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SALTS AND PRODRUGS OF (-METHYL-D-TRYPTOPHAN

Cross-Reference to Related Applications

{0601} This application claims prionty 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 incorporated by reference in their entirety.
BACKGROUND OF THY INVENTION
Field of the Invention

{6602} The present disclosure is related to compounds for inhibition of indoleamine-2 3-
dioxygenase pathway, m particular salts and prodrugs of indoximod with enhanced

pharmacokinetic properties relative to indoximod

Summary of Related Art

{0603] Tryptophan degradation nto kynurenine 1s mediated by indoleamine-2,3-dioxygenase
(IDO1} expressed by plasmacytoid dendritic cells, placental, epithelial and tumor cells and by

tryptophan-2,3-dioxygenase (TDQO2} expressed mainly by the liver and tumor cells.

[(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 viewpomnt, the IDQO enzyme 1s involved in pathway that
comprises all proteins that directly or indirectly contribute to modulate the immunosuppressive
functions dependent on DO activity, mncluding proteins that mediate nduction of IDO
expression, activation of enzymatic activity by reductases, posi-translational modifications that
regulate activity, protein degradation, and the interpretation and transmission of the signals
ehicited by low concentrations of Trp and the presence of Trp catabolites [collectively known as

kynurenines (Kyns)] including catabolic stress sensors integrated nto 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 DO 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 IDG1 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 immune 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 reprogramming of immunoseppressive dendritic cells into

immunostimulatory dendritic cells,

{6006} For these reasons, numerous enzymatic inhibitors 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 erther as competitive or non-competitive
mhibitors have been described m the lbterature, for example n patent applhications
W2012142237,  WO2014159248, WO0O2011056652, WOR009132238, WO2009073620,
WOZ008115804, WO 2014150646, WO 2014150677, WO 2015002918, WO 2015006520, W(
2014141110, WO 2014/186035, WO 2014/0810689, US 7714139, US 8476454, US 7705022, US
8993605, US 8846726, 118 8951536, UST598287.

[6807] One of the first IDO pathway mhibitors studied in prechnical models has been 1-
methvi-DL-tryptophan (1mT), a racemic mixture of enantiomers, which was shown to mediate
immune dependent rejection of allogeneic fetuses in mice [3] and immune dependent
enhancement of antitumor activity of chemotherapy and radiotherapy [4]. Fach one of these
enantiomers shows different biological properties. 1-methyl-L-tryptophan {L1mT)} 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 IDOT under the control of an heterologous promoter, while
the D i1somer {(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 celis, or in syngeneic antigen-dependent T cell proliferation
assays using IDO+ DCs isolated from tumor draining lyvmph nodes [6]. In this type of assay,
where DO+ 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 isomers show
different potency in this assay, with mdoximod being more potent (EC50=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 IDO1
inhibition i vivo or in cell based assays. Experimental evidence from a number of research
laboratories points to the conclusion that indoximod 15 participating 1n the mhibition of the IDO1
pathway. Several possible mechanisms by which this could be taking place are: 1) mhibition of
isoforms of TDO1, 2) inhibition of 1DO2, 3) alternative formation of mdoximod —derived
metabolites, 4) racemization of indoximod into LImT, 5) inhibition of Trp transport, 6) inhibition
of the GCNZ pathway by formation of indoximod-tRNA complexes, 7) inhibition of enzymes
mvolved m Trp sensing such as WARST or WARS?2, 8) alteration of autophagy under conditions
of amino acid deprivation induced stress or 9) bypassing mechanisms that mnactivate 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 investigations are
needed to elucidate which of these biochemical mechanisms 1s responsible for the biological

activity of indoximod.
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[6609]

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 i the following biological assays:

I

In combination 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 indoximeod 1s lost in nude and IDO1-KO
mice [6].

mdoximod can prevent the process of activation of mature Tregs in vivo, and facilitates
the in vitro and n vivo trans-differentiation of Tregs into pro-inflamatory THI7-like T
cells [8, 921

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

In melanoma models, combination of anti-CTLA4 (iptlimumab) and indoximod, results in
synergistic antitumor effect {10}

In vivo, mndoximod was more efficacious as an anticancer agent in chemo-tmmunotherapy
regimens using ¢yclophosphamide, paclitaxel, or gemcitabine, when tested in mouse
models of transplantable melanoma and transplantable (4T1) and auvtochthonous {mmTV-
neu} breast cancer {6].

IDO1T has also been implicated m 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 s mterrupted in vivo in the
presence of indoximod.

Stmularty, IO+ 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

In addition 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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I

[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 in inhibition of the IDO pathway.
Antitumor and immunologic studies using IDO1-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 DO [6]. In particular, it was observed that
IDG1-KO nmuce develop tumors, which are not sensitive to treatment with indoximod in
combination with chemotherapy. Additionally, pDCs derived from tumor dramning lymph
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 antitumor and immunologic observations made by admmnistration of indoximod were
also reproduced by administration of other well documented IDOT mhibitors (1.e.
molecules that kbt the enzymatic activity of IDO1 n vitro and in 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 in vive pharmacodynamic effects of indoximod are seen
mainly in tumor draiing 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 in human clinical trials for cancer

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

different chemotherapeutic and biological immunotherapeutic agents, such as docetaxel,

paclitaxel, gemcitabing, Nab-pachitaxel, temozolomide, 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 p.as) levels of ~100
uM.h However, increasing doses above 800 mg/dose up to 2000 mg/dose, does not result in a
linear or proportional increase in Cmax or drug exposure, thus potentially limuting 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 ~S0% of their proliferative capacity at concentrations of
ndoximod higher than 30 uM. Murine antiturmnor experiments show that biological effects of
indoximod are observed when mice are dosed with indoximod in the drinking water at 3 mg/mL
(~500 mg/kg/day), or dosed orally at 200 mg/kg bid, which results in Cmax higher than 20 uM
and exposures greater than 300 uM.b. For these reasons, 1t 1s deswrable to increase the Cmax and
exposure to indoximed in human clinical tnals so they may reach the levels necessary for
therapeutic activity. However, the non-linear pharmacokinetic profile of this drug makes it
unlbikely that this could be solved by increasing the dose given to patients.

[8013] For the above mentioned reasons we mmvestigated whether different formulation of
mndoximod such as spray dry dispersions or salts or indoximod 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. Moreover, we looked for prodrugs and its
salts that could result in increases 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 solubtlity and m 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 1a and 1b
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\ AP,
Formuia 1a Formula 1b

- . . . . . . . ; - . . . . . .
Wherein A®, is an inorganic or organic anion and € 7 is an inorganic cation as defined herein.

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

compositions comprising compounds according to formula (2}

2
HN-R
mHA
("), R
e
: N
\
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 administration 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, 1h or 2, for the
treatment of cancer in a subject in need thereof, comprising the oral administration of sufficient

amounts of such compositions to such subject in an appropnate 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), ina
subject in need thereof, comprising the oral administration 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 hydrochloride
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 indoximod 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
mdoximod vs the molar dose of indoximod, imdoximod hydrochloride or indoxumod phosphate

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

[0624] Indoximod (1-methyl-D-tryptophan, DImT) 1s an investigational inhibitor of the
indoleamine-2,3-dioxygenase (1D0) 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™ FoxP3") are activated in the
presence of IDO” DCs and become able to mediate systemic immunosuppression to tamor 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 vifro 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/kg, 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 Cyuc and exposure {AUC .4} increase
linearly with dose, up to a range of ~ 800 mg/dose. At these doses, Cuax 1n plasma reaches an
average of ~15 pM and AUCnr reaches ~ 100 uMh. The Cyax and AUC parameters do not
signtficantly increase above those values at higher 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 mcrease the Chgc and exposure levels of indoxuimod.

{6627] The present invention describes compounds of formula la, 1b and formula 2 that
produce a higher exposure and maximum serurmn 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 1s disclosed. In one embodiment, the salt has a

structure according to Formula la:
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AP,

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 embodiment, 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 HPOy”, and the HPO, ™ is
present at a stoichiometric ratio n of 0.5, In one embodiment, the phosphate is HPOy', and the
HPO, is present at a stoichiometric ratio n of 1. In one embodiment, the sulfate is SO4”, 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 AP, is CI” at a stoichiometric ratio n of 1. In another
preferred embodiment the anion AP, is CU at a stoichiometric 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 1b:

10
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~+
C™,

Formula 1b

wherein %, 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 €V, is
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 1s disclosed. In one embodiment, the

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

HA,

Formula 2
[8033] In one embodiment, rR' s ~OH, -0Cy-alkyl, -OCH;CH(OH)YCH,0OH, -
O(CHL)N(CH:)z, -OC-salkyl-R°, -NHCYHRY(COOH), -NHCYHRY(COOH), -OC alkyIR®, -
OC 1-2alky -CYH(NHL M COOH), or ~OC 1-alkyl-CHHNH2)COOH). In one embodiment, R’ is
NHCYHRHCOOCH;) or -NHCYHRYCOOCH;).
[0834] In one embodiment, R’ is -H, -COCYWH(NH)R' -COYCWHNH)R' -
C{OYCH,C™VH(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(ONH,,-(CH,).C(O)OH, -
(CH, )1 aNH;, or -(CH,) aNC(=NH )INH,.

(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, alkylaryl, heteroaryl, cycloalkyl, and heterocycloalkyl,
wherein the aryl, alkylaryl, heteroaryl, cycloalkyl or heterocycloalkyl s optionally substituted
with one two or three R’ groups.

[0635] In  one embodiment, each R’ is  independently halogen,  cyano,
nitro, -OR, -N(R )y, -8R, -C{O)YOR, Cr.ealkyl,
Cighaloalkyl, -C{OMN(R),, -C(OIR, -S(OIR, -S(OJOR, - S{OIN(R}p, -S(OnR, -5{0R0OR,
SS(ORNR):,, -OCOR, -OC(OQI0R, -OC{MHNR):, -NEROMR, -NEYKOCOR,
or ~N{RI(OIN(R ), wherein R 13 H or Cyalkyl.

{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, s an acid. In one embodiment, the acid HA,, 18 selected from
the group consisting of PO H; (phosphoric acid), SO4H; (sulfuric acid}, HCI (hydrochloric acid),
HSO;CH: (methyl sulfonic acid), CeHsSORH (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.

{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, in 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-RE

el
N

A HA,

Formula 2

wherein

R is -OH, -0Cy-alkyl, -OCHCH(OH)CH,OH, -O(CH,)N(CHz),, -OC;-aalkyl-R”, -
NHCPHRYCOO0H), -NHCYHRYCOOH), -0C;-alkyIR®, -OC -alkyl, -CHNH)COOH), or
-OC alky LCPH(INHZ(COOH),

R” is -H, -C(O)CPHNH)R', -COCTHNH)R?, -C(OYCH, OV H(NH,)-C(OYOCHs, -
C{OYOR’, or -C{OYNHR’,

\‘{"q 0

R is tetrahydropyran, or L\O!P\O/»\;

wherein RY is H, -Cisalkyl, (CH)-28H, |, CisalkyISCisalkyl, -CisalkylOC salkyl, -
CHy-R®, -CH,OH, -CH(OH)CH;, -(CHp)ioCONH,,  «(CHy)aC{OVOH, -(CHy) 4NH,, or -
(CH, )1 sNC(E=NHL INH,;

wherein C and €% represents a carbon with the S or K sterecchemistry, respectively,

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

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

wherein  each R’ is  independently  selected from  halogen, cyano,
nire, -OR, -N{R ), -SR, -C{OYOR, 'y galkyl,
Cjghaloalkyl, -C{OIN(R), -C(O)R, -S(O)R, -S(OYOR, -S(O)N(R},, -S(OLR, -S{(O1LO0R, -S(0)N(
R}, ~OC{OIR, -OC{O)OR, -GC(OIN(R),, -NRIC(O)R, -N(RYC(O)YOR,
or -N(R)C(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

13
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Ntert-butoxycarbonyl-1-methyl-D-tryptophan

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

benzyl N*-(rert-butoxycarbony!}-1-methyl-D-tryptophanate

HA, 1s an acid selected from the group consisting of POsH; (phosphoric acid), SOH;
(sulfuric acid), HC! (hydrochloric acid), HSOCH; (methyl sulfonic acid), CsHsSO3H (benzyl
sulfonic acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid,
maleic acid, malonic acid, oxalic acid, succemic acid, fumarie acid, tartaric acid and citric 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 indoximod, 1n their free

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

HA,

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

- \p'}o
"y , Ly 0
R 1s tetrahydropyran, or O ;

wherein R is H, -Cisalkyl, -(CHah-»SH, -(CH158CH;, -(CHy)150CH;, ~CHgnR6, -
CH,OH, -CH(OH)CH;, -(CH L C{ONH,, -(CHLsC(O0H, ~(CHy)uNH,, or ~(CHy)y.
sNC{(=NH;)NH;;

wherein €% represents a carbon with the 5 stereochemistry, when R* is not H;

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

three R’ groups:;

14
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wherein each R’ is independently halogen, cyano, nitro, -OR, -N{R},, -SR, -C{(O)YOR,
Crealkyl Cyghaloalkyl, -C{OWN(R),, -C{OIR, -S(OIR, -S(OYOR, -S{OIN(R),, -S{O}:R, -S(O),0R,
-S(ORNR),, -OCO)R, -OC(OYOR, -OCONR),, -NERX(OR, -NERY(O)OR,
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), SOsH;
(sulturic acid), HCl (hydrochloric acid), HSO3CH; (methyl sulfonic acid), CeHsSO5H (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, T or 2 that ensure charge neutrality of the resulting salt.
{6646]  In a preferred embodiment, the mvention provides prodrugs of indoximod, 1n their free

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

HN-R?

HA,

Formula 2
wherein
R is -OH, -0C;-alkyl, -OCH,CH(OH)CH,O0H, -O(CH, ), N{CH:),, or -0C ~alkyl-R’,
R”is H, or -C(O)CH(NH,)RY,
0 o
L P~
R is tetrahydropyran, or ~g Y ;
wherein R is H, -Crsalkyl, -CH,-R®, -(CH ) 1C(OINH,, -(CH,),SCHs, (CHy )1 5C(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),, -SK, -C{OYOR, Cealkyl,
Cyghaloalkyl, -C{ONR),, -C{OIR, -S{O)R, -S(OYOR, -S(OIN(R )1, -S(OnR, -S{(OpOR, -S{(OnN(
R}, -OC(O)R, -OC(OYOR, -OC(OIN(R),, -NEHC(O)R, -NRYC(O)YOR, or -NEHC{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 POH; (phosphoric acid), SOsH; (suifuric acid),
HC (hydrochloric acid), HSG:CH; (methy! sulfonmic acid), or CeHsSOsH (benzyl sulfonic aaid);
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 invention provides prodrugs of indoximod, mn

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

HN-R?

(75.‘}{7,R1
S

HA,

Formula 2
wheretn
R'is -OH, -0C;-salkyl, -OCHCH(OH)CH,OH, -O(CH, ), N(CH: ), or -OC -alkyl-R’,
R%is H, or -C(O)YCYH(NHRY,

R’ is tetrahydropyran, or

wherein R' is -CH;CH(CH3), -CYVH(CH):CHCHs,  -(CH2)SCHs  -CHp-R®, -
{(CH 3 C{ONH,, -(CH 1 C(OYOH, 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, 15 an acid selected from the group consisting of POsH; (phosphoric acid), SOsH;

(sulturic acid), HCI (hydrochloric acid) HSO3CH; {(methyl sulfonic acid), and CeHsSO5H (benzyl
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sulfonic acid), 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,0H,

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

wherein R is -CH;CH(CHs ), -(CH21: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 PO4H; (phosphoric acid), SOH, (sulfuric acid),
HCI (hydrochloric acid) HSO:CH; (methyl sulfonic acid) or CeHsSO:H (benzyl sulfonic aad);
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 in Table 1.

[6656]  In one embodiment, the prodrug substantially includes at least one of the following
compounds: (i} ethyl N*-([-leucyl)-1-methyl-D-tryptophanate; (11} 2,3-dihydroxypropyl 1-methyl-
D-tryptophanate; (1i1) N*-({-leucyl}-1-methyl-D-tryptophan; (iv) ethyl N*-(I-isoleucyl}-1-methyl-
D-tryptophanate; (v} N(L-glycyl}-1-methyl-D-tryptophan; (vi} (S)-5-amino-6-{(({/}-1-carboxy-2-
(1-methyl-1H-indol-3-yljethyljamino}-6-oxohexanoic  acid;  (vit})  N-(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-(dimethylaminojethyl 1-methyl-D-tryptophanate; (x1) (2-ethoxy-2-
oxido-1,3,2-dioxaphospholan-4-ylymethyl  1-methyl-D-tryptophanate; (xiy  2-(tetrahydro-2H4-
pyran-4-ylethyl 1-methyl-D-tryptophanate; (xii1} ethyl 1-methyl-D-tryptophanate; {(xiv) isopropyl
I -methyl-D-tryptophanate; (xv) N"-{Z-methionyl)-1-methyl-D-tryptophan; or (xvi} ethyl N-(Z-
methionyl)-1-methyl-D-tryptophanate.

Pharmaceutical Compositions of Indoximod Salis and Prodrugs

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

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

0
OH

R)
“NHg*

N

N
\ A"pn

Formula 1a Formula 1b
wherein A7, is an inorganic or organic anion and €%y 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 mnvention provides a pharmaceutical
composition comprising salts of indoximod, as represented by compounds of Formula la, wherein
A, is an anion selected from the group consisting of chloride, phosphate, sulfate, mesylate,
besylate, acetate, ascorbate, aspartate, ghutamate, 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 C'F,, is an cation selected from the group of Li", Na™, K, Mg ™ or Ca™, wherein positive
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charge p 15 +1 or +2 at stoichiometric ratio m of 1 or ¥, 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 HPO, ™ (phosphate), SO4* (sulfate), HuPOy
{phosphate), CI', and CH;50¢" (mesylate), at stoichiometric ratio » of 0.5, 05, 1 or 1,
respectively.

[0355] In a preferred fifth embodiment of the fust aspect, the invention provides a
pharmaceutical composition comprising salts of indoximod, as represented by compounds of
Formula 1a, wherein A®, is C1 at a stoichiometric ration of 1.

[0056] In a most preferred fifth embodiment of the first aspect, the nvention provides a
pharmaceutical composition comprising salts of indoximeod, as represented by compounds of
Formula la, wheretn A", is CU at a stoichiometric ratio n of 1 and the crystalline form is an
anhydrous soform of Form 1.In a second aspect, the mvention provides a pharmaceutical
composition comprising prodrugs of mndoximod, i 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, -0C;-alkyl, -OCHCHOH)CH,0H, -O(CH),N(CHz)y, -0C-alkyl-R®, -
NHCYHRYCOOH), -NHCWHRY(COOH), -OC -alkyIR®, -OC - alkyl, -CYVH(NH,COOH), or
-OC -alky-CHHNH2 ) COOH),

R’ is -H, -C(OYCVH(NH)R®, -COYCWHINHL)RY, -C(O)CH,CH(NH,)-C(0)OCHs, -
C{OYOR’, or -C(O)NHR®,

18
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\T‘ \F’zc/\\

R is tetrahydropyran, or ~g © ;

wherein R? is H, -Cyisalkyl, «(CHy)i-28H, |, CrsalkyiSCsalkyl, -CisalkylOC, salkyl, -
CH-RS, -CH,OH, -CH(OH)CH;, -(CH)COINH,,  (CH)LC(OYOH, -(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, C J—5alky'iR6; or R

wherein R is H, aryl, alkylaryl, heteroaryl, cycloalkyl, or heterocycloalkyl, wherein such
arvl, alkylaryl, heteroarvl, cycloalkyl or heterocycloalky! 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{OINR )., -C{O)R, ~-S(O)R, -S(OYOR, -S{OIN(R ), -S(OnR, -S(0»OR, -S{O)N(
R, -OC(O)R, -OC(O0R, -OC(OIN(R),, -NRYC(OIR, -NRYC(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-methyl-D-tryptophanate

HA, 15 an acid selected from the group counsisting of POH; (phosphoric acid}, SO4H;
{sulfuric acid), HCL (hydrochloric acid), HSOSCH: {methyl sulfonic acid), CelHsSO:H (benzyl
sulfonic acid}, acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid,
maleic acid, malonic acid, oxalic acid, succinic acid, fumarnic 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 indoximod, in their free base or salt form, as represented by

compounds of Formula 2,
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HA,
Formula 2
wherein Ri is —QH, ~OC2-3aikyi, ~GCHQCH<OH)CH;~OH, ~G(CH2>2N(CH3>2, o1 ~OC1“
salkyl-RC, -
R%is H, or -C(O)YCYH(NHRY,
\\7/ ] ‘;O
yp\o/‘\‘

R’ is tetrahydropyran, or U ;

wherein R' is H, -Crsalkyl, -(CHy)-SH, -(CHy)5SCHs, (CH)30CH: -CH,-R®, -
CH,OH, -CH(OH)CH;, -(CH L C{ONH,, -(CHLsC(O0H, ~(CHy)uNH,, or ~(CHy)y.
s NC(=NH)NH;

wherein C% represents a carbon with the 8 stereochemistry, when RYis not H;

wherein R® is H, aryl, alkylaryl, heteroaryl, cvcloalkyl, heterocycloalkyl, wherein such
arvl, alkylaryl, heteroarvl, cycloalkyl or heterocycloalkyl 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,
Crealkyl,Cyhaloalkyl, -C{ON(R}),, -C{OR, -S{(O)R. -S(O)OR, -S(O)N(R )y, -S{O):R, -5(0)0R,
-S(ORN(R),, -OC(HR, -~OC(GI0R, -OCON(R)p, -NRICOIR, -NEIKOCO0R,
or -N{RYC(ON{R ),

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 counsisting of POH; (phosphoric acid}, SO4H;
{sulfuric acid), HCL (hydrochloric acid), HSOSCH: {methyl sulfonic acid), CelHsSO:H (benzyl
sulfonic acid}, acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid,
maleic acid, malonic acid, oxalic acid, succinic acid, fumarnic 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 imvention 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(OH)CH,OH, -O(CH, L,N(CH: ), or -0C -salkyl-R7,

R%is H, or -C{OYCHNHIRY,

- 0.0

R’ is tetrahydropyran, or E\O, \O/\;

wherein R is H, ~Crsalkyl, ~-CH2-R®, «(CH,)1,C(OINH,, (CH,LSCH;, «(CHy)aC(O)0H,
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}),, -SR, -C{OIOR, Crealkyl
Cighaloalkyl, -C{ON(R}, -C{OIR, -S{OIR, -S{OYOR, -S(OIN{R),, -S{O)R, -8(C)0R, -S{O)nN{
R}, -OC(O)R, -OC(O)OR, -OC(OIN(R),, -NEGC(O)R, -NRIC(CYOR, or -N(RYC{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 PO H; (phosphoric acid), SO4H; (suifuric acid),
HC (hydrochloric acid), HSGCH; (methyl sulfonic acid), or CeHsSO:H (benzyt 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,

P

HN-R
RN, R
b
N
\ HA,
Formula 2

wherein
R is -OH, -0C;-alkyl, -OCH,CH(OH)CH,O0H, -O(CH, ), N{CH:),, or -0C ~alkyl-R’,
R”is H, or -C(O)CH(NH)RY,

R is tetrahydropyran, or 0 ;

wherein R' is -CH,CH(CH:),, -CVH(CHRCHCH:, -(CH)LSCH: -CHA-R®, -
(CHL L C(OWNH,, ~-(CH1:C(0)Y0H, or «(CH)uNH,;

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, 1s an acid selected from the group consisting of POsH: (phosphoric acid), SOH;
(sulfuric acid), HCI (hydrochloric acid) HSCACH; (methy! suifonic acid), and CsHsSO5H (benayl
sulfonic acid), and # 15 the storchiometric 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;malkyl, or -OCH,CH{OH)CH,0H,

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

wherein R is -CH,CH(CHs )y, ~(CHL 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), SOH» (sulfuric acid),
HCl (hydrochloric acid) HSO5CHs (methyl sulfonic acid) or CaHsSO-H (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 mdoximod, in thetr free base or as a pharmaceutically appropriate salt

form, as represented by compounds of Formula 2 represented in 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
|
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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 ethyl N-(Z-glutaminyD-I-raethyi--
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 indoleamine-2,3-dioxygenase pathway in a subject in need
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thereof, comprising the oral admunistration 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
ta, 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, ina
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 mmvention provides methods of use of compositions of formulas
fa, 1b and 2, to treat immunosuppression associated with infectious diseases (e g HIV-1 nfection,
influenza), i a subject in need thereof, comprising the oral administration 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 s mcluded n a solid capsule, gelatin capsule,

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

[0667]  In specific embodiments, the compositions of the present invention may additionally
contain other adjunct components conventionally found 1n pharmaceutical compositions, at their
art-established usage levels. Thus, for example, the compositions may contain additional
materials useful n physically formulating various 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 deswred, mixed with auxiliary
agents, e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing
osmotic pressure, butfers, colorings, flavorings and/or aromatic substances and the like which do

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

[06668] In certain embodiments, pharmaceutical compositions of the present invention

comprise one or more excipients. In certain such embodiments, excipients are selected from
28



WO 2017/019175 PCT/US2016/035391

water, salt solutions, alcohol, polvethylene glycols, gelatin, lactose, lactose monohydrate,
amylase, magnesium stearate, talc, silicic acid, viscous paraffin, hydroxymethylcellulose,

microcrystalline cellulose and polyvinylpyrrolidone.

[{(069] In certain embodiments, a pharmaceutical composition of the present imvention is
prepared using known techniques, including, but not linuted 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. In 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 is a
sohd (eg, a powder, tablet, and/or capsule). In certain of such embodiments, a solid
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 1nvention
comprises a delivery system. Examples of delivery systems nclude, but are not lumted to,
liposomes and emulsions. Certamn  delivery systems are useful for preparing certam
pharmaceutical compositions including those comprising hydrophobic compounds. In certain

embodiments, certain organic solvents such as dimethyisulfoxide are used.

[6673] In certain embodiments, a pharmaceutical composition 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 systems are used for hydrophobic compounds. A non-limting
example of such a co-solvent system 15 the VPD co-solvent system, which 13 a solution of
absolute ethanol comprising 3% w/v benzyl alcohol, 8% w/v of the nonpolar surfactant
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Polysorbate 80 and 65% w/v polyethyiene glycol 300. The proportions of such co-solvent systems
may be varied considerably without significantly altering thetr 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, eg., polyvinyl

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

[6674] In certain embodiments, 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, sustained-
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 nvention 1s
prepared for oral adnunistration. In certain of such embodiments, a pharmaceutical composition s
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 limited 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-cellulose, sodium  carboxymethyleellulose, microcrystalline cellulose,
and/or polyvinylpyrrolidone (PVP). In certain embodiments, such a mixture is 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-hinked 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 titanium 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 invention 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 hquids, such as fatty oils, hiquid paraftfin, 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 composttion 1s prepared for administration
by injection (eg., intravenous, subcutaneous, mtramuscular, etc.). In certain of such
embodiments, a pharmaceutical composition comprises a carrier and s formulated in aqueous
solution, such as water or physiologically compatible buffers such as Hanks's solution, Ringer's
solution, or physiological saline buffer. In certain embodiments, other ingredients are included
{e.g., ingredients that aid n solubility or serve as preservatives). In certain embodiments,
mjectable suspensions are prepared using appropriate liquud carners, suspending agents and the
like. Certain pharmaceutical compositions for injection are presented i unit dosage form, eg.,
ampoules or in multi-dose containers. Certain pharmaceutical compositions for injection are
suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing agents. Certain solvents suitable for use
in pharmaceutical compositions for imjection include, but are not hmited to, lipophilic 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 carboxymethyi 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.

[(080] In certain embodiments, a pharmaceutical composition 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 citric acid, tartaric acid, malic acid, fumaric acid,
adiptc acid or succinic acid. The acid anhydride may be succinic anhydride or ciiric 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 {muxture 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.
refeased from sodium perborate or from a combination of e.g. a peroxygen compound that vields
active oxygen on nuxture with water {eg. sodium perborate monchydrate 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 mmvention can be obtained by dry compaction or wet granulation. These granulates can

clidants and lubricants and be

bl

subsequently be mixed with eg 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 anv 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 ingredients and the resulting muxtures 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 in 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 mn its entirety for all

puUrposes.

DEFINITIONS

[T

{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 motety; further,
substituents are intended to be read “left to right” unless a dash indicates otherwise. For example,
Cisalkoxycarbonyloxy and -OC{O)YCsalkyl indicate the same functionality; simularly arylalkyl,

arvialkyl-, and —alkylaryl imdicate the same functionality.

{0686]  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, 1t would be apparent to one skilled in the art that an additional hydrogen

atom ts removed from a monovalent alkyl radical to provide a suitable divalent motety.

33



WO 2017/019175 PCT/US2016/035391

{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 alkenyl include, but are not limited to, ethenyl,
2-propenyl, 2-methyl-2Z-propenyl, 3-butenyl, 4-pentenyl, 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
nclude, 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
containing from 1 to 10 carbon atoms, unless otherwise specified. Representative examples of
alkyl include, but are not himited to, methyl, ethyl, n-propvil, iso-propyl, n-butyl, sec-butyl, 1so-
butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methythexyl, 2 2-dimethyipentyl, 2,3~
dimethylpentyl, n-heptyl, n-octyl, n-nonyl, and n-decyl. When an “alky!l” group 1s a linking group
between two other moteties, then it may also be a straight or branched chain; examples include,
but are not limited to ~CHy-, -CHCHy-, ~-CHLCHLOCHO(CH; -, -CHLCH(CHLCH)YCH,-.

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

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

{6892] The term “aryl,” as used herein, means a phenyl {1.e., monocychic aryl), or a bicychc
ring system contaiming at least one phenyl ring or an aromatic bicyclic ring contamning only
carbon atoms in the aromatic bicyclic ring system. The bicychic aryl can be azulenyl, naphthyl, or
a phenyvl fused to a monocyche cycloalkyl, a monocyclic cycloalkenyl, or a monocyclic
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 ring. The fused monocychic 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 aryls include, but are not limited to, azulenyl, naphthyl, dihydroinden-1-
vl, dihydroinden-2-yl, dihydroinden-3-vl, dihydroinden-4-yi, 2 3-dihydroindol-4-vl, 2.3-
dihydroindol-5-yl, 2 3-dihydroindol-6-vi, 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-vl, dihydronaphthalen-4-vl,
dihydronaphthalen-1-vl, 5,67 8-tetrahydronaphthalen-1-yl,  5,6,7 8-tetrahydronaphthalen-2-vyl,
2,3-dihydrobenzofuran-4-vl, 2 3-dihydrobenzofuran-5-yl, 2, 3-dihydrobenzofuran-6-vi, 23-
dihydrobenzofuran-7-y1, benzo{d}[1,3]dioxol-4-vl, benzo[d}{1,3}dioxol-5-yl, 2H-chromen-2-on-
S-yl, 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, mden-i-on-4-yl, inden-1-on-5-yl, inden-1-on-6-yl, mden-i-
on-7-vl,  2,3-dihydrobenzof[bif1,4]dioxin-5-yl,  23-dihydrobenzol[b][1 4]dioxin-6-yl,  2H-
benzolb][1,4joxazim3{4H}-on-53-yi, ZHbenzo[b}[ 1 4joxazin3{4H}-on-6-vl, 2H
benzol[b][1 4loxazin3(4H}-on-7-vl, ZHbenzo[bi[ |,4]Joxazin3(4H}-on-8-y1, benzo[d]oxazin-2(3H)-
on-5-yl, benzo[d]oxazin-2(3H}-on-6-vl, benzo[dloxazin-2(3H}-on-7-yl, benzo[djoxazin-2(3H)-
on-8-vl,  quinazolin-4(3H)-on-3-yl,  quinazolin-4(3H)-on-6-yi,  qumnazohn-4(3H)-on-7-vl,
quinazolin-43H}-on-8-yl, qunoxalin-2(1H}-on-5-yl, qumoxalin-2{1H}-on-6-yl, quinoxalin-
2(1H)-on-7-vl, quinoxalin-2{1H}-on-8-y1, benzofdjthiazol-2(3H}-on-4-v1, 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 bicyvclic aryl 1s (1) naphthyl or (1) a phenyl ring fused to either a 5 or 6
membered monocychic cycloaltkyl, a 5 or 6 membered monocyclic cycloalkenvl, or 3 5 or 6
membered monocyclic heterocycelyl, wheremn the fused cycloalkyl, cycloalkenyl, 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 aryl
group, as defined herein, appended to the parent molecular moiety through an alkyl group, as
defined herein. Representative examples of arylalkyl include, but are not hmited to, benzyl 2-
phenylethyl, 3-phenylpropyl, and 2-naphth-2-viethyl

[(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 cycloalkyl 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 nings 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 {(i.e., a bridging group of the form -(CH,)-, where w 15 1, 2, or 3).
Representative examples of bicyclic nng systems include, but are not limited to,
bicyclo[3.1 Ttheptane, bicyclo[2.2 1Theptane,  bicyclo[2.2 2]octane,  bicyclo[3.2 2Inonane,
bicyclol3.3.1nonane, and bicyclo[4.2 inonane Fused bicychic cycloalkyl ring systems contain a
monocychic cycloalkyl ring fused to either a phenyl, a monocychic cycloalkyl, a monocyclic
cycloalkenyl, a monocyclic heterocyclyl, or a monocychic heteroaryl The bridged or fused
bicychic cycloalkyl 1s attached to the parent molecular moiety through any carbon atom contained
within the monocyclic cycloalkyl ring. Cycloalkyl groups are optionally substituted with one or
two groups which are independently oxo or thia. In certain embodiments, the fused bicyclic
cycloalkyl is a 5 or 6 membered monocychc cycloalkyl ring fused to either a phenyl ring, a Sor 6
membered monocyclic cycloalkyl, a 5 or 6 membered monocychic cycloalkenvl, a 5 or 6
membered monocychic heterocyclyl, or a 3 or 6 membered monocyclic heteroaryl, wherein the
fused bicychic cycloalkyl 15 optionally substituted by one or two groups which are independently
oxo or thia.

[6896]  “Cycloalkenyl” as used herem refers to a monocyclic or a bicyche cycloalkenyl ring
systemn. Monocychie ring systems are cyclic hvdrocarbon groups contaiming from 3 to 8 carbon
atoms, where such groups are unsaturated (1.e., containing at least one annular carbon carbon
double bond}, but not aromatic. Examples of monocyclic ring svstems include cvclopenteny! and
cvclohexenvl. Bicvclic cycloalkenyl rings are bridged monocyclic rings or a fused bicyclic rnings.
Bridged monocyclic rings contain a monocyclic cycloalkeny! ring where two non adjacent carbon
atoms of the monocyclic ring are hinked by an alkylene bridge of between one and three additional
carbon atoms (e, a bridging group of the form -{CH,)y-, where wis 1, 2, or 3). Representative
examples of bicyclic cycloalkenyls include, but are not limited to, norbornenyl and
bicyclof2.2 2Joct-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 hetercaryl. 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, Tor F.

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

{6699] The term “hetercaryl,” as used herem, means a monocyclic heteroary] or a bicyclic ring
system containing at least one heteroaromatic ring. The monocychic heteroaryl can be a S 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 5 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 monocyclic hetercaryl include, but
are not bmted to, furyl, mmdazolyl, indolyl, l-methyl-indolvl, soxazolyl, isothiazolyl,
oxadiazolyl, oxazolyl, pyndinyl, pyndazinyl, pyrimidinyl, pyrazinyl, pyrazolyl, pyrrolyl,
tetrazolyl, thiadiazolyl, thiazolyl, thienyl, trazolyl, and triazinyl. The bicyclic hetercaryl consists
of a monoccyclic heteroaryl fused to a phenyvl, a monocychic cycloalkyl, a monocyclic
cvcloalkenyl, a monocyclic heterocyclyl, or a monocychic hetercaryl.  The fused cycloalkyl or
heterocyclyl portion of the bicyclic heteroaryl group is optionally substituted with one or two
groups which are independently oxo or thia. When the bicyclic hetercaryl contains a fused
cycloalkyl, cycioalkenyl, or heterocyclyl ring, then the bicyclic hetercaryl group 15 connected to
the parent molecular moiety through any carbon or nitrogen atom contamed within the
monocyclic heteroaryl portion of the bicyclic ring system. When the bicyclic heteroaryl 15 a
monocyclic heteroaryl fused to a phenyl ring or a monocychic hetercaryl, then the bicyclic
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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dihydroisoquinolin-1-yl, furopyndinyl, indazolyl, indolyl, isoquinolinyl, naphthyridinyl,
quinolinyl, purinyl, 56,7 8-tetrahydroquinolin-2-yl, 56,7, 8-tetrahydroquinolin-3-vl, 5,6,7,8-
tetrahydroquinolin-4-yl, 5,6,7 8-tetrahydrotsoquinolim-1-yi, thienopyridinyl, 4,5,6,7-
tetrahydrobenzo[c][1,2.5loxadiazolyl, and 6,7-dihydrobenzo[ci{1,2 5]oxadiazol-4(SH}-onyl In
certain embodiments, the fused bicyclic heteroarvl 15 a S or 6 membered monocyclic hetercaryl
ring fused to etther a phenyl ring, a S 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 cycloalkyl, 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 hetercaryl,
as defined herein, appended to the parent molecular moiety through an alkyl group, as defined
herein. Representative examples of heteroarylalkyl include, but are not limuted to, fur-3-ylimethyl,
tH-imidazol-2-yimethyl, 1H-imdazol-4-vimethyl, 1-{pyridine-4-yllethyl, pyridine-3-yhmnethyl,
pyridine-d-yimethyl, pyrimidin-5-vlimethyl, 2-(pyrimidin-2-yhpropyl, thien-2-yimethyl, and
thien-3-ylmethyl

{66181} The terms “heterocyclyl” or “heterocycloalky!” as used herein, means a monocyclic
heterocycle or a bicyclic heterocyele. The monocyclic heterocycle 1 a 3, 4, 5, 6 or 7 membered
ring containing at least one hetercatom mdependently 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 8. 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 S. The monocyclic
heterocycle is connected to the parent molecular moiety through any carbon atom or any nitrogen
atom contained within the monocyclic heterocycle. Representative examples of monocyclic
heterocycle include, but are not himited to, azetidinyl, azepanyl, aziridinyl, diazepanyl, 13-
dioxanyl, 1,3-dioxolanyl, 1 3-dithiolanyl, 1,3-dithianyl, imidazohinyl, 1midazolidinyl,

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, thiazolidinyl, thiomorpholinyl, 1,1-dioxidothiomorphohinyl
(thiomorpholine sulfone), thiopyranyl, and trithianyl. The bicyclic heterocycle 1s a monocyclic
heterocycle fused to either a phenyl, a monocyclic cycloalkyl, a monocychic cycloalkenyl, a
monocyclic heterocycle, or a monocyclic heteroarvl. The bicyclic heterocycle 1s connected to the
parent molecular moiety through any carbon atom or any nifrogen atom contained within the
monocyclic heterocycle portion of the bicyclic ring system. Representative examples of bicyclic
heterocyclyls include, but are not himited to, 2,3-dihydrobenzofuran-2-y1, 2,3~-dihyvdrobenzofuran-
3-vl, indolin-1-yi, indohin-2-vi, mdolin-3-vi, 2 3-dihydrobenzothien-2-yl, decabydrogquinolinyl,
decahydroisoquinolinyl, octahydro-1H-indolyl, and octahydrobenzofuranyl. Heterocyelyl groups
are optionally substituted with one or two groups which are independently oxo or thia. In certain
embodiments, the bicychce heterocyclyl 1s a 5 or 6 membered monocyclic heterocyclyl ring fused
to phenyl ring, a 5 or 6 membered monocyche cycloalkyl, a 5 or 6 membered monocychic
cycloalkenyl, a 5§ or 6 membered monocyclic heterocyciyl, or a 5§ or 6 membered monocyclic

heteroaryl, wherein the bicychc heterocyclyl 1s optionally substituted by one or two groups which

are independently oxo or thia.

[68162]  The term “hydroxy” as used herein, means an -OH group.

{06103}  The term “nitro” as used herein, means a -NG, group.

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

{66185] The term “thia” as used herein means a 58— group.

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

contain 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, cyclopentenyl,

cvclohexadienyl, and the like.
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{66168}  As used herein, the term “individual” or “patient,” used interchangeably, refers to any
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine, cattle,
sheep, horses, or primates, and most preferably humans.

[66109]  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 is
being sought i a tissue, system, amimal, mdividual or buman by a researcher, veterinaran,

medical doctor or other clinwcian.

[066110]  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 vet

experience or displav the pathology or symptomatology of the disease;

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

condition or disorder; or

(3) ameliorating the disease; for example, ameliorating 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.

{60111}  As used here, the terms “treatment” and “treating” means (1) ameliorating the
referenced disease state, for example, amehorating 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) ehciting the referenced biological effect (e.g., IDO

modulation or tryptophan degradation inhibition).

{06112}  Manifestation of amelioration of a disease condition with underlying IDO-mediated
mmunosuppression may require the concomutant or seguential admimstration 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.

{06113]  As used herein, the terms “catalvtic pocket”, “catalytic site”, “active site” collectively
and mdistinctly 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 in

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, hydrobromue, sulfuric,
sulfinic, formic, toluenesulfonic, methanesulfonic, miric, benzoic, citric, tartaric, maleic,
hydrotodic, alkanoic such as acetic, HOOC-(CHn-COOH where n 15 0-4, and the like. Non-
toxic pharmaceutical base addition salts mclude salts of bases such as sodium, potassium,
calcium, ammonium, and the like. Those skilled 10 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.

[08116]  As used herein, the term “prodrug of indoximod” refers to any substance that after in

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

661171  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 hight (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 1o parts per million (8) relative to TMS (0.0), DMSO-ds (2.50) or CD;0D (4.80) as

an internal reference. All 'H NMR spectra were taken in CDCls unless otherwise mdicated.

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

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

[00118] 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 rt,
the solvent was distilled-off and the crude was difuted 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 I-methyl-D-tryptophanate hydrochloride (NLG-1284)
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NH-
COOCH PrOH
ord :
N S0CH
\
B-1MT #MLG-1284

00119}  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 % aq NaHCGO; (20 mL)}, the
product was extracted with CH,Cl,, the combined organic extract was dried over Na;SQOy 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 ‘

[06120] To a stirred solution of D-1MT (0.150 g, 0.687 mmol) m 1:1 THF/1M NaHCG; (2.75
mb, 2.75 mmol) was added the appropriate chioroformate dropwise. The mixture 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 HCI solution was added to adjust the pH to ~1. The cold
aqueous layer was immediately extracted with ethy! acetate and the combined organic layers 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)- [ -methyl-D- 81
O tryptophan
NH

—

123 (131, 1= 6.8 Hz), 3.63-3.71 (m. 1H), 3.74 (s, 3H), 4.07-4 12 (m, 2HY. 4.69 (dd,
1H, J=6.7,11.6 Hz), 5.20 (dd, 11, J= 6.9, 11.5 Hz), 6.9 (s, 1H), 7.07 (1, 1H, 6.9 Hz),
7.21-7.45 (m, 2H). 7.57 (&, 111, J = 7.1 Hz), 9.07 (br s, 1H)

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 H7). 4.75 (d, 1H. ] = 7.8 Ha),
5.23(d, 1H. J = 7.9 Hz), 6.89 (s, 1H), 7.07 (1, 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 0 °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 1IN 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 atford the product that was

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

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

O Q
J

“NHBoe Cs:00;
BrBr

001221  In 60 m} 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, 9.42 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 -methyl-D-tryptophanate hydrochloride (WLG-1338)

oy L
Oy d O%M Of
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{66123} Ethyl acetate {(26.9 mL} and MeQOH (8.9 mL) in a RB flask equipped with a septum and
a needle vent were cooled in an ice bath with stirring. Acetyl chloride (14.22 mL) was added
siowly. The resulting solution was stirred at 0 °C for 20 minutes and MeQOH (0.5 mL)} was added.
A flask containing benzy! N°-(tert-butoxycarbonyl)-1-methyl-D-tryptophanate (3.5¢, 8.6 mmol)
was placed 1o an ice bath and the cold, freshly prepared HCI (4M 1in 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 ice 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 sohid (6.45 g, 88%). TH NMR (ds-
dmdso); 3.28 (dd, 2H, J = 5.6, 15.2 Hz), 3.70 (s, 3H), 4.26-4.29 (m, 1H), 5.08 (d, 1H, J = 124
Hz), 5.13 (d, 1H, I = 12.4 Hz), 7.04 (¢, 1H, J = 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
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R oo B
OH NH,
HATU

[08124] To a solution of N-{tert-butoxycarbonyl}-I-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 sturing
overnight {17 h), the reaction was diluted with water {50 mL} and the product was extracted with
CH:CL (3 x 50 ml). The combined organic extract was washed with water (25 mLx1), brine
{25mixl) dried over Na;SOy 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
B =Te
>LO o)

141 (s, 9H), 1.44 (s, 9H), 1.45 (s, 9H), 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 (m, 3H), 4.61 (d, 1H, J = 6.3 Hz), 4.99 (d, 11L J = 8.6 Hz), 5.28
(d, 1, I=8.7 Hz), 6.87 (s, 1H), 7.11 (1. 1H . I = 7.3 Hz), 722 (t. 1H . J= 7.3 Hz), 7.29 (d, 11 ]
=82 Hz), 7.52 (d, 1H, ] = 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), 320 (d, 2H, I= 5.6 H2),3 44-3 50 {m, 1H), 3.67 (s, 3H},
3.80-3.86 (m, 1H),3.99-4.03 (n, 2H), 4.07-4.12 (m, 1H)}, 458 (g, 1H, J=063H»), 499 (d, 1H, ]
=82 Hz}), 682 (s, 1H), 703 (1, 1H,I=74Hz),7.14 (t, 1H,J=74 Hz), 721 (d, IH, =81 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 |
1.33¢s, 1H), 1.43 (s, 81, 2.23 {5, 5H), 2.29 (s, 1H}. 243~ 2.60 {mm, 4H}, 3.27 (4, /= 5.6 He,
2H), 3.74 (s, 3H), 4.1 - 4.23 {m, 2H}, 4.63 (m, 1H), 510 (m, 1H)}, 6.91 (5, 1H), 710 (ddd, J =
80,08, 1.2 Hz 1H), 721 (ddd, /=8.0,68, 1.2 Hr, 1H), 728 (d,/=18.0, 1H),7.54(d, /=80
Hz, 1H).
NLG-1572- Q | 2-(tetrahvdro-2H-pyran-4-vethyl NO(tert- | 60
A-E39 butoxyearbonyl)-1-methyi-D-tryptophanate

129135 (m, 2H), 1.42 (s, 9H), 1.60-1.67 (m, 5SH). 3.17 — 335 (m, 4H), 3.74 (s, 3H), 3.84 —
3.93 (m, 2H), 4.10 (dq, 2H, /= 10.4, 6.4 Hz), 4.55 — 4.65 (m, 1H), 5.06 (d, IH, J= 8.2 Hz), 6.86
(s, 1H), 7.09 (ddd, 11, J= 8.0, 7.0, 1.1 Hz), 7.21 (ddd, 1H, J = 8.2, 6.9, 1.1 Hz), 7.28 (d, 11, J =
7.4 Hz), 7.48 - 7.59 (m, 1)
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NLG-1556- tert-butyl N-(teri-butoxycarbony!}-1-methyi-D- | 91
A-E22 tryptophyl-L-valinate

C
s AN
A
t
!
$.69(d,3H, J=68Hz, 0.75(d,3H, I =68 Hz}, 1.42 (s, 18H), 1.98-2.03 (m, 1H), 3.18 (dd, 1H,
J=144,72Hz), 3.27-335 (m, 1H), 3.73 (s, 3H), 4.35-439 (m, 1H), 450 (brs, 1H), 5.07 (brs,
1H), 631{(d, 1H, J=88Hx 692, 1H), 712 (t, 1H, J=72Hz), 722 (4, 1H, J =72 Hz), 72
{d, IH, 1= 8.0 Hz), 764 (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
O
l“\\\,——'l 7 Boc
N
|
0.95-1.05 (m, 2H), 1.47 (s, 18H), 1.32-1.40 (m, 3H), 1.55(d, 2H, J =24 Hz). 2.39 (dt, 2H, ] =
27,128 Hz), 3.25 (d. 2H, ] = 5.6 Hz), 3.74 (s, 3H), 3.99-4.05 (m, 2H), 4.94-5.00 (m, 2H), 5.08
(d,1H, ] =8.0Hz), 632 (brs, 1H), 6.86 (s, 1H), 709 (, 1H, J =74 Hz), 721 (1, 1H, J = 7.6 Hz),
728¢(d, 1H, I=80Hz), 7.53(d, iH, J=8.0 Hz).
NLG-1563- o { -"“‘/‘N_Bm tert-butyl 4-(((IN*(tert-butoxycarbonyl}- L -methyl-D- 83
| S—
A-E36 tryprophy Doxy methy Dpiperidine-~1 -carboxylate

0.93-1.10 (m, 2H), 1.29-1.32 (m, 1H), 1.45 (s, 18H), 1.63-1.60 (m., 2H), 2.59 (tt, 2EL J = 2 4.
13.2 Hz), 3.25 (¢, 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, 1= 8.0 Hz), 6.35 (brs, 1H), 6.86 (s, 1H), 7.10 (dt, 1. T = 1.2, 6.8 Hz), 7.24 (dt, 1H. I = 1.2,
68 Hz), 7.25 (d, 1H, J =84 Hz), 7.53 (4, 11, J = 8.0 Hy)
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NLG-1578- O~ methyl N’ (tert-butoxvearbonyi)-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), 6.34-6.52 (m, 1H}, 6.93 (s, 1FD), 7.13 - 7.03 (m, 1H), 7.14 - 7.30
(m, 2H), 7.59 (d, 1H. 7= 5.0 Hz).

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

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

[066123]  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 mg, 1.16 mmol) and the mixture sturred 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 (1, 2H), 4.55 (s, 1H), 5.20 —
5.33 (m, 1H), 6.63 (s, 1H), 6.92 (s, 1H), 7.10 (t. 1H, J=7.2 Hz), 7.15 — 7.25 (m, 2H), 7.59 (dt,
1H,.7=7.9Hz)

50




WO 2017/019175 PCT/US2016/035391

NH,HCH = NH,HCH
slhaey
|

R =H, alkyl, alkylaryl

—

R =H, atkyl, alkylaryl

{08126] To a nuxture of tBoc protected amune (1.57 mmol) in dioxane (15 mlL} 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 rers-butyl ether (10 mL), the solid was

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

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

above sections.

# Compound MName Yield
(Vo)
NLG-1557 \N 2-(dimethylaminojothyl l-methyl-D-tryptophanate | 42
Q& o~ o dihydrochloride
O LAY
Q :\) NH,HCH
)

TH NMR (400 MHz, Methanol-d): 2.69 (s, 3H), 2.77 (5. 3H), 3.46 (dd, J = 6.7, 2.1 Hz, 2H), 3.81
(s, 3H), 4.35 (m, 1H), 4.46 (1, J= 6.6 Hz, 1H), 4.54 (m, Hz, 1H), 7.11 (dd, J = 8.0 1.2 Hz, 1H),
718 ~7.25 (m, 2H), 7.40 (d, J = 8.0), 7.5% (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, SH), 1.60 (d, 2H, = 13.2 Hz), 2.64-2.72 (m, 2H), 3.11-3.14 (m, 2H),
325(dd, 1H, ] =144, 7.6 Hz), 3.33-3.83 (m, 1H, merged with H,O frorme DMSO), 3.75 (s, 3H),
399408 (m, 2H), 415 (4, TH, J=66H), 704 (, 1H, I=T74 Hey, 716 (4, 1H, T =7.6 Hz), 7.24
(s, 1), 742 (4, IH, I =8.0 Hz), 733 (d, IH, J=8.0 Hz), 8.75 (br s, 311}, 895 (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, 11 J = 13.6 Hz), 1.53 (d, 1}, J = 13.6 Hz), 1.61-1.66 (m,
1H), 2.66-2.70 (i, 2H}, 3.058-3.16 (m, 2H), 3.22-3.28 (m, 11), 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, J =74 Hz), 7.15 (1, 1H. J =74 Hz), 7.24 (s,
1H), 7.40 (d, 1H, 7= 8.0 Hz). 7.55 (d, 11, ] = 7.6 Hz), 8.83 (br s 3H), 9.06 (brs, 1H), 9.34 (br s,
1H)

NLG-1872

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

tryptophanate 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), 304 (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 (4. 2H,J= 62 Hz), 4 17 (t. TH, J= 6.6 Hz), 7.04 (ddd, IH.7 =80, 7.1. 1.0 Hz), 7.16
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(ddd, 1H.7=83.7.0.12 Hzy. 723 (s. 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, 78 Hz.). 3.25 (dd, 1HL, J= 14.7. 5.7 Hz), 3.64 (s, 3H), 3.72 (s. 3H), 3.93
(t2H,J = 6.0 Hz), 3.97-4.06 (m, 1T, 7.03 (1, 1H, J=7.5Hz), 7.14 (. 1H, J=7.20 Hz), 7.19 (s,
1H), 739 (4, 1H,J =82 Hz). 7.71 (d, 19, J=8.0 Hz), 8.21 (s, 2H), 9.15 (1, 1H).

synthesis of O-(1-methyl-B-tryptophyl)-L-serine dihydrochloride (NL-G1851)

NH,HC!

ad

NLEG-1851-B.1-E1S NLG-1551

{00128  To a solution of NLG-15851-B.1-E13 (0.450 g, 824.66 mmol) in CHCh (10 mL) was
added HC1 (2 mL, 4 M solution in dioxane) at 0 °C and the solution was allowed to warm to rt.
After stirring for 5 h, the solvent was evaporated and the reaction was diluted with trifluoroacetic
acid {8 mL) and the solution was stirred for 7 h at rt. After evaporating trifluoroacetic acid the
reaction was diluted with dry HCl solution (1 mL, 4 M solution in dioxane) and the mixture was
stured for 10 min. The solvent was evaporated under reduced pressure, the product was triturated
with ethanolether (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, 11, J = 15.4, 4.7 Hz), 3.70 (s, 3H), 4.23 (¢, 11, J = 3.9 Hz),
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435 (dd, 1H, ] = 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, I = 7.9 Hz).

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

N N
! i
NLG-1556-A-E22 NLG-1556

061291 Dioxane (7 mL) and MeOH (120 mL, 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 nunutes and MeOH
(0.1 mL} was added. A flask contaming NELG-1856-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 WEG-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, 8.4
Hz), 3.23 (dd, 1H, ] = 14.4, 8.4 Hz), 3.73 (5, 3H), 4.12-4.17 (m, 2H), 7.06 (¢, 1H, J = 7.4 Hz), 7.17
(t, 1H, J= 7.8 Hz), 7.20 (s, 1), 7.40 (d, 1H, J= 8.4 Hz), 7.74 (d, 1H, J = 8.0 Hz), 8.2 (br 5, 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)

O r—-OH
pc?( ' 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 mmol} and water (0.958 g, 53.18 mmol) and the cooling bath was
removed, the mixture was stirred at rt for 2 h. HCI (13.3 mL, 53.18 mmol; 4.0 M solution n
dioxane) was added and continued stirring for 1 b, 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-do): 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 Hz), 7.14 (5, 1H), 7.19 (¢, 1H,
J=76Hz), 738 (d, 1H, J=8.2 Hz), 7.58 (d, 1H, ] = 7.9 Hz).

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

AN
Ao, DIPEA A o.
C!HHZNT R HATU R ﬁ/Y R R ﬁ

O O

l
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R'i

0=

o NH
.. e e
N N\ Jd r

R =EtL Bn

{66131} Appropriate D-tryptophanate hydrochloride 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
1ProNEt (246 mi, 14.15 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,5Qy, 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
ALY 6
N
!
0.86 (dd, oH, 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,
TH, J= 5.7 Hz). 3.74 (5. 3H), 4.03-4.18 (m. 3H), 4.79-4.86 (m, 2H), 6.60 (d. 1H, I = 7.8 Ha),
6.87 (s, 1H), 7.00 (L 1H, J=7.4 Hz), 7.20 (t, 1H, T=7.5 Hz). 7.26 (5. 1H), 7.52 (4. 1H, 1= 7.9
Hz}
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NE-1565-
A-E32

~
~
-

cthyl N%((tert-butoxycarbonyl}-L-isoleucvl}-1-methyi- | 93

D-trvptophanate

0.50-0.84 (m, 6H), 1.02 ~ 0.91 (m, 21D, 1.19 (f, 3H. J = 7.1 Hz). 1.40 (s. 9 H), 1.87 (m, 1H),
3.28 (t, 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, 1 1), 7.10 (ddd, 1H, /= 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, /= 7.9,
1.0 Hz).

NLG-1566-
A-E37

O ethyl N%{(tert-buloxycarbonyl)-L-glutaminy)-1- 96
HoN-—-
2 o methy-D-tryptophanate
Boc—NH  NH
o
OFEt
WA S 4
\

116 (t, 31, J=7.1 H), 1.33 (s, 9H), 1.79 — 1.99 (m, 2H), 2.05 (ddd, 1H, J=15.2, 6.9, 5.7 Hz),
2.18 (ddd, 1H, J=14.8, 8.6, 5.9 Hz), 3.21 (d, 2H, J::wi-iz)_:s.és (s, 3H), 4.00 ~ 4.14 (m,
3H), 4.75 (dt, 1H, J = 7.7, 5.9 Hz), 5.22 (s, 1H), 5.55 (4, 1H. J = 7.0 Hz), 5.90 (s, 1H), 6.85 (s,
1H), 6.87 - 6.93 (m, 1H), 7.04 (ddd, 1H,./=8.0, 6.9, 1.1 Hz), 7.14 (ddd, 1H, J=8.2.69, 1.1
Hz), 7.17 - 7.21 (m, 1H), 7.45 (d, 1H, J =79 Hz).

NLG-15874-
A-E40

/ kN o ethyl N°{(tert-butoxycarbony!)-L-phenylalanvi}-1- 80

methyl-D-tryptophanate

1.14 (t, 31, 7= 7.1 H), 1.25 (s, 5H), 2.82 (s, 2H), 2.51-3.02 {m, 1H), 3.03-3.10 (m, 2H), 3.25
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(dd, 1H. 7= 14.78. 5.2 Hz), 3.67 (s. 3H), 3.99 - 4.07 (m. 21), 433 {brs. 10}, 479 (q. 1H, J =
6.2 Hz), 637 (4, 1H, J=7.8 Hz), 6.57 (s, 1H). 7.06 (ddd, 1H , /=8.0, 6.8, 1.2 Hz), 7.14 - 7.25
(m, 6H), 7.41 (d, 1H, 7= 7.9 Hz).

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 139G, 9H, 263 (dd, 1H, /=171, 61 Hz), 295 (dd, 1H, J=172,44
Hz), 329 (d4,2H, J=358Hz), 3.62 (s, 3H), 3.74 (5, 3H), 4.03-4 13 {m, 2H}, 4.53 (brs, 1H),
4.79-4 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-E20 ¥ ﬁ g _g methyl-D-trvptophanate
I F(’\‘\
N
LIS (6, 3H, J=71Hz), 138 (s, 9H), 1.73 (brs, 1H), 3,13 (dd, 2H,/=54,25 H#), 332 (s,
1H), 3.57 (s, 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), 6.90 (s, 1H}, 6.97 (5, 1H), 7.04 -~ 725 (m, 5H), 733 (4, /=82
Hz, 1H), 7.66 (d, /=78 Hz, 1H), 787 (s, 1H}
NLG-1549- O}---OEt ethyl No-(Na-(tert-butoxycarbonyl-1-methy-D- 95
A-E26 (:/i/\"\\{é : _J{ﬁ tryptophyD-1-methvl-D-ryvptophanate
A BocHNf}/@
I

1.16 (¢, 31, 7 = 7.1 Hz), 1.37 (s, OH), 3.02 ~ 3.20 (m, 3H), 3.35 (d, 11, J = 15.0 Hz), 3.57 (s,
3H), 3.68 (s, 3H), 3.94 ~ 4.10 (m, 2H), 4.42 (br s, L1H), 4.75 (d, 11, J= 6.8 Hz), 5.04 (s, 1H),
6.24 (brs, 1H), 637 (s, 1H). 6.84 (br s, 1H), 6.94 (s, 1H), 7.08-7.18 (m, 3H), 7.17 - 7.25 (m,
IH), 7.27 - 733 (m, 1H), 7.65 (4, 1H, J = 7.9 Hz)
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NLG-1568- Q ---O/ """ ethvl No~({(tert-butoxycarbonv-L-tryptophvi)-1- 97
B-E28 N o methyl-D-trvptophanate
oL
¢ BooHN (¢
A2 {0 3H, 7=71 Hz), 139, OH), 290 (4, 1H, =152 Hz), 3.05 -~ 3.32 (m, 3H), 3.56 (s,
3HY, 391 -4.10 (u, 2H), 444 (brg, TH), 475 (brs, 1H), 515 (brs, 1H), 6.18(d, 1H, /=78
Hz), 6.27 (s, 1H), 6.86 (d, 1H, /=23 Hx), 7.04 (ddd, 1H,./=8.0,06.8, 1.2 H»), 7.14 (ddd, 1H, J
=80,71,1.2Hz), 716 =727 (m, 3H), 730 (dt, 1H, /=81, 1.0 Hz), 737 (d, 1H, ./ = 8.2 Hz),
768 {d 1H,J=77Hz), 780 (s, 1H}
NELAG-1553- a ethyl N°%((tert-butoxycarbony)-L-valyl)-1 -methyl-D- 95
B-E21 Oo tryptophanate
Boc
NH
0.80(d,3H, =68 Hz), 087 (d,3H, J =68 Hz), 1.19 (4, 3H, 1 =72 He), 1 40 (s, 9H), 2.05-
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), 6,45 (d, 1H,J =76 Hz), 6.87 (5, 1H), 710 {t, 1H, J =74 Hz), 7.21
(t, 1H, J=76Hz), 727 (4, 1H, J =76 Hz), 753 {dd, 1H, ] = 8.0, 1.2 Hz}
NELG-1554- G ethyl N*-((tert-butoxycarbonyglvevl)-1-methyi-D- 94
A-E25 tryptophanate

O

4 O
/’{;\i"\ H’N—/& !Boc
N NH

{
i

122 (4, 3H, J=72Hz), 142 (s, 9H), 331 (4, 2H, F = 52 H2), 3.72-3.77 {m, 2H), 3.74 (5, 3H),
4.07-417 (m, 2H), 4.86-4.91 (m, 1H), 5.04 (brs, 1H), 6.530(d, IH, =76 Hz), 6.86 (s, 1H),
A0 IH,J=74H2), 721 (1, 1H, J=74H=), 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=70Hz), 1.29(d,3H, J=72Hz). 1.40 (s, 9H),3.30(d, 1H, J =56 Hz). 3.75 (s,

3HY, 4.09-4 16 {m, 3H}, 4. 81-4 86 (m, 1H}, 4.93 (brs, 1H), 6.61 {brg, 1H}, 6.87 (s, 1H), 7.09 {4,

IH, I=74Hz), 721, 1H,J=76Hz), 727 (d, 1H, I = 8.4 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, J=7.7 Hz, 2H), 1.39 (s, OH), 1.44 (s, 9H), 1.47 -

1.55 (m, 1H), 1.67 - 1806 (m, 2H), 3.02 (1, /=67 Hz, 2H), 3.29{(d, J = 5.5 Hz, 2H), 3.66 (s,

3H), 4.04 (s, 1H), 4.53 (5, 1H)}, 490 (q. /= 6.1 Hz, 1H), 497 (s, 1H), 5.09 (g, /= 12.2 Hz, 2H),

657, J=78He 1H), 664 (s, 1H), 708 (1, 7= 74 Hy, 1H), 720, J= 7.6 He, 1H), 7.23

7.29 (m, 4H overlapped with CHCL), 730 - 739 (m, 3H), 749 (d, /=79 Hz, 1H).
NLG-1547- _\</ o tert-butyl (83-5-({(R -1 -{benzyioxyy-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 /

S 138 (s, 9H), 1.43 (s, 9H), 1.76 — 1.91 (m, 1H), 1.94 - 2.09 (m, 1H), 2.20 {dt, /= 16.6, 7.0 Hz,
PH), 231 (dt, /=166, 73 He, 1H), 319 - 336 (m, 2H), 3.67 (5, 3H), 490 (dt, /= 8.1, 5.6 Hz,
1H), 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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Hz, 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\——
N

!

§1.21 (t, J=7.2 Hz, 3H), 1.40 (5, 9H), 1.79— 1 89 (m, [H), 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, /=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, J=6.4 Hz, 1H), 5.17 (d, J=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, /=7.5 Hz, 1H), 7.53 (d, J=7.9 Hz, 1H),

Synthesis of N'-((S)-5-(tert-butoxy)-2-((tert-butoxycarbonyljamine}-5-oxopentanoyl)-1-
methyl-D-tryptophan (NLG-1547-E.2-E17)

A(O 0

) O
BocH NH

cHN
NaOH ot
o T O
i

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

061321  tert-Butyl(8)-5-({{R)-1-{benzyloxy)-3-(1-methyl-1H-1ndol-3-y1}- 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 mn 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 (s, 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, J=8.0, 1.2 Hz), 7.18 (¢, 1H,

J =78 Hz), 7.23 (apparent d overlapped with CDCly, 1H,), 760 (d, 1H, /=79 Hz).

Synthesis  of  (S)-4-amino-5-(((R)-1-carbexy-2-(1-methyl-1H-indol-3-yliethyllamine)-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-butoxycarbonylamino)-3-oxopentanoyl}- 1 -methyl-
D-tryptophan (470 mg, 0.93 mmol) 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 (&, 1H, J=73, 3.7 Hz), 707 - 719 (m, 2H}, 7.35 (dt, 1H, J =75, 3.5 Hz},
744 - 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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{06134} To a solution of appropriate amide (0.991 mmol) in THF (10 mL) was added water (3

ml) and bthwm monohydrate (67 mg, 1.59 mmol} and the nuxture stured under arobient

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

water (20 mL). The aqueous laver 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.

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

E33

trvptophan

0.76 - 0.96 (m, 611, 1.39 (s, 9H), 1.40-1.54 (m, 3H), 3.29 (dd. 1H, /= 15.1, 5.3 Hz). 3.40
(dd.1H, J=14.9,5.7 Hz), 3.70 (s, 3H), 4.41 (td, 1H , J=93, 5.4 Hz), 4.86 (q, I, J=6.7,
5.8 Hz), 5.26 (d, 1, J=9.1 Hz), 6.88 ( brs, 1H), 7.05 - 7.11 (m, 1H), 7.14 - 7.28 (m, 3H),
759 (d, 1H, J=7.9 Hz)

NLG-1548-B-
E18

O
OH
r—‘*>, 2

.,

o N
I B, M
e N
4 /
BocHNM

NO%N” N"-bis(tert-butoxycarbonyl-L-lysyl)-1-
methyl-D-tryptophan
NHBoc

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, 1), 5.73 ~ 6.18 (m, 2H), 6.91 (s, 1H), 7.06 (¢, 1H, J=7.4 Hz),
718 (t, 1H, J=7.5 Hz), 7.24 (d, 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 ities
!

0.75-0.88 (m, 8 H), 1.37 (s, 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), 6.79 (1. 1H, /=71

Hzy), 6.92 (s, 1H), 708 (4, 1H, /=74 H), 719 (t, 1H, J=77Hz), 725(d. 1H, /=68 Hz),

756 and 7.62 (two d, 1H, J= 8.0 Hz),
NLGIS69-A- O N%{({tert-butoxycarbony)-L-ghytaminvl}-1-methyl- | 83
£38 HaN o D-tryptophan

----- {
Boc—NH  NH
—
ey
N )
\
1

134 (s, 9H), 1,39 (dd, 1H, J= 14 1, 7.9 Hz), 1.73-1.77 (m, 1H), 1.94-2 04 (ma, 2H), 3.02
(dd, 1H. J = 14.6, 7.9 Hz), 3.13 (dd, 1H, J= 14.5, 5.2 Hz,), 3.69 (5, 3H), 3.90-3.96 (m, 1H),
4.40-4.45 (m, 1H), 6.72 (s, 1H), 6.80 (4, 1H, J = §.3 Hy), 6.96-7.02 (m, 1H). 7.03 (s, 1H),
710 (ddd. 1H. J=8.2,7.0, 1.1 Hz), 7.18 (5, 1H), 7.34 (d, 1H, J=8.2 Hz), 7.51 (d, 1H. J=
79 Hz), 7.98 (d, 1H, J=7.9 Hz), 12.70 { br s, 1H).
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NLGISTR-A- 7\ o N%{(tert-butoxvcarbonyl)-L-phenvialanyi)-{- 75
F41 == methyl-D-tryptophan
Boc—NH  NH
—
OH
@ Y 4
N
|
130 (s, OH), 2.81-2.88 (m, 1H), 2.94-3.00 (m, 1H). 3.08 (dd. 1H. J= 14.8. 5.8 Hz). 321~
325(m, 1H),3.66(s,3H), 441 (d, IH. /=67 Hz),4.79-4 86 (m, 1H), 5.13(d, IH, /=823
Hz), 6.56 (d, 1H,J=6.3 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,(/ trvptophan
"S F’ocH’hD
i \! .
131 (5, 9H), 3.05-3.13 (m, 3H), 329 (s, LH), 3.55 (5, 3H), 4.44 (s. 1H), 475 (q. 7 = 6.1 Hz.
THY. 5.10 (s, 1H), 6.26 (5. 1H), 6.58 (s, TH), 6.89 (s, 2H), 7.07 — 7.24 (m, 5H). 731 (4, 1H,
J=80Hz, 7.64(d, 1H, /=0606Hz) 809835 (m, I1H)
NLG-1549-B- '\> on N%(MN%(teri-butoxycarbonyl)-1-methyl-D-irvptophvl)- | 40
26 A 1-methyl-D-tryptophan
,\//{ 3 N ¥ tryptop
\“ BacHN {:‘\\
?"U

127 (s, 980). 2.99 (dd, 1H. /= 14.7. 5.4 Hz), 3.09 (dd. 1H, /= 14.3, 6.7 Hz). 3.16 (dd, 11, J
=14.8, 5.2 Hz), 3.25 - 3.44 (m, 1H), 3.57 (s, 3H). 3.6 (s, 3H), 439 (brs, 1H), 4.76 (dt, 1H,
J=8.1.5.5Hz), 5.01 (brs, 1H), 6.29 (brs, 1H), 6.53 (s, 1H), 6.79 (br s, 1H), 6.91 (s, 1H),
6.97 (brs, 2H), 7.07 — 7.18 (m, 2H). 7.20 (d, 11, J= 8.2 Hz), 7.21 - 7.34 (n overlapped
with CDCLy, 2H), 7.62 (d, 1H, J = 7.9 Hz)

NLG-1560-C.1~
E28

*((tert-butoxycarbony)-L-trvptophyl)- 1 -methyl-D- 91

( N /Ti-// tryptophan
!\‘\j BocHN } {t\

\

C

135 (s, 9H), 3.08 (2.79 — 3 25, 4H), 3.30 (s, 3H). 3.71 - 3.79 (m, 1H), 431 - 4.35 (m, 1H),
4,62 —4.96 (m, 1H), 6.45 (s, 1H), 6.70 — 6.91 (. 1H), 6.98 — 7.06 (m. TH), 7.08 (¢, 1H, J =
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75 Hzy, 712~ 7.25 (m, 40), 744 (g, 21, J = 8.8 Hz), 7.36 (d, 1H, 7= 7.9 Hz), 8.02 (b 5,
1H).

NLG-1353-C- G N%((tert-butoxyearbonvl-L-valyl-1-methvl-D- 100

B2 - O irvptophan
T HN- Boc
Q\//L .\ NH

077(d, 3H. J=68 Hz), 0.81 (d,3H, I = 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 88-492 (m_1H) 523(d 1H,JI=92 Hz),
666 (d, 1H, J=72Hz.L692¢s, 1H), 709, 1H, 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), 5.21 (brs, 1H), 6.63
{brs, 1H), 690 (s, 1H), 708 (¢, 1H, J =74 Hz), 7.17-7.27 (m, 2H, merged with
chloroform), 7.35 (d, 1H, I = 7.6 Hz)
NL{-1555-B- 0O N%((tert-butoxycarbonyl}-L-alanyl)-1-methyl-D- 86
B27 / Og tryptophan
HN Boc
) é«NH
N
{
1

121 {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),
484 brs 1H), 677(brs, IHL 687 (s, IH), 708 (¢, IH, J =74 Hz), 719 1H, I=74
Hz), 7.24 (d, 1H, I = 8.8 Hz, merged with chloroform), 7.37 (d, 1H, I=7.6 Hz)
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DDOS10-A- \S N%{{tert-butoxycarbonvl)-L-methionyl)-1-methyl- | 92
EG79 D-tryptophan
i X Boc,
== HN
e N NH
@]
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. 6.3 Hz, 1H), 3.36 (dd, J=14.6, 4 8 Hz, 1H), 3.71 {s, 3H), 4.23-4.34 {two m, 1H),

4.82-4.94 (two m, 1H), 5.52 (d, J=6.7 Hz. 1H), 6.79 — 6.99 (m, 2H), 7.09 (1, /=7 4 Hz, 1H),
719 (1, J=7.4 Hz, 1H). 7.25 (d, J=6.1 Hz, 1H). 7.58 (d, J=8.0 Hz 1H)

General method for ‘Boc deprotection,

[00133]  To a solution of appropriate Boc protected amine (0.707 mmmol) 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- O N%(D-tryptophyl)-1-methyl-D-tryptophan 95

1546 hydrochloride

T NMR (400 MHz, Methanol-dy) 8 3.15 (d, /= 8.5 Hz, 1H), 3.19(d, /= 8.3 Hz, 1H). 3.36 ,
1H, J=4.9 Hz), 337 - 3.41 (m, 1H), 3.71 (s, 3H), 4.06 (1, 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, 1), 7.14 (1. 2H, /= 7.9, 1.7 Hz), 7.20 (s, 1H), 7.22

&7
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(d. /=81 Hz 1H), 7.30 (d. 1H, /=82 Hz), 735 (d. 11, J= 8 1 Hz), 7.56 (d. 1H, J = 8.0 Hz),
7.65(d, 1H, J=7.9 Hz), 7.70 (. 1H, /= 8.2 Hz)

NLG- OQ,&-»OH N-(L-lysyl}-1-methyl-D-tryvptophan 87
1548 VA dihydrochloride
N
NH, HCI
i/ ] A\ H 2
PN
\
HOCEHLN
"H NMR (400 MHz, DMSO-ds): 0.88 — 1.13 Gu, 2H), 133 - 1.56 (m. 4H), 254 (t, 2H, J="7.1
Hz}, 2.95 - 3.10 (m, 1H), 3.13 - 3.24 (m, 1H), 3.42 (apparent ¢ overlapping with H,0, 1H, /=70
Hz), 3.73 (3, 3H), 450~ 4.67 {m, 1H), 701 (¢, IH, J=75Hz), 7.06 - 7.18 (m, 2H), 738 (d, IH, J
=83Hz),755(d, 1H,/=79Hz), 802 (brs,3H), 8.20 (brs, 3H), 8.83(d, 1H,./=8.1 Hz), 12.93
(brs, 1H)
NLG- f-methyl-N(1-methvl-D-tryptophvD-D-tryptophan | 92
1549 hvdrochloride
/ s
RN [
N
|
"H NMR (400 MHz, DMSO-do): 3.10 (td, 2H, J=13.3, 7.9 Hz), 3.24 (ddd, 2H, /= 175,15.1,59
Hz),3.72 (s, 2H),3.73 (s, 4H). 4.02 (dd, 1H.J=83,5.1 Hz), 458 (g, IH. /= 7.0 Hz), 7.04 (id.
QH, =74 42H), 709723 (m, 4H), 740 (4, 2H. /=81 Hz), 758 (4, 1H. /=79 Hz), 7.74
(d. 1H,J=79Hz), 811 (s, 1H},897(d, IH, /=77 Hz), 1282 (brs, 1)
NLG- G N°-{L-valyl)-I-methyl-D-tryptophan hyvdrochloride | 92
1553 ) / O(?;E’
= HN

\//’L ) NH, HCI

—Z

"1 NMR (400 MHz, DMSO~ds): 0.54(d, 3H. J = 7.2 Hz), 0.72 (d, 3H. 1 = 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, 5.0 Hz), 3.56-3.65 (m, 1FH), 3.70 (s,
3H), 4.61-4.66 (m, 1H), 7.01 (¢, 1H, T = 7.6 Hz), 7.12 (s, 1H), 7.12 (¢, 1H. J = 7.6 Hz), 7.36 (&, 1H,
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J=80Hz),756(d, 1H,J=8.0H2), 809 (brs,3H), 878 (d, 1H, J=84 Hxz), 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 (¢, FH, J=78 Hzy, 712-7.18 (m, 2H), 738 (d, I1H, J=8.0 Hz},
7.55{d, IH,J=80Hz), 813 (brs, 3H), 876 (d, I1H, J=8.0Hz}, 12.87 (brs, I1H}
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-d.): 1.18 (d, 3H), 3.02-3.06 (m, 1H), 3.17-3.23 (u. 1H), 3.72 (s, 3H),
4.05-4.09 (m, 1H), 4.57-4.62 (mm, 1H), 7.02 (t, 1H, I =76 Hz), 7.12-7.15 {m, 2H), 738 (d, I1H, J =
80 Hz), 732 (d, IH, J=7.6Hz}, 58.16 (br s, 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= 145, 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, /= 7.9), 6.87 (dd.
HH, J= 8.0, 7.0 Hz). 6.97 (s, 1H), 7.01 (t, 1H, J= 7.4 Hz), 7.06 (1, 1}, 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 (¢, 11, J = 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, HCH
N
1
"H NMR (400 MHz, DMSO-d,): 0.70 (i, 6H, J =357 Hz). 1.13 (t. 3H, J=7.1 Hz), 1.38 - 1.23 (m,
3H)L301(dd, tH. /=145 94 Hz}, 318 (dd, 1H, J=145 32 H»), 370 (s,3H), 408 (¢, 2H, J
=71 Hez), 462 453 (m, 1H), 700 {ddd, 1H, J=78 7.0, 1.0 Hy), 7.09-7.13 (m, 2H), 7.36 (4,
tH, /=82Hz), 750(dd, 1H, /=76, 1.1 Hz), 8.18 (brs, 3H), 899 (d, 1H, /=81 Hz).
NLG- O Ve ethyl N” ~(L-isolencyl)-1-methvi-D-tryptophanate 93
1565 . ?ﬁ OO hydrochlonde
f”’ . \ N
N/ NH, HCI
N fiive
}
TH NMR (400 MHz, DMSO-ds): 0.60 — 0.66 (m, 6H), 0.75 - 0.82 (m, 2H), 1.12(t, 3H, /=71 Hz,
4H), 1.63 {brg, 1H), 3.02(dd, 1H, /= 146,94 Hx), 3.17{dd, 1H, J = 14,6, 52 He), 361 (brs,
TH), 3.69 (6, 3H), 4.07 (¢, 2H, J=7 1 Hz}, 4.62 (brs, 1H), 701 (t, 1H, /=75 Hz), 710 -7 14
(m,2H), 736 (d, 1K, /=82 Hz), 749 (d. 1H,J=79 Hz), 8.00 { brs, ZH), 8.85 (brs, 1H).
NLG- O ethvl N°-{L-glutaminy!)--methyl-D-tryptophanate 59
1566 H2N o hydrochlonde
ClHH,N N
—
- 9]
@ \
N
i
"H NMR (400 MHz, DMSO-do): 1.08 (£, 3H, J=7.1 Hz),1.81-1.97 (m, 2H), 2.01-2.12 (m, 2H),
307(dd, 1H, J=144,84Hz), 3.16(dd, 1H, /=144, 60H2),3.70 (5,3H), 382 (t, 1H,J=6.0
Hz3, 403 (q, 2H. J=71H»), 453 (g, 1H, J=70Hz), 693 (s, I1H), 702 (ddd. 1H, J=7970,
1O Hzy, 7.09-7 14 {m, 2H}, 735 (4, 1H, /=82 Hz), 740 (s, 1H}1, 824 (brs, 3H), 2.01 (d, 1H, J
=72 Hz).
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NLG- ethy! N%(D-trvptophyl)-1-methyl-D-tryptophanate 97
1367 hydrochloride
W
"H NMR (400 MHz, DMSO-do): 1.19 (¢, 3H, J=7.1 Hz), 1.91 (brs, 2H), 2.87 (m, 1H), 3.25 (4,
2H,J=506Hz),333 (dd, 1H,J=145,44 Hz),3.66 (5, 3H), 3.70 (dd, 1H, /=9.0,47 Hz), 410
(m, 1H), 487 {(dt, 1H, J=835,55Hx), 6.71 (d, 1H, /=85 Hz),6.95(d, 1H, /=2.6 Hz}, 7.00 -
730 (m, 2H), 712 - 722 (m, 2H), 724 (4, 2H, /=61 Hz), 732 (d, 1H, /= 8.1 Hz), 751 (d, 1H,
J=T77Hz),760(d, 1H,/=80Hz),766(d, 1H,./=83 Hz), 8.15 (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, 7= 14.6, 8.5
Hz3. 319 (dd, 1H, J=146,32 Hz), 349335 (m, 2H), 3.70 (s, 3H), 3.78 -~ 3 .88 (m, 1H), 4.53
(td, 1H, /=83, 52 Hz), 693 (s, 1H), 700 (ddd, 1H, J=80,7.0 1.0Hz), 716 - 7.07 {m, 2H),
7353 (dt, 1H,J=83,09 Hz), 738 (s, 1H), 734 (dt, 1H, /=7.9,1.0 Hz), 8. 28 (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 (t. 6H. J = 5.5 Hz). 1.34 — 1.17 (., 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,
1HD, 6.99 (1, 1H. J = 7.4 Hz), 7.16 ~ 7.08 (m, 2H), 7.35 (4, 1H, J= 8.2 Hz), 7.54 (d, IIL /=79
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Hz), 8.17 (brs, 2H), 8.85 (d, 1H, /=83 Hz)
NLG- O N%(L-isoleucyl)-1 -methy-D-tryptophan 94
1571 e ?» Og hydrochlonide
= § HN
N NH, HCI
E\'\E Piine
|
"H NMR (400 MHz, DMSO-d.): 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), 299 (dd, 1H, /=14.6,9.8 Hz), 3.19 (dd, 1H, J=14.6,4.7 Hz), 3.61-3.63 (m,
1HL 3.69 (6, 3H), 4.58-4.64 (m, 1H), 70 1H, J=76Hz, 708 ~7.13 (m, 2H), 735 {d, 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 ' ' tryptophanate hydrochloride
CiHH,N  NH
= Q
f
YA
N
!
"H NMR (400 MHz, DMSO-ds): 1,15 (1, 3H, J=7.1 Hz). 2.32 (dd, 1H,J=13.7, 9.9 Hz), 3.17 -
323 (m,3H), 3.46(dd, 1H,/=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 1.1 Hz), 731 - 705 (m, 7H), 745 (¢, 1H,J
=79 Hey, 761 {d, TH, J=#4 Hz)
NLG- Q o N%{L-phenylalanyvi)-1-methyi-D-tryptophan 9N
1578 / hyvdrochloride
CiHH,N  NH
OH
S s
"N
|
"H NMR (400 MHz, DMSO-d.): 2.78 (dd, 1H, J=13.9, 7.1 Hz), 2.89-2.97 (m, 2H), 3.10 (dd, 1H,
J=145 53 H2),335(brs,3H), 347 (s,3H), 405 (dd, I1H, J=71,56He), 451 (1d, 1H, /=
82,53 Hz),692-694 (m, 2H), 6.99 - 718 (m, 6H), 736 (dt, J= 8.3, 0.9 Hz, 1H), 756 (dt, J =
80,09 Hz 1H), 889(d,/=81Hz 1H)
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NLG- OH I -Methvl-D-tryptophvlglyveine hyvdrochlonide G0

H NMR (400 MHz, Methanol-dy): 3.25 (dd, 2H , J= 14.5. 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 (1, 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
TINH
]
o INHLHCH
G
/
"H NMR (400 MHz, DMSO-dy): 1.12 (t. 3H, J="7.1 Hz), 2.64-2.76 (m, 2H), 3.06 (dd, 1H. J=
145,82 Hey, 317 (dd, 1H, J=14.6, 59 Hz), 3.58 (5, 3H), 3.73 (s, 3H), 4.04-4.13 (m, 3H), 4.57
(td, 1H, J=80,59Hx, 702 (ddd, 1H, J=80,70, 1.0 Hz), 7.12-716 (m, 2H), 739 {4, 1H, J=
83,09 Hz), 751 (dt, 1H, J=8.0,10Hz), 827 (s, 3H), 9.00(d, 1H, /=78 Hz)
NLG- ethyl N*{L-methionyl)-1-methyl-D-tryptophanate 90
3272-81 hydrochloride

Q S
J
/o
/”4\77—\ HN
S NH, HCI
}
S
N\

"H NMR(DMSO-d;, 460 MHz). & (ppm) 1.69 (t, J=7.1 Hz, 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 (s. 3H), 437 (. 1H), 4.63 (q.
J=7.1 He, 2H), 5.05 ~ 5.22 (m, 1H), 7.56 (, 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. J=7.8 Hz, 1H).
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NLG- O\ N*%(L-methionvl}-l-methyl-D-tryptophan hydrochloride | 76
—QOH
338000 | 000 > o
= LN
4\\\ JLN\ NH; HCI
i
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 (1,
J=5.7 Hz, 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 (brs, 1H)

Synthesis of (2-ethoxy-2-oxido-1.3,2-diexaphospholan-4-yhmethyl 1-methyl-D-
tryptophanate hydrochloride (NLG-1559)

N— OH o i O o o
-~ ! o oM Boc20 o OH iy POCH
I S L - fN —
- O = Q i) E4OH

NLG-1558 free base NLG-1559-A-E24
= O \N HOl
Ly 7roT 0 “pP . HC |

A HR e B

/N “Boc O

NLG-1559-B-E24 NLG-1558

2,3-dibydroxypropyl N-{(tert-butosycarbonyl}-1-methyl-D-tryptophanate (NLG-1559-A-
E24)

[001361  To a solution WLG-1538 free base (0.750 mg, 2.57 mumol) in acetonttrile (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 =74 Hz), 7.16 (1, 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-yijmethyl Na-(tert-butoxycarbonyl)-I-methyl-D-
tryptophanate (NLG-15858-B-E24)

061377 To a solution of NLG-15589-A-E24 (650 mg, 1.66 mmol) in dry pyridine (Z mbL) at O
°C was added POCH and the solution was allowed to warm to rt. After stiring 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 (¢, 3H, J = 7.0 Hz), 1.30 (s, SH), 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), 5.23-527 (m, 1H), 6.79 and 6.83 (two s, 1H), 7.01 (t, 1H, ]
=74 Hz), 712 1H, J=72Hz), 718(d, 1H, J=92Hz}, 746 (d, 1H, J =77 Hz).

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

[04138]  To a solution NLG-15589-B-F24 (550 mg, .14 mmol) in dry CHCL (10 mL) at 0 °C
was added anhydrous HC1 (1.4 mL, 4 M solution in 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, J =71, 43 Hz), 326-3.42
(m, 2H), 3.44 (dd, 1H, J = 5.1, 3.0 Hz), 3.48-3.56 (m, 1H), 3.71 (s, 3H), 3.95 (b, 2H, J = 7.1 Hz),
421-436(m, 3H), 437-4.53 (m, 1H), 7.02 (1, 1H, J =74 Hz), 707 (d, 1H, I =40 Hz), 7.10-7.17
(m, 1H), 7.30 (d, 1H, I = 8.2 Hz), 7.49 (¢, 1H, J = 7.4 Hz).
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Pharmaceutically accepiable salt composition(s)

Synthesis of (R)-1-carboxy-2-(I-methyl-1H-indol-3-yijethan-I-aminivm 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 sturing for 30 munutes, the clear solution was evaporated under reduced
pressure and the crude was evaporated thrice with Fthanol (40 mL). The crude was stured 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 i 250
mk 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 sohd
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 analysis {TGA) and differential scanning calorimetry

(DSC) (Figure 2).
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Syanthesis of (R)-1-carboxy-2-{1-methyl-1H-indol-3-vijethan-l-aminium methanesulfonate

(NLG-1619)

D-1MT NLG-1619

{66141} To a stirred solution methane sulfonic acitd {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-d,, 400 MHz): § = 2.69 (s, 3H),
332-339(m, 1H),3.49(dd, 1H, /=153, 49 Hz}, 3.80 (s, 3H), 425 (dd, 1H, /=78 4.9 Hz),
710 (ddd, 1H, /=80,70, 1.0 Hz), 714 (s, 1H), 7.21 (ddd, 1H, J =82, 7.0, 1.1 Hz), 738 (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 MELG-1668

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 allowed to stand at
room temperature overnight. Resulting precipitate was filtered, washed with cold ethanol, and

dried to yield NLG-1660 as white solid (0.250, 34%). 'H NMR (400 MHz, DMSO-d;) § 2.95 (dd,

77



WO 2017/019175 PCT/US2016/035391

1H, J=15.1, 8.6 Hz), 3.22 — 3.29 {m, 1H), 3.46 (dd, 1H, /= 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, 14, J=7.9 Hz)

{66143} An alternative method was developed where ~ 10 g of D-1MT was suspended in 500
mL glass bottle with 100 mL of THF. 20 mL of H;PQ, solution pre-dissolved in THF (792.3
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) i water/THF {(4:1, 100 mL} at rt, was
added 0.5M H,504 (9.16 mL, 4 58 mmol) and the nuxture was stirred at 1t 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, F=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 (d, 1H, J = 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) in EtOH (Sml) at 0 °C was added phosphoric acid (0.747

mmol; a solution in EtOH 1 mL} or (1.494 mmol in 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

residue was duuted with methyl rert-butylether (10 mb), after stirring 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 1ion-exchange resin.

186145}
# Compound HName Yield
(%e)
NLG-1626 OH (2R)-1-(2 3-dihvdroxyvpropoxy -3-(1-methyl- 44
OH 1H-indol-3-vI)-1-oxopropan-2-aminium
dibvdrogen phosphate
O
~H-OH
OH

TH NMR (DMSO-de, 400 MHz): 3.07-3.15 (m, 2H), 3.27-3.38 and 3.43-3.50 (m, 2H), 'H NMR
(400 MHz, DMSO-ds): 3.60-3.68 (n, 1H), 3.73 (s. 3H), 3.84 (br s, 1H), 3.90-3.96 (m, 1H), 4.02-
412 (m, 1), 6.95 (br s, 3H), 7.02 (ddd, 11, 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-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): 110 (t, 30, =70 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 (g, 1H, J= 7.1 Hz), 6.80 (s, 1H), 7.02 (&, 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, LH), 2.61-2.73 (m, 2H). 3.09-3.26 (m, 4H). 3.73 (s.
3H),3.81 (dd, 1H, F=5.1,10.9 Hz), 3.88 (dd, 1H, 1 =5.1, 11.1 Hz), 3.95 (¢, 1H, = 6.7 Hz), 7.02
(t1H, J=7.4 Hz), 7.09-7.17 (m, 1H), 7.21 (s, 1H), 7.38 (4, 1H, T =82 Hz), 749 (d. 11,1 =7.9
Hz), 8.44 (brs, 10H)

NLG-1663 Ad (S)-1-(((R)-1-cthoxy-3-(1 -methyl-1H-indol-3yD)-1- | 59
O
e } 0 oxopropan-2-vhamino)}-4-methyl-1-oxopentan-2-
o
% HN @ Q aminiym dihvdrogen phosphate
N NHs oo
‘, © on

"H NMR (400 MHz, DMSO-dy): 0.77 (dd, 6, J= 6.3, 611, 2.2 Hz), 1.1 (¢, 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), 3.40 (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 (t, 1H, 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 g oM (S$)-6-(({R)-1-carboxy-2-(1-methyl-1H-indol-3- | 81
_}f O yhethyDamino -6-oxchexane-1, 3-digmmam
-y @ .
= { ﬁ NH; dihvdrogen phosphate
| o ¥
N O-P—~0OH
\ OH
7 e
HO-P-0" HyN@
OH
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TH NMR(Deuterium Oxide, 400 MHz): 6 = 0.39 — 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 (t. 1H, J = 6.7 Hz), 4.68 — 477 (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, 7= 7.9, 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, 1F), 8.44 (brs, 9H). 8.63 (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“EmOH oxobutan-2-amintum dihydrogen phosphate

|
i OH
EN

'H NMR(DMSO-ds, 400 MHz): & (ppmy 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 (, /=7 9 Hz, 2H), 3.08 (dd, /=14.6, 8 SHz, 1H), 3.18

(dd, /=14.5, 52 Hz, 1H), 3.54 (t, /=6.0Hz, 1H), 3.73 (s, 3H), 4.07 (q, /~7.1 Hz, ZH)},

4.56 {(q. J=6.8, 6.1 Hz, 1H), 7.02 (t, =74 Hz, 1H), 7.07 =723 (m, 2H), 738 (d, /=8.2

Hz, 1H), 7.51 (d, /=79 Hz, IH), 798 { brs, SH), 8.68 (d, /=77 Hz, 1H)
NLG- (S} 1-{{(R)~1-carboxy~2-{ L -methyl- 1 H-indol-3- | 78
$3386-02 vhethyDamino -4-(methyithio)-1-oxobutan-2-

e ¥ aminium dihydrogen phosphate
O‘“F{"“QH
1 OH

"H NMR(DMSO-ds, 400 MHz): § (ppm) 1.63 — 1.79 (m, 2H), 1 85 (s, 3H), 2.13 {t, /=81
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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), 451
(s, TH), 7.00 (t, J=7.5 Hz, 1H), 7.06 — 7.20 {m, 2H), 7.36 (d, /=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 methanesuifonate and benzenesuifonate

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 (0.723 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

., 8
NH;

CH,50P

{H-mdol-3-v1-1-oxopropan-2 -apunium

methanesulfonate

"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, 63 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), 7.17 (ddd, 1H, /=82, 7.1, 1.1 Hz), 7.21 (5. 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-ammo-1~(({R)-1-cthoxy-3-(1-methyl-1 H~ndol-3-v1)-1- | 78
HN . . .
o oxopropan-2-ylamino)-1,5-dioxopentan-2-amintum

CHLSO; HalNg NH methanesulfonate

/r::;\}"'\ O/\
A D o
|

"H NMR (400 MHz DMSO-dy): 1.11 (t. 31, J = 7.1 Hz), 1.80-1.86 (m, 2H), 1.97-2.13 (m, 2H),
231 (s, 3H), 3.08 (dd, 1H, J= 145, 8.2 Hz), 3.18 (dd. 1H, 7= 14.5, 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 (td, 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 (d, IH, J=7.9 Hz).

NLGa66 = A Aol Hoindolas
NLG-1662 CHgSQ%/ & (R3-4-(((2-ammonie-3-(1 -methyl-1H~indol-3
HaN vipropanoyhoxy methyDpiperidin-1-ium
methanesulfonate
/ 32
N CH3SO§)
i
{DMSO-dey 1.25 (dt, 2H, J=#3,343 Hx), 149 (ddd, 3H, J =8.0,12.1, 23.2 Hz), 2.50 (5, 6H),

2.34-2.69 (m, 2H), 3.01-3.13 (m, 2H), 3.55 (s, 3H). 3.70 (dd, 1H, T=4.2, 11.0 Hz). 3.79 (dd, 1H.
J=4.1,11.0 Hz), 3.96-4.07 (m 1 H). 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, 7= 7.9 Hz), 8.13-8.33 (m, 3H), 8.39 (1. 1H, I = 10.5 H»)

NLG-1666

'< (8)-1-(((R)-1-ethoxy-3-(1-methyl-1H-indol-3-y1)-1- 69

O >

= %“ N

N, ©

N 7N NHa

O_*< CH3SO3
0

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

Y

aminium methancsulfonate

TH NMR (400 MHz, DMSO-ds) 0.73 (dd, 61, 7= 8.2. 6.3 Hz, 6H). 1.16 (¢, 31 7= 7.1, 7.1 He.
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, /= 145,93 Hz, 1H), 3.20 (dd.1H, J=14.3, 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,J=7.5,7.3 Hz), 713 (d, 2H, /= 9.8
Hz). 738 (4, 1H, J= 8.2 Hz), 7.52 (4, 1H, J = 7.9 Hz). 8.01 (s. 3H), .92 (d. 1H, J = 8.2 Hz, 1H).

NLG-1668

O i {(S83-6-({((R)-1~carboxy-2-(1~-methyl- 1 H-mdol-3- 79

7%
ol

HaN
oo
CH3SO05

vhethylamino)-6-oxohexane-1,3-diaminium

g@g methanesulfonate
CH,S

H NMR(Methanol-ds, 400 MHz): 6 = 0.82 — 0.98 (m, 211}, 1.26 ~ 1.40 (m, 2H), 142 — 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= 149, 10.0 Hz), 3.44 (ddd, 1H, J= 14.9, 4.6,
1.0 Hz), 3.78 (s, 3H), 3.81 (1. 1H, J = 6.5 Hz), 7.03 - 7.11 (m, 2H), 7.19 (ddd, 1H,J=83,7.1. 1.2
Hz), 7.36 (dt, 1H, /=83, 0.9 Hz), 7.60 (dt, 1H, J = 8.0, 1.0 Hz) ppm

NLG-16T1

O 0 othyl N%((8)-2-(2 " -azanyD-4-methyipentanoy - L -methyl-D- 68
L A ryptophanate besvlate
f O tryptophanate besyiate
N t
e
f Nﬁa

N\ SO;

"H NMR (400 MHz, DMSO-d,): 0.73 (dd, 61, /=82, 6.3 Hz), 1.16 (1, 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, 1), 3.20 (dd, 1H, J
=14.5, 5.2 Hz), 3.72 (5, 3H), 4.11 (q, 2H, J=7.1, 7.1, 7.1 Hz), 4.64 (td, 1H, J=89,89, 54
Hz), 6.99 - 7.05 (m, 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, 1.9 Hz), 8.00 (s, 3H), 8.92 (d, 11, J=8.2 Hz).
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seneral 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 terr-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

sulfate

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

\? /::J
WNH; o} el __o
07O Cong o HNTTY
Sznr” o N
—N { 1‘
G O
g/ OH

TH NMR (400 MHz. DMSO-ds): 3.05-3.19 (. 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 (m. 2H), 4.07 —4.12 (m. 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-1630 5 P
¢ i
H N4 — o
P q .
®0-5-0° nnNe
HN® NH &

N 4 /\
@L,,\» &

3
§

N o~
i

indol-3-vh)-1-oxopropan-2-yhamino)-1,5-

dioxopentan-2~-aminim sulfate

(5)-3-ammo-1-{((R)-1-ethoxy-3-{1-methyi-1H- 83

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

TH NMR (400 MHz, DMSO-ds) : 1.10 (t, 3H, J= 7.1 Hz), 1.63-1.74 (m, 1H), 1.75-1.86 (n,
1H), 2.02-2.07 (m, 2H), 3.13 (qd, 2H, J= 145, 6.8 Hz), 3.52 (dd, 11, J= 7.4, 5.0 Hz), 3.72 (s,
3H), 4.04 (q, 2H. J=7.1Hz), 455 (q, 1H, ] = 1.6 Hz), 6.47 ( brs, 2H), 6.85 (s, 1H), 7.03 (1, 1H.
J=75Hz), 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 Hz),
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NLG-1663

(R)-4-({{(Z-ammonio-3~(1 -methyl-1 H-indol-
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 (br s, 7H), 7.06 (¢, 1H, J =
7.4 Hz), 7.11-7.24 (m, 2H), 7.43 (. 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)

NLG-1667

) (R)-1-carboxy-2-(1-methyi-1H-indol-3-
O vhethan-1-ammium hydrogen sulfate
L ®
NH,,
Y o 30
HSO,

A
\

(DMSO-dg) 3.17 (dd, 11L, J = 15.1. 7.2 Hz), 3.27 (dd, 1FL, J = 15.0, 5.3 Hz), 3.74 (s, 3H1), 3.96 (¢,
1H, J=6.2Hz), 7.04 (t, 1H, =74 Hz). 7.12-7.21 (m, 2H), 7.41 (4, 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

"H NMR(DMSO-ds, 400 MHz): 6= 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=T4H2), 709 -7138 (m, 2H), 737 (d, 1H, /=82 Hz), 756 (d, I1H, /=79 Hz),
8.25 (br s, 6H) ppm
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® ( | othyl N%((8)-2-(\ -azanyi)-4- 29
~, N Ha ~ \/—\
NLG-1691 \"r //,( o O o= o ﬁ\ Ji\:) methvipentanoyi)-1-methyi-D-
O Pgkg “ : F
§ 5 N tryptophanate sulfate

TH NMR (400 MHz, DMSO-d,): 0.72 — 0.78 {m. 6H), 111 (1. 3H, J=72.7.2 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, 21, J= 7.1, 7.1, 7.1 Hz), 4 54 (q, 1}, 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, I H, J=8.2 Hz), 7.49 (d, 1IL J = 7.9 Hz),
8.48 (d, 1H. J=7.9 Hz).

1. triphosgene
EfsN, DMAP

2. AcOHMeOH

Synthesis of {(Ri}-methyl 2-({(2-(1 H-imidazol-4-yhiphenoxyjcarbonylamine)-3-(1-methyl-1 /-
indol-3-yljpropanocate (NLG-1264)

[06148]

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

Chem., 2008, 51 (16}, pp 4968-4977) 1n DMF (3 mL) was added triethylamine (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 nitrogen atmosphere, the reaction mixture was

poured into 1ce water (10 mL}). The sohid was filtered off, washed with cold water and dissolved in
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ethyl acetate. The organic layer was dried over Na2504 and concentrated the crude product was
taken into next step without further purification. To a suspension of (R}-methy! 2-amino-3-(1-
methyl-1H-ndol-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 coocentrated to dryness. The crude residue was used imumediately in the next step
without purification. The crude residue was dissolved 1o DCM (5 mL), the phenyl imidazole
dervative (0.5 mamol} and DMAP (1.5 mumol) 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 min. The solution was diuted with
water and made basic with solid K2CO3 {pH ~ 8-9). The aqueous was extracted with EtOA¢ 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

[66149]  D-1MT (HPLC purity 99.6%) free base 15 a white powder and it displays birefringence,
needle shape and crystalline appearance under the polarized 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 anhvdrate 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,O, (the most impurity
was RRT=0.58).

Example 3: Characterization of indoximod free base solubility

{66158}  The solubility of indoximod as free base 10 buffered or un-buffered solutions, as well as
in sumulated biological flunds (SGF, FaSSIF or FeSSIF) is 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 hugh 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 1n the pH range corresponding to intestinal pH may in
part explain the himiting dose absorption at doses higher than 800 mg n humans. Therefore, we
studied whether salts or sprayed dry dispersions of mdoximod 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 physicochemical properties
were evaluated (Table 2). The hvdrochlornide, sulfate, phosphate, hemi-phosphate, mesylate and
hemi~-mesylate salts were solid 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 increases of solubility to ~4.7-8.6 mg/mL m water and 5.5-10.6 mg/mL 1n SGF, with
the hydrochlornide salt showing a very sigmficant increase to >200 mg/mL 1 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. Thus 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 indoximod, 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 bist of indoximod sprayed dry dispersion (SDD) formulations were made i order to
assess whether any SDD formulation was able to increase the molecular absorption by generating
and maintatning a supersaturated state of indoxumod 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 rased up to ~ 11.5 {(room temperature) before spraying drv. The performance of
each SDD formulation was investigated by m-vitro dissolution test in simulated gasiric buffer
{(GB) and simulated intestinal fluid (SIF). As shown in Table 3, Caap represented the maximum
concentration of mdoximod m solution when enough of the SDD formulation was dissolved m
GB for 30 min; Cauwoo represents the maximum mdoximod concentration when the SDD was
dissolved wn SIF for 90 mun; UltraCo represents the concentration i SIF after 90 mmn of
dissolution followed by ultracentrifugation to remove any particulates and UltraCyage represents
the concentration 1n SIF after 1200 mun 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 (UltraCyy 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??;5250% bot process spray dry 3,931 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 indeximod free base, indoximod salts and

indoximed SDD in cynomeolgus 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 1s a common species used to predict human oral bicavailability.
Two groups of 4 monkeys each (all males) were orally dosed at 275 pumol/kg (Group 1} or 825
umol/kg {(Group 2) with: 1) indoximod free base capsules; 2) indoximod hydrochloride capsules;
3} indoximod hemi phosphate capsules; 4) SDD1 suspension (indoximod 50%/50%PVPVA-64,
(w/w}} and S) SDD2 suspension {(ndoximod 50%/Affinisol 126 50% (w/w)). Fach monkey was
dosed with each of the S dose formulations once every 7 days, and blood samples were obtained
at 0, 0250, 05h, 1 h 2h, 4h 6h, 8h, 12k, 24 h, 36 h and 48 h. Concentration of mdoximod
was determined from plasma by a validated LC-MS/MS analytical method. Ciae and AUCg.48n)
was calculated by non-compartmental analysis using WinNonLin software (Certara).  For
mdoximod in capsule formulation, animals m 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, animals i Group 1 were dosed with 4 mL/kg of a
15 mg indoximod/mL suspension and animals in Group 2 were dosed with 4 mL/kg of a 45 mg
mdoximod/mE.  suspension. The SDD  suspension formulations were prepared m 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

{60138} The average Cmax and AUCusn parameter values observed in each group obtained
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 obtained for the comparison of each formulation agamst that
of mdoximod free base 1s shown m Table S. Dosing of mdoximod HCI capsules results m 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, indoximod hemu phosphate
capsules produced a significant increase in Cmax {7-44%) and exposure (27-34%). On the
contrary, indoximod in SDD1T or SBD2 formulation produced a significant increase in Cmax (15-
94%) but failed to increase the overall exposure with respect to indoximod free base capsules. For
these reasons, indoximod salts in their hydrocholoride, hemi-phosphate or phosphate salts are
preferred over indoximod in 1is free base form, either in capsules or in spray dry dispersions.

Table 5: Comparison of Cmax and total exposure (AUCH->x0) between indoxinwd free base vs it 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) 6617 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 25.6x£12.8 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(O->48h) (WM.I) 127473 173475 161481 141461 13657
% 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 exposure (AUCo..) 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 containing 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 i 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 indoximod indoximod indoximod
MW (g/mol) 218.26 254776 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 3.02 1811 3.02 18.11 3.60 18.00
Mictocrystalline Celindose 7.45 37.25 7.3 36.50 7.1 35.50 7.1 3549 7.1 35.50
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 1.92 9.90 1.92 9.90 2 16.00
Magnestum Stearaie 0.2 1.00 0.2 1.00 0.2 1.00 0.2 1.00 0.2 1.00
Total 20.00 100 20.00 100 20.00 100 20.00 100 20.00 100
umol/capsule 114 114 114 114 114
Capsules/aninal 1 1 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 indoximod in its free base or sali forms for oral dosing

of rats af 183 pmolkg

indoximod indoximod DlmT
Free Base HCH 0.5 H;PO,
MW (g/mel) 218.26 15476 2673
{mg) Ya(w/w) | (ng) Ya(w/w) | (ng) Yo(Wiw}
Active Ingredient 6.25 31% 73 37% 7.65 38%
Microcrystatline Cellnlose | 5.53 28% 5.1 26% 5.05% 25%
Lactose Monohydrate 5.55 28% 5.1 26% 5.05 25%
Croscarmeliose Sodinm 2.45 12% 2.3 12% 2.05 10%
Magnesium Stearate 0.2 1% 8.2 1% 0.2 Yo
Total 20.00 106 24,00 106 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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Fable 6.3: Composition of capsules C conmtaining indoximod in its free base or salt forms for oral dosing

of rats at 560 ymolkg

indoximod indoximod DimT
Free Base HCL 0.5.HP0,
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 10.83 100 126 100 13.27 100
umol/capsule 50 50 50
Capsules/aninal 3 3 3
umob/kg 500 500 300
mg free base/kg 110 110 110

{06162} To test the pharmacokinetic profile achieved by dosing indoximod mn s free base or
salt forms, rats were dosed by intra-stomach delivery with 1 capsule A, 2 capsules B or 3 capsules
C 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 obtained from each rat at 0,
15 man, 30 mmn, th, Zh, 4h, 6h, 10h, 24h, 48h and 72h after dosing. The concentration of
indoximod in plasma was determined by LO-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 {CUmax} and total exposure {(AUCy.~..). Tables 7.1-7.3 and Figure 6

show a summary of the experimental results.

[08164] 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 i Cmax and
AUC at the low and intermediate dose levels but a significant decrease in Cmax and a non-

statistically significant decrease in exposure at the highest dose level.

[08166] The dose-dependent correlation for Cmax and AUC for the free base, HCI and PO,H;
forms of mdoximod 1s shown mn 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 mncrease of AUC with dose, except for the
PO4H; salt which seems to increase less than dose proportional at the highest dose level tested.
{08167}  Sumilarly, other salt forms of indoxaimod such as sulfate or mesylate increase the Cmax
and AUC ~30-40% when tested at 37 pmol/kg.

{06168} These tests indicate that the hvdrochloride 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 Cmax and total exposure (AUCy...} between indoximod free base vs its salt

farms in rats dosed at 37 pmol/kg

indeximod indoximod indoximod indoximod indoximod
Dose: 37 umolkg Free Base HCH H.PO, H,80, CH,SOH
Number of Animals i1 4 10 4 4
Cmax, average (UM} 15.9+8 9.5+2 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) 3904166 269477 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

39



WO 2017/019175 PCT/US2016/035391

Fable 7.2: Comparison of Cmux and total exposure (AUCy ..} between indoximod free base vs ifs salt

forms in rats dosed at 185 pmol/kg

indoximod indoximod indoximod
Dose: 185 umolkg Frec Base HCl H.PO,
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) 1680+478 14934728 1446645
% Increase over indoximod Free Base NA 38 34
P value NA <0.0001 <0000}

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

forms in rats dosed at 500 pmol/kg

indoximod indoximod indoximod
Dose: 300 umolkg Frec 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 mdoximod prodrugs in liquid formulation
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{66169} The pharmacokmetic profile of indoximod obtained after oral adnunistration 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 mn
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 uts 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 1ts 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 5 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 avoird 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 dosing from mice. The concentration of indoximod and
of each prodrug in plasma was determuned by LC-MS/MS, and pharmacokinetic parameters were
calculated for indoximod and its prodrugs. The pharmacokinetic parameters reflect the average of
individual parameter valugs 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).

{06176} 'Tables 8.1 and 8.2 show the mdoximod Cmax and AUC .., obtained after dosing
etther indoximod 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 indoximod as a free
base, the measured Cmax and AUC o> and were normalized by multiplying them by the ratio of

MW prodrg’ 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 Umax,
AUC or both pharmacokinetic parameters. Since the prodrugs were admunistered in completely

soluble form, this suggests that those prodrugs that show enhanced CUmax and/or AUC of
101



WO 2017/019175 PCT/US2016/035391

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 m
vivo. Not every prodrug form of mmdoximod resulted in enhanced maximum concentration and
exposure of indoximod compared to administration of indoximod. In particular, exposure (AUC)
to idoximod 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-1357, NLG-

1558, NEG-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 mcerease 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 m Cmax and AUC when dosed to rats at S0 mg/kg However, this
prodrug 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 mcrease 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 in 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 mdoximod 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 imdoximod 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 mm 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 mn pharmacokinetic parameters for

mndoximod.

Exampie §: Pharmacokinetic testing of indeoximod prodrug 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 mdoximod and increased
exposure to indoximod after oral dosing in a capsule formulation, the prodrugs that showed
enhanced indoximod Cmax or exposure when dosed in solution were prepared n 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 ymol/capsule B or 50 pmol/capsule C
of indoximod free base (2.5, 6.3 or 11.4 mg/capsule, respectively) or its prodrugs m diverse salt
forms, i an excipitent blend consisting of microcrystalline cellulose, lactose monchydrate,
croscarmellose sodium and magnesium stearate, in proportions shown in 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.

{61751 To test the pharmacokinetic profile achieved by dosing mdoximod prodrugs in different
salt forms, 1 capsule A (11 pmol/capsule) or 2 capsules B (28 pmol/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 ndoximod equivalent when dosing 1 capsule A of 11
umol/capsule, 40 mg/kg (185 umol/kg) of mdoximod equivalent when dosing 2 capsules B of 28
umol/capsule and 110 meg/kg {500 pmol/keg)} 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 0,

15 min, 30 min, 1h, 2h, 4h, 6h, 10h, 24h, 48h and 7Zh 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 ethy! 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 umol/keg 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 significant increase in 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 hydrochlonide, showed a nunor mncrease in Cmax and AUC compared

1o indoximod.

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

001791 Table 10.2 also shows that ethy! N"-(L-methionyl)-1-methyl-D-tryptophanate (HCL,
and phosphate salts, NLG-3272) show a statistically significant increase i 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), by 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-methyl-D-tryptophan ({ree base, HCI, sulfate

or phosphate salts}. These prodrugs resulted 1 munor and non-statistically significant varations m
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the Cmax or AUC for mmdoximod compared to an equivalent molar dose of imdoximod (Table

10.3).

[06181] Interestingly, piperidin-d-ylmethyl 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 i
solubilization rate or final solubility may account for the observed differences when administered

n powder form.

Exampie 9: Pharmacokinetic testing of indeximod prodrug 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
model to predict human pharmacokinetics than rats. Cynomolgous monkeys (4.5-5 kg) were
dosed with indoximod, NLG-1564 HCI or NLG-3272 HCl at doses of 92, 275 or 875 pmol’kg in
a crossover study design where each animal received the same molar dose of either indoximod,
NLG1S64 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 6, 5 min, 15
mim, 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 increases the Cmax of indoximod
from ~ 230-500% and AUC from 195-518% in 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

PCT/US2016/035391

Yo WIW

- E 3 g
i ] o= e &
@ ?. T RY o 8 2 g *
= E 5 BE 2T EFR
2 = O . 584
= = B R O % oH A
= > R &2 9 By &
L =y - o & 2 =25
. = 8 £ 8% 7% &=
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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-methyl-D-tryptophanate HCY 11 1 227 320 320 123 10
NLG-1564 ethyl N*-(L-leucyl)-1-methyl-D-tryptophanate HCY 23 2 576 162 162 160 1.0
MNLG-1564 ethyl N -(L-leucyl)--methyl-D-tryptophanate HCL 50 3 100 4 0 O 0
MNLG-1665 ethyl W% -(L-leucyl)-1-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-leucyl)- I-methyl-D-trvptophanate CHLSOH 1§ 1 253 313 313 112 10
NEG-1671 ethyl N -(L-leucy})-1-methyl-D-trvptophanate Besylate 11 1 296 300 300 94 10
NLG-1691 ethyl N (L -leucy})-1-methyl-D-tryptophasate 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-dihvdroxypropy] 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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Yo WIW

- E 3 g
= ] ot e =)
@ ?. T RY o 8 2 g *
= E 5 BE 2T EFR
@2 = O . 584
= = B R O % oH A
® ] B 87 5 Soa
[3) =3 0@ -] 2 = n
=t o 4 & W = % = N
" v S @ E=R—. = 2
Active ¥ g - g g g &
Ingredient Name Saltform | & 2 = <
MNLG-1563 piperidin-4-ylmethyvl 1-methyl-D-teyplophanate HCL 11 i 222 320 320 128 10
MNLG-1664 piperidin-4-ylmethyvl 1-methyl-D-tryptophanate H;PO, 11 293 288 288 122 10
NEG-1663 piperidin-4-yvimethy! I-methyl-D-tryptophanate H,;80, i1 i 276 285 295 125 09
AN ((R)-1- v-3-(1-methyl-1/{-indol-3-
NLG-isgs eyt VH(R)-Tethoxy-3-1-methyl-Undol-3- ey i 11236 315 315 124 10
vi)-1-oxopropan-2-yi)-£ -asparaginate
MNLG-1554 N%ghyeyl-1-methyl-D-tryptophan hydrochioride HCL 11 179 335 335 141 10
NLG-1677 N*-glyeyl-1-methyl-D-tryptophan hydrochloride H;PO, 11 222 317 317 134 09
NEG-3272 ethyl N(L-methionyl)-1-methyl-D-triyptophanate H;PQ, i1 1 272 304 304 110 10
NEG-3272 ethyl N*(L-methionyl)-1-methyl-D-tvptophanate  H;PQ, 28 2 483 216 216 78 07
NEG-3272 ethyi N”-(L-methiony - 1-methyl-D-tryptophanate  HCI 11 1 237 319 319 1.5 10
NLG-3272 ethyl N*-(L-methionyl)- 1-methyl-D-tryptophanate  HCI 28 2 437 235 235 85 028
NLG-3272 ethyl N*-(L-methionyl)-1-methyl-D-tryptophanate  HC 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-tryptophan HCL 28 2 42 242 242 88 08
MNLG-3380 N°(L-methiony])-1-methyl-D-tryptophan H;PO, 28 2 436 227 227 82 Q7
Tabie 8.2: Capsuie Compositions — Monkey Oral Dosing
Yo wiw
e~ ] R
: £ £ ¢ .
5 2 T Ey 3 Eiaz
| (5 % & = B g
i 3| 5 EE E g
= L% 23 F 282
T 1z 59 B g gc
Active Y g - & 'ﬁ E*
Ingredient MName Saltform | & 2 = -«
indoxrmod 1-methyi-D-tryptophan free base 438 1,3 70 i25 123 30 040
indoxtmod 1-methy-D-tryptophan free base 1032 4 70 125 125 30 00
NEG-1564 ethyl N -(L-leucyl)- I-methyl-D-tryptophanate HCY 458 1,3 700 125 125 380 00
NEG-1564 ethyl N -(L-leucy})-1-methyl-D-trvptophanate 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 indoximod according to Formula la:

\ AP,
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, lactate,
maleaie, malonate, oxalate, succnate, fumaraie, tartrate and citrate, wheremn the ionization state -p
1s -1, -2 or -3 and the stoichiometric ratio # 18 1, Y2 or 173, respectively, so that it satistics
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 stoichiometric ratio #
of I

The salt of claim 1, wherein the anion A™ is O, the CI present at a stoichiometric ratio n of 1.
The salt of claim 2, wherein the mesylate 1s CH:505", the CH;805 present at a stoichtometric ratio
nof 1.

A salt of indoximod. according to Formula 1b:
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9.

~+
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
The salt of claim 7 wherein C'®, is selected from the group consisting of Li', Na', K', Mg"™ and

+2 . . ) . . .
Ca™, wherein when pis +1, mis |, and when pis+2, mis %

A prodrug of indoximod, in free base or salt form, according to Formula 2:

HN-R?

Formula 2
wherein;

(a) R'is -OH, -OC-alkyl, -OCH,CH(OH)YCH,OH. -O(CH, N(CH; . -OC -alky R,
NHC®HRYCOOH), NHCYHRYCOOH), -OC -alkyIR, -OC —alkyl-
CHHNH,)(COOH), or -OC ~alkyl-CVH(NH,(COOH);

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

{¢} R’ is tetrahydropyran or OP\Q/\\;

(dy R* is H, -Crsalkvl, «(CH)-SH, CisalkylSCosalkyl, CsalkylOC salkyl, -CH,-RE, -
CH,OH, ~-CH(OH)CH;,

A(CHCOWH,. «(CH 1aCOYOH. ~(CHy) 1 NH,, or «(CHo ) 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, cvcloalkyl, 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, Cpeatkyl,
Cichaloalkyl, -C{ON{R),, -C(O)R, -S(O)R, -S(OIOR, -S{CIN(R),, -S(O}R,

~S{ORLOR, ~-S(ORNR),, -OCIO)R, -OC(OY0R, ~OC{OINR),, -NRYC(OIR,
SNEYCOHOR, or -N{RYC{OIN{R),, wherein R 18 H or Cy,alkyl;

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

butoxycarbonyl-1-methyl-D-trvptophan, ethyvl N%benzyl-1-methyl-D-tryptophanate, or benzyl N°-

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

HA, is

an acid selected from the group consisting of POH; (phosphoric acid), SOH, (sulfuric

acid), HCl (hyvdrochloric acid), HSO:CH: (methy] sulfonic acid), CqHsSO:H (benzyl sulfonic

acid), acetic acid, ascorbic acid, aspartic acid, glutanmuc acid, glutaric acid, lactic acid, maleic acid,

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

stowchiometric ratio n of the acid 18 8, 0.5, 1 or 2 such that the prodrug is charge neutral.

10. The prodrug of claim 9, wherein:

(a)
{by

()

4

R'is -OH, -OC-alkyl, -OCH,CH(OH)CH,OH. - O(CH,,L,N(CHy),. or -OCalke 1R,
R%is H or -C{OYCPH(NH)RY,
\\I/Q\ 0

PP
R’ is tetrahydropyran, or ~g O ;
RY is H. -Crsatkyl, (CH )L -8H, ~(CH)1SCH, ~(CH)20CH; -CHL-R®, -CH,OH, -
CH{OHICH:,  ~(CH ) C(ONH,,  «(CHpuCOYOH,  -(CHppNH,  or -(CHp.
sNC{=NHNH,;
C® is a carbon with the § stercochemistry, when R* is not H;
R® iz H. arvl, alkylaryl, heteroarvl, cvcloalkyl, or heterocycloalkyl, wherein the arvl,
alkylaryl, hetercarvl, cyvcloalkyl or heterocycloalkyl is optionally substituted with one two

R
or three R groups;

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

Cighaloalkyl, ~C{OWN(R ), -C(O)R, -S(O)R, -S(OGHYOR, -S(OIN(R),, ~S(ORR, -S(O»OR,
SSORN(R)Y,.,  -OC(OIR,  -OC(OIOR, -OCONR),, -NRIC(OIR, -NEICOOR,
or -N(RYC(OIN(R),, wherein R is H or Cpatkyl;
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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 POH; (phosphoric acid), SOH; (sulfuric
acid), HCl (hydrochloric acid), HSO:CH; (methyl sulfomc acid), CoHsSO:H (benzyl sulfonic
acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid, maleic acid,
malonic acid, oxalic acid, succouc acid, fumaric acid, tartaric acid and citric acid, wherein the

stowchiometric ratio nis 0, 3.3, 1 or 2 such that the prodmg 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;),, or -OC -alkyl-R™
by R?is H or -C{OYCPHH)RY,

\\\.""O\ /O
; /P<O"/\\
() R'is tetrahydropyran, or QO ;
(@ R' is H, -Cosalkel, (CHSCHy -CHpR®. «(CHa)CIOINHy, (CHy)COYOH. or -

{CHy)1.aNH;

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

() R%is H, arvl, alkyvlaryl, or heteroarvl, wherein the arvl, alkvlaryl or heteroarvl is optionally
substituted with one R’ group;

(2) each R’ is independently halogen. cyano. nitro, -OR, -N{R),, -SR, -C(OYOR, -C salkyl,
Cihaloalkvl, -C(ONER). ~CIOIR, -S(OR, -S{OYOR, -5(O)N(R),, -8(0O)R,
=S(ORCR, -S{OLNR),, -OCOR, -OC(O0R, -OC(OINR),, -NRYC{OIR, -NR)YC(O)O
R, or -NRYCOIN(R ), wheremR 15 H or Calkyi;

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

HA, 18 an acid sclected from the group of POH; (phosphoric acid), SOH, (sulfunc acid), HCI
{(hvdrochloric acid), HSG;CH; (methy! sulfonie acid), CoHs30O:H (benzyl sulfonic acid}), wheren

the stoichiometric ratio » of the acid 1s 0, 0.5, 1 or 2 such that the prodrug is charge neutral.
12. The prodrug of claim 9, wherein
{a} R'is -OH, -OC,-alkyl, -OCH,CH{OHICH,OH, -O(CH,),N{CH. ), or -0C;-3alkyl-R?;

(b) R%is Hor -C(OWPHNHRY

\\T“O\P{;D
‘ 3 - ] L\O, \O/\
{cy R s teirahydropyran, o ;
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(d) R4 IS ‘C}C{,‘C}I(C}C{J?, "(CI'{)‘)?SCE'Ig’ ~C(S’l-i(CH;)CH,‘CH;, 'Ci‘{,‘"Rt}_ “((‘}Z{?}QC((})N}EB =
(CI‘%);C(O)(}E‘L Or ~(CE‘L);N}‘L/
(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 selected from the group of POH; (phosphoeric acid), SO.H; (sulfuric acid), HCI
(hvdrochloric acid), HSO:CH; (methyl solfonic acid), CeHsSO:H (benzyl sulfonic acid), and
wherein 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 ~0Csmatkyl or -OCH,CH(OHCH,OH;
by R?is H or -C{OYCPHH)RY,
(G) R4 1S *CI‘ECI"I(CI‘L,)L '(C}‘IQ),SC}L or -(CI‘L)zC(O)N}EjD

() C® is a carbon with the § stercochemistry;
with the proviso that R' cannct be ~OH when R’ is H:

HA, 18 an acid sclected from the group of POH; (phosphoric acid), SOH, (sulfunc acid), HCI
{(hvdrochloric acid), HSOCH; (methyl subfonic acid) or CoHsSOsH (beneyl sulfonic acid); and
wherein the stoichiometric ratio # of the acid 1s of 0, 0.3, 1 or 2 such that the prodrug is charge

neutral,

14. A prodrug comprising one of the following compounds:
ethyl N"(Z-leucyl)-1-methyl-D-tryptophanate;
ethyl N(Z-methiony!l)-1-methyi-D-toyptophanate;
2. 3-dihydroxypropyl 1-methyl-D-tryptophanate;
N°-{L-leucyl)-1-methyl-D-tryptophan;
N°-(L-methionyl)-1-methyl-D-trvptophan;
cthyl N*-{L-isolencyl)-1-methyl-D-trypiophanate;

NO-{L-glycyl)-1-methyl-D-trvptophan:
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i6.

I8,

(S¥3-3-amino-6-(({R)-1-carboxy-2-(-methyl- 17 1ndol-3-vDethyamino -6-oxohexancic acid;
NI -tysyD-t-methyl-D-tryptophan;

N°-({L-phenvylalanyl)-1-methyl-D-tryptophan;

cthyl N%-(L-glutaminy!)-1-methyl-D-tryptophanate;

2-{dimethylammo)ethyl 1-methyl-D-trvptophanate;
(2-ethoxy-2-oxido-1.3,2-dioxaphospholan-4-vhmethyl 1-methyl-D-tryptophanate;
2-(tetrahydro-2H-pyran-4-yhethyl T-methyi-D-try ptophanate;

ethyl T-methyl-D-irvpiophanate; or

isopropyl L-methvl-D-tryptophanate.

. A pharmaceutical composition of indoximed 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 » that ensures molocular charge neutrality.

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

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

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

at a stoichiometric ratio 7 of 0.5,
The pharmaccutical composition of claim 16, wheremn 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 anion A™ is CF, the CI” present at a
stotchiometric ration of L.

20. The pharmaceutical composition of claim 16, wherein the mesylate 18 CH38057, the CH3805
present at a stoichiometric ratio n of 1,

21. A pharmaceutical cormposition of indoximod, according to Formula 1b:

)

~{F
&

“NH,

Y C’+pm

Formula 1b

wherein C'?,, is a cation in an jonization state +p, the cation present at a stoichiometric  ratio  m

that ensures molecular charge neutrality of the salt.

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

a7t ot + + . C : s :
Li". Na" K' Me™ and Ca™. wherein when pis +1, mis 1, and when pis+2, mis Y4
> * ? = ? ¥ > > e 2

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

HN-RE

QI ¢

Formula 2

HA,

wherein:

{(a) R'is -OH, -0C;=alkyl, -OCH,CH{OH)CH,0H, -O(CH,),N({CH,),, -0C,-salky-R’,
NHCOHRHCOOH), -NHCPHRNCOOH), -0C,-alky1R®, -0C - alkyl,
SCPH(NH M COOH), or ~-OC alkyl-CHINH(COOH);

by R?is H, -C(O}CPHNH, IR, -C(OCPHINH)R', -COYCH,CPH(NH,), -C(OYCOCH,,
-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, -Crsalkyl, «(CH)1-8H,  Cosalky1SCsalkyl, CsalkylOC, salkyl -CH-RS, -
CH,OH, -CH(OHCH;, -(CHouCIOWNH,, ~{(CHoaCOYOH, -(CHoaNH;, or ~{(CHp)e
NC(E=NHINH,;

(e} C® and C® are carbons with the S or R stereochemistry, respectively, when R* 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, cyvcloalkyl or heterocycloalkyl is optionally substituted with one two
or threc R’ groups;

(h) each R’ is independently halogen, cvano, nitro, -OR, -N(R), -8R, -C(OYOR. C,qalkyl,
Cighaloalkyl, ~-CIONR), -CIO)R, -S(OIR, -S(OYOR, -5(OIN(R},, ~S(O)R,

-S{OR0R, -S(ORN(R),, -OCOHR, -OC{OHOR, ~-OC(OIN(R )., -NRYC(O)R,
-NRYC(OYOR, or -N{RYC{OWN(R),, wherein R is H or Cyalkyl;

with the proviso that R' casnot be ~OH when R” is H, and the compound casnot be N-tert-
butoxycarbonyl-1-methyl-D-tryptophan, ethyl N%benzyl-1-methyl-D-trvplophanate, or benzy! N°%

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

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

stoichiometric ratio # of the acid s 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, -OCmalkyl, -OCH,CHOMCH,OH, -O(CH,),N(CHs),, or ~0C -atkyl-R;
(b)Y R?is H or -C{OICPH(NHORY,

“
~

\:‘/O\ x’O

(¢) R’is tetrahydropyran, or L\Q'P\O/\\;

(d> R4 is E‘L *C]-ﬁﬂﬂ(yE, '(C}{),)]“BSI’L “(CE‘?}:)]—BSCE‘{;, *(C}‘Iz)l.is(:)c}[;j _C}{Z_st "C}EZO‘E‘L }
CH(OH)CH;,  -(CH2ioCOINH:, (CHohaCIOYOH, ~(CHuNH,,  or «(CHy
sNC(ENHINH,;
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(¢} C¥ is a carbon with the § stereochemistry, when R is not H;

) R®is H, aryl, alkylaryl, heteroarvl, cveloalkyl, or heterocycloalkyl, wherein the arvl,
alkylarvl, heteroarvl, cyvcloalkvl or heterocycloalkyl is optionally substituted with one two
or three R groups:

(2) each R’ is independently halogen, cvano, nitro, -OR, -N(R),. -8R, -C(OYOR. C;ealkyl,
Cyghaloalkyl, ~-COINR), -CIOR, -S(O)R, -S{OYOR, -5(OIN(R),, -S(O):R, -S(G),OR,
-S{ORN(RY,, -OC(OR, -OC(OYOR, -CCON{R}, -NECOR, -NERICOXOR,
or ~N{RIC(OIN(RY),, wherem R s 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 PO, (phosphoric acid), SOH, (sulfuric
acid), HCl (bydrochloric acid), HSO:CH; (methyl sulfomc acid), CoHsSO:H (benzyl sulfonic
acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid, maleic acid,
malonic acid, oxalic acid, succouc acid, fumaric acid, tartaric acid and citric acid, wherein the

stoichiometric ratio n 15 0, 0.3, 1 or 2 such that the prodrug is charge neuiral
25. The pharmaceutical composition of claim 23, wherein:

(a) R'is -OH, -OC,-alkyl, -OCH,CHOH)CH,OH., -O(CH, L, N(CHz ), or -OC -alky-R™
by R?is H or -C{OYCPHH)RY,

~
+O__o

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

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

() R%is H, arvl, alkyvlaryl, or heteroarvl, wherein the arvl, alkvlaryl or heteroarvl is optionally
substituted with one R’ group;

() each R’ is independently halogen, cyano, nitro, -OR, -N(R),, -SR, -C(O)OR, ~Csaltkyl,
Cighaloalkyl, -C{ONER). ~-CIOR, -S(OR, -S{OYOR, -5(O)N(R),, -8(O)R,
=S(ORCR, -S{OLNR),, -OCOR, -OC(O0R, -OC(OINR),, -NRYC{OIR, -NR)YC(O)O
R, and -N{RYC(ON(R Y, wheremnR is H or Cyalkyl

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 PO,H; (phosphoric acid), SGH, (sulfuric
acid), HCI (hydrochloric acid), HSO,CH; (methyl sulfonic acid), and CHsSO:H (benzyv] subfonic
acid), wherein the stoichiometric ratio # of the acid 15 0, 0.5, 1 or 2 such that the prodrug is charge

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

(a) R'ig -OH, ~-0Calkyl, ~-OCH,CB(OH)CH,0H, ~O(CH)N(CH;)a, ot -OC,-alkyl-R7;
() R is H or -CIOYCTHMNE)RY
\x\r/@\ /O
(¢) R’is tetrahydropyran, or O ;
(\d) R4 18 -C}‘LC}‘HC}‘L)?, -(\C}}T)‘)?SC}‘I;’ -C(S)}‘I(C}L)CE‘LC}‘IL -C}‘L-Rt}, *(CI‘%)}C((})N}E?, ~
{CH2:C(OYOH, or ~(CH ) NH;;
(6} €% is a carbon with the § stercochemistry;

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

HA, is an acid sclected from the group consisting of PO,H; (phosphoric acid), SOH, (sulfuric
actd), HCI (hydrochloric acid), HSO;CH; (methvi sulfonic acid), and CqHsSO:H (benzyl sulfonic
acid), and wherein the stoichiometric ratio # of the acid 18 8, 0.5, 1 or 2 such that the prodrug is

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

(e} R'is ~0Csmatkyl or -OCH,CH(OHCH,OH;
() R*is Hor -C{OYCPHH)RY,
(g) R4 ]S *CE‘ECI"I(CI‘E@)L ~(CE‘L)jSC}L’ Qor -(C}}TZ))C(O)N}‘{)‘,

{hy C% is 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 POH; (phosphoric acid), SOH, (sulfuric acid), HCI
{(hvdrochloric acid), HSG,CH; (methyl sulfonic acid) or CaHsSOsH (benzyt sulfonic acid); and
wherein the stoichiometric ratio # of the acid 1s of 0, 0.3, 1 or 2 such that the prodrug is charge

neutral.

28. A pharmaceuatical composition comprising one of the following compounds:
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cthyl N%-(L-leucyl)-1-methyl-D-tryptophanate;

ethyl N*-(Z-methionyl}-{-methyl-D-tryptophanate;

2, 3-dihydroxypropyl 1-methyi-D-tryptophanate;
N(L-lewcyly-1-methyl-D-tryplophan;

N®-{I-methiony!)-1-methyl-D-trypiophan;

ethyl N( -isolencyl)-1-methyl-D-tryptophanate;
NAL-glyeyD-1-methyl-D-tryptophan;
(&)-3-amino~-6~({((K)-1-carboxy-2-(}-methyl-1 /-indol-3-yhethyDammo)-6-oxohexanoic acid;
N-(L-lysyi)-1-methyl-D-tryptophan;

NI -phenvialanyvi)-1-methyl-D-tryptophan:

cthyl AN*-(L-glutaniny!)}-1-methyi-D-tryptophanate;

2-{dimethylamino yethyl 1-methyl-D-tryptophanate;
(Z-ethoxy-2-oxado-1,3,2-dioxaphospholan-4-yDmethy] 1-methyl-D-tryptophanate;
2-(tetrabyvdro-2H-pyran-4-vhethyl L-methyl-D-trvptophanate;

ethyvl 1-methyl-D-tryptophanate; or

sopropyl T-methyl-D-tryptophanate.

29. The pharmaceutical composition of any of claims 13-28, wherein the composition 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 pharmaceuntical composition of any of claims 15-30 to modulate the activity of
indoleamine-2 3-dioxygenase pathway in a subject in need thereof, comprising orally administering a
therapeutically effective amount of the composition to the subject in an appropriaic pharmaceutical form

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

composition 1o the subject in an appropriate phaomaceutical form or vehicle.

33. A method of use of the pharmaceutical composition of any of claims 15-30 for the treatment of tumor-
specific unmunosuppression associated with cancer m a subject in 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 15-30 to treat immunosuppression
associated with infections diseases {e.g HIV-1 infection, mflucnza), 1 a subject m nced thereof,
comprising orally administering a safficient amount of the composition to the subject in an appropriate

pharmaceutical form or vehicle,
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The group of inventions listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:
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Groups -1l share the technical feature of indoximod and a pharmaceutical composition comprising the same.

This shared technical feature, however, does not provide a contribution over the prior art as being anticipated by US 8,232,313 B2 to
Munn et al. published on 31 July 2012 (hereinafter 'Munn') which discloses a pharmaceutical composition comprising 1-methyl-D-
tryptophan also known as indoximod (abstract; col 11, in 5-7; col 12, In 9-24),

Groups | and |l further share the technical feature of a salt of indoximod.

This shared technical feature, however, does not provide a contribution over the prior art as being obvious over Munn in view of US
3,825,559 A to Tazuke et al. published on 23 July 1974 (hereinafter Tazuke').

Munn discloses indoximod (col 11, In 5-7, 1-methyl-D-tryptophan) but does not disclose a salt of indoximod. However, Tazuke teaches
an acid addition salt of D-tryptophan isolated by resolution of DL-tryptophan hydrochloride formed by treating tryptophan with
hydrochloric acid (col 3, In 25-40; col 5, In 10 to col 6, In 2, D-tryptophan-1-hydrochloride). It would have been obvious to one of ordinary
skill in the art to produce the hydrochloride sait of indoximod for therapeutic use, by applying the method of Tazuke to indoximod
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-Il. Groups I-1ll 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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