, 1H), 3.36 (dd, J=14.6,
4.8 Hz, 1H), 3.71 (s, 3H), 4.23-4.34 (F A~ m, 1H), 4.82-4.94 (%
A~m, 1H), 5.52 (d, J=6.7 Hz, 1H), 6.79 — 6.99 (m, 2H), 7.09
(t, J=7.4 Hz, 1H), 7.19 (t, J=7.4 Hz, 1H), 7.25 (d, J=6.1 Hz, 1H),
7.58 (d, J=8.0 Hz 1H)
[0340]  "Boc it Ry 1 — ML vk .
[0341]  FEOCF, [A)3& 241 ‘Boc 3 i i (0. 707mmo1) F Mk (2mL) A W In NHC 1%

W (17T, 4. O T —WEAE ) (i TR T SR B PABEE 2. 518/ . (P 26
A 359 K K L C15mL) B8 T3 07 ML SR AR 2
T TR SR

# weH & A F&(%)
NLG-1 Q N°(D- & £ Bt)-1-F & -D- | 95
546 / o XL 51T
\ HN
N
[0342] \ HCI HoN /
N
H
'H NMR (400 MHz, 8 -ds) § 3.15 (d, J = 8.5 Hz, 1H), 3.19 (d, J =
8.5 Hz, 1H), 3.36 (d, 1H, J= 4.9 Hz), 3.37 — 3.41 (m, 1H), 3.71 (s, 3H),
4.06 (t, 1H, J = 3.6 Hz), 4.74 (s, 1H), 6.93 (s, 1H), 7.02 (¢, 1H, J=6.2
Hz), 7.04 — 7.07 (m, 1H), 7.14 (td, 2H, J = 7.9, 1.7 Hz), 7.20 (s, 1H),
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[0343]

7.22 (d, J= 8.1 Hz, 1H), 7.30 (d, 1H, J= 8.2 Hz), 7.38 (d, 1H, J=8.1
Hz), 7.56 (d, 1H, J = 8.0 Hz), 7.65 (d, 1H, J=7.9 Hz), 7.70 (d, 1H, J =
8.2 Hz)

NLG-1
548

O oH Ne-(L-#1 #Bk)-1-F #-D- | 87

o) 2

NH, HCI

="

—Z

HCI HoN

TH NMR (400 MHz, DMSO-de): 0.88 — 1.13 (m, 2H), 1.33 — 1.56 (m,
4H), 2.54 (t, 2H, J = 7.1 Hz), 2.95 — 3.10 (m, 1H), 3.15 — 3.24 (m, 1H),
342 (2% q5 H,0 €4, 1H, J=7.0 Hz), 3.73 (s, 3H), 4.50 — 4.67
(m, 1H), 7.01 (t, 1H, J= 7.5 Hz), 7.06 — 7.18 (m, 2H), 7.38 (d, 1H, J =
8.3 Hz), 7.55 (d, 1H, J = 7.9 Hz), 8.02 (br s, 3H), 8.20 (br s, 3H), 8.83
(d, 1H, J = 8.1 Hz), 12.93 (br s, 1H)

NLG-1
549

= 1-F &K -N-(1-F & -D-& | 92

' £Bh)-D-EAB LB
{ HN

N HCIHyN

| /

N
l

TH NMR (400 MHz, DMSO-de): 3.10 (id, 2H, J = 15.5, 7.9 Hz), 3.24
(ddd, 2H, J = 17.5, 15.1, 5.9 Hz), 3.72 (s, 2H), 3.73 (s, 4H), 4.02 (dd,
1H, J =83, 5.1 Hz), 4.58 (q, 1H, J = 7.0 Hz), 7.04 (td, 2H, J = 7.4, 4.2
Hz), 7.09 — 7.23 (m, 4H), 7.40 (t, 2H, J = 8.1 Hz), 7.58 (d, 1H, J=7.9
Hz), 7.74 (d, 1H, J = 7.9 Hz), 8.11 (s, 1H), 8.97 (d, 1H, J = 7.7 Hz),
12.82 (brs, 1H)

NLG-1
553

Q No-(L-41 £ Br)-1-F -D- | 92

o CRMEL R L
- O
\ HN
NH, HCI

N

|

'"H NMR (400 MHz, DMSO-ds): 0.54 (d, 3H, J = 7.2 Hz), 0.72 (d, 3H, J
= 6.8 Hz),1.89-1.94 (m, 1H), 3.01 (dd, 1H, J = 14.8, 9.6 Hz), 3.22 (dd,
1H, J = 14.6, 5.0 Hz), 3.56-3.65 (m, 1H), 3.70 (s, 3H), 4.61-4.66 (m,
1H), 7.01 (t, 1H, ] = 7.6 Hz), 7.12 (s, 1H), 7.12 (t, 1H, ] = 7.6 Hz), 7.36
(t, 1H, J = 8.0 Hz), 7.56 (d, 1H, J = 8.0 Hz), 8.09 (br s, 3H), 8.78 (d,
1H, ] = 8.4 Hz), 12.8 (brs, 1H)

NLG-1
554

Q Ne-H R BE-1-F A -D-& | 87

o EL LT LN

{ N
NH, HCI

N
|

TH NMR (400 MHz, DMSO-ds): 3.02-3.08 (m, 1H), 3.17-3.22 (m, 1H),
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3.48-3.60 (m, 2H), 3.74 (s, 3H), 4.55-4.58 (m, 1H), 7.03 (t, 1H, J= 7.8
Hz), 7.12-7.18 (m, 2H), 7.38 (d, 1H, J = 8.0 Hz), 7.55 (d, 1H, J = 8.0
Hz), 8.13 (brs, 3H), 8.76 (d, 1H, J = 8.0 Hz), 12.87 (br s, 1H)

NLG-1 Q No-(L-A & BL)-1-F 3-D- | 44
555 Og N LR

{ HN
NH,, HCI
N

|
TH NMR (400 MHz, DMSO-de): 1.18 (d, 3H), 3.02-3.06 (m, 1H),
3.17-3.23 (m, 1H), 3.72 (s, 3H), 4.05-4.09 (m, 1H), 4.57-4.62 (m, 1H),
7.02 (t, 1H, J = 7.6 Hz), 7.12-7.15 (m, 2H), 7.38 (d, 1H, J = 8.0 Hz),
7.52(d, 1H, I = 7.6 Hz), 8.16 (br s, 3H), 8.88-8.92 (m, 1H)

NLG-1 N*(L- & & Bt)-1-F &£-D- | 90

560 e RBR LR
'"H NMR (400 MHz, DMSO-ds): & = 2.88 (dd, 1H, J = 14.7, 8.2 Hz),
2.98 (dd, 1H, J = 14.5, 7.9 Hz), 3.08 (dt, 2H, J = 14.7, 5.0 Hz), 3.63 (s,
3H), 4.06 (br s, 1H), 4.55 (q, 1H, J = 7.9), 6.87 (dd, 1H, J = 8.0, 7.0

(0344] Hz), 6.97 (s, 1H), 7.01 (t, 1H, J= 7.4 Hz), 7.06 (t, 1H, J= 7.4 Hz), 7.08

—7.15 (m, 2H), 7.34 (d, 2H, J = 8.2 Hz), 7.56 (dd, 2H, J = 8.0, 5.1 Hz),
8.09 (s, 3H), 8.95 (d, 1H, J= 8.1 Hz), 11.02 (s, 1H)

NLG-1 o /— N-(L- 5 &Br)-1-F &£ -D- | 93

564 & A B LB R H

o]
T o
HN
@\g NH, HCI
)

'H NMR (400 MHz, DMSO-ds): 0.70 (t, 6H, J = 5.7 Hz). 1.13 (t, 3H, J
= 7.1 Hz), 1.38 — 1.23 (m, 3H), 3.01 (dd, 1H, J = 14.5, 9.4 Hz), 3.18
(dd, 1H, J = 14.5, 5.2 Hz), 3.70 (s, 3H), 4.08 (q, 2H , J = 7.1 Hz), 4.62
~ 4.53 (m, 1H), 7.00 (ddd, 1H, J = 7.8, 7.0, 1.0 Hz), 7.09-7.13 (m,
2H), 7.36 (d, 1H, J = 8.2 Hz), 7.50 (dd, 1H, J= 7.6, 1.1 Hz), 8.18 (brs,
3H), 8.99 (d, 1H, J = 8.1 Hz).

NLG-1 o s/ Ne-(L- 5 7 £ Bt)-1-F 35 | 93

565 2\~0
(K O
HN
@’\g NH, HCI
’\\l [IREN)

TH NMR (400 MHz, DMSO-ds): 0.60 — 0.66 (m, 6H), 0.75 — 0.82 (m,
2H), 1.12 (¢, 3H, J = 7.1 Hz, 4H), 1.63 ( br s, 1H), 3.02 (dd, 1H, J =
14.6, 9.4 Hz), 3.17 (dd, 1H, J = 14.6, 5.2 Hz), 3.61 (br s, 1H), 3.69 (s,
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3H), 4.07 (g, 2H, J= 7.1 Hz), 4.62 (br s, 1H), 7.01 (1, IH, J = 7.5 Hz),
7.10 — 7.14 (m, 2H), 7.36 (d, 1H, J = 8.2 Hz), 7.49 (d, 1H, J = 7.9 Hz),
8.00 (brs, 2H), 8.85 (br s, 1H).

NLG-1 0 Ne-(L- 2Bt 2K )-
566 righ -D-& £ R L5 &

1-¥ 3 | 59
£ g 2

CHH,N  NH

\ &

N

\
TH NMR (400 MHz, DMSO-ds): 1.08 (t, 3H, J = 7.1 Hz),1.81-1.97 (m,
2H), 2.01-2.12 (m, 2H), 3.07 (dd, 1H, J = 14.4, 8.4 Hz), 3.16 (dd, 1H, J
— 14.4, 6.0 Hz), 3.70 (s, 3H), 3.82 (1, 1H, J = 6.0 Hz), 4.03 (q, 2H, J =
7.1 Hz), 4.53 (q, 1H, J=7.0 Hz), 6.93 (s, 1H), 7.02 (ddd, 1H, J=
7.9, 7.0, 1.0 Hz), 7.09-7.14 (m, 2H), 7.35 (d, 1H, J= 8.2 Hz), 7.40 (s,

1H), 8.24 { brs, 3H), 9.01 {d, 11, J=7.2 Hz),

NLG-1 o s Ne-(D- & & Bt)-1-F &X-D- | 97
567 ' °0 CAB A LMY
HN
\
N HCIH,N
[0345] ‘ /
N
H

TH NMR (400 MHz, DMSO-de): 1.19 (t, 3H, J = 7.1 Hz), 1.91 (br s,
2H), 2.87 (m, 1H), 3.25 (d, 2H, J = 5.6 Hz), 3.33 (dd, 1H, J = 14.5, 4.4
Hz), 3.66 (s, 3H), 3.70 (dd, 1H, J= 9.0, 4.7 Hz), 4.10 (m, 1H), 4.87 (dt,
1H, J=8.5, 5.5 Hz), 6.71 (d, 1H, J = 8.5 Hz), 6.95 (d, 1H, J = 2.6 Hz),
7.00 - 7.10 (m, 2H), 7.12 — 7.22 (m, 2H), 7.24 (d, 2H, J = 6.1 Hz), 7.32
(d, 1H, J = 8.1 Hz), 7.51 (d, 1H, J= 7.7 Hz), 7.60 (d, 1H, J = 8.0 Hz),
7.66 (d, 1H, J=8.3 Hz), 8.15 (s, 1H).

NLG-1 0 N-(L- 5B 238 )-1-F & | 97
569 HoN -D-& R LB
0
CIHH,N NH
OH
\ (o}
N
|

'H NMR (400 MHz, DMSO-ds): 1.79-1.84 (m, 2H), 1.95-2.06 (m, 2H),
3.04 (dd, 1H, J = 14.6, 8.5 Hz), 3.19 (dd, 1H, J = 14.6, 5.2 Hz), 3.49 —
3.35 (m, 2H), 3.70 (s, 3H), 3.78 — 3.88 (m, 1H), 4.53 (td, 1H, J = 8.3,
5.2 Hz), 6.93 (s, 1H), 7.00 (ddd, 1H, J = 8.0, 7.0, 1.0 Hz), 7.16 — 7.07
(m, 2H), 7.35 (dt, 1H, J = 8.3, 0.9 Hz), 7.38 (s, 1H), 7.54 (dt, 1H, J =
7.9, 1.0 Hz), 8.28 (d, 2H, J = 4.2 Hz), 8.87 (d, 1H, J= 8.1 Hz)
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NLG-1
570

L
HO, N*(L- 7% #(Bt)-1-F J-D- | 95
= e RBI RS
HN N/
o 4
NH,
HCI

TH NMR (400 MHz, DMSO-de): 0.68 (t, 6H, J = 5.5 Hz). 1.34 — 1.17
(m, 3H), 2.99 (dd, 1H, J = 14.5, 9.6 Hz), 3.20 (dd, 1H, J=14.6,4.7
Hz), 3.34 — 3.40 (m, 3H), 3.68 (s, 3H), 4.52 — 4.62 (m, 1H), 6.99 (t, 1H,
J=17.4Hz), 7.16 — 7.08 (m, 2H), 7.35 (d, 1H, J = 8.2 Hz), 7.54 (d, 1H,
J=7.9 Hz), 8.17 (brs, 2H), 8.85 (d, 1H, J=8.3 Hz)

NLG-1
571

0 N(L- % 75 2.Bk)-1- F 3K | 94
“}ﬂg D-ERBEBE

NH, HCI

'"H NMR (400 MHz, DMSO-de): 0.55-0.65 (m, 6 H), 0.71 — 0.75 (m,
1H), 1.03-1.12 (m, 1H), 1.57 — 1.63 (m, 1H), 2.99 (dd, 1H, J = 14.6, 9.8
Hz), 3.19 (dd, 1H, J=14.6,4.7 Hz), 3.61-3.63 (m, 1H), 3.69 (s, 3H),
4.58-4.64 (m, 1H), 7.0 (t, 1H, J = 7.6 Hz), 7.08 — 7.13 (m, 2H), 7.35 (d,
1H, J=8.2 Hz), 7.53 (d, 1H, J= 7.9 Hz), 8.10 (br s, 3H), 8.72 (d, 1H, J
= 8.1 Hz).

48/78 T

NLG-1
574

o No~(L- 3 A & BL)-1-F | 60
E-D-& R CE B
CIHH;N NH
(0]
N\ &
\

TH NMR (400 MHz, DMSO-ds): 1.15 (t, 3H, J= 7.1 Hz), 2.52 (dd, 1H,
J=13.7,9.9 Hz), 3.17 - 3.23 (m, 3H), 3.46 (dd, 1H, J=9.9, 4.1 Hz),
3.64 (s, 3H), 4.03-4.11 (m, 2H), 4.83 (dt,1H, J=8.4,5.6 Hz), 6.72 (s,
1H), 6.99 (ddd, 1H, J = 8.0, 6.9, 1.1 Hz), 7.31 — 7.05 (m, 7H), 7.45 (d,
1H, J=7.9 Hz), 7.61 (d, 1H, J= 8.4 Hz)

NLG-1
573

- N*-(L-3R & A & Br)-1-F | 91
K-D-& 2R ERE
CIHH,N  NH
¢ OH
N
|

'"H NMR (400 MHz, DMSO-ds): 2.78 (dd, 1H, J = 13.9, 7.1 Hz),
2.89-2.97 (m, 2H), 3.10 (dd, 1H, J = 14.5, 5.3 Hz), 3.35 (br s, 3H), 3.47
(s, 3H), 4.05 (dd, 1H, J = 7.1, 5.6 Hz), 4.51 (td, 1H, J = 8.2, 5.3 Hz),
6.92 — 6.94 (m, 2H), 6.99 — 7.18 (m, 6H), 7.36 (dt, J = 8.3, 0.9 Hz, 1H),
7.56 (dt, J= 8.0, 0.9 Hz, 1H), 8.89 (d, J = 8.1 Hz, 1H).
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NLG-1

1-F &£ -D- & & BLH 2B | 90
579 #

'H NMR (400 MHz, ¥ &%-ds): 3.25 (dd, 2H , J = 14.8, 7.9 Hz), 3.43
(dd, 1H, J = 14.8, 6.1 Hz), 3.77 (s, 3H), 3.92 (d, 2H, J = 5.5 Hz),
4.14-4.19(m, 1H), 7.09 (t, 1H, J= 7.5 Hz), 7.16- 7.24 (m, 2H), 7.36
(d, 1H, J=8.1 Hz), 7.67 (d, 1H, J=7.9 Hz).

N*-((R)-1- Z &L -3-(1-F | 92
F-1H-"8] % -3-35)-1- 84K

O
0 P05 -2- Sk )-L- R A B
NN W S 2 B 2
NH,HCI
0]
o)
4

TH NMR (400 MHz, DMSO-ds): 1.12 (t, 3H, J= 7.1 Hz), 2.64-2.76
(m, 2H), 3.06 (dd, 1H, J=14.5,8.2 Hz),3.17 (dd, 1H, J=14.6,5.9
Hz), 3.58 (s, 3H), 3.73 (s, 3H), 4.04-4.13 (m, 3H), 4.57 (td, 1H, J=
8.0, 5.9 Hz), 7.02 (ddd, 1H, J= 8.0, 7.0, 1.0 Hz), 7.12-7.16 (m, 2H),
[0347] 7.39 (dt, 1H, J= 8.3, 0.9 Hz), 7.51 (dt, IH, J=8.0, 1.0 Hz), 8.27 (s,
3H), 9.00 (d, 1H, J= 7.8 Hz)

NLG-3 o N-(L- ¥ #425k)

-1-
272-01 00 &R PRLES

NLG-1
585

¥ 4 D- [ 90

HN

\ NH, HCI

N

|

.

'"H NMR(DMSO-ds, 400 MHz): & (ppm) 1.69 (t, /=7.1 Hz, 3H), 2.44
(s, 3H), 2.61 — 2.82 (m, 2H), 3.59 (dd, J=14.5, 9.5 Hz, 1H), 3.74 (dd,
J=14.6, 5.0 Hz, 1H), 4.27 (s, 3H), 4.37 (s, 1H), 4.63 (q, J=7.1 Hz, 2H),
5.05 - 5.22 (m, 1H), 7.56 (t, J/=7.4 Hz, 1H), 7.62 — 7.75 (m, 2H), 7.91
(d, /=8.2 Hz, 1H), 8.05 (d, J/=7.8 Hz, 1H), 8.86 (s, 2H), 9.60 (d, J=7.8
Hz, 1H).
NLG-3 Q Ne-(L- ¥ & BE)-1-F -D- | 76
380-01 R G

\ NH, HCI

'"H NMR(DMSO-ds, 400 MHz): § (ppm) 1.73-1.77 (m, 2H), 1.88 (s,
3H), 2.11-2.17 (m, 2H), 3.03 (dd, J=14.6, 9.3 Hz, 1H), 3.24 (dd,
J=14.6, 4.7 Hz, 1H), 3.73 (s, 3H), 3.78 (t, J=5.7 Hz, 1H), 4.51 — 4.67
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(m, 1H), 7.02 (t, J=7.4 Hz, 1H), 7.11-7.15 (m, 2H), 7.37 (d, /=8.1 Hz,
[0348] 1H), 7.56 (d, J=8.1 Hz, 1H), 8.78 (br s, 1H)

[0349] & 1-H DB ER 2-LEIE-2-8Mr-1,3,2- “H 420 b —4-3%) H g
EhER ZE (NLG-1559)

N—  NH,  OH i & V"% oM .
/’ N - ‘\/H(‘O\)\/OH _Eii('i(_)_’ (FMO\A/OH i
==/ 0 ==t o it) EtOH
NLG-1558 3% & 58 NLG-1559-A-E24
[0350]
S 0 \ HCI
\ j - NH, -Q o
\ N0 N C 0 HCI 1 \/L pe O~
l - P g ) I
N‘ﬂ HN . " LO’ ) ceenesssnnnacnadm: ,’:r N \)\Tr @) 0
NLG-1550-B-£24 NLG-1559

[0351] N (FUT S AL) —1-H R-D- (O & 82, 3- — ¥4 AR (NLG-1559-A-F24)

[0352]  7£0°C FINLG-1558%F 2 Hik (0.750mg,2.57mmol) T Z fiE (10mL) H [V A s in
Boc20 (560mg,2.57mmol) , F15 Je N W FH il 28 S iR FEBEFE AN o Yl B T BRI ) I K Al
W ek g Ak, 459 2 B P24 (760mg, 75%) o 'H NMR:1.34 (s,9H) ,3.13-3.23 (m, 2H,
3.35-3.38 (m,1H) ,3.42-3.45 (m, 1H) ,3.67-3.72 (m,4H) ,4.01-4.08 (m,2H) ,5.01-5.04 (m,
1H) ,6.83 (s, 1H) ,7.05(t,1H,J=7.4Hz) ,7.16 (t,1H,J=7.3Hz) ,7.23 (d,1H,J=8.2Hz) ,
7.49(d,1H,J=7.9Hz) .

[0353]  Na— GRUT S FEBkIL) —1-H H-D- R R (2- LA HE-2-5Mr-1,3, 2- A R B A4 20
% ki—4-3%) H i (NLG-1559-B-E24)

[0354]  7E0°C N [RINLG-1559-A-E24 (650mg,1.66mmol) T Jo/KMLE (2mL) W ¥R InN
POCLs, A THE 2 iR it % (18/0)) J& , I 4 B% (1. 5mL) , I H 4k 22 B 4/)N
I o Y8R R 22 B vA 7, HEORRL R il ok e it 4 4k (460mg,57%) o'H NMR:1.13 (t,3H,J=
7.0Hz) ,1.30(s,9H) ,3.10-3.20 (m,2H) ,3.47-3.55 (m, 1H) ,3.60 (s,3H) ,41.9-4.44 (m,3H) ,
4.55-4.57 (m,1H) ,5.23-5.27 (m, 1H) ,6.79416.83 (B4 s, 1H) ,7.01 (t,1H,J=7.4Hz) ,7.12
(t,1H,J=7.2Hz) ,7.18(d,1H,J=9.2Hz) ,7.46 (d,1H,J=7.7Hz) .

[0355]  1-FHJE-D-( R (2- LA BE—2-% M1, 3, 2- A Bl R I I i —4-38) H R 3 1R
£h (NLG-1559)

[0356]  fE0°C R [MINLG-1559-B-E24 (550mg, 1. 14mmol) T J57KCH2C12 (10mL) A A V& 7+
ATEZKHCT (1. 4mL, AMVE TR T —BEke ) , FEAR SR £ i i B2/ I, 98U T 6%
IR 5T FHTE /K B (3x15mL) Pk o 138 (1 ¢ [l AR - 98U T4 724 (0.241g,61%) -
(CD30D—d4) 1.20 (td,3H,J=7.1,4.3Hz) ,3.26-3.42 (m,2H) ,3.44 (dd,1H,J=5.1,3.0Hz) ,
3.48-3.56 (m,1H) ,3.71(s,3H) ,3.95 (h,2H,J=7.1Hz) ,4.21-4.36 (m,3H) ,4.37-4.53 (m,
1H) ,7.02(t,1H,J=7.4Hz) ,7.07(d,1H,J=4.0Hz) ,7.10-7.17 (m,1H) ,7.30 (d, 1H,J=
8.2Hz) ,7.49(d,1H,]J=7.4Hz) .

[0357]  —Fhml Mgy R RZ SR A&
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[0358] 5 AR (R) —1—R3E—2— (1-F B —1H-M5 W —3—3%) Z-1-4& 54 (NLG-1607)

\ \
N \ Oy -OH N \ Oy, -OH
= @ o
[0359] @J\j NH, NH; ¢
D-1MT NLG-1607

[0360]  [F]#K¥#HCL (15.5mL,30.9mmol 5 2M) 7KIA RS INDIMT (4. 5g,20. 6mmol) - i $1:304) %1
J&i > PR 78 R PRI T A 0T F G (A0mL) 78 — IR KA M) SR B AR T 2
Sk b R I I IR B AT R 77 (4. 25g,81%) .

[0361]  FFR T —Mal BACH 1, b 410g D-INTIRE T B A 100mL 2 JE 1 250mL 3%
B 4 10mL TS I MR AE £ 05 A HC LA (511 . 2mg/mL) FRLFH Vi B30 BRI 1 - 1B JR EL T
A ZID-IMTV & T A, SR G R 2R N ORFFIREE DL ik o el JE I A £E30°C T 1A
TRl Bk T 23R AR (11, 1g) , 3 HIXRPD . DSCFITCARAE (B 1-2) . FET
HPLCA:# , 4 B 499 . 7% [ AR , 3 FLIE I ELSDA #r 4k 2 i 5, 1 8 e (19 BE SR EE (APT SHC11R)
1100 dnidE i AR AR (PLM) FHXSR 24 AR 43 HOGHE (XRPD, 1) BT Pl , 1280 K & &5
fi o A I FA G 23 AT (TGA) A ZE R #vik (DSC) (K12) FrvtAli , Bk 52 e /K 1)

[0362] &Rk R) -1 FE—2— (1-H - 1H-M5| W —3-2%) £ - 1B g £ (NLG-1619)

N O OH N Os OH
@J\j — @Jj@
[0363] ‘NH, ‘NH,
CH3so§)
D-1MT NLG-1619

[0364]  [r] AR (1.50mL,22.9mmol) F-DI7K (50mL) H )45 £ 7 W LA 100mg 73 b iIn A D~
IMT (1.0g,4.48mmol) o BHIFRAETSC R I ZIIERES/INNF , B BV 50 B I 00 e 48 , T
s £E ] 44 (1.382,96%) »'H NMR (FF fiE—d4,400MHz) :6=2.69 (s, 3H) ,3.32-3.39 (m, 1H) ,3.49
(dd,1H,J=15.3,4.9Hz) ,3.80 (s,3H) ,4.25 (dd,1H,]=7.8,4.9Hz) ,7.10 (ddd, 1H,J=8.0,
7.0,1.0Hz) ,7.14(s,1H) ,7.21 (ddd,1H,J=8.2,7.0,1.1Hz) ,7.38(dd,1H,J=8.3,1.1Hz) ,
7.62(dt,1H,J=8.0,0.9Hz)

[0365] &l (R) —1-FJE-2- (1-F JE-1H-M5|We-3-38) 2,1 -B R — &+ (NLG-1660)

N Os OH N O OH
W 5 W, o
[0366] ‘NH, NHs Co-P_0H
OH
D-1MT NLG-1660

[0367]  7£50°C T BERR (0.673g,6.87mmol) T~ T 7K (30mL) H (¥ ¥ ¥ 1 43 H1L A D-
INT (0.5g,2.29) , HAEIR G IS0 C T A B 2R R R ik 4 2= UG R B — 2, 9F
L AE SR N i B A A PR UOUE I U8 - A B ek R 1R LA B 22 9 E ] AR FONLG—
1660 (0.250,34%) o 'H NMR (400MHz , DMSO~de) 52.95 (dd, 1H, J=15.1,8.6Hz) ,3.22-3.29 (n,
1H) ,3.46 (dd, 1H,J=8.6,4.2Hz) ,3.71 (s,3H) ,7.00 (ddd,1H,J=8.0,7.1,1.0Hz) ,7.09-
7.15(m,2H) ,7.37(d,1H,J=8.4Hz) ,7.55(d, 1H,J=7.9Hz) .
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[0368]  JFJk T —Fh el B AR ik, o £)10g D-IMTIR & 7E R A 100mL THRFI500mL3
TR o K 20m 1 T4 ¥ A 78 THE FR (P HaPOLYA R (792 3mg/mL) AR 48 1 © 3P i =5 9 - R B8 K EL n
AZID-IMTI ST A RS =R N IRFFIRRE I, DL IR o i i 1y [ 44 #E.30°C
N E AT, 38 XRPD . DSC TGAMELSDAS A o 3545 H iy K (11.1g) , Hoil i PLMAIXRPD
KRB Is g i (K3) o & TDSCHAITGAZL i , £ 2 oK) (B4) -4l E499.8% , Fim i ELSD
ST EE TR, TR EE R B (S B B ER) 911057

[0369] &% R) -1-FRHEE-2- (1-F - 1H-M|ME-3 . L) 214 fR A 2 (NLG-1667)
\
\N\ O OH N~ O OH
o)

[0370] @UNHZ @J\j'/”NHs%if,_o

© OH

D-1MT NLG-1667

[0371]  ZE=IE FHID-1IMT (1.00g,4.58mmol) F-7K/THF (4:1,100mL) * R 2 F A

0.5M H2S04(9.16mL,4.58mmol) , H A4 VR G WTE IR T HiFE it 77 8 O o [l A e, I
THE ¥RV , 15 3ID-IMTH) iR R 25 (0.429¢,34%) - (DMSO-de) 3.17 (dd, 1H,J=15.1,7.2Hz) ,
3.27(dd,1H,J=15.0,5.3Hz) ,3.74 (s,3H) ,3.96 (t,1H,J=6.2Hz) ,7.04 (t,1H,J=7.4Hz) ,
7.12-7.21 (m,2H) ,7.41(d,1H,J=8.2Hz) ,7.58 (d,1H,J=8.0Hz) ,8.52 (br s,4H) .

[0372] 7 A= M| Wk 7 S Ao 17 247 F1) PRL T TR h AN — T IR Eh 1) — I 7 72
[0373]  £EO°C N[ B hk (0.747mmol) T-EtOH (5ml) o (A R IN#ERR (0. 747mmol ; T

EtOH A ImL) 88 (7F — JEH MR 5 1. 494mmol) , F-{EIR S TH iR & = IR FE L5 - 187N
B o JE T 2 BRIE 7R B 5k A3 B BE AT Tk (10mL) #08% , 5 £ 1 -5/ Jim 5 B [ AR i g8 5
FEJRR N 05, 15 3 BT 7 724 6 TNLG-03380-02 , 18 F B 1-28 #e it IE MANLG-03380-01774=
T S

# et F2 3 Vak =
(%)
NLG-1 OH (QR)-1-(2,3-—%2 3 | 44

A FIR)-3-(1-F Ak -
1H-v3[&-3-35)-1-%
R -2 B R =

£

626 H\/OH

\
N\ o} o@ o
» o.ll_
@Uwa i
@ OH

'"H NMR (DMSO-ds, 400 MHz): 3.07-3.15 (m, 2H), 3.27-3.38 #=
3.43-3.50 (m, 2H), 'H NMR (400 MHz, DMSO-ds): 3.60-3.68
(m, 1H), 3.73 (s, 3H), 3.84 (br s, 1H), 3.90-3.96 (m, 1H), 4.02-4.12
(m, 1H), 6.95 (br s, 3H), 7.02 (ddd, 1H, J = 8.0. 70. 1.0 Hz),
7.11-7.19 (m, 2H), 7.38 (dt, 1H, J = 8.3, 0.9 Hz), 7.49-7.56 (m,
1H).

NLG-1 o
629 HoN

[0374]

S-5- & X |59
-1-(R)-1- & A3

HO -3-(1-F 2K -1H-"3] "%
HO—E‘OQ HsN  NH -3-A)-1- R AR A B

A~
N\ &°°
N

\

2-FH) A HE)-1,5-=
AR R 24 A B —

£.3k

"TH NMR (400 MHz, DMSO-ds): 1.10 (t, 3H, J =7.0 Hz ),
1.64-1.70 (m, 1H), 1.75-1.85 (m, 1H), 2.06 (t, 2H, J=7.9 Hz),
3.06-3.18 (m, 2H), 3.44 (br s 1H), 3.72 (s, 3H), 4.04 (q, 2H , J =
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7.1Hz),4.52 (q, 1H, J=7.1 Hz), 6.80 (s, IH), 7.02 (¢, I1H, J=7.5
Hz), 7.11- 7.16 (m, 2H), 7.32-7.38 (m, 2H), 7.50 (d, 1H, J= 7.9

Hz), 7.82 (br's, 3H), 8.57 (s, 1H).

NLG-1
664

o9 (R)-4-(((2- 4 # -3(1-
o2 L BH ¥k -1H- 75 % -3- 25
HN— Rk Ak ) T )%k | 3
R85 = A
0]
0]
N
\ ®e :
"\‘ O- P OH
OH

(DMSO-de) 1.35-1.56 (m, 4H), 1.63-1.68 (m, 1H), 2.61-2.73 (m,
2H), 3.09-3.26 (m, 4H), 3.73 (s, 3H), 3.81 (dd, 1H, J = 5.1, 10.9
Hz), 3.88 (dd, 1H, J = 5.1, 11.1 Hz), 3.95 (¢, 1H, J = 6.7 Hz), 7.02
(t, 1H, J = 7.4 Hz), 7.09-7.17 (m, 1H), 7.21 (s, 1H), 7.38 (d, 1H, J

= 8.2 Hz), 749 (d, 1H, J = 7.9 Hz), 8.44 (br s, 10H)

NLG-1
665

[0375]

/_

Q’f ;
NH30 P OH

OH

(8)-1-((R)-1- T A3k~ | 59
3-(1-F 3 -1H-%5]%&-3-
H)-1-BXKAH-2-K)
R H)-4-F HK-1- iu&
JR2-4RFERR — A3

'"H NMR (400 MHz, DMSO-ds):

0.77 {dd, 60, J = 6.5, 611, 2.2

Hz), 1.1 (t, 3H, J=7.1, 7.1 Hz), 1.18-1.32 (m, 1H), 1.39-1.50
(m, 1H), 1.39 - 1.49 (m, 1H), 3.06 (dd, 1H, J = 14.5, 8.4 Hz), 3.17
(dd, 1H, J= 14.4, 5.4 Hz), 3.40 (dd, 1H, J=8.6,5.7 Hz), 3.72 (s,
3H), 4.06 (q, 2H, J=7.1, 7.1, 7.1 Hz), 4.55 (td, 1H, J=8.1, 8.1,
5.5 Hz), 5.52 (bs, 8H), 7.02 (t, 1H, J = 7.2 Hz), 7.10 — 7.15 (m,
2H), 7.38 (d, 1H, J = 8.3 Hz), 7.51 (d, 1H, J = 7.9 Hz), 8.62 (d,
1H, J=7.9 Hz).

NLG-1
670

O\_on (S)-6-(((R)-1-# 4 - | 81
o) 2-(1-F A -1H-"| k-
N ® 3-3K) )R )-6-
y HER o FR T 1,5 =4
N\ O-P-OH | B —&#&
OH

HO-P-0° HiN®
OH

'"H NMR(&AL SR, 400 MHz): § = 0.39 — 0.78 (m, 2H), 1.21 (ddd,
2H, J=9.1, 6.8, 2.6 Hz), 1.28 — 1.49 (m, 2H), 2.39 (td, 2H, J =
7.4, 3.8 Hz), 3.08 (dd, 1H, J = 15.0, 10.9 Hz), 3.45 (ddd, 1H, J =
15.1, 4.5, 1.0 Hz), 3.74 (s, 3H), 3.79 (t, 1H, J = 6.7 Hz), 4.68 —
4,77 (m, 1H), 7.14 (d, 1H, J = 0.8 Hz), 7.14 — 7.20 (m, 1H), 7.28
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[0376]

(ddd, 1H, J =83, 7.1, 1.1 Hz), 7.41 — 7.47 (m, 1H), 7.70 (dd, 1H,

J=17.9,0.9 Hz)

ppm

|

NLG-1
677

N
\

S
® I
NH3 O—I?—OH

OH

(R)-2-((1-# 3k -2-
(1-F 2 -1H-"3| %&-
3-K)TH)RHK)-2
SRR T-1-42ER R
—&#

80

(DMSO-d6) 3.01-3.05 (m, 1H), 3.18-3.22 (m, 1H), 3.42-3.56 (m,
2H), 3.72 (s, 3H), 4.42-4.50 (m, 1H), 7.01-7.14 (m, 3H), 7.33-7.37
(m, 1H), 7.51-7.55 (m, 1H), 8.44 (br s, 9H), 8.65 (s, 1H)

NLG-0
3272-0

o)

HN

3

N
|

—
o)

0
® 0
e
NHs “o—p-oH
OH

S\

(8)-1-((R)-1-T &
A-3-(1-F %-1H-
|k -3-4)-1- A,
FkE-2-F ) &K )-4
(P AEAL)-1-A
RT-2-458k 8 —
a3

75

'"H NMR(DMSO-ds, 400 MHz): & (ppm) 1.13 (t, J=7.1 Hz, 3H),
1.64-1.72 (m, 1H), 1.73 — 1.84 (m, 1H), 1.93 (s, 3H), 2.28 (t, J=7.9
Hz, 2H), 3.08 (dd, J=14.6, 8.5 Hz, 1H), 3.18 (dd, J=14.5, 5.2 Hz,
1H), 3.54 (t, J=6.0 Hz, 1H), 3.73 (s, 3H), 4.07 (q, J=7.1 Hz, 2H),
4.56 (q, J=6.8, 6.1 Hz, 1H), 7.02 (t, J=7.4 Hz, 1H), 7.07 - 7.23 (m,
2H), 7.38 (d, J=8.2 Hz, 1H), 7.51 (d, J=7.9 Hz, 1H), 7.98 ( br s,
5H), 8.68 (d, J=7.7 Hz, 1H)

NLG-0
3380-0

(S)-1-((R)-1-#& %
-2-(1-F 3 -1H-"]
®-3-F)ZH)A
HR)-4-(F AL )-
1-8 AR T -2-4588

78

L
\ e 2
"H NMR(DMSO-ds, 400 MHz): 8 (ppm) 1.63 — 1.79 (m, 2H), 1.85
(s, 3H), 2.13 (t, J=8.1 Hz, 2H), 3.01 (dd, J=14.6, 9.0 Hz, 1H), 3.23
(dd, J=14.7, 4.6 Hz, 1H), 3.72 (s, 4H), 4.51 (s, 1H), 7.00 (t, J=7.5
Hz, 1H), 7.06 — 7.20 (m, 2H), 7.36 (d, J=8.2 Hz, 1H), 7.54 (d,
J=7.9 Hz, 1H), 8.63 (s, 6H)

[0377] =/ M| Rk Y S48 17 245 174 B FE il < R0 — FR T =k DL R R I I 6 ) — A 7 1% o
[0378]  FEZEiE T A ES I (0.25¢,0.723mmol) T Z. i (10mL) =0 fr 3530 = i N B Rl i B
TR (FE e EM R ,0.723mmo 1 861 . 446mmo) , H TR S WA IR Pt o 2. 7%
K FER R P Y AE B L RUT Tk T B 1 -5 /N T vE R R T, 15 2 AE N PR R R R £ B
RIEIREL
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NLG-1
627

OH
OH

(2R)-1-(2,3-=%# % | 41
A AIR)-3-(1-F Ak -
1H-%3|%&-3-25)-1-4,
AR FI-2-4% F AR ER

Y 050
.o
“NH3 &
o

CH3SO3

"H NMR (400 MHz, DMSO-ds): 2.31 (s, 3H), 3.24- 3.29 (m, 2H), 3.29
-3.41 (m, 2H), 3.65-3.68 (m, 1H), 3.75 (s, 3H), 4.04 (dd, 1H, J =
11.1, 6.3 Hz), 4.16 (dd, 1H, J=11.0, 4.0 Hz), 4.28 (br s, 1H), 7.06
{dd, 1H , /= 840 7.1, 1.0 He}, 7.07 {ddd,, 1H , J= B2, 7.1, 1.1 Haj,
7.21 (s, 1H), 7.39-7.46 (m, 1H), 7.54 (dt, 1H, J= 8.1, 0.9 Hz), 8.29
(brs, 3H).

NLG-1
631

[0379]

0 ((S)-5- & F -1-((R)-1- T &AL | 78

a -3-(1-F Z-1H-"%-3-4)-1- &
R AKE-2-2 ) FH)-1,5- AR
K245 F AR

H,N

O
CH3SO3 H3Ng NH

o™

Y d
N
|

'H NMR (400 MHz, DMSO-ds): 1.11 (t, 3H, J= 7.1 Hz), 1.80-1.86
(m, 2H), 1.97-2.13 (m, 2H), 2.31 (s, 3H), 3.08 (dd, 1H, J=14.5, 8.2
Hz), 3.18 (dd, 1H, J = 14.5, 6.0 Hz), 3.72 (s, 3H), 3.85 (q, I1H, J=5.6
Hz), 4.06 (q, 2H , J = 7.1 Hz), 4.59 (td, 1H, J = 8.0, 6.0 Hz), 6.98 (s,
1H), 7.03 (ddd, 1H, J = 8.0, 6.9, 1.0 Hz), 7.09-7.18 (m, 2H),
7.34-7.42 (m, 2H), 7.52 (dt, 1H, J=7.9, 1.0 Hz), 8.12 (d, 3H, J=5.6
Hz), 8.93(d, IH, J=7.9Hz),

NLG-1
662

CHsS0Y o (R)-4-(((2-4% #.-3-(1-F
H,N FK-1H-"1 %k -3- ) A B
BRI T E )RR -1- | 32

5 857 At 2

r\\l CHaSOS

(DMSO-de) 1.25 (dt, 2H, J = 8.3, 34.3 Hz), 1.49 (ddd, 3H, J = 8.0,
12.1, 23.2 Hz), 2.50 (s, 6H), 2.54-2.69 (m, 2H), 3.01-3.15 (m, 2H),
3.58 (s, 3H), 3.70 (dd, 1H, J=4.2, 11.0 Hz), 3.79 (dd, 1H, J=4.1, 11.0
Hz), 3.96-4.07 (m ,1H), 6.88 (¢, 1H, J = 7.5 Hz), 6.95-7.03 (m, 2H),
7.12 (d, 1H, J = 8.1 Hz), 7.31 (d, 1H, J = 7.9 Hz), 8.13-8.33 (m, 3H),
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8.59 (t, 1H, J = 10.5 Hz)

NLG-1 ’< (S)-1((R)-1- & & # |69
959 o 3(1-F 2 -1H-"F %R 3-
9 I ) 1-BR AL 2-B)E
M oy - H)-4- 1B K2
7 % 44 AR TS 2

'H NMR (400 MHz, DMSO-ds): 0.73 (dd, 6H, J = 8.2, 6.3 Hz, 6H),
116 (t,3H,J=7.1,7.1 Hz, 3H), 1.24 (t,2H, J= 7.1, 7.1 Hz, 2H), 1.32
(dt, 1H, J=13.0, 6.7, 6.7 Hz, 1H), 2.29 (s, 3H), 3.03 (dd, 1H, J = 14.5,
9.3 Hz, 1H), 3.20 (dd,1H, J=14.5,5.3 Hz), 3.72 (s, 3H), 4.11 (q, 2H,
J=17.1,7.1,7.1Hz), 4.64 (td, 1H, J= 8.8, 8.8, 5.5 Hz), 7.02 (t, 1H, J =
7.5,7.5 Hz), 7.13 (d, 2H, J = 9.8 Hz), 7.38 (d, 1H, J = 8.2 Hz), 7.52 (d,
1H, J=7.9 Hz), 8.01 (s, 3H), 8.92 (d, 1H, J= 8.2 Hz, 1H).

LG O\—oH (S)-6-((R)-1- # & -2-(1- F K& | 79
668 | 0 1H-"| % -3- 2 ) 2 3 ) L )-6-
O N NNl | ARE-1S- e P ks
. CH;S0;
\
@
H3N o
CH5S0,4
[0380] 'H NMR( ¥ 8%-d4, 400 MHz): 3 = 0.82 — 0.98 (m, 2H), 1.26 — 1.40 (m,

2H), 1.42 — 1.56 (m, 2H), 1.73 (dt, 1H, J = 15.3, 7.5 Hz), 1.96 (dddd,
1H, J =264, 164, 12.9, 6.1 Hz), 2.53 (ddd, 2H, J = 13.0, 6.6, 4.6 Hz),
2.71 (s, 6H), 3.14 (dd, 1H, J= 14.9, 10.0 Hz), 3.44 (ddd, 1H, J = 14.9,
4.6, 1.0 Hz), 3.78 (s, 3H), 3.81 (t, 1H, J = 6.5 Hz), 7.03 — 7.11 (m, 2H),
7.19 (ddd, 1H, J= 8.3, 7.1, 1.2 Hz), 7.36 (dt, 1H, J= 8.3, 0.9 Hz), 7.60
(dt, 1H, J= 8.0, 1.0 Hz) ppm

N1 0 Ne-((S)-2-(A% R B )-4- F 4 | 68
671 7 = 1. T 25 v
) «,)(o/\ IR ERAR)-1-F 3K -D- & 2B T B
/N HN._ _o

RAEER 2
oA
s05

O

'H NMR (400 MHz, DMSO-ds): 0.73 (dd, 6H, J = 8.2, 6.3 Hz), 1.16 (t,
3, J=17.1,71Hz),1.24 (t, 2H,J=7.3, 7.3 Hz), 1.32 (dt, 1H, J=
13.0, 6.5, 6.5 Hz), 2.98 — 3.09 (m, 1H), 3.20 (dd, 1H, J = 14.5, 5.2 Hz),
3.72 (s, 3H),4.11 (q,2H, J=7.1,7.1,7.1 Hz), 4.64 (td, 1H, J=8.9,
8.9, 5.4 Hz), 6.99 — 7.05 (m, 1H), 7.09 — 7.17 (m, 2H), 7.26 — 7.35 (m,
3H), 7.38 (d, 1H, J = 8.2 Hz), 7.52 (d, 1H, J = 8.0 Hz), 7.59 (dd, 2H, J
=17.7,1.9 Hz), 8.00 (s, 3H), 8.92 (d, 1H, J=8.2Hz).

[0381] A M| kg 1 S8 i 245 ) SR AR R 26 — BRAR Eh MBI R = R 1) — T ik
[0382]  #£0°C R Ay i B (1. 22mmo1) F-JE/K THF (10mL) (K3 IR AE 9+ THE R ) 3
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W (2mL) IR (0.611mmol 5% 1. 22mmol) , FEE B HE & Eiln . i FE2-6/N 5 , 2878
), IR 5 B SR T B b, e T Ao

SPETFH AT IR LT/ )

#

A4k i o
(%)

et

NLG-
1628

HO (2R)-1-(2,3-=% % A& | 43
Hof v | B)-3-(1-F A-1H-
o = glek-3-5)-1-2XK A

oNH o (0]
@360 g oe H3N }]D' 'éﬁ"gﬂ _%]]7:
i 0
Y
OH

H NMR (400 MHz, DMSO-ds): 3.05-3.19 (m, 2H), 3.29 - 3.40 #=
3.44-3.55 (F/ m, 2H), 3.62-3.69 (m, 1H), 3.74 (s, 3H), 3.89-3.99
(m, 2H), 4.07 — 4.12 (m, 1H), 6.25 ( br's, 2H), 7.03 (t, 1H, T=7.7
Hz), 7.11-7.21 (m, 2H), 7.40 (d, 1H, J=8.1 Hz), 7.51-7.57 (m,
1H).

NLG-
1630

[0383]

9 e (S)-5-FH-1-((R)-1-Z | 83
TR e e {3% B -3-(1-F - 1H-%I%

©0-8-0° HnN® NH

8 o~ | 3-FH)-1-BAKAE-2-5K)
@—(}o/\ @T{\(} £A)-1,5- =B8R K-2-
\ SR RRBR 3

"H NMR (400 MHz, DMSO-d) : 1.10 (1, 3H, J = 7.1 Hz), 1.63-1.74
(m, 1H), 1.75-1.86 (m, 1H), 2.02-2.07 (m, 2H), 3.13 (qd, 2H, J =
14.5, 6.8 Hz), 3.52 (dd, 1H, J = 7.4, 5.0 Hz), 3.72 (s, 3H), 4.04 (q,
2H, J=7.1 Hz),4.55(q, 1H,J= 1.6 Hz), 647 (br 5, 2H), 6.85 (s,
IH), 7808 (1, 1H, J="73 Hz), 7.10 7,19 {m, ZH), 728 (&, 1H), 7.38
(d,1H, J= 82 Hzy, 751 (d, \H, J=79 Hzy, 859 (d, 1H, J=T79
Iz},

NLG-
1663

(R)-4-(((2-4&#-3-(1
- Ak - 1H-"] % -3-
Hy o | R)ABEB)AE)T | 2
HSOs | K )wk ok - 1-85 40 B

= o O ER
HSOS

(DMSO-de) 1.08-1.30 (m, 2H), 1.42-1.59 (m, 2H), 1.64-.178 (m, 1H),
2.64-2.84 (m, 2H), 3.11-3.35 (m, 4H), 3.75 (s, 3H), 3.81-3.90 (m,
2H), 4.22-4.27 (m, 1H), 5.79 (br s, 7H), 7.06 (1, 1H, J = 7.4 Hz),
7.11-7.24 (m, 2H), 7.43 (d, 1H, J = 8.1 Hz), 7.51 (d, 1H, J = 7.7 Hz),
8.17 (s, 1H), 8.39 (s, 2H), 8.51 (s, 1H)
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NLG- 0 (R)-1-# A& -2-(1-F
1667 OH F-1H-"3%-3-4)
o z-1-4%mE Ak |30
e,
HSO,
|
(DMSO-dg) 3.17 (dd, 1H, I = 15.1, 7.2 Hz), 3.27 (dd, 1H, J = 15.0,
5.3 Hz), 3.74 (s, 3H), 3.96 (t, 1H, ] = 6.2 Hz), 7.04 (t, 1H, J = 7.4 Hz),
7.12-7.21 (m, 2H), 7.41 (d, 1H, J = 8.2 Hz), 7.58 (d, 1H, J = 8.0 Hz),
8.52 (brs, 4H)
NLG- - (S)-6-(((R)-1-#& #- | 82
1669 0 2-(1-F #-1H-v3| -
3-H) T H)AI)-6-
NH; = e iy
® FAR T-1,5- 4851
R
S0,2
[0384] Lo
'"H NMR(DMSO-ds, 400 MHz): § = 1.08 — 1.58 (m, 7H), 2.55 — 2.71
(m, 2H), 3.03 (dd, 1H, J = 14.6, 8.8 Hz), 3.21 (dd, 1H, J = 14.6, 4.9
Hz), 3.63 (s, 1H), 3.72 (s, 3H), 4.53 (d, 1H, J=7.9 Hz), 7.02 (t, 1H, J
= 7.4 Hz), 7.09 — 7.18 (m, 2H), 7.37 (d, 1H, J = 8.2 Hz), 7.56 (d, 1H,
J=17.9 Hz), 8.25 (br s, 6H) ppm
NLG- . o () N2-((S)-2-(A*- &4 | 29
1691 | YN b )4 F Ik BRI )-
M L N 1-F %-D-&. 5%
o & N b s 3k
o H®N (o] @E@mﬁxm
N aN—,
N\ 7 _<
'H NMR (400 MHz, DMSO-de): 0.72 — 0.78 (m, 6H), 1.11 (t, 3H, J
=72, 720, 1.14 - 118 {m, 1H), 1.92 — 1.30 w1, 17T, 145 (di, 10,
J=13.5,6.8, 6.8 Hz), 3.00 — 3.08 (m, 1H), 3.15 (dd, 1H, J=14.5, 5.6
Hz), 3.70 (s, 3H), 4.05 (g, 2H, J= 7.1, 7.1, 7.1 Hz), 4.54 (q, 1H, J =
7.5,7.5,7.4 Hz), 7.00 (t, 1H, J= 7.5, 7.5 Hz), 7.11 (m, 2H), 7.36 (d,
1H, J=82Hz),749(d, 1H, J=79 Hz), 848 (d, 1H, J=179
ey,
TMD, \ /‘ =
HN—) N—\ N s ==
& b 1, 2R N v/
[0385] @ ELN . th'\lL‘DJr}AJAP ﬂ :L 7 g
HO —Dﬂm HO . e NH O 2. AcOHMeOH
? 0 NS

/ LNH
[0386] A Al (R) —2- (((2— (1H-PKMe—4-J) R4 %) PRE) & FE) —3— (1-F J& - 1H- M|k -3~

F) AR H fig (NLG-1264)
[0387]  [\]2— (1H-BEME—4-3E) Ky (1.0mmol) (AR¥EJ.Med.Chem.,2008,51 (16) , 5#54968-

4977 U1 #%) FDMF (3mL) HH VAR IN = 2. 1% (1. 1mmo1) - FE1043 81 f5 , W% nd , 47— — H
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A = 2K LS (1. Ommol) “FDMFH R (2mL) o« FE RS R IR0 S B I B A P it
AUKIK (10mL) o K [ R g4, VA KPR I A T 4R L Ba T B HLELNa2S04 TRk
g KPR GHE—BAib g T R — 2 E0°C R ) (R) —2-% FE—3— (1-H J—1H-15] -3
) HWERH G (0.5mmol) (AIARPEPaul Cox,Donald Craig,Stephanos loannidis,Volker
S.Rahn,Tetrahedron Letters 2005,46,4687 A #|4%) T-DCM (3mL) VR W+, IDA =
H5 (0. 5mmol) FIEL3N (2.0mmol) o AR B HE LN, FHIR4E 2 T AR RSB TR
— LM A HEAT 44k B % AR Y0V T-DOM (5mL) o, hn N ZE JEmkmMEAT24E 9 (0. 5mmo1) AIDMAP
(1.5mmo1) oK T MRAE I8 N BRI o Pl R Z2BRIE I, oK KL AR A 8 ik ik Ji ZE ok
FEFHIRYE - [ TR AW I AMeOH (3mL) FIACOH (2mL) , FERH A E =i F A EE30 0 8h o K T W
FH/K# R, I AR 2C03 1l st (pHZ98-9) « FIEtOACZERUK 2 , K & A HLZ FIK (2
IK B FE T (Na2S04) KL IR AW iE i ke A (il 4lifh , B 2L & (21 % 72 %K) . 1H
NMR:3.20-3.48 (m,2H) ,3.66 (s,3H) ,3.70(s,3H) ,4.61-4.75 (m, 1H) ,6.57 (d,1H,J=
7.2Hz) ,6.90-7.30 (m,7H) ,7.50-7.58 (m, 1H) ,7.10-7.76 (m,2H) .

[0388] iz it 51]2 « P o 7L S5 72 it 2 Al 1 [ A T X P SR ALE

[0389]  D-IMT (HPLCZLE99.6 %) Wi B BN H (ks K , 3+ H AR fm R e s (PLM) - Hid
IE XG0 AR 4> B0 (XRPD) S WU S IR A& 5 20 (B D) o HA LR 7 JE i #4E 43
BT (TGA) AN 7R F 4 G (DSC) RIFHIAE293 . 8°C R 4R 1 BB A4 #hi% , A130-200C 1
210.01% HEEMIK, RIP L — MK Z M2 FERIEHE (W0-80%RHAE0.09% H &
BN , 3 HAEBh A 2R (DVS) Z G AN BoR A4k o LA, (B 48 A T 20 i A 5 M 70 3%
B, D-IMTAE I 2% 1 (25°C /60 %RH,40°C ,40°C /75%RH, 60°C F170°C) T HF4:4 H =4k 5
SEIR . AN, HoAE25°C T AE 24/ N ES70. IN HCL AI50mMBE IR £ 22 ifipH 2-811) 1
e R g BT HAE 50 3% Ho02/K pH 2F1pH 84 il b il /s tH A I B i (0.459%6-3.3%) (K
B A JHAERRT=0.58) o

[0390] St A51]3 « 5| Wk 7 55 12 Jite 5 M 75 At F52 1) SR AL

(03917 5L 3% B Wik Y0y Mef| e 176 S 7 7 2% v ik A 2 o v Y DA AR R AE 3 AR (SGF \FaSSTFEK
FeSSIF) H 1 B~ T IS R =) o W51k U S fE7EpH 2- 81 /K VR A IRV A R
1.8-2.0mg/mL, H A fEpH<1 . 58> 10 T ¥ #f B3 57 o 7 H P pHYE [ P ) 3 P {EG I A B T e
e T 5 AR B I T SE A K i o T HERRBE (packing energy) ,1XH1293.8°C KR &
F 25 L o P Rk 75 S A X6 . T iz pHIFT pHYE BBl P 103 (R V8 A8 5 ] R 0 MU R 1 NAR Y
15 55 T-800mg 771 5 1 A5 BIR A 77 B A o IR b, R AT THIF 9 1 Wl ik 178 S 48 ) 5 s 25 T 7K 43
ARTE 1 AR 24 vl LSS i At P RN 2 %

[0392]  SEjiidsil4 - 05| Wik P 55 1 £k 2 FL I AR BE () R ALE

[0393] il 35 5 g | gk 11t S 72 36 HVPAN AR AL 22 1 T (3R2) o EhIR 2L IR £h R Eh
- B IR Eh R R R Y- R R 3R 2 1 E [ AR oK, L SR & i PR i Gk PLMANXRPD) H
2 TL7K I GEIETGA) o 3xX L £ 2 7 LY Ui 25 B SE AR IR s A, R BHAE > 1. 52 <10/ pHE Bl 9 7K
HH VS AR B T o 3K 6 26 A 1 K 2 BB IR T K R B R B S N 2 294 7-8 . 6mg /mL AT SGF
W R 3 N A 5. 5-10. 6mg/mL , oA £R R £ B UK T /KB SGRH JE 3 B 3% 1 & >
200mg/mL .

[0394] PSR 55— Fhis| ik v 55 4l 4k 2 Eh R R 6 , L RN 194 C IR RURIE 22 45 4 5 (G
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I PLMAHXRPD) o 1% Fh &5 B A 7K A Wi A e kG 1 B o RS (4.5 % B & 47
2, 1B TGA) .

[0395]  FHZRMEMR 21 7R T 4 E IR PO A, 1% AT RE A& 45 RIS R A IX Rl BE B2 v i 1 %
bania)i7Ll e

[0396] L& Eh B A A KA R Py AL 5 5T 49 4, 7L IR 6 RN R 8] B e AS 5 1| Wk v
FAETE R, I HAZ AR s 1 5] 78 S A5 Ui 5 Bl i 4 AFTIN— P ) 0 g i 7L I 26 it AR T R
a0

[0397]  PNERAWIRGE LA, BB A IEFE A SN2 A5 i (GBI TGAELDSC) K /K&
VIS D), PR A 0 FL AT it — 2D 3RAIE .

[0398] 2. M|k Pl SE 4 J FLER (M ) R AL 22 14 I

[0399]
At it
DSC - B Kb .
g TGA i 5 ; BIRR
S 1, B ESS = = 4 25 & -809
& | 4 (BEHRS (FRHL) | (APL b wh/E (0-80% (25°C, mg/mL)
&%) ) RH)
PLM | XRPD K (pH) SGF (pH)
# 0.01%
B ;‘(ié’@ 293.80°C | (30 - 20]- 99.6 | A | A(HF B 0.09 1.8 (6.03) |3.6(2.32)
0C)
# 0.13%
HCI # j;ié’@ 230.59°C | (30 - 12]1:1.05 |99.7 | & |HCIEHBX 1 [0.017 |>200(1.06) 33)200 KL
0C)
% 1.89%
ARk ;Z(ié’@ 22586°C | (26 - 12]1:051 (996 | & |#ABRHEELX1 |34 47(2.03) |55 (1.68)
0C)
3 % 0.6%
.3
;;i% - ;;:\ié’@ 216.1°C (30 - 15]1:060 [99.0 |2 |#&&#EHX1 |- 8.6(2.42) |10.6(2.05)
= 0°C)
% 0.15%
HEEg ik j;ié@ 225.09°C | (30 - 15[1:1.01 [989 |& |#B®M&EHLKX1 |17 832 (NA) |[9.83 (NA)
0C)
¥ - 2 0.39 .
;&; ;:\ié’@ 266.2°C (;700_31/;0@) 1:056 997 | & | RE#d - 55(234) |6.0(1.84)
% 0.18%
7 A 3h
i%ﬁ" ;Z\ié’@ 209.71°C | (30 - 15]1:098 [99.5 |& ;iﬁm o2 5.1(1.84) |6.0(1.43)
= 0°C)
LR | KA | 102.6°C % 4.5% . s ke m% 3 X,
s aledy | 1943°C (25 - 15 1:050 993 | & | -
[0400]
07C)
TR | B E R
w4 - 973 | & |NA
4 B ERE LA + BB
5 s )
Lk i 1:01 5
N - ¥ . o "
L | B ERE . AR +
g%*@. & 1:01 %
i3
g | e " 4 169%| . %X
ok 1A 63.82°C (30 - 100C) 1:1.03 | 988 [No |Na##X1

(04011 Szt 54 - Mo WAe 78 S AR 5% 55 T8 7K 7 Wi A
[0402] ] th 15| Wik 75 56 4255 25 JE 7K 23 B4 (SDD) il FIA¢ 2102 , LA P-4k AT 4T SDD i 771 2 75 e
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I AE 5 T YA Hp e A AR R 0 R 116 S A e T AR S SR 1 43 IR S, A4S LIS eT
DA 5 o PEARHIE T A, 383 R P v 1) 2% SDD i1l 1) « FATEIE 55— 1) 70 VA Y CE S 25 T Je i o
PART10°C, FFERNE 55 - ) pHAERE 25 T AT i 220115 (FiR) - st 405 22
T8 (GB) ALz (STF) f A4 S HE IR AH 7 1 B P SDD i 551 R I o iR 37 5 Craxep 7R
4 JE W 1) SDD 5 7E GBH ¥ A 30 73 B ) Wiy e 74 S A8 70 V3 W HH 1) B KR S 5 Crnaxoo 67 4 SDDAE
STFHIZAERI0 73 Eh ST F1 F5e eI e E S 4 1K 5 ; UL traCoo 28 78 VA R 9040 5 42 26 1 1 M 1 55 .0
FR E AR ORI STEH B B2 HUT traCizoo e n ¥ A 120073 B J5 $6 35 8 ok JE i B8 Lo B 4T
AT SURE A STE R AR BE o T 24 FHSDDHIIFRIFE S LA e NS 45 24 16), GBS T H | Wk 7 56 1
PR 9 P o 186 G| e 6 S AR AT o PR X S SDD I 71 ) 7 — A s v 2 3k 6 g1 751) m 15T
S LI W3 RN S AR 8 M o R IR e RGBT 55 245 1) 7 1 ) 4 1) SDD il 351368 i L 3 Ik R Al Ak
L 55— 5% ) s PR IS 6 1) 751 BE AR » A, B AR P s s R 3 2 B e e 1T, DR N B T RE R AR
I 2RI R o T P X AR v L e 42 P9 AP SDD A 7 A T v ) 3 — AR N PRI 9T < 5
— Pl 50 % M| Wk P S48 /50 % PVPVA-64 , 52 7 T (1) g 94 B 2 1| Wik D S A (1) 1. 8%
(UltraCe03293ng/mLX}1849ng/mL) ; H. &5 —F&50% M|k Ph 3£ /50% Af finisol 126, H
T TR PR iz Ak i 2 W5 Wi Y S5 811 2 . 34% (U1 traCoo4340ng/mL%1849ng/mL) o iX L& SDDIH i #4
VR 55 g ) %, BN R AR R e PR

[0403] &3 Wbk P SE A 1% s 25 T 7K J3 B sl 7 P st

[0404]
. S CmaxGB Cmax90 UltraCop | UltraCi200
20 %, AL ER
, (ug/ml) | (ug/mL) | (ug/ml) | (ug/mL)
ki £ 14
API NA 5,154 2,213 1,849 1,854
(x} 1)
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[0405]
10% ©3l"k9
£1%/90% oRFETR 6,253 3,027 2,982 3,392
Affinisol 126
25% v5|%RdH
£ 1%/ 75% Ko % 7,466 4,064 3,023 3,096
Affinisol 126
25% v3|%RdH
2R T5% e 0% 17,281 7,313 3,943 3,171
HPMC-E3
25% v5|%RdH
£ 1%/ 75% Ko % 20,116 9,349 2,531 2,908
PVPVA-64
25% v3|%RdH
2R T5% oRFETR 6,831 3,932 3,892 3,976
Affinisol 126
25% v5|%RdH
R/ (il okF E TR 4,015 2,487 2,494 2,598
Eudragit
L100
25% v5|%RdH
£ 1%/ 75% ok ETR 8,488 3,623 3,372 2,840
PVPVA-64
50% "3l"RdH
£12/ 50% Ko % 10,442 4,745 4,828 2635
PVPVA-64
50% "3RG
£1%&/50% Ko 0% 9,967 4,630 4,802 3,067
HPMC E3
50% "3l"RdH
£ 1%/ 50% ok ET R 6,078 3,455 3,690 3,471
Affinisol 126
50% "3RG
£1%&/50% ok ETR 5,931 3,352 3,599 3,228
Affinisol 912
50% "3l"RdH
£1&/ 50% kR F TR 8,481 3,695 3,293 3,018
PVPVA-64
50% "3RG
£1%/50% kR F TR 8,995 4,187 4,340 4,194
Affinisol 126

(04061 I 1915 « WIVA: 1 5 i L 5 A T 4 TSI W 75 FESDDE 12 Bt 925
SV
[0407) 3 7 sz 5510k 75 5 BB s S22 L8000 4 S SDD 2 75 5 0810

T8 5 KR IE (Cmax) AUE 2 Fx (AUCo-—>w) B4 1, FATTAE B B rp it AT 1 LU BV E A 2R3 7)
AR T, B B T TN S 0 AR AR 0B PR DL R o e R 2 A RO T I A (B2
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HEPE) LL275umol /kg (4H1) B{825umol /kg (ZH2) L8 114524 « 1) 5|1k [1E 25 e 3% B ol i 9 ; 2) 15 1wk
VG S 18 R R £ Fie B 5 3) M| Wk G S 71 - B R R i 5 4) SDD VR A2V (W[ Wk 324850 % /50 %
PVPVA-64, (w/w)) F15) SDD2JE 23 (M]P PE3E4850% /Affinisol 126 50% (w/w)) o BT R—
BRI Ml A ) A — Pl e & R 14525, 3F HAE0. 0. 257N L0 5/NIRF L T/NI L2786 4
/NET L 6/NBT S 8/INEE 1 2/NEE S 24 /INEE L 36 /)N B A48 /NI R AT LA it o i ot 8 sk B E [ L.C-
MS/MS 3BT 7512 ML 5 H 0 52 M| 176 S5 42 ) 34K JiZ o Cona AITAUC (0-a8m) 388 18 48 FHWi nNonL i n £
(Certara) (M AERE 2 70 B vt 5 o % T JR S il 771 o A Mgl D P SR 41, 1) 26 1 1) Zh ) F SRE Jic A
2852, IF I H 2 1 Zh ) AR I $EB%S 24 o IR FEAFIBI) 4H Jsim T 3R 4Hh o X T SDD il 5
FR) M P D S5 428 i) 2L 1 P 4 3047 FH AL/ kg ) 1 5mg 5| Wk 78 36 48 /mL VR By 45 24 , T 1l ZH 2 i 31
) F4mL/ kg 14 5mg M| W 78 S 4/ mL IR B 45 24  7£0 . 5 %6 T FE4F 4E 3 (Me thocel) Hr il £ SDD
TR RV )

[0408] 4. HT & 125 245 2 & ORI & 52 LU 25 A as R T =X 140 1| ik v 56 4 1 e 1) 28
%

[0409]
B et w3 o £ 4% 0
ARBLEHFBR  Ak@EEpC TR0
PO4H3
MW (g/mol) 218.26 254.76 267.3
FRA(mg) CapA CapB CapA CapB CapA CapB
MRS (mg) 100 235 116.7 262.5 122.4 2755
Avicel PH101(mg) 17.9 40.2 20.8 46.9 21.9 49.2
H 58 (mg) 17.9 40.2 20.8 46.9 21.9 49.2
X BB TS 3
ARATHAERS 5 16,1 8.3 18.8 8.7 19.7
(mg)
[0410]
it 142.9 321.4 166.7 375 174.9 393.6

[0411] K5 B IR [ 78 A s Wk 7 56 18 1) 77 25 24 )5 3R A5 10 g 4w I 22 211 1 3 Cmax A
AUC (0-18n) ZHUH - 5 B n 1 3RAF 09 FH T o) 7] A XS W] e 776 55 42 i 20 i P L e ) 3
{ELFR) B0 43 bl LA PAEL o AHEE T Wl Wik 178 5 12 i 20 i P B 1Y 25 245, M| ik 1 SR A HC 1 e BRI 25
25 SEAE MR P P EK R, Cmax (31-65%) MR 52 (37-53%) 25 38 i1 . KAL) i, 13|
6 S fi e Tk I i e B e A B 2B ) Cmax (T-44 %) %55 (27-34%) 38 i #H 5 , SDD1 5L SDD2 ]
70 F PR W WA 7 S8 = A R 2 T e Pk 1P S A i 2 i fs 3 ¥ 35 (1) Cmax (15-94%6) B9, (HL2 AN
REME e B iE o H T IX S R, 2 L3RR 3 | -~ Tl 1R 3k Bl Wl 1R 36 11 M| W v S 1 3 f - R L
e B T W e G S A, TE 18 2 2 R B I A % 55 TE /K 0 B

[0412]  3R5 4% o M| Mok 174 5 1 e 25 A A 0T T~ L R BT 25 70 7K 23 B 1 Cma x AL 5% B
(AUCO->> o) [ Ht %5
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[0413]
" AL 3]
| wlk
AREEE  ARBAL ARG LE ;l ";{‘f’j\j i
B R HCl 0.5.H3:PO4 - A A Affiniso
; 1 126
& 275 umol/kg
s 4 4 4 4 4
(irlr\‘;‘)x e 12,9433 21.348.9 18.544.8 2565 21.345
ot ek & £
gk Jlate NA 65 44 94 &5
P 1 NA 0.047 0.033 0010  0.017
Q[{S(O'Mgh)(“ 66+17 10118 80+15 725418 83425
ot Tk & £
b NA 53 34 9 26
P 1 NA 0.043 0.065 0.36 0.2
vl 825 umol/kg
[0414]
EIE7E 4 4 4 4 4
Cmax, F394E | 004 334412 2344127 294410 ST
(uM) 4
ot ek B £
1% FB 938 % k= =l L = =
P14 NA 0.010 0.042 0.041  0.025
11\%41{}():(0»4811)(“ 127473 173275 161481 141461 136457
ot Tk & £
AT NA 37 27 1 7
P 1 NA 0.012 0.015 0.18 029

[0415]

xoF Ui B AT DA77 A Cmax RAUCZG AR 3l 7124 S 0K 36 i

AT BN, 1E275-825umo 1 /kg [ 771 & Y [ P , 5] ke 175 S 1 1) 6 1R 5 A1l 19 6 AH

[0416] St 16 A e A5 B 74 P Y 1 A 6 4 2650 73 S0
[0417] Sy T 85 24 5 A A 75 880K R, oF D81 VR 7 2% 48 B K9 JE (Cmax) 3 5 5

(AUCo-><e) » FRATTINIA 1 W i 18 5 48 1) #5198 28 B IR 1 iR b A0 FR R 26, i i e 5
3G A O TR R FL O B - T 1 = ARk 2 37, 1858500umo 1 /kg o

[0418]  DL3R6.1-6. 31 R (4 EL 51 i) 25 W SIS JE (Torpac, 20mg ) , Hi&4711.4.28.6
B.50umo 1 5| 4 S 1 sl L £ / 5 L A B I Rl 2T 4E 3 FLRE K& W S IOR Y 1 4
2NN I R R 2L R TUTE 71 - B3R e A 28, I i 5L ANLC-MS/MSBIE >R B BRI AR
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M Jio B A I 1) 2H R 1) 20 1 DA o P R s W D SE A5
[0419] 2?6.1:ﬁﬁﬂ‘bjB?umol/kgf'@ljﬁun%DQ/\%‘E’Jaz/\/ PR T 2 3 WA 5
(R s FEA ) 2H
[0420]
ik £ fE S E ¥ ik £ fE ik £ fE ik £ fE
B HCl H;PO4 H,S04 CH;SOsH
[0421]
S 218.26 254.76 316.25 316.33 314.36
(g/mol)
(mg)  %(w/ | (mg) Yo(wiw) (mg)  %(w/ | (mg) %(ww) | (mg) %(w/w)
w) w)
sk g | 250 1250 | 2.92 14.59 3.62 18.11 | 3.62 18.11 3.60 18.00
MLer s | 745 3725 | 713 36.50 7.1 3550 | 7.1 35.49 7.1 35.50
3
H¥E—K | 745 3725 | 73 36.50 7.1 3550 | 7.1 35.49 7.1 35.50
o4
TEEHE | 24 1200 | 2.28 11.40 1.98 9.90 | 1.98 9.90 2 10.00
S
sERgEss | 02 1.00 0.2 1.00 0.2 1.00 0.2 1.00 0.2 1.00
Bt 20.00 100 | 20.00 100 20.00 100 | 20.00 100 20.00 100
pumol/ & | 11.4 114 11.4 11.4 11.4
i
Mg/ | 1 1 1 ! !
&
“mol/kg 7 37 37 37 37
mg # & 8 8 8 8 8
B/kg

[0422]  3%6.2: Fl-FLA185umol /ke ) KB L8 I 45 24 1) 75 52 1L T 18 i e 712 3Py Mg e 7t 5%
TR JRE BN 4 B

ki £ 1% Ll X DlmT
W B A HCI 0.5. HsPO4
MW (g/mol) 218.26 254.76 267.3
(mg) %(w/w) | (mg) %(w/w) | (mg) Ye(W/w)
SEM R 625 31% | 7.3 37% | 7.65 38%
Mg hE 555 28% | 5.1 26% | 5.05  25%
[0423] | SLiBE—KAd 555 28% | 5.1 26% | 5.05  25%
KRBT i | 245 12% | 23 12% | 205 10%
RS ER4E 0.2 1% 0.2 1% 0.2 1%
%3t 2000 100 |20.00 100 |20.00 100
umol/fix & 28.6 28.6 28.6
& k7] ) 2 )
pmol/kg 185 185 185
mg 7 & s/kg 40 40 40

[0424]  3%6.3: 1T LL500umol ke F) A B 48 1 25 245 1Y) &5 22 HL i 12 ik i e 712 2 ) g e 8 52
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THL ] e FECHY 2L ik
ekl £ 1& ek £ 1E DImT
75 B AR HCI 0.5. H3PO4
MW (g/mol) 218.26 254.76 267.3
(mg) %(w/w) | (mg) %(w/w) | (mg) Yo(w/w)
[0425] E R A 10.83  100% | 12.6 100% |13.27 100%
Bt 10.83 100 |12.6 100 |1327 100
umol/Ax & 50 50 50
FRAE /S 3 3 3
pmol/kg 500 500 500
mg 7 % #/kg | 110 110 110

[0426] Sy 7 Wi sk DA 52 JEL it 2 i T 1100 g P 7 S B 24 T SR A K 245 4K80) 77 2= i
4, 18I IR ZEA L 207 IR FEBEL 3 RL I FEC 1F PN 1% R 25 25 LAk 237 185F1500umo 1 /kg
I KF (O3 I AH S T8, 4011 10mg / kg M| Wk P S 48) o 7E25 2511, #4 KRR A5 & 16/ DL YRR
AEAATIR 2 B W52, AR 45 24 Ja 2/ NI IR [BI ) o TE45 2 J 093 81 157381 . 30738 L 1/INE
27N VA/NBT L6 /NE L TO/INEE L 247NV A8/INESF FNT 2 /N, IR UK R SR A IV s o B L.C-
MS/MS € 15 H g ok 78 SE A () R BE, I8 FH B/ WinNonLin (Certara) tHE 24450 /1% 2
[0427]  VFi 1) S5 AH DG 1 254K 30 77 5% 2 B0 13| Wk 18 95 1 1Y) e KR BE (Cmax) 1L 5% R
(AUCo->e0) « 7. 1-7 . 3FNE6 IR 1 S 56 &5 J 1 MR

[0428] M| v 5 4 R 2 R T 30 T EUPE AR /KT T Cmax B Ge 127 b 8 35 B A, 78 AR 1) 55
B NG LR E I S AKCE T2 BB G. Sh R B i 25 2 57 (AUC) 7R &
A AR AKCE T %A B R AR AR HKCE R BoR B B N 5 R KRB
EE , W] Wk 7 5 il 6 R 36 70 Mk U5 SR B R IR AN [RIAT 2 T2 3 IR v B R H i 28 R B AR
FM , e HHAEE A B RO A X TR AT YRR S AR R e It T
WNAAR A ) 25450 7757 i 2 %) H B4

[0429] M| Wik 7h 55 8 flk J0 £ AF0 - B 2 28 7 (I AN o 25 55 /K RSB 7 HE Cmax FIAUC 2 5 4
I, AEAE 5 i 75 B KT R s H Cmax i 25 PR AR AN R 38 AR g it 2 | B 2 R A .

[0430] &6 {27 1 U BBk  HC1 FNPO4Hs T 2 (19 15| ik 7 5 42 1) Cmaux FHAUCHR) 751) 5 44 8 P A
e 1 Z B 7R T HC T AP0 5 FH X i B B A (R AT 25750 /K7 R B Cmax 384 1, {HL A& 78 #
T 77 B KPR E Cmax 7 B — ) 17 il 28 H VAT 3 R E Ui B Bl P o 3 AUCHA) 71— 57 i 2 428
N 1 AUCKE %5 771 8 BE 28 PR M 38, B 17 78 DX 1) o v 75 B 7K P R ABLST A K 5 710 = Rl B 497 34
T POHs L 4

(04311 S {plth, g 0 1 20 M| W 114 56 22 v G s 1 266 B8 R R 26 24 LA 3 Tumo 1/ kg IS
FCmax FAUCKE N 1 £930-40% .

[0432] 3 e a2 B , W Ak 7 6 1 F 6 T 5k ARl TR A X 3 e s el X 1 VA R FE
I B B I Cmax AIAUC S ${H

[0433]  R7.1:PA37umol/ kg% 241 K R 5]k 11t S 12 it B Al AE X T 3L 3R 7% X 1) Cmax i
7% (AUCo-><) HIEL 55
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[0434]
Bk A R EHELE UREGER GRBELE RBHER

Zh H 11 4 10 4 4
Cmax , “F ¥4k 15.9+8 9.5+2 22.349 22.6+7 20.3+2
(uM)
st F gk dy £ NA -40 40 42 28
1B R K
Hm%
P b NA 0.069 0.044 0.077 0.18
AUC(0->00)(uM. 390+166 299+77 558+185 553+196 537+194
h)
st F ok dy £ NA 23 43 42 38
1B R K
Im%
P1h NA 0.159 0.018 0.065 0.2

[0435]  ZR7.2:LL185umol/kg%s 24 1 R BR H H5I Wk 178 S 8 3 5 el A X T 3L 26 72 ) Cmax A1
HZE TR (AUC)>e) HIEL A

HREEE GlRBERZ GRBEE
#&: 185 umol/kg ) B i1} H;PO;4
EIELE 3 8 6 6
Cmax, -F3#)1E(uM) 20.84+4 38.4£10 40.9+5
AAxF T o5 B & AR 0 B AR NA 84 96
[0436] 3 Hn%,
P& NA <0.0001 <0.0001
AUC(0->c0)(uM.h) 1080478 1493+728  1446+645
AAxE T o3| B R AR 0 B AR NA 38 34
A%
P& NA <0.0001 <0.0001

[0437]  ZR7.3:LA500umol/kg%s 24 1 KR H ISl Wk 178 S5 18 3 = el A X T 3L 26 72 2 Cmax A1
HZE R (AUC)>e) HEL 3R
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BlAEEE BREEL BRBEE
% %: 500 umol/kg i B A HCl H;PO4
Fhh# 6 5 6
Cmax, -F¥1EuUM) 76.2+25 44.4+8 37.2+10
st Fogl ok B £ 1L B AR NA -42 -51
[0438] | 3¢ Aa%
P {4 NA 0.012 0.0027
AUC(0->0)(LM.h) 28711379 2706+847 19021288
st F o5l ok B £ &0 B AR NA -6 -34
3 m%
P {4 NA 0.41 0.12

(04391 STt {17 « Y8 A 1) 351) H 7 W WAk 7 6 4 iy 245 1 244X 0 2 ik

[0440]  7r 20 1 it FH LM g ok 78 6 B8 1 24 J5 SR A5 1 W) Wk 7 SR A 1) 25 AR 30 Jy i &G LU
AR T7 AT W « AN S Pl 368525 1 ARV 24 () Mg Vo 7 S A2 ) 2 A0 P 222 S T A e B ] 45
TE U 25 5, 18 G0 AT e 52 0 A [ T 24 10 35 i P52 B0 v 22 1) 22 s 8 ot Ak BTG 2 T [ 4 1) 22
S o DRI, PP 7 S e R LR Bl AT 2498 TS M B AR, TR B R R K
Cremaphor®: Z 8% : £ 7K (10:10:80) BiChremaphor:EtOH: ;7K :HC1 (10:10:80:0. 1N) . H]
P 7 56 7o s HL T 245 DA Img /mL P I B ¥ AP 3 et 2 10 8 I LA LOomL/ kg ) K SR 45 24 DAIA B e &
75 N 10mg/ kg ; B LA 25mg/mLiE i , FFaat 28 1 #E B DL 2ml/kgla] K ER 25 24 DLIA 3| ir 445l &=
50mg/ kg ; B LA 10mg /mL I ¥ B il H UASmL kg 48 [ [v] /N 45 25 LIS B e 4 A
50mg/kg o MK BRI 8 3 kit 11, 38 38 368 Jok AR 8 b i A /)N BRSO ISR o (0. 10 2mL) ,
RT B O RIS I, FE AR AZAE T UK L, DLk G i SR WS B I B R 29K R AR 45 24 )5 0
A d 1540 Bl (3043 1IN L 2/NRE L 4/INSE L6 /NS L 1O/ L 24 /NI VA8 /NS AT 27N A KR
AL IR F & BRAE 25 24 JE 03 Bl 3000 Bl s 1/INESS < 27N L 47N L 671N L 16 /)N F24 78 A
/IN GRS B LV it o 3B S LC-MS /MS I i I 24 v W Wik 77 6 4 R My 245 DR B, 1 Mg e
7 3 4l e AT 25 258 12 S8 iR BN D1 S U T W A KR (n) 3R
S SHAE R IE  BONH —2H /N (n) RA I ILVBORE &t 1R B AN 245 4R80) 7 2 it B HET HH )
— AN 2.

[0441] 8. 1F18. 27 1 7E FH| Wk 7 3 7l sl fe — Fh I AT 24 45 24 i 3R A 04 sl ke 7 5 42
Cmax FIAUC (0-><0) o I T BT KR PAAH[E 77 1 Omg / kg 8 1 45 24 , {H A& Fh AT 265 B AN E 1Y 40 1
HE, N T LR RR AT 24 45 25 R0 0E T P SR 0 8 R I ok 7 S A 45 24 5 3K 45 1 Cmax Al
AUC (0-><o) FREL , 4400 £ 1] Cmax FHAUC (0-oe) 38 Ik B2 AT 1 3F€ LAMWatzs/ MWisgoegaal) LU AZ1) VA — 4K, , [R] 1
1858 TE L2057 LG R A R 2R MR 254080 2

[0442] 8.1 8 —LEH] 2 T 3 Cmax  AUCEL A F 24 3l 115 2 806 08 0« i T 71 25 LA
SEA ALY it FH , 1% 22 BH IS4 S 73 I 4 v s ek 75 56 A4 v 1) Cmax A1/ BRAUCH i 24 A2 18 ik
PO S A FE I 24388 I 200 PR ) 3 0 0 | 24 R XS T g PR T S A TS R R A S I 24 2
Ik T 5 A A A A 26 R I AE P 1) DR 2R 1D 2 B ATL ) SR SIS B ER) o FHEAN A 5 — Tl ke 7 5 4 i
24578 TR A58 T Tt FH Mg WAk 17 S 8 S 2 S0 Ml Vo 7 5 A Xy o DRI B2 RV 5% R 4 v o R i) L, 4
NLG-1563 .NLG-1564 \NLG-1566 NLG-1548 \NLG-1572 \NLG-1557 \NLG-1559 \NLG-1570 \NLG—
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1565NLG-1554 NLG-1558 NLG-1551 FINLG—1547%5 2415, of 5| W P 25 428 (1) B 7% (AUC) L P42
&, T 24 FINLG-1557 \NLG—-1558 \NLG—1554 \NLG-1566 \NLG-1570NLG-1283 FINLG-126345 %
I, W51 G 26 A8 Cmax AL P32 5

[0443] 8.2 /R4 LL10mg/ ke [] K 5 48 171 45 245 B AN 2 5 005 ] Wk 75 55 175 Cma x 15 15| e 178 5
1 R AU IR 1 24, 3 B I e 22 B R 1 — e ] B JE AN 5 350 A0 R e W 7 S AR
AR SR R AR M| WA V1 5 8 1) 30 35 P B A e B 1 D T 24 T B R BOX e A E LA

[0444] 8. 3B/~ LL50mg/ke M) KK AR gh 24 32547 MR 1) /T 25 . NLG-1283 24 LA 50mg/
kg [H] KB 25 25, 51 Cmax FTAUCHE il . SR T , IX Fh AT 24 24 LA 50mg / kg [7] /N R 45 25 i 5 2 Cmax
FIAUCKEAR o #H 2 » 150 BEARALIRT 70 T-NLG—1284 24 LA 50mg /kg 7] K BRI AREE 250, A 7= A= i 3 11
Cmax B AUCHE N, {H A& F A S e /NG AR 77 A2 S8 25 1) Cmax B AUCHE i1, 36 B R [R] f 40 Rt X 2
i 24 5 A AN R R WSO 28 i R T 2 R0 QU 28 I HL 431 45 14 1) B /N AR A AT 520 AN [5] 47 A
[ &5 B 70 /N BR AR R AT 70 AR M PK, 1) /)N BRUFH 10 50 F11100mg / kg Pty Ws Wik 78 55 4ol l 2 AL 771) 22
() T ZNLG— 1626 BUNLG— 166545 24 o K T4 24 T 24 A6 T 52 Vi 125 Bl 110 Mg Wik 78 5 4 2 [A] (1) b
B EAFERM R, BT Z) 58 20 T4 23 550, 1 05|k P 56 25 /250 FT100mg / kg Y 71 & F A
VS o 3K ] R 5 SO 17 S R T T ] R A e R TEORK R L 3X R R R B L DL SsE A TV TR R
2} BRI Cmax  (H 5 =1 T AUC AR T 24 FH VR B H 09 B A DX 771 1 4 19 o 16 5 f g 24
I R W52 25 B, NLG—1626 FINLG—1665 -5 Z5 W5 Wk 78 35 8 Cmax I 35 39 1 . SR 1117 , NLG—1626 s 7= X
- 15| Wk 7 S A, AUCT & A< i ek 28 m , 22 v AUCHE i) B 0 L ZE B I 70 i R B MIG. 328.L 338
FHH, 7 Wk 7 S4B S SR A T O A R R R, T A R g ek SE AR 1 24X Bl )
SRR E R RIHTZ

[0445]  SEiA518 « DK KR H ] 4 flog B8 1) 71) o (10 s ik 76 S A 1T 24 2R 10 245X 80 70 5

[0446] 4 7 WM P il 25 5 A 75 DL 9 1) 71 28 11 45 24 2k 1) 58 K110 M| W 176 556 42 1fn S ik
JEE IV A0 4D 15 P 7Y S5 e 5 58 T 75 ) e o P 24 TER e o O M P PG 5 A P S Ao R TR AT
138837 1 IR R R AT ) 206, o 2 SRV A 2 I SR HE R v 1 05 PR 1Y 3 f Cmax B 2
BRI 25 & A 2 LR, I S5 IRTE TR & LA OB K5 1R Y » e H1)1X 598 & P H 15
TR IR B &5 A 5 R 25 AR (1) BE R AR o 70 B h 1 4 3R FLRE — 7K & 4 AC IR FR 41 4
AR AR R B 4 R R T B TR P, LAR 9 1af19 . Ib AT s L 7], i) 86 & 11umo 1/ Ji FEA
28umo 1 / ik FEBEL50umo 1 / i FECI) 5|k 7 26 i B ik (73 82,546 3811 1 . 4mg/ e 38) B2
% Fh LI 2 FL AT 24 1 B IR IR HE (Torpac , 20mg 25 ) o 385 5 5 AILC-MS/MSH&AIF K [ F:4tt
P00 2 B () AR 3R M A o ) AL R 28 01 5 DS S T~ 240 e 7 S A sl i 24 4% &

[0447] Sy 7 IiRE Ik SR AN R 1) 2R T I M| WAk v S A T 25 45 25 3R AR I 25 R B 122 Hh 4%
I B AR DRI 2EA (11umol/ i HE) B2RL I #EB (28umol /i HE) B 3K/ HEC (50umol/
IR HE) 7] K BR 25 24 o M 75 B 7K P S5 R0 T 24 FHLREL Tumo 1/ I 3 () I BEAZS 2416 8mg /kg (37w
mol/kg) FrIVG| Wk PG 26 46201, 24 FH2 ki 28umo 1 / i FE (1) JI FEBZE 2415 40mg /kg (185umol /kg)
[ M| e 7 S A 5 250 B 4 3RS 0umo 1/ JIR FE 1) JIE 3EC45 24515 110mg /kg (500mmo1 /kg) 4 W]
Y SRR o FEL5 2T W KRR AR 16/ DLV BRAT A0 VR 4 1 & sz, HEAE 4R 24 Ja 2/
INF IR B W AR LA 24 J5 043 b 159341 . 30434l L LZINIRE L 27N L4/NF L6/ IsE L 1O/ L 2478
48/ NI FNT2 /N, AR K SR SR AG I VA o S L.C-MS /MS I 5 11 4% #1517 S5 2 P ¢
HAd %A WinNonLin (Certara) 15 254830 J1# 2 5.
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[0448]  f5 AH OGN Z VE-0 B 254K BN 7057 2 800 Mgl o 78 SE A 1) B KUK B2 (Cmax) LS HG| W 7
ol T2 (AUCo->e0) o 210, 1F110. 298 7R T SIS 45 BLIAEIA .

[0449] 25408 /1S HM Gt F BRI, L3 7-185umol /kg4h 2511 52 H 2R R 3 (NLG-
1564) (R £ (NLG-1665) « FHRSESHE £ (NLG-1666) B i ER £ (NLG-1671) B R AIN- (L—=2
M) —1-H DR LT RE K IR P 2 B 2 52 1B 35 (p<<0.05) H9M33-127% , i H i g
#h (NLG-1691) {E AR L6575 R V& H 5 B CnaxBLAUC & 2 B 0 . S5, W52 FINLG—1564 \NLG—
1665FINLG—1666 ] Cmax {2 & ¥ Il . 7E500umo 1 /kg I 7= , 5 75| Wk 78 SE AR EL ,NLG-1564 £
15 35 SR H Cmax FTAUCHS 5 384 1

[0450] K 10.2%E /R~ 2 HBERREE (NLG-1626) ) 1-F HE-D- AR K2, 3- ~F2 N F 2 Cmax
(37-153%) FIAUC (46-75% ) ¥ & 38 fin, 1y H L R £k (NLG-1558) Ffii R £ (NLG-1628) T3
Cmax FIAUCAS A 35 38 0 A BB 1 2 , 1-H 2 -D- L& 1R 2, 3- R TN IR (NLG-1627) (1) H i iR
Eh FECmax FAUCFE AR , RE X FIEARE A St %= Lo

[0451]  2£10. 28 SoRN"— (L-H R & ) —1-FF 2D & 82 2. Fig (HC1 AR £k ,NLG-3272)
TN 7E37-500umo 1 /kg ) 71| & T Cmax FIAUCHE 1127 b 2 25 389 .

[0452]  WFFERIH BRI B4 a) N'- (L- BB -1 - BE-D-B A8 418 (=, HCl,
T I b B PR R R 28 L b) N~ H & k-1 1 B -D— (0 & 8 (HCL BB IR £5) , o) N'= ((R) —1-Z 28 -
3= (1-H - TH-M| W3- 28) —1-5A AR e —2-2) —L— R AWk g F g (HC1 ) Fld) N°- (L4t
MWL) —1-H 3 -D- BB (W0, HC L, B R £h B R 2h) o 5555 B 7R 771 55 1) M| i 14 5 42 A
Eb , 33X 46 i 245 5 5005 Wik 7 5 728 ) Cmax BR AUCHE A 28 Ak AR 4 -2 B B & 481k (%10.3) .
[0453] A5 RS2, 5 HHC B R 26 2 2 (NLG-156 3 FINLG-1664) [#)1-FH H:-D— {8 & BRIk
Mg —4— 35k P il 5 S5 1 75 26 f8 ) Cmax (69-79% ,p<<0.004) FIAUC (54-64% ,p<<0.014) ) 5E
T B . BT 208 2 A O FH I 2 A0 &9 SR B Cmax (24%) FAUC (75%) 3
T, 375 3 23 B 8 0 PR %) 22 S P DA =44 LA oK AR =it FH P WL 4 28] 1) 22 5

[0454] st 519 - £ A v 2] A s 0 i 551 v 1) sl Wk 78 S A 17 245 2R 140 24 AR 30 0 2 ik
(04551 F [ 25 15| W P 26 228 1) 751 B v 1A 1 00mg kg » KRR ik o 2 R 1 A b A 42 i 1
M ZEALE = T 10mg/ kg 7l & T 2o Y A W A5 B , AT 58 78 RIS Sh Wb PR T 245 (1)
PR, AT RE A TR 2R 25 4R8) 7 2 1 BB B B A 758 SCRF FE i i rh, BL92, 27588750
mol /kg )75, FMGIWE 75 35 48 \NLG—1564HC1 BENLG-3272 HC1[) & 84 (4. 5-5kg) 4524, Hrp
B R W7 R B2 52 A8 R 1 BE ZR SR (1) 5] Pk 4 5548 \NLG1564 HC1BINLG-3272 HC1. R #i5#%
9. 257 IR BT J7 ) 2% 2 o FH DKL B3N e FEA (458umo 1 / R 3E) B4 KL ZEB (1032umol / R FE)
)M T8 T 45 24 AR 245 J5 03 B 570 B L 1593 8 L 3070 B L L/INIRE L 2/NISF 4/ L8/ (1270
B\ 247N 267N FNA8 /IS B ST LA s 5 9388 3 48 B0 IE (19 L.C-MSMS 5 ¥23 43+ A i 24 s
ik P SE A I 5

[0456]  2611. 190 IR R  NLG-1564 HC1LAGE 2% 5 2 11 5 20K 19| Wk 175 25 41 Cmax M
£1230-500 % #2157 , HEFAUC I 195-518 % #2157 - FSA , NLG-3272HC1 DL Gt it 2+ 2. 25 1) )7 30k
Cmax MZ)1305-411% 3277, FHEAUC M 136-393 % F2 151 » R A ZRENY 10 2538 5h J1 24 Fa b K] 1
ISP BRI AT T 78 KRR A WS B 1 45 2R, SR BH AR RA SRS, A% J B 1 M| Wi 1t S 4 1)
FIT 245 0 B2 A i AR 58 ARSI Wk 7 5 il ) e 1Y) W S5 4 v, FETIUIAE N R BB R e | X 259
1) 22 5 AR TT RULAE
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(04571 3%8. 1+ FHMGIW 74 56 2 mid L iy 245 B VA V) KBS 28 11 45 24 1 Mg W P SR 7 Cmax FAUC
[0458]
gy B a—fe a4
# mw HNE Cmax Cmax Cmax £ AUC@sw AUCwsn AUC
#3 ID £ Ak X (g/mo)(mgkg) n  (uM) @M) %  (uM.h) @M. EHR%
ki £k 1-FA-D-E R HCI 218 10 5 173 173 0 508 508 0
NLG-1563  1-F -D- & R Bk -4- 4 T B HCI 38 10 5 121 215 24 500 889 75
NLG-1564  No-(L-72 &#t)-1-F &-D- & A8 LB HCl 396 10 3 93 16.2 -6 490 888 75
NLG-1566 No(L-%BEAA)-1-F A -D-& AR LB HCl 411 6 & 13 24.4 41 428 806 58
NLG-1548  Ne-(L-#U&85)-1-F A-D- &AM HCl 419 10 5 87 16.7 -3 414 795 56
NLG-1572  1-¥ 5-D-& 88 2-(W &-2H- W -4- 1) L Bg HCl 367 10 3 89 15 -14 460 774 52
INLG-1557 1-¥A-D-E A8 2(—TFEEAL) LB HCl 362 10 3 238 395 128 440 731 44
NLG-1559 ;;i;fiﬁ";% CRAEZRA-132- R0 HCl 419 10 3 88 16.9 2 327 628 23
NLG-1570  N°-(L-3% £8E)-1-F A-D-& A8 HCl 368 10 3 145 244 41 366 617 21
INLG-1565  No-(L-# & AH8L)-1-F A -D- & AR LEE HCl 396 0 3 71 12.8 26 334 606 19
NLG-1554 NeH-£&8-1-FE-D-E A A R HClI 312 10 3 196 28 62 419 599 18
NLG-1558  1-¥3-D-& 48 2,3- 7 A HCl 329 10 5 221 333 92 395 595 17
NLG-1551  O-(1-'F &-D- & R Bh)-L- 4 R E HCl 378 16 9 99 133 23 339 588 16
NLG-1547  Ne-(L-2-RBEHR)-1-F B-D-E AR HCl 384 10 3 10 17.6 2 326 574 13
NLG-1283 1-¥3-D-&AF B HCl 283 10 3 17 22 27 350 454 -11
(04591 8.2+ FHING| i 175 56 {8 mlg JHL i 245 00 A VAR 1) DK B, 228 11 45 245 i Ml Pk G 5 422 ) Cma x AAUC
[0460]
}E_—-
P . R
MW HE Cmax Cmax Cmax & AUC@w AUC@>0 AUC K
LEAN AR HBBX  (@mo) (mgkg) n (M) (udM) A% (uM.h) (uM.h) A%
P B Rk LF4-D-EA% HC1 218 10 5 173 173 0 508 508 0
RES L N-(L-RERRM)-1-FE-D-EBB HC1 402 10 3 64 119  -31 231 425 -16
NLG-1360 N-(-& 8580 1-T4-D-E A% HCl 368 10 3 gk 31 246 415 -18
[NESRLE N-(@L-B#AR)-1-FA-D- LA HCI 383 10 3 48 8.5 51 219 372 07
NLG-1553  Ne-(L-#iRBL) 1P A-D-& R HCl 354 10 3 88 142 .18 200 338 33
NLG-1574 Ne-(L-R A A £B)-1-F £-D- & A8 L i 450 10 5 4 o 5 67 55 75
[NLO-L37L N7 BT 4-D-E A8 HCI 368 10 3 74 125 28 187 316 38
NEGH253 - R 1-TE-D-LE HCIL 326 10 3 9 134 22 207 310 -39
NEGSISE L-PEN(L-TE-D-BRE)D-ERB HCI 455 10 3 15 -83 126 262 -48
il 1- P Bl LR HCI 354 10 3 1 1.6 91 125 202 -60
INLG-1346 N-(D-&8%)1- T 2-D-E &R HC1 441 10 3 1.6 32 -82 90 182 -64
RIS LFEDE R RA- D HCI 402 10 3 1.3 24 -86 59.9 110 -78
NLG-1567 Ne-(D- &, 25)-1-F A-D- & 88 L8 o 4EG 6 3 i B b 5 i
[0461]  n: TIN5 T 3925 A3h T 25 KR
[0462]  Cmax (M) = L5 - R0 %€ 1) PR 15| Wi 8 S 48 1) e R T o (B & n BV P 3801H
[0463]  J—4t.Cmax (M) = i 45 0 55 3] 14 i S5 05 e 78 5 A 1K) Cma x 3 LA 4 i 285 MW 5 05

W 114 SE FBEMW ) bb DL Az Mg W 1Y 52 1 55 117 25 10 7 s b (Bhmg/kg 1) SRt 05| Wk 18 S8 1 ) i K
YR B o 1 Bt Cmax VA — 4k A AR ] Y BE /R 771 & (Mmool /kg) o
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[04641 H—ACmaxE 4k % « 1154 [Cmax (R H FI 24 1 5]k 6 36 48) /Cmax (R [ 15| Wk 78 3¢
PR US| PE S 4E) -1]x100

[0465] AUC (0->e0) (UM 1) = FH1 28 71~ 1 T AR ([P Pt 75 S A8 T AR XS T i 2% A WL 8% 3] (14 B 1] o {EL A n

P EE .

[0466]  JH—4LAUC (0->) (M. h) « B I 44 A 5% 380 1) I 3 W5 Wik 78 5 48 (¥ AUC (0>e0) 6 LA B3
HIT Z5MW 55 15 Ik 78 5 MW KT EL L B2 M| W 7 26 48 55 T 245 1 SR R b (Chmg/kg i) ST B 35AUC

TXFAUCYE — 44 9 A [H] 1 B JR 77 & (wmo/kg) o

[0467]  AUC (0->e0) A %6 : THE A [AUC (0->9) R H 11T 24 1 15k P S 4) /AUC (0> R H W[k

75 S A M| P 22 4) — 1] x 100

[0468] 8.3 FHM| Wik PH 56 12 Bl L 1 245 0 ¥ VR ) /0N B BROK B 28 101 5 24 i Vs ik 75 S 1 1Y) 245

BN 11524

[0469]
¥ HNE
Y Ba—4%
MW # B AUCe- AUCq- B—H
(gm ME Tmax tiz Cmax Cmax Cmax (uM.h .(uM.h AUC 3
B £k HBHBX o) (mgke) REBHBH 0 ) O @M M) Eh% ) ) 2%
P -
IRBXE |y R D6 AM Hal 218 50 PO K# 1 8 28 27 27 0% 1323 1323 0%
N(TREHE)1-FE-D-EA
2 FB
N o 290 50 PO K& 1 4 25 45 60 -78% 172 229  -83%
1-® & Ne(#F R AR A B
NLG-1278 “« ol gy
1)-D-& AR 333 50 PO KR 1 2 274 010 015 -99% 3.6 5.5 -100%
[0470]
- % R N R AR A B
NLG-1280 ol FB
E)-D-&. 2 F 290 50 PO K& 1 8 30 54 72 -73% 281 374 2%
NLG-1283 1.9 % D& f8 2.8 HEL 246 50 PO K& 1 6 27 58 66 143% 2645 2988 126%
NLG-1284 1-¥ #-D-& A5 RS FB 261 50 PO KR 1 6 21 234 28 4% 877 1051 -21%
NLG-1338 199 3 D.¢& 845 A5 HCl 345 50 PO KA 1 8 20 178 28 4% 650 1028 -22%
NLG-1546 N*(D-& 2#t)-1-'F £-D-& 28 HCI 41 50 PO K& 3 10 58 16 32 -88% 90 182 -86%
1L g
IRBRRE ¥ ED-6RM B 218 10 PO K 10 05 18 9 9 0% 34 34 0%
R dH AL 1-F A-D-& A FB 218 50 PO A 10 1 27 30 30 0% 137 137 0%
HABAR Wk D g AWM e 218 50 PO MR 7 1 22 16 16 -47% 6l 61 -55%
HlhE AL 1-FA-D-E A FB 218 100 PO MR 10 1 35 43 43 0% 325 325 0%

NLG-1626 1. w4 -6 &8 23-=%me HPO 390 133 po & 10 05 46 133 18 99% 44 59 74%
NLG-1626 1-¥A-D-&&# 2,3-=5% A8 HPO:s 390 665 PO & 10 075 44 491 66 120% 162 218 59%

NLG-1626 1-¥A-D-&£# 2,3-—#%ABE H:POs 300 133 PO & 10 075 37 71 96 122% 242 326 0%
No(L- 55 ABE)-1-F A -D- £ AR

. H:PO
NEC-IER a5 ‘457 14 PO DK 10 05 15 65 10 8% 19 28 -18%
Ne-(L- 55 £.86)-1- ¥ &-D- é;mx
_1665 sPO.
NEGRLOES g am Y457 70 PO MR 10 075 23 333 50 66% 98 147 7%
Ne-(L- 35 £.86)-1- ¥ &-D- @éhﬁx
;. PO
NLGLOES ol Y457 140 PO MK 10 05 27 776 116 170% 168 252 -23%
NLG-1277 VA CREHE)1-FLD-E Ry
% 20 50 PO & 7 05 1.1 013 017 -99% 029 039 -100%
NLG-1280 - T i ((%ﬁm%i‘%)%"
B)-D-& 55 200 50 PO & 7 NA NA BLQ BLQ -100% 0 0.0 -100%
NLG-1283 1-F A-D-& AB B HCl 246 50 PO MR 7 025 39 24 271 -10% 27 305 -78%
NLG-1284 1-'¥ -D-& AB 5 A s FB 261 50 PO R 7 05 44 70 84 180% 218 261  91%

[0471]  FR9.1a:[REHEY- KR L OEY
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[0472]
% wiw

o
5 X § ¥ %
g9 £ 7 28
T8 % T &2 g ¥

. SR - ® w

EFHBL £ AR EBX &2 ¥ #
I S E XS 1-F 5 -D-&. 884 7 B 11 1 125 373 373 120 1.0
vk £ & 1-F 1 -D-& 884 7 B 28 5 313 278 278 123 1.0
ek £ 1% 1-9 £ D-& 88 B AR 50 3 100 0 0 0 0

NLG-1676 Ne~(L- #i 2 Bk )-1- F

3
¥
&

19.8 33.0 33.0 13.2 1.0

A-D-& AR
NLG-1548 ggg@éﬁt)l T Ha 111 | 240 325 325 100 1.0
NLG-1669 gggﬁkﬁ’t)'l' T so. 11 1 | 255 315 315 105 1.0
NLG-1670 N“](DLg &ﬁﬁf’t) - po, 111 | 311 290 290 99 1.0
NLG-1564 Zi](;é% ﬁ?@i T o 11 1 | 227 320 328 123 10
NLG-1564 ;ju()g: ﬁ?@i T ol 28 2 | 576 162 162 100 1.0
NLG-1564 2;91(35 ﬁ?@i i Hel 50 3 100 0 0 0 0
RhE-1465 ;ju()g: ﬁ?@i T ompo, |1 1 260 308 308 115 10
NLG-1665 2;91(35 ﬁ’;)@i T ompo, |28 2 |31 177 177 105 10
NLG-1666 gg]()j ﬁ’;)@i i EH3SO3 1T 1 | 2835 313 33 112 18
NLG-1671 2;91(35 ﬁ?@i 7 ’;‘i“% Bl 1| 296 300 300 94 10
NLG-1691 1;](353 ﬁ’?ﬁ: T so. 11 1 | 234 315 315 126 10
NLO-1598 ; ‘?iﬁD LR g 111 | 188 335 335 132 1.0
NLG-1626 ;3‘1%%%3 ERARB Yoo, 11 1 | 224 325 325 116 1.0
NLG-1626 ;,‘31%%; ER® oo, 28 2 | 559 167 167 96 1.0
NLG-1627 ;3‘1% £ RN EH3SO3 ii 1 |222 %8 4333 123 18
L ;3‘1’2 ﬁD@f’ B yso, 11 1 | 186 335 95 124 19
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[0473]
% wiw
b
e
TEREER
'&f K| # ¥ B
LEE R % %2 3 X
. : E e
ERAL A A B#BX R ¥ A
NLG-1672 Ne(L- 4 BR AR )-1- ., o
7 Vv ' ? 2 8
F 5D & A5 0,85 i B A i 1 | #a 825 B3 35 16
NLG-1566 Neo(L- 4 Bt 2 A )-1-
98Dt g s O 11 1 | 235 313 313 130 1.0
NLG-1629 Neo(L- 4 Bt 2 5 )-1-
9 D6 5s g PO 11 1 | 271 305 305 109 1.0
NLG-1630 Neo(L- 4 Bt 2 4 )-1-
9 D6 A og 150 11 1 (243 312 312 122 18
NLG-1631 Ne«(L-2 BE &AL )-1-  CH3S0;
PR Db AEE 111 | 269 300 300 121 1.0

[0474]  FR9.1b: KEHEY-KRALOEY

[0475]
% wiw
¢
TEREER
£ 3 & ] 2¥ =
Wi gl ® ¥ 2 3 ¥
ERARS AR BN (2 -
NLG-1563 = D. % & 8 vk
= 1?’%?@’%&%“ HCl 11 1 222 320 320 128 1.0
-4-5&‘?@5
NLG-1664 } D. & & B vk
1?’%?@’%@‘%‘ HiPO,4 11 1 293 288 288 122 1.0
-4-5&‘?@5
NLG-1663 £ D- & £ 8 vk vz
1?’%?@’%@‘%‘ H,S0, 11 1 27.6 295 295 125 0.9
-4-5&‘?@5
NLG-1585  N*-((R)-1- T & # -3-(1-
A -1H-%5 % -3-4)-1-
B B 0L KA HCl 11 1 236 315 315 124 1.0
B F B
NLG-1554  Ne-H#ABL-1-F A -D-&
B A Hacl 11 1 179 335 335 141 1.0
NLG-1677  N-H £ B-1-F4-D-&
prree & HiPO,4 11 1 222 317 317 134 0.9

NLG-3272  Ne(L-F #LABL)-1-F A&
-D- & 2R LB
NLG-3272  Ne(L-F A &ABL)-1-F A
-D- & AR LB
NLG-3272  Ne(L-F #LABL)-1-F &
-D- & AR LB
NLG-3272  Ne(L-9 #.48k)-1-F & HCI 28 2 |47 235 235 &5 0.8

H3PO4 11 1 272 304 304 11.0 1.0

H3PO4 28 2 48.3 21.6 21.6 7.8 0.7

HC1 11 1 23.7 31.9 31.9 11.5 1.0
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[0476]
Yo wiw
» :
)
- % f§ 3 § o 3&5
= ﬂ Yo = % @
Wt @ * % %
ERAS A YA W ®
-D- & 2R LB
S ﬁ'%ggfﬁﬁf)'l'?% HCI 50 3 [ 100 0 0 0 0
-D- a
NLG-d880 ﬁ:%ggﬁﬁi)'l'?% HCl ik 1 933 9286 %286 15 1.0
NLG-3380 ﬁ:%ggﬁﬁi)'l'?% Hel 28 2 42 242 242 88 0.8
RIS ﬁ:%ggﬁ&)'l'?% HPOs | 28 2 | 456 227 227 82 0.7
[0477]  3R9.2:[RFEHEW- WA 45
Yo wiw
b
e
_ % 5 & w ¥ ¥
§ & w = £ « ®
% wE % N &
2 24k #HBX | S % l
;i{,:‘ﬁ 1-F A -D-& A8 #“E | 458 1,3 | 70 125 125 5.0 0.0
[0478] | 5's &
%4f 1-F %-D- & 88 BB | 1032 4 | 70 125 125 50 0.0
o ;gfﬁ%ﬁ?@l? HCI 458 1,3| 70 125 125 50 0.0
#An-D- a
16\T4LG'15 ;gfﬁ%ﬁ?@l? HC 1032 4 | 70 125 125 50 00
A-D- a
. @ﬁfg}@ﬁ?@i HCI 458 1,3 70 125 125 50 00
#An-D- a
I;IZLG'” g;&;z;%ﬁ?ﬁj HCI 1032 4 | 70 125 125 50 0.0
#An-D- a
(04791 10, 1+ FRIRCHRE I X 5L 4 11 4424 J WA 1 26 A e 8 il ot 2 AR [ 2 7 5 1

2 1) Cmax F1 2 2% 75 (AUCo—><0) HEL 8
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[0480]
Cmax

LT 20 8 HE Cmax x AUCpswy AUCK

1D P23 EBX (umol/kg) n @M % p4E | (uMLh) A% p 4k

BlRFHEE -FTADEAR B AR 37 11 | 15.9+8 0 390+166 0

BlAFHEE -FTADEAR B 185 8 | 20.8+4 0 1080+478 0

BlkFH AR -FTADEAR R 500 6 | 76.2425 0 2871+1379 0

NLG-1676  Ne-(L-# & #)-1- ¥ A-D-  # 5ok 37 4 | 13382  -17 0.26 340457 -13 0.28
&R

NLG-1548  No-(L-#1 & Ht)-1- ¥ & -D- HCI 37 4 | 17.249 8 0.39 350+83 -10 0.33
& AR

NLG-1669  Ne-(L-#1 £.86)-1-F &-D-  HyS04 37 4 | 1535 -4 0.44 4464101 10 0.27
&R

NLG-1670  Ne-(L-# & BL)-1-F £ -D-  H3PO4 37 4 | 11.5+4 4 0.15 325461 417 0.23
EAB

NLG-1564  Ne(L-% & 8h)-1-F £-D- HCI 37 4 [304t10 92 0.005 664134 70 0.006
& AR Ll

NLG-1564  No-(L-3 £&.8t)-1- ¥ A -D- HCl 185 8 | 442410 112 <0.0001 | 1860+609 87 <0.0001
& AP LB

NLG-1564  No(L-35 £.8)-1- % & -D- HCl 500 6 |80.0+22 5 0.39 33004391 15 0.26
&R LB

[0481]
Cmax

BB/ nNE Cmax x AUC@->e) AUC R

D 24 BHBX (umol’kg) n M) % pfE | (uM.h) A% pik

NLG-1665  No(L-3% & 8L)-1-F &-D-  HiPO, 37 7 [292+13 84 0.008 628+145 61 0.003
&R B

NLG-1665  N°-(L-3% & BL)-1-F &-D-  H3POy 185 10 | 35.3+7 69 0.0001 | 1433+858 33 0.024
& AFR Ll

NLG-1666  N°-(L-3% £&BL)-1-F £ -D-  CH:SO:H 37 4 | 33.6+3 111 0.0004 | 886273 127 0.0004
& AFR Ll

NLG-1671  N°«(L-Z A Bt)-1-F A-D- Rapms 37 4 | 20.582 29 0.14 565482 45 0.034
LA TR

NLG-1691  Ne-(L-35 & 8t)-1- ¥ &-D-  Ha804 37 4 | 12244 23 0.19 369+145 -5 0.41
&R LB

[0482]  ZR10.2: MR FEIR) KR 48 111 45 24 Ja Wa| Wik 17 SE 48 i B i A o T 2 AN [A) 362 R0 o mt
2 1) Cmax f1 2 2% 75 (AUCo—><o) HEL#R

[0483]

Ko/ HH NE Cmax  Cmax AUCo>n  AUCR

D 2 £ BB (nmolkg)  n @My  Efe%  pii (uM.1)) % P4
glkd AL 1-FAD-EAR B R 37 11 15.9+8 0 3904166 0

Blkd £ 1-FAD-EAR B AR 185 8 20.8+4 0 1080478 0

gk 1-FAD-EAR B AR 500 6 76.2+25 0 2871+1379 0

NLG-1558  1-PA-D-&&8 23- 24 A8 HCI 37 4 20.2+5 28 0.16 472458 21 0.18
NLG-1626  1-TA-D-&A8 23-Z4# K8 H3POs 37 8 21.7+3 37 0.032 571295 46 0.0067
NLG-1626  1-P&-D-&&B 23- 24 A8 H3POs 185 7 52.8+23 153 0.0002 1896+765 75 0.014
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[0484]
B/ WwH NE Cmax  Cmax AUCeon  AUCR
D 24 ABX (nmolkg)  n M)  EH% pik (uM.h) % Pk
NLG-1627  1-TXA-D-& &8 23-=# &g CH3SOsH 37 4 11.6+5 27 0.16 285439 27 0.12
NLG-1628  1-TA-D-&£H# 23- 24 K88 H2S04 37 4 17.6+2 2 0.34 472+120 21 0.19
NLG-3380  Ne(L-TALAM)-1- T A-D-E AR HCl 37 8 18.4+7 16 0.25 485+130 24 0.099
NLG-3380  N*(L- T #LEAH8L)-1-T A-D-& A8 HCl 185 8 92.7+69 345 0.005 | 3043+2700 181 0.003
NLG-3380  Ne(L-F#LAB)-1-F A-D- & A8 H3PO4 185 2 45.4+15 118 0.0009 1794+761 66 0.00002
NLG-3272  Ne(L- FALAR)-1-F A-D-EAMTE  HPOs 37 8 21.0+11 32 0.13 400+136 ) 0.45
NLG-3272  Ne(L-FALAB)-1-TAD-ERE LB HiPOs 185 8 31.1+8 49 0.003 1236498 14 0.27
NLG-3272 Ne(L-FHLAR)-1-F AD-EABME  HCI 37 8 19.2+6 21 0.16 439+114 13 0.24
NLG-3272  Ne(L-FHLAM)-1-FA-D-ERABMTE  HCl 185 8 52.4+15 152 <0.0001 1898852 76 0.017
NLG-3272  Neo(L-PALASL)-1-F A-D-EAB LB  HCI 500 6 121446 59 0.031 | 426941255 49 0.048
[0485]  210.3: FIRHE M) K BR 48 111 25 24 J5 Mg | WOk 1L S AR Uit B U RE 0T T 52 AN R 33 0% =) iy
2411 Cnax L 52 75 (AUCo—>e) [ LL 45
[0486]
B ME Cmax  Cmax AUCeo  AUC X
D £ 4 BHX (umol/kg) n @M A% pii (nM.h) % P
GlkEm A 1-TAD-EAR 7 B A 37 11 15.948 390+166
Gk EE 1-FAD-EAR B AR 185 8 20.8+4 1080+478
ki A& 1-FAD-EAH B 500 6 76.2425 2871=1379
NLG-1672  Ne-(L-2BAAL)-1-F A-D- AR 28 5B R 37 4 16.7£9 5 0.43 32712 -16 0.24
NLG-1566 ~ N*(L-#Bt&4)-1-TA-D-EARZE  HCL 37 4 17.844 12 033 386489 4 0.48
NLG-1629  N%(L-8A4)1-TAD-EARLE  HPOs a7 4 10.943 -32 0.12 280421 £ 0.11
NLG-1630  N-(L-2-BL&H)-1-F A-D- & 28 L8 H2804 37 4 1948 20 0.25 314+105 -20 0.21
NLG-1631  Ne(L-#BAA)-1-FAD-ERAMZE  CHSOH 37 4 16.5+6 4 0.45 342497 -12 0.3
NLG-1563  1-%¥A.-D- & £k 4-4 F 85 HCl 8% 4 4.9+0.4 -69 0.008 180418 -54 0.014
NLG-1664  1-FA-D-& £ #okve 44 F a5 H3PO, 37 4 3341 -79 0.004 141445 -64 0.006
NLG-1585  N((R)-1- 2 A £ 3-(1- ¥ - 1FH-% % -3- HCI 37 4 19.9+6 25 0.18
A)-1-BR AL -2-H8)-L- R ABLIE T B 409+72 5 0.41
NLG-1554  NeH#8-1-FA-D- AR LR HC1 37 4 17.52 10 0.35 394103 1 0.48
NLG-1677  N®-H&Bt-1-F A-D-& R E & Rk H3PO: 37 4 15.4+5 3 0.45 403+153 3 045
[0487]  Z11.1: FHMRCHE 1) & BE A48 11 25 245 i s Wik D8 S 1230 B A R T 52 AN [] 6 7 20 3
2451 Cmax FlE 55 75 (AUCo-><) 1T EL 3R
[0488]
Cmax
¥4/ W H HE Cmax X AUC@>s — AUC %
D 24 #HBX | umolkg) n | (M) A% piE (uM.h) % P4
kBAE 1-TAD-EAB T 9 3 | 8.2404 38,544
kEAE 1-TAD-EAHM HEA | 275 3| 1754 74.9+5
WkALE 1-TAD-EAH s | 875 3| 27848 16552
NLG-1564  Ne«(L-5R0B)-1-F -D- & A8 L8 HCl 9 3| 50618 518 0.0004 11422 195 <0.0001
NLG-1564  Ne«(L-BRB)-1-F 5-D- & A8 L8 HCl 275 3| 101428 476  0.003 463436 518 £0.0001
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