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SALTS AND PRODRUGS OF I-METHYL-B-TRYPTOPHAN

Cross-Reference to Related Applications

106801) This application claims priority to U.S Provisional Application Serial No 62/196,671
fited on July 24, 2015 and U.S Provisional Application Serial No 62/305,748 filed on March 9,

2016. the entive contents of which are hereby incorporated by reference in their entirety.
BACKGROUND OF THE INVENTION
Field of the Inventien

[6602] The present disclosure 15 related to compounds for inhibition of indoleamine-2,3-
dioxygenase pathway, in particular salts and prodrugs of indoximod with enhanced

pharmacokinetic properties relative to indoximod

Summary of Related Art

{8603] Tryptophan degradation into kynurenine i1s mediated by indoleamine-2 3-dioxygenase
(IDO1} expressed by plasmacytoid dendritic cells, placental, epithelial and tumor cells and by

tryptophan-2,3-dioxygenase (TD02) expressed mainly by the liver and tumor cells.

{04604] IDO1 plays an important role in the regulation of immune responses by triggering
anergy on reactive effector T cells and by modulating differentiation and activation of regulatory
T cells (Tregs). From a more general viewpoint, the IDO enzyme is involved in pathway that
comprises all proteins that directly or indirectly contribute to modulate the immunosuppressive
functions dependent on IDO activity, including proteins that mediate induction of 1DO
expression, aclivation of enzymatic activity by reductases, post-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

kyonuremnes (Kvns)] including catabolic stress sensors integrated into the General Control
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Nonrepressed-2 (GCN2) pathway, the Aryl Hydrocarbon Receptor (AhR) pathway, and the
mammalian Target Of Rapamycin (mTOR) pathways. This concept of integrated downstream
regulatory pathways with IDO at the center has emerged from studies on multiple model systems
by many research groups and this notion may be critically important for understanding how the
IDO pathway is induced, how IDO exerts downstream effects, and the mechamism of action of
13O pathway inhibitors that target TDO directly or target other components of the IDO pathway
{i, 21

[0605) Therefore, direct pharmacological inhibition of IDO1 enzymatic activity or inhibition
of the upstream factors that activate IDO1 enzyme or inhibition of the downstream effects of
IDO! enzymatic activity should stimulate an immune response by multiple mechamisms that may
imvolve 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 immunosuppressive dendritic cells into

immunostimulatory dendritic cells,

{0606] For these reasons, numerous enzymatic inhibitors of IDG have been described and are
being developed to treat or prevent IDO related diseases such as cancer and infectious diseases.
Numerous molecules that inhibit IDO enzymatic activity either as competitive or non-competitive
inhihitors  have been described in the literature, for example in patent applications
WO2012142237, WOQ2014159248, WO2011056652, WO02009132238, WOzZO09G73620,
WO2008115804, WO 2014150646, WO 2014150677, WO 2015002918, WO 2015006520, WO
2014141110, WO 2014/186035, WO 2014/681689, US 7714139, US 8476454, US 7705022, US
8993605, US 8846726, 115 BI51536, UST7598287.

[387] One of the first IDO pathway ihibitors studied in preclinical models has been 1-
methvl-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]. Each one of these
enantiomers shows different biological properties. 1-methyl-L-tryptophan {LimT) has been

shown to inhibit IDO1 enzymatic activity (Ki=34 uM, {3]) in cell-free assays using purified
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recombinant IDO1 enzyme, and in tumor cells treated with INFy or in tumor cell hines transfected
with expression vectors that encode IDOT ander the control of an heterologous promoter, while
the D isomer (indoximod) does not inhibit enzymatic activity in these type of assays [6]
Nonetheless, both isomers are capable of restoring T cell proliferation i an MLR assay with
IDO+ dendritic cells as the stimulator cells, or in syngeneic antigen-dependent T cell proliferation
assays using IDOH DCs isolated from tumor draining lymph nodes {6]. In this type of assay,
where 1DO+ DCs are present, T cells do not proliferate. However, inhibition of the TDO pathway
by these inhibitors restores the proliferative capacity of T cells. Interestingly, both 1somers show
different potency in this assay, with indoximod being more potent (EC50=30 pM) than L1mT
(EC50= 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.

[0008] A somewhat puzzling issue has been the fact that indoximod does not show inhibition
of IDQ1 enzymatic activity in vitro, but somehow mimics the biological consequences of IDO1
imhibition in vive or in cell based assays. Experimental evidence from a number of research
laboratories points to the conclusion that indoximod is participating in the inhibition of the IDOI
pathway Several possible nechanisms by which this could be taking place are: 1) mhibition of
isoforms of IDQOL, 2) mhibition of ID02, 3) alternative formation of indoximod —derived
metabolites, 4) racemization of indoximod into .ImT, S} inhibition of Trp transport, 6) inhibition
of the GCNZ pathway by formation of indoximod-tRNA complexes, 7) whibition of enzymes
involved in Trp sensing such as WARST or WARS2, 8) alteration of autophagy ander conditions
of amino acid deprivation induced stress or 9) bypassing mechanisms that inactivate mTOR under
conditions of amino actd deficiency [7]. These mechanisms are not necessarlly mutually
exclusive, and so far are compatible with the current experimental data, Further investigations are
neaded to elucidate which of these biochemical mechanisms 1s responsible for the biological

activity of mmdoximod.

W
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[6009]

The biological activity of indoximod to relieve immunosuppression in vivo and in vitro

is supported by studies performed in several laboratories in murine preclinical models. Indoximod

has demonstrated activity in the following biological assays:

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

indoximod can prevent the process of activation of mature Tregs in vivo, and facilitates
the in vitro and in vivo trans-differentiation of Tregs into pro-inflamatory TH17-like T
cells {8, 9]

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

In melanoma models, combination of anti-CTLA4 (ipilimamab) and indoximod, results in
synergistic antiturmor effect [10],

In vivo, indoximod was more efficacious as an anticancer agent in chemo-inaunotherapy
regimens using cyclophosphamide, paclitaxel, or gemcitabine, when tested in mouse
models of transplantable melanoma and transplantable (4T1) and autochthonous (mmTV-
neu) breast cancer {6].

1DO1 has also been implicated in the differentiation of naive CD4 T cells into Tregs, by
the combined effect of Trp deprivation and the presence of Trp catabolites, through a
mechanism that depends on GCN2 {11, 12]. This conversion is interrupted in vivo in the
presence of indoximod.

Similarly, IDO+ pDCs have also been implicated in the activation of mature Tregs in vivo,
which also required an intact GCN2 pathway in the Treg population. This phenomenom
could be prevented by excess Trp or by indoximod [8].

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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9

10.

i1

[0010]

[0611]

engagement of B7 i 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
sene 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 IDO! [6]. In particular, it was observed that
IDO1T-KO mice develop tumors, which are not sensitive to treatment with indoximod n
combination with chemotherapy. Additionally, pDCs derived from tumor draining lymph
nodes of TDOT-KO mice are able to stimulate the proliferation of T cells 10 culture, to the
same extent as TDO(-) APCs. These observations were interpreted as a genetic validation
of TDOT 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 inununologic observations made by administration of indoximod were
also reproduced by admimistration of other well documented IDO1 inhubitors (1.e.
molecules that inhibit the enzymatic activity of IDOT i vitro and in cell based assays)
such as 5-Br-brassinin, menadione, methyl-thichydantom-tryptophan, and analogs of
phenylimidazole (unpublished), thereby validating the IDO1 pathway as the
pharmacologic target {4, 13, 14].

In prechinical animal models, the in vive pharmacodynamic effects of indoximod are seen
mainly in tumor draining lymph nodes, where the effect is seen as activation and
proliferation of CD8o+ cells, reduction in the number of FoxP3 + Tregs, reprogramming
of Tregs (CD40L) to immunostimulatory T cells (CID40L™) and reprogramming of 1DO”

antigen presenting cells from CD11c¢™/CI80/86 to CD&0/86" phenotype.

For these reasons, indoximod is being investigated in human clinical trials for cancer

mdications. Indoximod 15 bemng studied in several cancer indications i combination with
different chemotherapeutic and biological immunotherapeuntic agents, such as docetaxel,

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

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

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

5
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demonsirated that indoximod shows a linear PK profile at doses of up to 830 mg/dose, with
niaximum plasma concentration {Cmax) of 15 pM and drug exposure (AUC gy} 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 limiting the therapeutic
activity of this investigational drug.

{8612} Mixed-lymphocyte response (MLR) T cell proliferation assay show that T cells that are
i an IDO7 environment restore ~S0% of thewr proliferative capacity at concentrations of
indoximod higher than 30 uM. Murine anfitumor 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/ke/day), or dosed orally at 200 mg/kg bad, which results in Cmax higher than 20 uM
and exposures greater than 300 uM.h. For these reasons, it 1s desirable to increase the Cmax and
exposwre to mdoximed i human clinmeal trials so they may reach the levels necessary for
therapeutic activity. However, the non-linear pharmacokinetic profile of this drug makes it
unlikely that this could be solved by increasing the dose given to patients.

{0013]  For the above mentioned reasons we investigated whether different formulation of
mdoximod such as spray dry dispersions or salts or indoximod prodrugs in different salt forms
would increase solubility and absorption rate or reduce blood clearance to levels that increase the
maximum concentration and exposure to indoximod. 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.

[0014]  The results of these mvestigations showed that a few selected prodrugs resulied in
increases 1n parameters of exposure; and that increases in in vitro solubility and in vivo exposure

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

SUMMARY OF THE INVENTION

[6815] In one aspect the invention describes compounds and pharmaceutical compositions

comprising compounds according to Formula 1a and 1b
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Wherein A7, is an inorganic or organic anion and C'%;, is an inorganic cation as defined herein.

[9#616] In another aspect, the invention comprises compounds and pharmaceutical

compositions comprising compounds according to formula (2)

HN-R?
"EF?% R
sl
s N\

Formuia 2

A

Where R, R? and mH, A are defined herein

[0617] 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

indoximod formulated as a free base.

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

harmaceutical form or vehicle.
P



WO 2017/019175 PCT/US2016/035391

¢) methods of use of compositions comprising compounds of formulas 1a, 1b or 2, for the
treatment of cancer in a subject in need thereof, comprising the oral administration of sufficient

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

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

pharmaceutical form or vehicle.

¢) methods of use of compositions comprising compounds of formulas 1a, 1b or 2, to treat
immunosuppression associated with infectious diseases (e.g HIV-1 infection, influenza), 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.
BRIEF DESCRIPTION OF THE DRAWINGS

{6818] Figure I shows the XRPD spectrum of indoximod in free base and in its hydrochforide
salt form.

[0019]  Figure 2 shows the thermos gravimetric {T(GA) and differential scanning calorimetry
(DSC)y analysis of indoximod hydrochloride salt.

{6020} Figure 3 shows the XRPD spectrum of indoximod in free base and in its phosphate salt
form.

{0821] Figure 4 shows the thermos gravimetric {TGA) and differential scanning calorimetry
{DSC) analysis of indoximod phosphate salt.

{8022] Figure 5 shows the measured solubility profile vs. pH of indoximod and its salts in
various solvent solutions and simulated biological fluids.

[0623] Figure 6 shows the maximum plasma concentration (Cmax) and exposure {AUCy.ne) of
mdoximod vs the molar dose of indoximod, indoximod hydrochlonde or indoximod phosphate

given to rats n oral capsule form.
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DETAILED BESCRIPTION OF THE INVENTION

{0824} Indoximod (1-methyl-D-tryptophan, DImT) 15 an investigational inhibitor of the
indoleamine-2,3-dioxygenase (1DO) pathway that i1s being tested in several human clinical trials
for multiple cancer indications, in combination with standard and experimental chemotherapeutic

and immunomodulatory agents and active immunotherapies.

[0025)  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 tumor or viral
antigens. Indoximod is capable to revert these processes, allowing effector T cells to proliferate
and directing reprogramiming of Tregs to a TH17 helper-like phenotype. In in vitro 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

draining lymph nodes requires daily doses of ~ 500 mg/kg, with exposures > 300 pMLh.

{0626) Human pharmacokinetic experiments at oral doses that range between 200 mg to 2000
mg/dose have shown that the pharmacokinetic parameters C,x and exposure (AUCq. ) increase
linearly with dose, up to a range of ~ 800 mg/dose. At these doses, Cyay 1n plasma reaches an
average of ~15 uM and AUC.n reaches ~ 100 pMh. The Cypae and AUC parameters do not
significantly increase above those values at higher doses of up to 2000 mg/dose. Therefore, in
order to achieve indoximod concentration and exposure levels that are comparable to those that
produce immunomodulatory and astitumor therapeutic effects in murine meodels it would be

useful 1o ncrease the Cyue and exposure levels of indoximod.

{0627] The present invention describes compounds of formula fa, 1b and formula 2 that
produce a higher exposure and maximum serum concentration of imdoximod upon oral

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

Salts of Indoximod

[8628] In one embodiment, a salt of indoximaod is disclosed. In one embodiment, the salt has a

structure according to Formula 1a:

[{a)
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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.

[8029]  In one embodiment, the anion AY, 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
1s presented at a stoichiometric ratio n such that the resulting salt is charge neutral. Accordingly,
in one embodiment, the anion has an ionization state p of -1, -2 or -3 and is 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 HPOs™, and the HPO,  is
present at a stoichiometric ratio n of 0.5. In one embodiment, the phosphate 1s HPOy4', and the
HPOQ, is present at a stoichiometric ratio n of 1. In one embodiment, the sulfate is SOG4, and the
SO,7 is present at a stoichiometric ratio n of 0.5, In one embodiment, the mesylate is CH;SOs ',

and the CHiSO5 present at a stoichiometric ratio n of 0.5,

8630 In another embodiment the anton AP, 15 Cl” at a stoichiometric ratio n of 1. In another
preferred embodiment the anion A®, is CU at a stotchiometric ratio n of 1 and the crystalline form
15 an anhydrous soform of Form 1

{6631] In one embodiment, the salt has a strocture according to Formula b

10
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Formula 1b

wherein C™P,, 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 CPy is
N el v + + i ~_ +2 N .

selected from the group consisting of L1, Na', K, Mg 2 and Ca™. In one embodiment, when p is

+1,mis 1, and when p is +2, m 15 14,

Indoximod Prodirugs

[0032]  In one embodiment, a prodrug of indoximod is disclosed. In one embodiment, the

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

HN-R

gl
B

\ HA,

Formula 2
#8633] In one embodiment, R' s -0H, -0Cy-alkyl, -OCHCH(OH)CHOH, -
O(CH,),N(CH:)z, -OC-walkyt-R?, -NHCOHRY(COOH), -NHCPHRY(COOH), -0OC) 4alkyiR®, -
OC;-2alkyl-CVH(NH (COOH), or -OC;-palkyl-CVH(NH2)(COOH). In one embodiment, R’ is
NHCYHRYCOOCH:) or -NHCPHRHCOOCH;).
[0034] In one embodiment, R® is -H, -CO)CWH(NH)R® -COYCPHNHR® -
C(OYCHCVH(NH:)-C(OYOCH;, -C(O)OR?, or -C(O)NHR”.

AL
[0635]  In one embodiment, R is tetrahydropyran or @ < :

11
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[0036) In one embodiment, R* is -H, -Csalkyl, ~(CH1),-28H, -CjsalkylSCisalkyl, -C).
salkvlOC Lsalkyl, -CH)-R®, -CH,OH, -CH(OH)YCH:, -(CHy);C(OINH,~-(CH)1C(O)OH, -
(CHy) - oaNH;, or ~(CHy) aNC(=NH,)NH,.

[80:37] In one embodiment, when R' is not -H, ' and C® are carbons with the § or R
stereochemistry, respectively.

{9638] In one embodiment, R™ is -H, C;-(;alkleﬁ, or R® In one embodiment, R® is selected
from the group consisting of -H, aryl, alkylaryl, heteroaryl, cycloalkyl, and heterocycloalkyl,
wherein the aryl, alkylaryl, heteroaryl, cycloalkyl or heterocycloalkyl 1s optionally substituted
with one two or three R” groups

{0039] In one emhodiment, each R’ is independently  halogen,  cyano,
nitro, -OR, -N(R)z. -SR, -C(O)OR, Crealkyl,
Cighaloalkyl, -C(OJN(R), -C(O)R, -S(OIR, -S(O)OR, - S(OIN(R);, -S(OnR, -S(0)0R,
SS{ORNR);, -OCOR, -OC(O)OR, -OC(OMNR), -NRC(OIR, -NERC(QG)OR,
or -N(R)C{OIN(R),, wherein R i3 H or C4alkyl.

[0046]  In some embodiments of the prodrug of Formula 2, R! cannot be ~OH when R?is H.
[0841) Furthermore, in all embodiments, the prodrug cannot be NYtert-butoxycarbonyl-{-
methyl-D-tryptophan, ethyl N*-benzyl-1-methyl-D-tryptophanate, or benzyl N*  (fert-
butoxycarbonyl)-1-methyl-D-tryptophanate.

{8042] In one embodiment, HA, is an actd. In one embodiment, the acid HA,, 13 selected from
the group consisting of PO4H; (phosphorie acid), SOsH; (suifuric acid), HCH (hydrochloric acid),
HSOQ:CH; (methy] sulfenic acid), CeHsSO-H (benzyl sulfonic acid), acetic acid, ascorbic acid,
aspartic acid, glutamic acid, glutaric acid, lactic acid, maleic acid, malonic actd, oxalic acid,
succinic acid, fumaric acid, tartaric acid and citric acid,

{8043] In one embodiment, the acid HA, i1s present at a stoichiometric ratio » such that the
resulting prodrug is charge neutral. Accordingly, in one embodiment, the stoichiometric ratio 1 of
the acid HA), is 0, 0.5, 1 or 2 such that the prodrug i1s charge neutral.

[00644] 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-R
[N, ~R!
l I/\ 0
. N
A HAG
Formula 2

wherein

R is -OH, -OCy-salkyl, -OCH,CH(OH)CH,0H, -O(CHz);N(CHs)s, -OC-salkyl-R’, -
NHCOHRYCOOH), -NHCWHRYCOOH), -0C-salkyIR’, -0C;-alkyl, -CVH(NH)(COOH), or
-0C1-salkyl-CH(NH2 ) COOH);

R is -H, -C(O)CPHNH)RY, -CO)CPHNHAR', -C(O)CHCVH(NH,)-C(O)OCHS, -
C(O)OR’, or -C(O)NHR’,

~ -0, .0
3. il
R’ is tetrahydropyran, or O :

wherein R* is H, -Cysalkyl, -«(CHz)-:SH, , CisalkylSCisalkyl, -CisalkylOC,salkyl, -
CHy-R®, -CH,OH, -CH{OH)CH;, «(CH)ioC(ONH,,  -(CHo)sC(OYOH, -(CHy)iuNH;, or -
(CHp) aNC(=NH;)NH,;

wherein C* and C® represents a carbon with the S or R stereochemistry, respectively,

when R* is not -H; wherein R%is -H, C‘-g,'alkle("; or R®

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

wherein  each R’ i3 independently  selected from  halogen, cyano,

nitro, -OR, N(R),, -SR. -C(O)OR, C)alkyl,
C,shaloalkyl, -C(OYN(R);, -C(O)R, -S(O)R, -S(O)OR, -S(O)N(R),, -S(O)R, -S(0),0R, -S{0),N(
R} -OC(OR.  -OC(OYOR,  -OC(ON(R),,  -NRIC(O)R,  -N(R)C(O)OR,

or -N{RJC(OIN(R)»;
wherein R 15 -H or Cy.qalkyl;

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

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

ethyf N%benzyl-1-methyl-D-tryptophanate

benzyl N-(teri-butoxycarbonyl)-1-methyl-D-trvptophanate

HA, is an acid selected from the group consisting of PO4H; (phosphoric acid), SOH;
(sulfuric acid), HCI (hydrochloric.acid), HSO4CH; (methy! sulfonic acid), CsHsSO3H (benzyl
sulfonic acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid,
maleic acid, malonic acid, oxalic acid, succinic acid, fumaric acid, tartaric acid and citric acid,
and » is the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
[0645]  Tn a another embodiment, the invention provides prodrugs of indoximod, in their free

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

HN-R?
(R)?]fR1
/F N O
NN
) HAR
Formula 2

wherein R is -OH, -0OC,-alkyl, -OCH,CH(OH)}CH,CH, -O(CH,),N({CH;),, or -0C;-
salkyl-R’, -

R%is H, or -C{OYCPH(NHR?,

0, 5
P~

R’ is tetrahydropyran, or g ¥ \;

wherein R is H, -Cisalkyl, (CH;h-SH, -(CHy)158CHs, -(CHy)sOCH:, -CH,-R®, -
CH,OH, -CH(OH)CH;, -(CH),C(ONH,, -(CH)aC(0)OH, -(CHy)uNH,, or -(CHa.
sNC(=NH;)NH;;

wherein C*’ represents a carbon with the S stereochemistry, when R* is not H;

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

three R’ groups;

14
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wherein each R’ is independently halogen, cvano, nitro, -OR, -N{R),, -SR, -C{OYOR,
C;ealkyl,C ) ghaloalkyl, -C(OIN(R),, -C(O)R. -S(O)R, -S{O)OR, ~S(OIN(R),, -S(O):R, -S(0):0R,
-S(ORN(R),,  -OC(O)R,  -O0C(O)OR, -OC(OIN(R),, -NERY(O)R, -NERYC(O)OR,
or ~-N(RYC(O)N(R)2;

wherein R 1s H or C_qalkyl;

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

HA,; 15 an acid selected from the group consisting of POyH; (phosphoric acid), SOsH»
(sulfuric acid), BCl (hydrochloric acid), HSOCH; (methy! sulfonic acid), CeHsSOsH (benzyl
sulfonic acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid,
maleic acid, malonic acid, oxalic awd, succinic acid, fumaric acid, tartaric acid and citric acd;
and # is the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
[0046]  In a preferred embodiment, the invention provides prodrugs of indoximed, in their free

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

HN-R?

"N, R
/! N\ O
N

\

HA,

Formula 2
wherein
R'is -OH, -0OC;-aalkyl, -OCH;CH(OH)YCH,OH, -O(CH,),N(CHs),, of -0C-alkyl-R”,
R%is H, or -C{O)YCH(NH)R",

- LY \E”- O\P';,O
¥ e, ¥
. LS
R* is tetrahydropyran, or d © .

wherein R is H, -Cy_salkyl, ~-CH,-R®, (CH)2C(O)NH,, -(CH,),SCH;, -(CHy)1.3C(O)OH,
or -{CHy),.4NH,

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

wherein R® is -H, aryl, alkylaryl. or heteroaryl, wherein such aryl, alkylaryl or heteroaryl

. 5 5 B 7
is optionally substituted with one R’ group;
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wherein R’ is selected from halogen, cyano, nitro, -OR, -N{R),, -SR, -C(O)OR, Cy.alkyl,
Cghaloalkyl, -C(OMN({R),, -C(OIR, -S(OIR, -S(OYOR, -S{O)N(R),, -S(O):R, -8(0),0R, -S{O)N(
R}y, -OC(O)R, -OC(O)OR, ~-OC(OIN(R),, -NR)IC(O)R, -NR)C{O)OR, or -NER)C(O)N(R)o;

wherein R 1s -H or Cy.aalkyl;

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

HA, is an acid selected from the group of PO4H; {phosphoric acid), SOH; (sulfuric acid),
HCI (hydrochloric acid), HSO:CH: (methyi sulfonic acid), or CeHsSO3H (benzyl sulfonic acid);
and n is the stoichiometric ratio of 0, 0.5, T or 2 that ensure charge neutrality of the resulting salt.

{6647]  In another preferred embodiment, the invention provides prodrugs of indoximod, in

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

Hn-R?

RN _-R1
/

HA,

Formula 2
wherein
R!is -OH, -OC;-salkyl, ~OCH,CH(OH)CH,OH, -O(CHa),N(CHa), or -OC;-salkyl-R’,
R*is H, or -C(OYCUH(NH,)R?,
0, 0

R’ is tetrahydropyran, or E\O’p\o/\\;

wherein R' is -CHCH(CHs), -CYH(CH):CH;CHs, ~(CH2,SCHs, -CHyR', -
(CH,),C(O)NH., -(CH;,):C(O)YOH, or ~(CH,)sNHy;

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., is an acid selected from the group consisting of PO4H5 (phosphoric acid), SQsH»

(sulfuric acid), HCl (hydrochloric acid) HSO;CH; (methyl sulfonic acid), and CsHsSO3H (benzyl
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sulfonic acid), and # is the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the
resulting salt,
[0048]  Ina most preferred embodiment, the invention provides prodrugs of indoximod, in their

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

lji/rp\

Formula 2

HA,

wherein

R is -OC;alkyl, or <OCH,CH{OH)CH,OH,

R?is H or -C(OYCH(NH)R?,

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

wherein C*” represents a carbon with the $ stereochemistry

with the proviso that R' cannot be <OH when RYisH,

HA is an acid selected from the group of POH; (phosphoric acid), SO4H; (sulfuric acid),
HCI (hydrochioric acid) HSO4CH; (methyl sulfonic acid) or CcHsSO:H (benzyl sulfonic acid);
and » is the stoichiometric ratio of 0, 3.5, 1 or 2 that ensure charge neutrality of the resulting salt.
[0049] Tn 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.

{0050]  In one embodiment, the prodrug substantially includes at least one of the following
compounds: (1) ethyl N-(/-leucyi)-1-methyl-D-tryptophanate; (11} 2,3-dihydroxypropyl 1-methyl-
D-tryptophanate; (111) MN’-(L-leucyl)-1-methyl-D-tryptophan; (iv) ethyl N*-(L-isoleucyl)-1-methyl-
D-tryptophanate; (V) N(L-glycyD-1-methyl-D-tryptophan; (vi} (S)-S-amino-6-({{(R}-1-carboxy-2-
(1-methyl-1H-indol-3-yljethylJamino)-6-oxohexanoic  acid;  (vii)  N*(L-lysyD)-1-methyl-D-
tryptophan; (viil) N°-(L-phenylalanyl}-1-methyl-D-tryptophan; (ix) ethyl N'-(L-glutaminyl)-1-
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methyl-D-tryptophanate; (x} 2-(dimethylaminojethyl 1-methyl-O-tryptophanate; (x1) (2-ethoxy-2-
oxido-1,3,2-dioxaphospholan-4-ylmethyl  i-methyl-D-tryptophanate; (xit) 2-(tetrahydro-2H-
pyran-4-ylyethyl {-methyl-D-tryptophanate; (xii1) ethyl 1-methyl-D-tryptophanate; {xiv) isopropy!l
I -methyl-I>-tryptophanate; (xv) N“(L-methionyl)-1-methyl-D-tryptophan; or (xvi) ethyl N%(L-

methiony!)-1-methyl-D-tryptophanate

Pharmaceatical Compositions of Indoximod Salts and Prodiugs

[0051]  In one aspect, the invention provides a pharmaceutical composition comprising salts of

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

(8]
~OH
(R}
“NH5*
e [\ °
| W
=
N
\ APy
ormula 1a Fomuia 1b

wherein A’y is an inorganic or organic anion and C'P,, is an inorganic cation in an ionization state
and at a stoichiometric ratio that ensures molecular charge neutrahty.

{5052 In a second embodiment of the first aspect, the invention provides a pharmaceutical
composition comprising salts of indoximod, as represented by compounds of Formula 1a, wherein
AT, is an anion selected from the group consisting of chloride, phosphate, sulfate, mesylate,
besylate, acetate, ascorbate, aspartate, glutamate, glutarate, lactate, maleate, malonate, oxalate,
succinate, fumarate, tartrate and cifrate, wherein negative charge p is -1, -2 or -3 at stoichiometric
ratioc » of 1, V2 or 1/3, respectively, so that it satisfies stoichiometric conditions of charge
neutrality.

{0653 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,

N - N : S G S . 4+ k) . ..
wherein C™,, is an cation selected from the group of Li", Na~, K*, Mg™ or Ca™, wherein positive
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charge p is +1 or +2 at stoichiometric ratio m of 1 or %, respectively, so that it satisfies
storchiometric 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 HPQ4” (phosphate), SOy (sulfate), HoaPQy
{phosphate), CI', and CH:S05 (mesylate), at stoichiometnic ratio »n of 0.5, 0.5, 1 or 1,
respectively.

[0055] In a preferred fifth embodiment of the first aspect, the invention provides a
pharmaceutical composition comprising salts of indoximad, as represented by compounds of
Formula 1a, wherein A®, s Cl™ at a stoichiometric ration of 1.

[0056] In a most preferred fifth embodiment of the first aspect, the invention provides a
pharmaceutical composition comprising salts of indoximod, as represented by compounds of
Formula 1a, wherein AF, is CI” at a stoichiometric ratio n of 1 and the crystalling form is an
anhydrous isoform of Form 1.In a second aspect, the invention provides a pharmaceutical
composition comprising prodrugs of indoxiumod, in their free base or salt form. In one

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

HN-R?

HA,

Formula 2
wherein
R! is -OH, -0Cy-alkyl, -OCHCH(OH)CHOH, ~O(CH)N(CHs)y, -OC-salkyl-R®, -
NHCYHRYCOOH), -NHCPHRYCOOH), -0C)-alkyIR®, -0C -alky], -CYH(NH)(COOH), or
-OC;-alkyl-CTHNH2)(COOH),
R? is -H, -COWCTHNH)RY, -COCHINHLIRY, -C(O)CH,CVHINH,)-C(O)OCH;, -
C(O)OR’, or -C(O)NHR®,
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R* is tetrahvdropyran, or :

wherein R* is H, -Csalkyl, -(CH2)-28H, , CisalkylSCsalkyl, -CisalkylOCsalkyl, -
CH,-R®, -CH,OH, -CH(CH)CH;, -(CH2)12C(O)NH,,  -(CH)sCOYOH, -(CH)aNHy, or -
(CH1)sNC(=NH,)NH-;

wherein C™ and €Y represents a carbon with the & or R stereochemistry, respectively,

when R is not -H; wherein R*is -H, C,-salkylR; or R

wherein R® is H, aryl, alkylaryl, heteroaryl, cycloalkyl, or heterocycloalkyl, wherein such
aryl, alkylaryl, heteroaryl, cycloalkyl or heterocycloalkyl 1s optionally substituted with one two or
three R” groups;

wherein  each R’ is  independently  selected from  halogen,  cyano,
nitro, -OR, -N(R},, -8R, -C{O)OR, Crealkyl,
C.ghaloalkyl, -C(O)N(R);, -C(O)R, -S(O)R, -S(O)OR, -S(OIN(R)2, -S(O):R, -S(0)O0R, -S(O}N(
R)y, -OC(O)R, -OC(0O)OR, -OC(O)N(R), -NR)C(D)R, -N(R)YC(O)OR, or -N(RYC(O)N(R);

wherein R 1s -H or Cyalkyl;
with the proviso that R! cannot be -OH when R? is -H, and the compound cannot be

Ntert-butoxycarbonyl-1-methyi-D-tryptophan

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

benzyl N*(teri-butoxycarbonyl}-1-methyl-D-tryptophanate

HA, is an acid selected from the group conststing of PO (phosphoric acid), SOsH:
(sulfuric acid), HCl (hydrochloric acid), HSO3CHz (methyl sulfonic acid), CeHsSO:H (benzyl
sulfonic acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid,
maleic acid, malonic acid, oxalic acid, succinic acid, fumaric acid, tartaric acid and citric acid;
and n is the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
{0657] In a another embodiment of the second aspect, the invention provides a pharmaceutical
composition comprising prodrugs of indoximed, in their free base or salt form, as represented by

compounds of Formula 2,
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HA,

Formula 2

wherein R' is -OH, -0Cy-salkyl, ~-OCH,CH(OH)CH,0H, -O(CH,),N(CH;),, or -OC-
salky R, -

R* is H, or -C(O)CPH(NH,)R",

N0 o

. Po™
R® is tetrahydropyran, or O o,

wherein R* is H, -Cisalkyl, -(CH;)i-2SH, -(CH)1.:8CH;, -(CH,)30CH;, -CHan(’, -
CH,0H, -CH(CH)CH;, -{CH)C(OWNH), -(CHy):aC(0)0H, -(CHy)uNH,, or ~(CHy).
sNC(=NH)NH,;

® represents a carbon with the § stereochemistry, when R* is not H;

wherein C

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;

wherein each R’ is independently halogen, cyano, nitro, -OR, -N(R),, -SR, -C(O)OR,
Ch.alkyl,Cy ghaloalkyl, -CION(R}),, -C(OIR, -S{O)R, -S{O)OR, -S(OIN(R),, -S(O)R, -5(0),0R,
-S{(O):N(R);, -OC{O3R, -OC(O)OR, -OCON(R),, -NRICO)R, -NERC(O)OR,
or -N{RYC(OIN(R)y;

wherein R is H or Cpsalkyl;

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

HA, 15 an acid selected from the group conssting of POsH; (phosphoric acid), SO4H;
{sulfuric acid), HCl (hydrochloric acid), HSO:CHz {(methyl sulforie acid), CelsSO:H (benzy!
sulfonic acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid, lactic acid,
maleic acid, malonic acid, oxalic acid, succinic acid, fumaric acid, tartaric acid and citric acid;

and # is the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
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[0038] To a preferred embodiment of the second aspect, the invention provides a
pharmaceutical composition comprising prodrugs of indoximod. 1o their free base or salt form, as

represented by compounds of Formula 2,

HA,

Formula 2

wherein
R} is -OH, -OC;-salkyl, ~QCHCH(GH)CHL0H, -O(CH, ) N(CHs)y, or -OC -salkyl-R’,
R?is H, or -C{OYCTHMNHR",

R* is tetrahydropyran, or e

wherein R* is H, -Cp.salkyl, -CH,-R®, -(CH,)12C(O)NH,, -(CH),SCHa, -(CHa)12C(0)OH,
or ~(CH 1 aNH,

wherein C' represents a carbon with the § stereochemistry, when R*is not -H;

wherein R® is -H, aryl, alkylary], or heteroaryl, wherein such aryl, alkylaryl or heteroary!
15 optionally substituted with one R’ group;

wherein R is selected from halogen, eyano, nitro, -OR, -N(R)z, -SR, -C(OYOR, Cyealkyl,
C;.ghaloalkyl, -C(OMN(R),, -C(O)R, -S{O)R, -S(O)OR, -S(OIN(R),, -5(0):R, -S(0};0R, -S(O)N{
R),, -OC(O)R, -OC(O)OR, -OCLOIN(R),, -NRIC(O)R, -N(RYC(O)OR, or -N{R)C{O)N(R);

wherein R is -H or C;.alkyl;

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

HA., s an acid selected from the group of PO4H; (phosphoric acid), 8O, {sulfuric acid),
HCI (hydrochloric acid), HSO-CH; (methy! sulfonic acid), or CeHsSOH (benzyl sulfonic acid);

and # is the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salt.
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{00639} In a most preferred embodiment of the second aspect, the invention provides a
pharmaceutical composition comprising prodrugs of imdoximod, in their free base or salt form, as

represented by compounds of Formula 2,

"

HN-R*
JW
TN
\ HA,

Formula 2
wherein
R!is -OH, -OC;-zalkyl, -OCH,CH(OH)CH,0H, -O(CH, ,N(CHa),, or -OC-salkyl-R?,
R?is H, or -C(O)CPHNH,)R?,
\Tm \P:fo/\\
R* is tetrahydropyran, or g © z

wherein R* is -CH,CH(CHs),, -C™H(CH)}:CHCHi, -(CH),SCHi -CH,RS -
(CH, ) C(O)NH,, ~(CH,):C(OYOH, or -(CH) NH;;

wherein C® represents a carbon with the S stereochemistry;

wherein R® is phenyl:

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

HA, is an acid selected from the group consisting of PO4H: (phosphonic acid), SO4H;
(sulfuric acid), HCI (hydrochloric acid)} HSQOLCH; (methyl sulfomc acid), and CsHsSOsH (benzyl
sulforic acid), and # is the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the
resulting salt.

{9660] 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,
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HN-R?

I:“]&Fv
/'\’ N O
LI

N
\ HA,

Formula 2

wherein

R! is ~OCy-salkyl, or -OCH,CH(OH)CH,OH,

R? is H or -C{OYCPH(NH)R?,

wherein R* is -CHYCH(CH; ), ~(CH2SCH;, or ~(CH1).C{O)NH;;

wherein C* represents a carbon with the S stereochemistry

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

HA 1s an acid selected from the group of PO4H; (phosphoric acid), SO4H, (sulfuric acid),
HCI (hydrochloric actd) HSO35CH; (methyl sulfonic acid) or CeHsSO:H (benzyl sulfonic acid);
and #» is the stoichiometric ratio of 0, 0.5, 1 or 2 that ensure charge neutrality of the resulting salk.
{8061} In a preferred embodiment, the invention provides a pharmaceutical composition
comprising 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.
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Table 1. Prodrugs of indoximod

Cpd Number Structure Name
Hal >—
)
" NH ethyl N%(L-leucyl)-1-methyl-D-
' - LN ryptophanate
Loh )
s A Y & e
TN
|
N
- == RN, OH 2. 3-dihvdroxypropyl 1-methyl-D-
N ! \} S tryplophanate
?f H

03 Ne(L-leucy)-1-methyl-D-tryptophan

5 ety N*-(L-1soleucyl)-1-methyt-D-
iryptophanate

03 NA(L-glycy)-1-methyl-D-trypiophan
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HO
jc
HoN
) )3/_ (5)-3-amino-6-(((R)-1 carboxy~2-(1-
06 G methvl-1H -indol-3-ylethyl)amine)-6-
oxohexanoic acid
07 N*(L-lysyl)-1-methyl-D-tryptophan
- N°(1-phenylalany)-1-methyi-1-
tryptopban
i W cthyl M-(I~glutamioyl)-1-methyl-D-
/“1,};)3-{\. tryptophanate
Q N\ 7y T
N
1
\
NH,
0 == {E‘J; . 2-(dhimethylaminolethyl 1-methyl-D-
pN b N\ Ny iryptophanate
N_._.
| /
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e (2-cthoxy-2-oxido-1,3.2-
= L) VSN o o G
11 u \» & L &/{' -0 dioxaphosphotaon-4-yDmethy!l T-methyl-
N O D-tryptophavate

2-(tetrahydro-2H-pyran-4-yl)ethyl 1-

12
metbyl-D-tryplophanaie
/
O
O
13 ==, I I S ethyl 1-methyl-D-tryptophanate
N NH;
S
14 == I = & isepropyl 1-methyl-D-tryptophanate
h NH,
/

N }
15 = | \ H ot NH N*-{L-methionyl)- 1-methyl-D-tryptophan
XN

\
S\.
—
Oy c{
DA
f N ethy] N°-(L-meihionyl)-1-methyl-D-
16 / N NH,
{ N tryplophanalte
XN
‘ d
\

[0662] 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 administration of therapeutically effective amounts such

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

{6063]  In another aspect, the invention provides methods of use of compositions of formulas
fa, ib and 2, for the treatment of cancer in a subject in need thereof, comprising the oral
administration of therapeutically effective amounts of such compositions to such subject in an

appropriate pharmaceutical form or vehicle.

{8664]  In another aspect, the invention provides methods of use of compositions of formulas
la, Ib and 2, for the treatment of tumor-specific immunosuppression associated with cancer, 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.

[0065]  In another aspect, the invention provides methods of use of compositions of formulas
1a, 1b and 2, to treat immunosuppression associated with infectious diseases (e.g HIV-1 infection,
influenza), 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,

{0066] In one embodiment, a salt and/or a prodrug of indoximod i1s included in a
pharmaceutical composition, and the composition is included in a solid capsule, gelatin capsule,

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

[0067]  In specific embodiments, the compositions of the present invention may additionally
contain other adjunct components conventionally found in pharmaceutical compositions, at their
art-established usage levels. Thus, for example, the compositions may contain additional
materials useful in physically formulating various dosage forms of the compositions of the present
invention, such as dyes, flavoring agents, preservatives, antioxidants, opacifiers, thickening
agents and stabilizers. The formulations can be stertlized and, if desired, mixed with auxiliary
agents, e.g , lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing
osmotic pressure, buffers, colorngs. flavorings and/or aromantie substances and the like which do

not deleteriously interact with the oligonucleotide(s) of the formulation

(0068] In certain embodiments, pharmaceutical coropositions of the present invention

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



WO 2017/019175 PCT/US2016/035391

water, salt solutions, alcohol, polvethvlene alycels, gelatin, lactose, lactose monohydrate,

amylase, magnesium stearate, talc, siicic acid, viscous paraffin, hydroxymethyicetiulose,

microcrystalline cellulose and polyvinylpyrrolidone.

{669 In certam embodiments, a pharmaceutical composition of the present invention is
prepared using known techniques, including, but not hmited to nmixing, dissolving, granulating,

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

[0670] Additional embodiments relate to the pharmaceutical formulations wherein the
formulation is selected from the group consisting of a solid, powder, liquid and a gel. In certain
embodiments, a pharmaceutical composition of the present invention is a liquid {(eg., a
suspension, elixir and/or solution). In certain of such embodiments, a liquid pbarmaceutical
composition is prepared using ingredients known in the art, including, but not limited to, water,

glycols, oils, alcohols, flavoring agents, preservatives, and coloring agenis,

{9671]  In certain embodiments, a pharmaceutical composition of the present invention is a
solid (e.g., 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 limited to, starches, sugars, diluents, granulating agents, lubnicants, hinders, and disintegrating

agents.

{6872] In certain embodiments, a pharmaceutical composition of the present 1nvention
comprises a delivery system. Examples of delivery systems include, but are not limited to,
liposomes and emulsions. Certain  delivery  systems are useful for preparing certain
pharmaceutical compositions including those comprising hydrophobic compounds. In certan

embodiments, certain organic solvents such as dimethylsulfoxide are used

[6473]) In certain embodiments, a pharmaceutical composition of the present invention
comprises a co-solvent system. Certain of such co-solvent systems comprise, for example, benzyl
alcohel, a nonpolar surfactast, a water-muscible organic polymer, and an aqueous phase. In certain
embodiments, such co-solvent systems are used for hydrophobic compounds. A non-limifing
example of such a co-solvent system i3 the VPD co-solvent system, which is a solution of
absclute ethanol comprising 3% w/v benzyl alcohol, 8% wiv of the nonpolar surfactant
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Polysorbate 80 and 63% w/v polyethylene glvcol 300, The proportions of such co-solvent systems
may be varied considerably without significantly altering their solubility and toxicity
characteristics. Furthermore, the identity of co-solvent components mayv 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 polvethylene glycol, eg., polyvinyi

pyrrolidone; and other sugars or polysaccharides may substitute for dextrose

{6674] In certain embodiments, a pbarmaceutical composition of the present invention
comprises a sustained-release system. A non-hmiting example of such a sustained-release system
i3 a semi-permeable matrix of solid hydrophobic polymers. In certain embodiments, sustained-
release systerms may, depending on their chemical nature, release pharmaceutical agents over a

period of hours, days, weeks or months.

[9075]  In certain embodiments, a pharmaceutical composition of the present invention is
prepared for oral administration. Tn certain of such emhodiments, a pharmaceutical composition 1s
formulated by combining one or more agents and pharmaceutically acceptable carriers. Certain of
such carriers enable pharmaceutical compositions to be formulated as tablets, pills, dragees,
capsules, liquids, gels, syrups, shurries, 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, sodiurn  carboxvmethyleeltolose, microcrystalline  cellulose,
and/or polyvinylpyrrolidone (PVP). In certain embodiments, such a mixture is optionally ground
and auxihiaries 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 polyvinyt

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, taic, polyviny!l 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.

{8677 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
administration 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 liquids, such as fatty oils, liquid paraffin, or hiquid

polyethvlene glycols. In addition, stabilizers may be added.

{9078] In certamn embodiments, pharmaceutical compositions are prepared for buccal
administration. Certain of such pharmaceutical compositions are tablets or lozenges formulated in

convenitonal manner.

{0679] In certain embodiments, a pharmaceutical composition is prepared for administration
by mjection {e.y., intravenous, subcutaneous, intramuscular, etc). In certain of such
embodiments, a pharmaceutical composition comprises a carrier and is 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 in solublity or serve as preservatives). In certain embodiments,
injectable suspensions are prepared using appropriate liquid carriers, suspending agents and the
like Certain pharmaceutical compositions for injection are presented i unit dosage form, e.g., i
ampoules or in mult-dose containers. Certain pharmaceutical compositions for injection are
suspensions, sclutions or emulsions in oily or aqueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing apgents. Certain solvents suitable for use
in pharmaceutical compositions for injection include, but are not himsted to, lipophilic solvents
and fatty oils, such as sesame oil, synthetic fatty acid esters, such as ethyl 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 carboxymethy! 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 soluttons.

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 scurce to produce carbon dioxide gas, the latter serving as disintegrant.
The acidity needed for the effervescent reaction can be detived from food acids, acid anhydrides
and acid salts. The food acid can for example be citric acid, tartaric acid, malic acid, fumaric acid,
adipic acid or succinic acid. The acid anhydride may be succinic anhydride or citric anhydride or
the like. The acid salts may be e.g sodium dihydrogen phosphate (monosodium phosphate),
disodium dibydrogen pyrophosphate (sodium acid pyrophosphate), acid citric salts (sodium
dihydrogen 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 (mixture of equal molar amounts of sodium
carbonate and sodium bicarbonate), giycine carbonate, L-lysme carbonate, arginine carbounate,

calcium carbonate.

{0681] Effervescence may also be induced by the formation of other gases such as oxygen, e.g.
released from sodium perborate or from a combination of e.g. a perosygen compound that yields
active oxygen on mixture with water {e.g. sodium perborate monohydrate or sodium
percarbonate) and a chlorine compound that liberates hypochlorite on contact with water (e.g.

sodium dichloreisocyanuorate or calcium hypochlorite}.

{0082] The pharmaceutical compositon of the present nvention can be manufactured
accordmg to standard methods known in the art. Granulates and effervescent tablets according to
the mvention can be obtained by dry compaction or wet granolation. These granulates can

glidants and lubricants and be

B

subsequently be mixed with eg. suttabie disintegrating agents
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, te. without any preceding

granulation of the excipients.
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{8083} Suitable powder or granulate mixtures according to the invention are also obtainable by
spray drying {e.z, by hot process spray drying or by basic spray drying) , lyophilization, 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 ingredient. The so obtained powders or granulates can be muxed with one or more
suitable ingredients and the resulting muxtures can either be compressed to form effervescent

tablets or fitled into sachets.

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

PUTposes.

DEFINITIONS

[0885] 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 is
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,
C;alkoxycarbonyloxy and -OC(O)Cealkyl indicate the same functionality; similarly arylalkyl,

arvlalkyl-, and —alkylaryl indicate the same functionality.

{0086 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 moncvalent radical or divalent
radical; in the latter case, it would be apparent to one skilled in the art that an additional hydrogen

atom is removed from a monovalent alkyl radical to provide a suitable divalent motety.
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{6687} The term “alkenyl” 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,

i, 2-heptenyl, 2-methy!-1-

2-propenyl, 2-methyl-2-propenyi, 3-butenyl, 4-pentenyl, 35-hexenyl

heptenyl, 3-decenyl, and 3,7-dimethyiocta 2,6-dienyl.

{0088] The term “alkoxy” as used herein, means an alky! group, as defined herein, appended
to the parent molecular moiety through an oxygen atom. Representative examples of alkoxy
include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert butoxy,

pentyloxy, and hexyloxy.

{0889] 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
alky] include, but are not limited to, methyl, ethyl, n-propyl, 1so-propyl, n-butyl, sec-butyl, iso-
butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methythexyl, 2,2-dunethylpentyl, 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 -CHp-, -CHyCHy-, -CHCHyCHC(CHs)-, -CHLCH(CH, CHR)CHy-.

{0690) The term Cy.salkyl refers to a linear or branched alkyl of 1 to 5 carbon atoms.

{6691] The term C)alkyl refers to a linear or branched alkyl of T to ¢ carbon atoms.

{8692} The term “aryl,” as used herein, means a phenyl (1.e., monocyclic aryl), or a bicychc
ring system containing at least one phenyl ring or an aromatic bicyclic ring contawning only
carbon atoms in the arcmatic bicyclic ring system. The bicyclic aryl can be azulenyl, naphthyl, or
a phenyl fused to a monocyclic cycloatkyl, a monccyclic cycloalkenyl, or a monocyclic
heterocyclyl. The bicyclic aryl is 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 azulenyl ring. The fused monocyclic cycloalkyl or monocyclic heterocyclyl portions of
the bicyclic aryl are optionally substituted with cne 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-yl, dihydroinden-4-yl, 2,3-dihydroindol-4-yl, 2.3-
dihydroindol-5-yi, 2,3-dihydroindol-6-yl, 2,3-dihydroindol-7-yl, inden-1-yl, inden-2-yl, inden-3-
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vl, inden-4-vl, dihydronaphthalen-2-yl, dihydrenaphthalen-3-yl,  dihvdronaphthalen-4-vl,
dihvdronaphthalen-1-vl, 5,6,7 8-tetrahydronaphthalen-1-vl, 5,6,7 8-tetrahydronaphthalen-2-yl,

2,3-dihvdrobenzofuran-4-yl, 2 3-dihydrobenzofuran-5-yt, 2 3-dihydrobenzofuran-é-vl,  2.3-

dihydrobenzofuran-7-v1, benzo[d][1,3]dioxol-4-vi, benzo[d}[1,3]dioxol-5-yl, 2H-chromen-2-on-
S-yl, 2H-chromen-2-on-6-vi, 2H-chromen-2-on-7-yl, 2H-chromen-2-on-8-yl, isoindoline-1,3-
dion-4-yl, isoindohne-1,3-dion-5-yl, mmden-i-on-4-yl, mden-1-on-5-vi, inden-1-on-6-yl, inden-1-
on-7-vi,  2.3-dihydrobenzo[b}[1,4]dioxin-5-yl, 2 3-dihydrobenzo[b][l 4}dioxin-6-y],  ZH-
benzo[b][1,4}oxazin3{4H}-on-5-vi, 2Hbenzo[b}[1,4Joxazin3(4H)-on-6-v1, 2H
benzo[b][ |, 4joxazin3(4H)-on-7-yl, 2Hbenzo[b}[1,4}joxazin3(4H)-on-8-y1, benzo[d]oxazin-2(3H)-
on-5-yl, benzoldloxazin-2(3H)-on-6-yl, benzoldloxazin-2(3H)-on-7-yl, benzo[djoxazin-2(3H}-
on-8-vl,  quinazolin-4(3H)-on-5-yl,  quinazolin-4(3H)-on-6-yl,  quimazolin-4(3H}-on-7-yl,
quinazohin-4(3H)-on-8-yl, quinoxalin-2(1H)-on-5-yl, quinoxalin-2(1H}-on-6-y}, quinoxalin-
2(1H)-on-7-vl, quinoxalin-2(1H)-on-8-y1, benzo[djthazol-2(3H}-on-4-yl, benzo[dthiazol-2(3H)-
on-3-yl, benzo{d]thiazol-2(3H)-on-6-yl, and, benzo[d]thiazol-2(3H)-on-7-yl. In  certain
embodiments, the bicyclic aryl is (i) naphthyl or () a phenyl ring fused to either a 5 or 6
membered monocychic cycloalkyl, a 5 or 6 membered monocyclic cycloalkenyl, or a 5 or 6
membered monocyclic heterocyclyl, wherein the fused cycloalkyl, cycloalkenyl, and heterocyclyl
groups are optionally substituted with one or two groups which are independently oxo or thia.

5

j6893] The term “arylalicyl” * alkylaryl,” and “arylalkyl-” as used herein, means an ary!
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 himited to, benzyl, 2-
phenylethyl, 3-phenylpropyl, and 2-naphth-2-ylethyl.

84194 The terms “cyano” and “nitrite” as used herein, mean a -CN ¢roup.
Y : g

[6895] The term “cycloalkyl” as used herein, means a monocyclic or a bicyelic cycloalky! 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, cycloalky| groups are fully saturated. Examples of monocyclic cycloalkyls include
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyvclohexenyl, cycloheptyl, and
cyvclooctyl.  Bicyclic cycloalkyl ring systems are bridged monocyclic rings or fused bicychic
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rings. Bridged monocyclic rings contain a monocyclic cycloalkyl ring where twe non adjacent
carbon atoms of the monocyclic ring are linked by an alkylene bridge of between one and three
additional carbon atoms (i.¢., a bridging group of the form -(CHy)y-, where w s 1, 2, or 3).
Representative  examples of bicyclic ring systems include, but are not limited to,
bicyclo[3.1 Theptane, bicyclo[2.2 tTheptane,  bicycloiZ.2 2Joctane,  hicyclo[3.2 2]ncnane,
bicyclo]3.3. 1 nonane, and bicyclof4.2. Hnonane. Fused bicyclic cycloalkyl ring systems contain a
monocyclic cycloalkyl ring fused to etther a phenyl, a monocyche cycloalkyl, a monocyclic
cycloalkenyl, a monocyclic heterocyclyl, or a monocyclic heteroaryl. The bridged or fused
hicyclic eyclealkyl is 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 hicyclic
cycloalkyl is & 5 or 6 membered monocychic cycloalkyl ring fused to either a phenyl ring, 4 S or 6
membered monocyclic cycloalkyl, a 5 or 6 membered monocyche cycloalkenyl, a 5 or 6
membered monocyclic heterocyclyl, or a 3 or 6 membered monocyclic heteroaryl, wherein the
fused bicyelic cycloalkyl is optionally substituted by one or two groups which are independently
oxo o1 thia.

[0096]  “Cycloalkenyl” as used herein refers to a monocyclic or a bicyche cycloatkenyl ring
sysiem. Monocychic ring systems are cychic hydrocarbon groups contaimng from 3 to 8 carbon
atoms, where such groups are unsaturated (i.e, containing at least one annular carbon carbon
double bond), but not aromatic. Examples of monoeyclic ring systems include cyclopenteny] and
cyclohexenyl. Bicycelic cycloalkenyl rings are bridged monocyclic rings or a fused bicyclic rings.
Bridged monocyclic rings contain a monocyclic cycloalkenyl ring where two non adjacent carbon
atoms of the monocyclic ring are linked by an alkviene bridge of between one and three additional
carbon atoms {i.e, a bridging group of the form -(CHjk- , where w is 1, 2, or 3). Representative
examples of bicyclic cvcloalkenyls include, bur are not limited tc, norbornenyl and
bicyclo[2.2.2]oct-2-enyl.  Fused bicyclic cycloalkeny! ring systems contain a monocychc
cycloalkenyl ring fused to either a phenyl, a monocyclic cycloalkyl, a monocyclic cycloalkenyl, a
monocyclic heterocyelyl, or a monocyclic heteroaryl. The bridged or fused bicyclic cycloalkenyl

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

18697] The term “halo” or “halogen” as used herein, means Ci, Br, lor F.

[D(:98] The term “haloalky!” as used herein, means at least one halogen, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein
Representative examples of haloalky! include, but are not limited to, chloromethyl, 2-fluoroethyl,
trifluoromethyl, pentafluoroethyl, and 2-chloro-3-fluoropentyl.

[8699] The term “heteroaryl,” as used herein, means a monocyclic heteroary] or a bicyclic ring
system containing at least one heteroaromatic ring. The monocyclic heteroaryl can be a 5 or 6
membered ring. The 5 membered ring consists of two double bonds and one, two, three or four
nitrogen atoms and optionally one oxygen or sulfur atom. The 6 membered ring consists of three
double bonds and one, two, three or four nitrogen atoms. The 5 or 6 membered heteroaryl is
connected to the parent molecular motety through any carbon atom or any nitrogen atom
contained within the heteroaryl. Representative examples of monocyche heteroaryl include, but
are not lwmited to, furyl, imidazolyl, indolyl, l-methyl-indolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, oxazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, pyrazolyl, pyrrolyl,
tetrazolyl, thiadiazolyl, thiazolyl, thienyl, triazolyl, and triazinyl. The bicyclic heteroaryl consists
of a monocyclic heteroaryl fused to a phenyl, a monocychic cycloatkyl, a monocyclic
cycloalkenyl, a monocyclic heterocyclyl, or a monocyclic heteroaryl. The fused cycloalkyl or
heterocyclyl portion of the bicyclic heteroary! group is optionally sabstituted with one or two
groups which are independently oxo or thia. When the bicyclic hetercaryl contains a fused
cycloalkyl, cycloalkenyl, or heterocyclyl ring, then the bicyclic heteroaryl group 1s connected to
the parent molecular moiety through any carbon or nitrogen atom contained within the
monocyclic heteroaryl portion of the bicyclic ring system. When the bicyclic heteroaryl is a
monocyclic hetercaryl fused to a phenyl ring or a monocyclic heteroarvl, then the bicyclic
heteroaryl group is connected to the parent molecular moiety through any carbon atom or nitrogen
atom within the bicyclic ring system. Representative examples of bicyclic hetercaryl include, but

are not limited to, benzimidazolyl, benzofuranyl, benzothienyl, benzoxadiazolyl,

benzoxathiadiazolyl, benzothiazolvl, cinnolinyl )

§,6-dithydroguinolin-2-yl, 5,6-
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dihydroisequinolin-1-yl, furopyridinyl, indazolyl, indolyl, isoquinolinyl, naphthyridinyl
quinolinyl, purinyl, 56,7 8-tetrahydroquinolin-2-yl, 5,6,7,8-tetrahydroquinolin-3-y1, 5,6,78-
tetrahydroquinolin-4-yl, 5.,6,7. 8-tetrahydroisoguinolin- -yl thienopyiidinyl, 4.5,6,7-
tetrahydrobenzo(c][1,2,5]oxadiazolyl, and 6,7-dihydrobenzofe}[1,2,5]oxadiazol-4(5H)-onyl. In
certain embodiments, the fused bicyelic heteroaryl is a S or 6 membered monocyclic heteroaryl
ring fused to either a phenyl ring, a S or 6 membered monocyciic cycloalkyl, a 5 or ¢ membered
rmonocyclic gycloalkenyl, a 5 or 6 membered monocvelic heterocyclyl, or a 5 or 6 membered
monocychic heteroaryl, wherein the fused cycloalkyl, cycloalkenyl, and heterocyclyl groups are
optionally substituted with one or two groups which are independently oxo or thia

166100]  The term “heteroarylalky!” and “ alkylheteroaryl” as used herein. means a heteroaryl,
as defined herein, appended to the parent molecular moiety through an alkyl group, as defined
herein. Representative examples of heteroarylalkyl include, but are not linuted to, fur-3-yimethyl,
TH-imidazol-2-ylmethyl, 1H-imidazol-4-yimethyl, 1-{pyridine-4-ylethyl, pyridine-3-ylmethyl,
pyridine-4-ylmethyl, pyrimidin-5-ylmethvl, 2-(pyrimidin-2-yhpropyl, thien-2-ylmethyl, and
thien-3-ylmethyl.

{66101)  The terms “heterocyclyl” or “heterocycloalkyl” as used herein, means a monocyclic
heterocycle or a bicyclic heterocycle. The monocyclic heterocycle 13 a4 3, 4, 5, 6 or 7 membered
ring containing at least one heteroatom independently selected from the group consisting of O, N,
and S where the ring is saturated or unsaturated, but not aromatic. The 3 or 4 membered ring
coniains | 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 heteroatoms selected from the group
consisting of 3, N and 8. The 6 or 7 membered ring contains zero, one or two double bonds and
one, two or three heterocatoms selected from the group consisting of O, N and S. The manocyclic
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 limited to, azetidinvl, azepanyl, aziridinyl, diazepanyl, 1,3-
dioxanyl, 1,3-dioxolanyl, 1 3-dithiolanyl, 1,3-dithianyl, imdazolinyl, imdazolidinyl,

isothiazolinyl, isothiazolidiny!, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolinyl,

oxadiazolidinyl, oxazolinyl, oxazolidinyl, piperazinyl, piperidinyl, pyranyl, pyrazolinyl,
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pvrazolidinyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, thiadiazolinyl,
thiadiazolidinyl, thiazolinyl, thiazolidinyl, thiomorpholinyl, 1,1-dioxidothiomorphelinyl
(thiomorpholine sulfone), thiopyranyl, and trithianyl. The bicyclic heterocycle i1s a monocyclic
heterocycle fused to either a phenvl, a monocyclic cycloalkyl, a monocyclic cycloalkenyl, a
monocychic heterocycle, or a monoeyclic heteroaryl. The bicyche heterocycle 1s connected to the
parent molecular moiety through any carbon atom or any nitrogen atom contained within the
monocyclic heterocycle portion of the bicyclic ring system. Representative examples of bicyclic
heterocyclyls include, but are not hmited to, 2,3~dihydrobenzofuran-2-y, 2,3-dihydrobenzofuran-
3-vl, indolin-1-yi, indohin-2-yl, indolin-3-vl, 2 3-dihvdrobenzothien-2-yl, decabydroquinolinyl,
decahydroisoquinolinvi, octahydro-1H-indolyl, and octabydrobenzofurany]. Heterocyclyl groups
are optionally substituted with one or two groups which are independently oxo or thia. In certain
embodiments, the bicyclic heterocyelyl is a S or 6 membered monocyclic heterocyclyl ring fused
to phenyl ring, a 5 or 6 membered monocyclic cvcloalkyl, a 5 or 6 membered monocychic
cycloalkenyl, a 5 or 6 membered monocyclic heterocyclyl, or 2 S or 6 membered monoeyclic
heteroaryl, wherein the bicyclic heterocyclyl 1s optionally substituted by one or two groups which
are independently oxo or thia.

{00102}  The term “hydroxy” as used herein, means an -OH group.

[00103]  The term “nitro” as used herein, means a -NO, group.

[00164]  The term “ox0” as used herein means a = group.

100108)  The term “thia” as used herein means a ~S— group.

[00106]  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.

801071 The term “unsaturated” as used herein means the referenced chemical structure
contains at least one multiple carbon carbon bond, but i1s 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
animali, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats. swine, cattle,
sheep, horses, or primates, and most preferably humans.

[06163]  As used herein, the phrase “therapeutically effective amount” refers to the amount of
active compound or pharmaceutical agent that elicits the biclogical or medicinal response that 15
being sought in a tissue, system, animal, individual or human by a researcher, veferinarian,

medical doctor or other chimician.

[00116] In certain embodiments, a therapeutically effective amount can be an amount suitable

for

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

experience or display the pathology or symptomatology of the disease;

(2) inhibiting the disease; for example, inhibiting a disease, condition or disorder in an
individual who s 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 15 experiencing or displaying the pathology or symptomatology of the disease,
condition or disorder (.e., reversing the pathology and/or symptomatology) such as decreasing

the seveniy of diseage.

[0111]  As used here, the terms “treatment” and “treating” means (1) ameliorating the
referenced disease state, for example, ameliorating a disease, condition or disorder in an
individual who is experiencing or displaying the pathology or symptomatology of the disease,
condition or disorder (i.e., reversing or improving the pathology and/or symptomatology) such as
decreasing the severity of disease; or (1) eliwting the referenced biological effect (e.g., IDC

mwodulation or tryptophan degradation ishibition),

{00112}  Manifestation of amelioration of a disease condition with underlying IDO-mediated

immunosuppression may require the concomitant or sequential administration of additional
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therapeutic agents, such as antineoplastic agents in the case of cancer, or antiretroviral agents in
the case of viral diseases. For example, administration of 1DO 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 1s

higher than the sum of effects of each agent alone.

[00113]  As used herein, the terms “catalytic pocket”, “catalytic site”, “active site” collectively
and indistinctly refer to a region of the enzyme that contains amine 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.

{00114] 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 salts of acids such as hydrochloric, phosphoric, hydrobromic, sulfuric,
sulfinic, formic, toluenesulfonic, methanesulfonic, nitric, benzoic, citric, tartaric, maleic,
hydroiodic, alkanoic such as acetic, HOOC-(CH,)n-COOH where n 1s 0-4, and the like. Non-
toxic pharmaceutical base addition salts include salts of bases such as sodium, potassium,
calcium, ammonium, and the like. Those skilled in the art will recognize a wide variety of non-
toxic pharmaceutically acceptable addition salts.

{08115]  As used herein, the term “indoximod” refers to 1-methyl-D-tryptophan, also referred to

as D-1MT or D1mT.

{00116  As used herein, the term “prodrug of indoximod™ refers to any substance that after n

vivo administration is metabolized to produce indoximod as one of the mai metabolites.
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EXAMPLES

Example 1: Reagents and Methods of Synthesis

[06117] Al reagenis 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 0.23 mm EM Science silica gel
plates {(60F-254). The developed TLC plates were visualized by short wave UV light (254 nm} or
immersion in potassium permanganate solution followed by heating on a hot plate. Flash
chromatography was performed with Selecto Scientific silica gel, 32-63 um particle sizes. All
reactions were performed in flame or oven-dried glassware under a mitrogen atmosphere. All
reactions were stirred magnetically at ambient teraperature unless otherwise indicated. 'H NMR.
spectra were obtained with a Bruker DRX400, Varian VXR400 or VXR3CO. 'H NMR. spectra
were reported in parts per million (8) relative to TMS (0.0), DMSO-dg (2 50) or CD;0D (4.80) as

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

Synthesis of ethyl I-methyi-D-tryptophanate hydrochloride (NLG-1283)

./ETHE NH,HC]
N COOH EtOH ; {};O
I X e @ DN
NF N SOCl, NN -
\ ' \
D-1MT NLG-1283

06118] To a suspension of D-1MT (4.00 ¢

=

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 soivent was distilted-off and the crude was difuted with diethyl ether (100 mL), the white solid

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

Synthesis of isopropyl 1-methyl-D-tryptophanate hydrochioride (ML{-1284)
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NH,HCI
7"
-0
SO e i \"‘"
- CODH PrOH N 0 /
| \ .............................. Joon. N
Z TN S0Ck, \
\
D-1MT NLG-1284

[06119] To a suspension of D-IMT (0.500 g, 2.29 mmol) in isopropanol (15 mL) at 0 °C rt, was
added SOCI; (0.167 mL, 2.29 mmol) and the mixture was stirred at 80 °C overnight. After cooling
to rt, the solvent was distilled-off and the crude was basified with 25 % ag NaHCO; (20 mL), the
product was extracted with CH,Cl,, the combined organic extract was dried over Na;SO. and the
solvent was distilled-off under reduced pressure. The free base was converted to its HCY salt by
adding dry HCI in dioxane, the solvent was removed under reduced pressure to afford the desired

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

General method for the synthesis of carbamate esters

Q

NH,
) R
cn/u\o’
\ P -
Y HO NaHCO;

D-AMT

[90120]  To a stirred solution of D-1MT (G150 g, 0.687 mmol) in 1:1 THF/IM NalHCO; (2.75
mL, 2. 75 mmol} was added the appropriate chloroformate dropwise. The mixture was atlowed 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
agueous layer was immediately extracted with ethyl acetate and the combined crganic 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 Yicld
(%)
NLG-1277 ( N*(ethoxvcarbonyl)-f-methvl-D- 81
O tryptophan
0=
MNH

O

123 (t.3H. 7= 6.8 Hz), 3.63-3.71 (., 1H), 3.74 (s, 3H), 4.07-4.12 (m, 2H). 4.69 (dd,
1M, J=6.7,11.6 Hz), 5.20 (dd, 1H, 7= 6.9, 11.5 Hz), 6.9 (5. 1H), 7.07 (1, 1H, 6.9 H2),
721-7.4% (m, 21D, 7.57 (d, 1H, ] = 7.1 Hz), 9.07 (br s, I H)

NLG-1278 I-methyl-N%((neopentyloxy karbonyl)-D- 7

O
—-}mm\o_{ tryptophan
MNH

0.90 (s, 9H), 3.34 (s, 2H), 3.64 (s, 3H), 3.73 (t, 1H, ) = 6.8 Hz), 475 (d, 1H, } = 7.8 Hz),
5.23 (d, 1H, J =79 Hz), 6.89 (s, 1H), 7.07 (t, IH, J = 8.2 Hz), 7.25-7.59 {m overlapped
with CHCI3, 2IH), 7.58 (4, 1, 7.8 Hz), 8.4 (br s, 2H)

Synthesis of N"-(feri-butoxycarbonyl)-1-methyl-D-tryptophan

O-\F,-DH Ci?,OH
| Boc,O “NHiBoc
g8 |
TN
\

XN
\
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[00121] To a mixture of D-1MT (3.0 g, 13.75 mmol) in dioxane (70 mL) at 0 °C was added
NaOH (550 mg dissolved in 30 mL DI water), followed by the addition of Boc,3. The reaction
was stirred at O °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 IN HClat 0 °C
and the product was extracted with EtOAc. The organic extract was washed with brine and dried
over Na;SOy, the solvent was evaporated under reduced pressure to afford the product that was

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

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

o
?'OBn
2 NHBOC Cs200;3 NHBoc
l P BabBr @
A \

[006122] In 60 ml of DMF was dissolved N*%(tert-butoxycarbonyl)-1-methyl-D-tryptophan (3.00
g, 9.42 mmol) to which Cs;CO3 (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 in toluene/ethy! acetate before washing with distilied water (3 x 50 mlL) and brine. The
organic layer was dried over anhydrous sodium sulfate and concentrated under vacuum. The

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

Rynthesis of benzyl -methyl-D-tryptophanate hydvochloride (NLG-1338)

NN
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[06123] FEthyl acetate (26.9 mL) and MeOH (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 addad
slowly. The resulting solution was stirred at 0 °C for 20 minutes and MeOH (0.5 mL) was added.
A flask containing benzyl N*%(tert-butoxycarbonyl)-1-methyl-D-tryptophanate (3.5¢, 8.6 mmol)
was placed in an ice bath and the cold, freshly prepared HCl (4M in EtOAc) was poured into the
flask containing benzyl N"-(tert-butoxycarbonyl)-1-methy-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 (SO 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 isolated as a colorless solid (6.45 g, 88%). 1H NMR (d¢-
dmdso); 3.28 (dd, 2H, J = 5.6, 15.2 Hz), 3.70 (s, 3H), 4.26-4.29 (m, 1H), 5.08 (d, 1H, J = 12.4
Hz), 5.13 (d, 11, T= 12.4 Hz), 7.04 (t, 1H, T = 7.6 Hz), 7.06 (s, 1H), 7.10-7.18 (m, 3H), 7.30-7.35
(m, 3H), 7.42(d, 1H, J =8 Hz), 7.53 {(d, 11, J =8 Hz).

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

[06124] To a solution of N-(tert-butoxycarbony!)-1-methyl-D-tryptophan (3 14 mmol),
appropriate alcohol or amine (3.14 mmol) and HATU (3.14 mmol) in acetonitrile (30 mL.) at 0 "C
was added DIPEA (9.42 mmol) and the solution was allowed to warm to rt. After stirring
overnight (17 h), the reaction was diluted with water (50 mL} and the product was extracted with
CH2Cl (3 x 50 L), The combined organic extract was washed with water (25 mlxl), brine
(25mlx1) dried over Na:SQ4 and concentrated under reduced pressure to afford the crude

Chromatographic purification afforded the desired product.

# Compeound Name Yield
(%)
NLG-1551- e ;Boc (8)-3-{tert-butoxy }-2-((tert-butoxycarbony Damino)-3- 40
B.1-Eis Q‘Tf,‘lNH oxopropyl Na-(tert-butoxycarbonyl)-1-mcthyvi-D-
/N"‘ 0 ! tryptophanate
LN,

>LO/LO Ba

1.41 (s, 9H). 1.4 (s, 9H), 1.45 (5. 9H), 3.16 (dd. 1H, J = 15.3, 4.8 Hz), 3.29 (dd, 1H, 1= 153,
4.8 He), 3.75 (s, 3H), 4.35-4.52 (m, 3H), 4.61 (d, 1H, J = 6.3 Hz), 4.99 (d, 1H. ] = 8.6 Hz), 3.28
{d, tH, 1 =87 Hz), 6.87 (s, LH), 7.11 (t, IH . J = 7.3 Hz), 7.22 (1, 1H, J=7.3 Hz), 729 (d, 1H, J
=8.2 Hz), 7.52 (d, 1H, ] = 7.8 Hz),
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NLG-1558- r-O (2,2-dimethyl-1,3-dioxolan-4-yvlymethyl N-(tert- 78
A-KE23 l/’\c)}\/ butoxycacbonyl)-1-methy-D-tryptophanate
\
Nm\ ijjzo
/ \ "IE\I‘IH
== Boc
1.27 (s, 3H), 1.33 (s, 3H), 1.35 (s, 9 H), 3.21 (d, 2H, J = 3.6 Hz),3.44-3.50 (m. 1H), 3.67 (s, 3I1),
3.80-3.86 (m, 1H), 3.99-4.03 (m, 2H), 4.07-4.12 (m, 1H}, 4.55 (g, 1H, J = 6.5 Hz). 499 (d, 1H,
=82Hz),682(s, 1H),7.03 (1, 1R, J=74Hz), 7.14 (t, IH, J =74 Hz), 7.21 (d, IH, I=8.1 Hz),
747 (d, 1H, J = 8.0 Hz).
NLG-1557- 2-(dimethylaminoethyl N%-{tert-butoxycarbouyl)-1- 38

\ N
N- : HN..boc
B-E14 @J\ /'\N‘O\/\N -~ | methyl-D-tryptophanate
= O !

1.33 (s, 111), 1.43 (s, 8H), 2.23 (s, 5H), 2.29 (s, 1H), 2.43 — 2.60 (m, 4H), 3.27 (d, J = 5.6 Hz,
2H), 3.74 (s, 3H), 4.1 - 4.23 (m, 2H), 4.63 (m, 1H), 5.10 (m, 1H), 6.91 (s, 1), 7.10 (ddd, J =
8.0,6.8, 1.2 Hz, 1H), 7.21 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 7.28 (d, /= $.0, 1H), 7.54 (d, /= 8.0
Hz, 1H).

NLG-1372- —Q | 2-(tetrahvdro-2H-pyran-4-yl)ethy] NE-(tert- | 60
A-E39 butoxyearbonyvi)-1-methyl-D-tryptophanate

129~ 135 (m, 2H), 142 (s, 9H), 1.60-1.67 (m, 5H), 3.17 — 3.35 (m, 4H), 3.74 (s, 3H), 3.84 —
3.93 (m. 2H), 4.10 (dq, 2H, J = 10.4, 6.4 Hz), 4.35 - 4.65 (m, 1H), 5.06 (d, 1H. 7= 8 2 Hz), 6.86
(s, 1H), 7.09 (ddd, 1H, J = 8.0, 7.0, 1.1 Hz), 7.21 (ddd. 1H,J = 8.2, 69, 1.1 Hz). 7.28 (d, 1H, J =
7.4 Hz), 7.48 - 7.39 (m, 1 H)
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NLG-1556- _A( tert-butyd Ne-(tert-butoxycarbonyl)~1-methyl-D- | 91
A-E22 0 tevplophyi-L-valinale
o={
£
—NH
C’ ) N
R Boc
M
|

0.69 (d, 3H. J = 6.8 Hz), 0.75 (d. 3H, 1 = 6.8 Hz), 1.42 (s, 18H), 1.98-2.03 (m, | H), 3.18 {dd, 1H,

J=14.4,7.2 Hz), 3.27-3.35 (m, 1H), 3.73 (s, 3H). 4.35-4.39 (m, 1H), 4.50 (bes, 1H), 5.07 (brs,

1H), 6.31 (d, 1H, J=8.8 Hz), 6.92 (s, 1H), 7.12 (1, 1}, I = 7.2 Hz), 7.22 (t, 1H, I = 7.2 Hz), 7.28

(d, 1H, T =8.0 Hz), 7.64 (d, 1H,J = 8.0 Hz)
NLG-1561- N,BOC tert-butyl 4-2-((N°(teri-butoxycarbonyl)-1-methyl-D- 92
A-E29 ( ) tryptophyDoxy)ethyDpiperidine- 1 -carboxylate

'_c‘)>— /.....J
o]
e NH
Qrs b
M
|

0.05-1.05 (m, 2H). 1.47 (s, 18H), 1.32-1.40 (m, 3H), 1.55 (d, 2H, 1= 2.4 Hz), 2.59 {dt, 2H. F =

2.7.12.8 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. I =8.0 Hz), 6.52 (brs, 1H), 6.86 (s, 1H), 7.09 (1, 1H, J = 7.4 Hz}, 7.21 (i, 11, § = 7.6 Haz),

728 (d, 1F, J = 8.0 Hz), 7.5% (d, {H, T = 8.0 Hz).
NLG-15363- o (M\N_Bm tert-butyl 4-((N“(tert-butoxycarbonyl)-1-methyl-D- 83
A-E30 v trvptophyoxyymethyl)piperidine- | -carboxylate

=4
s
\

D.93-1.10 (m, 2H). 1.29-1.32 (m, 1H), 1.45 (s, 18H), 1.63-1.69 (m, 2H), 2.59 (it, 2H, = 2.4.
132 Hz), 3.25 (. 2H, T = 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, 1F1), 6.86 (s, 1H), 7.10 (dt, 171, J= 1.2, 6.8 Hz), 7.24 (41, 1H, J=1.2,
6.8 Hz), 728 (d. 1H, ) = 8.4 Hz), 7.53 (d, 1H, J = 8.0 Hz)
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NLG-1878- /O“ methy] N”(tert-butoxyearbonyl)- 1 -methy-D- 91
Q " wloelvel Fo)
A-E43 )—N’H hO tryplophyiglycinale
}5"\ = HN—Boc
N I\
Sm
N
}

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

(m, 2H), 5.21 and 4 .48 (s, 1H), 6.54-6.52 {m, 1H), 6.93 (s, 1H), 7.13 - 7.03 (m, 1 H), 7.14 -~ 7.30
(m, 2H), 7.39 (d, 1H,.J=8.0 Hz).

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

NLG-1578-A-E43 NLG-1579-A-E44

{08125]  To a soluiton of NLG-1878-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 stirred under ambient
temperature for 2.0 h. The mixture was neutralized with 1M HCI {at 0 °C) and poured into ice
cold water (20 mL). The aqueous layer was extracted with EtOAc (3 x 35 mL). The combined
organic layers were dried over Na;SO4 and concentrated. The crude product was purified by flash
column chromatography to afford the desired product as white solid (260 mg, 90 %), 'H NMR:
1 25 and 1.39 (two s, 9H). 3.18-3.24 (m, 2H), 3.70 (s, 3H), 3.81-4.05 (m, 2H), 4 55 (s, 1H), 3.20 -
533 (m, 1H), 6.63 (s, 1H), 6.92 (s, 1H), 7.10 (¢, 1H, J=7.2 Hz), 7.15 = 7.25 (m, 2H), 7 59 (dt,
1H,.7=79Hz)
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O Q
R R F
N /_/LO > N
H .
i /-/ —_— ’;\EH NHZH&,! 7 NH?HC‘I
or \j\ \> Boc Cl L
\

R = H, alkyl, alkylaryl R =H, ulkyl, alkylaryl

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

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

001271 The following compounds were synthesized following procedures described in the

above sections.

# Compound Name Yield
(%)
NLG-1557 \N—- 2-(dimethylamino)ethyl I-methyl-D-tryptophanate | 42
/*-' He dihvdrochloride

Q‘/{ NH,HCI
N
I

THNMR €400 MHz, Mothanol-ds): 2.69 (s, 38). 2.77 (s, 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), 7.1} (dd../ = 8.0 1.2 Hz, 1H},
7.18 - 7.25 (m. 2H), 7.40 (d. J = 8.0). 7.58 (d, J = §.0, 1H).
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NLG-156] 2-(piperidin-4-yhethyl 1-methyl-D-tryptophanate | 64
dihydrochioride
i

(DMSO-d6) 1.24-1.43 (m, 5H), 1.60 (d, 2H, J=13.2 Hz), 2.64-2.72 (m, 2H}, 3. 11-3.14 (m, 2H),
3.25(dd, 1H, § = 14,4, 7.6 Hz), 3.33-3.83 (m, 1H, merged with H,O from DMSO0), 3 73 (s, 3H),
3.99-4.08 (m, 28), 4.15(t, 1H, J=6.6 Hz), 7.04 (t, IH, J =74 Hz), 716 (1, TH, J = 7.6 Hz), 724
(s, 1H), 742 (&, 1H, J = 8.0 Hz), 7.53 (d, 1H, J = 8.0 Hz), 8.73 (brs, 3H), 8.95 (br s, 1H), 9.16 (br
s, 1H)

NLG-1563

& /—CNH.HCI piperidin-4-yimethyl -methyl-D-tryptophanate 39
Q

—>— dihydrochloride
@-\< NH, HCI
/

N
|

(DMSO0-d6) 1.16-1.34 (m, 2H), 1.41 (d, 1H, J = 13.6 Hz), 1.53 (d, 1H, J = 13.6 Hz), 1.61-1.66 (m,
1H), 2.66-2.70 (m, 2H), 3.08-3.16 (m, 2H), 3.22-3.28 (m, 1H), 3.36-3.44 (m, 1H), 3.74 (s, 3H),
3.78-3.88 (m, 2H), 4.12-4.17 (m, 1H), 7.05 (t, 1H, J="7.4 Hz), 7.15 (1, 1H, I = 7.4 Hz), 7.24 (s,
1H), 7.40 (d. 1H, ) = 8.0 Hz), 7.55 (d, 1H, = 7.6 Hz), 8.83 (br s 3H), 9.06 (br s, 1H), 934 (brs,
1H)

NLG-15872

0 2-(tetrahydro-2H-pyran-4-yi)ethyl 1-methyl-D- 94

tryptophanate hydrochlonde

TH NMR(DMSO-ds, 400 MHz): 6 = 0.93 ~ 1.11 (m, 2H), 118 (d, 1H, J= 6.2 Hz), 1.26 ~ 1 43 (m,
aH), 3,04 (d, 2H. 7= 11.2 Hz), 3.23 (dd. 1H, J = 14.7, 7.7 Hz), 3.29 — 3.39 (m, 2H). 3.69-3.78 (m,
4H), 4 04 (d, 2H, J = 6.2 Hz), 4.17 (1, 1H, J= 6.6 Hz), 7.04 (ddd, 1H,J= 8.0, 7.1. 1.0 Hz), 7.16
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(ddd, 1H. J=8.3.7.0.1.2 Hz). 7.23 (s, 1H), 7.42 (d. 1H, /= 8.2 Hz), 7.53 (dd, 1H, J=8.1, 1 4
H2). 8.69 (br s, 3H).

NLG-15378

methyvl b-methyl-D-tryptophyiglycinate 93

hydrochloride

312 (dd, 1H., J=14.7, 78 Hz.). 3.25 (dd, 1H, J = 14.7. 5.7 Hz), 3.64 (s, 3H), 3.72 (s, 3H), 3.93
(t, 2H, J = 6.0 Hz), 3.97-4.06 (m, 1FD), 7.03 (1, 1H, J=7.5Hz), 7.14 (1, LH, J = 7.20 Hz), 7.19 (s,
1H), 7.39 (d, 1H, /= 8.2 Hz), 7.71 (d, 1H, J = 8.0 Hz), 8.21 (s, 2H), 9.15 (m, 1H).

Synthesis of O-(L-methyi-B-tryptophyl)-L-serine dihydrochioride (NL-G1551)

o

(@]
\e, © ,o(\cf
S5 o S
!l?EH
= Boc

.Boc
g NH,HCH

oY

NLG-1851-B.1-ELS NLG-1551

(06128

To a solution of NLG-1551-B.1-E15 (0.450 g, 824.66 mmol) in CHLCL (10 mL) was

added HCL (2 mL, 4 M solution in dioxane) at 0 °C and the solution was allowed to warm to it.

After stirring for 5 h, the solvent was evaporated and the reaction was diluted with tnfluoroacetic

acid (8 ml.) and the solution was stirred for 7 h at rt. After evaporating tnfluoroacetic acid the

reaction was diluted with dry HCl solution (1 mL, 4 M solution in dioxane) and the mixture was

stirred for 10 min. The solvent was evaporated under reduced pressure, the product was triturated

with ethanol:ether (10:90, 15 mL) and the product was filtered and washed with dry ether (10
mL). The product was dried under reduced pressure (0.19C g, 61%). '"H NMR (400 MHz,
CD;0D): 3.22-3.28 (i, 1H), 3.43 (dd, 1H, J =154, 4.7 Hz}, 3.70 (s, 3H), 4.23 (¢, 1, J = 3.9 Hz),
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4.35 (dd, 1H, T = 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, J =8.3 Hz), 7.50(d, 14, J = 7.9 Hz).

Synthesis of I-methyl-D-tryptephyl-L-valine hydrochioride (NLG-1556)

O—{-Bu Ol

NLG-1556-A-E22 NLG-1556

{00129] Dioxane (7 mL) and MeOH (1.20 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 chlonde (2.00 mL, 28.6
mmol) was added slowly. The resulting sofution was stirred at 0 °C for 20 minutes and MeOH
(0.1 mL) was added. A flask containing NLG-1556-A-E22 (678 mg, 1.43 mmol) was placed in
an ice bath and the cold, freshly prepared HCl (4M in dioxane) was poured into the flask
containing NLG-1556-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 solid
(205 mg, 40%).(DMSO-d6) 0.71-0.77 (m, 6H), 1.91-2.00 (m, 1H), 3.08 {dd, 1H, J = 14.4, 84
Hz),3.23(dd, 1H,J =144, 8§ 4 Hz}, 3.73 (s, 3H), 4.12-4.17 (m, 2H), 7.06 (t, 1H, J = 7.4 Hz}, 7.17
(t, 1H, I =7.8 Hz), 7.20 (s, 1H}, 7.40 (d, 1H, J =84 Hz), 7.74 (d, 1H, J = 8.0 Hz), &2 (br s, 3H),
8.74(d, 1H,J =84 Hz)
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Synthesis of 2,3-dihydroxypropyl 1-methyl-D-tryptophanate hydrochioride (NLG-1558)

!fo ~OH
A O>< . L,
N 0.0 N 00
N~ N S
AT, — AT
/ "NH ( N, HC
= Boc ==
NLG1558-A-E23 NLG-1558

[00130] A solution of NLG1558-A-E23 (11.5 g, 26.59 mmol ) in THF (100 mL) at 0 'C’ was
added TFA (16.3 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 in
dioxane) was added and continued stirring for | h. The reaction was stirred at 40 °C for 45
minutes. The precipitated white solid was filtered and washed with MTBE to afford the
hydrochloride salt (4.5 g, 51%). ' NMR (400 MHz, DMSO-ds): 3.32-3.40 (m, 1H), 3.44-3.52
(m, 3H), 3.76-3.86 (m, 4H), 4.16-4.37 (m, 3H), 7.10 (t, 1H, I = 7.4 Hz), 7.14 (s, 1H), 7.19 (¢, 1H,
J=76Hz),738(d, |H,I=82Hz),7.58(d, I1H, ] =79 Hz).

General scheme for the derivatization of the -NH, and ~COOH group of D-1MT

& i ®,
Ho” "R iy LiOH A

,/J“{':/ _— o /\WNH B o /J\whi—_.
z z iiy HC :
. O BPEA AL Ao, v AL A oH
CIHHZN”\P" R ey R H’\g R R ﬁ/ﬁg
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R = Et, Bn

[00131]  Appropriate D-tryptophanate hydrochloride ester (1.0 g, 3.54 mmol) and appropriate

acid (3.54 mmol) were stirred in acetonitrile (50 mL) at 0 °C. HATU (1.48 g, 3.89 mmol) and

iPrNEt (246 mL, 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 (30 mL) and dichloromethane (50 mL). The organic layer was separated and the aqueous
layer was extracted with dichforomethane (3 x 50 mL). The combined organic layer was washed
with brine (50 mL), dried over Na,SQ,, and concentrated under reduced pressure. The crude

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

# Compound Name Yield
(%)
NLG-1564- >__ " ethyvl N%(({ert-butoxycarbonyl)-L-leacyl}-1-methyl-D- | 92
B-E31 H tryptophanate
Boc—NH  NH
= ———f ‘370Et
\ l \ 0
i
|
086 (dd, 6H, J =62, 2.1 Hz), 1.20(, 3H, = 7.1 Hz), 1.39 (s, 9H), 1.55-1.38 (m, 2H), 3.29 (d.
2H, ) =157Hz),3.74 (5, 3H), 4.03-4.18 (m, 3H), 4.79-4.86 {m, 2H), 6.60 (d, 1H, ] = 7.8 Hz),
6.87 (s, 1), 700 (1L 1M, I=74He), 720, 1H, J =73 Hz), 726 (s, [H), 752 (d, 1H, 1= 7.9
Hz)
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NLG-1565- & O ethyl N*%-((tert-butoxycarbonyl)-L-isolencyl)-i-methyf- | 93
A-K32 / D-iryplophanate
Boc—NH NH
—
OEt
A 4
N
|
0.80-0.84 (m, 6H), 1.02 - 0.91 (m, 21D), 1.19 (1, 3H,J = 7.1 Hx), 1406 {s, 9 H), 1.87 (i, 1H},
328 (1,2H, /=34 Hz),3.72 (5, 3H), 4.00 — 4.04 (m, IH), 4.05-4.16 (in, 2H), 4.85 (g, I1H, /=
6.4 Hxz), 495 (d, IH,.7=9.0Hx), 6.46 (d, |H, /=77 Hz), 6.87 (s, 1 H), 7.10 (ddd, 1 H, /= 8.0,
6.8,1.1 Hz), 7.20 (ddd, 1H, J=8.2,69, 1.2 Hz), 7.26 (d, 1H, J = 8.0 Hz). 7.533 (dt. 1H, J =79,
1.0 Hz).
NLG-1566- fO ethyl N%-((tert-butoxycarbonyl)-L-glutaminyl)-1- 90
A-E37 HaN- o methyl-D-tryvptophanate
Boc—NH NH
/ g
-4 ~OEt
@ \g o
N
|
116 (t, 3H,/=7.1 H), 1.33 (s, 9H), 1.79 — 1.99 (m, 2H), 2.05 (ddd, 1H, J =13.2, 6.9, 5.7 Hz),
2.18 (ddd, 1H, J=1438 86,59 Hz), 3.21 (d,2H,.J=59 Hz), 3.68 (s, 3H), 4.00 - 4.14 (m,
3, 4.75 (8, L, J=7.7,59 Hz), 5.22 (s, 1H), .53 (d, 1H,J=7.0 Hz), 5.90 (s, 1H}), 6.83 (s,
IH),6.87 - 693 (m, 1H), 7.04 (ddd, 1H,.7=8.0,69,1.1 Hx), 7.14 (ddd, I H, J=82,69, 1 1
Hz), 717 - 7.21 (m, 1H), 745 (d, 1H, /=79 Hz).
NLG-1574- | 773\ o sthyl N°-((tert-butoxycarbony!)-L-phenylalanvi)-1- R0
A-E40 = )——4‘ methyl-D-iryptophanate
Boc—NH  NH
—
~OEL
& ! \ O
TN
!

.14 (1, 3H, J= 7.1 H), 1.29 (s, SH), 2.82 (s, 2H), 2.51-3.02 {m, 1H), 3.03-3.1C (m, 2H), 3.25

57




WO 2017/019175 PCT/US2016/035391

(dd, 16, 7= 14.78, 5.2 Hz), 3.67 (s, 3H), 3.99 - 4.07 (m, 21), 4.33 { brs, 1H), 4.79 (q, IH, J =
6.2 Hz), 6.37 (4. 1H, J = 7.8 Hx), 6.57 (s, 1H), 7.06 (ddd, 1H, J=8.0, 6.8, 1.2 Hz), 7.14 = 7.25
(m, 65D), 7.41 (d, 1H, /= 7.9 H).

NEAG-1585- methyl N*-(tert-butoxycarbony 1-N*-({R)-1-ethoxy-3- 71
A-E45 (1-methyl-1H-indol-3-yD)-1-oxopropan-2-y1)-L-
asparaginate
P8t 3H, /=72 Hz), 1.39 (s, 9H), 2.63 (dd, 1H, J=17.1,61 Hz),2.95 (dd, 1H,J= 172,44
Hz),3.29 (d. 2H, J = 5.8 Hz), 3.62 (s, 3H), 3.74 (s, 3H), 4.03-4.13 (m, 2H}, 4.53 (br s, 1H),
4.79-4.83 (m, 1H), 5.61 (d, 1H,J=9.0Hz), 6.88 (s, 1H), 7.01-7.10 (m, 2H), 7.19 (ddd, 111, /=
$2.69,1.2 Hz), 7.24-2.27 (m, TH), 7.51 (m, 1H).
NLG-1546- @ - ethyl Nu~({tert-butoxycarbonyl)-D-trvptophyl)-1- 97
B-E20 = 9 Y methyl-D-tryptophanate
U
N ok /“@
N
118 (t, 3H, J=7.1 Hz), 1.38 (5, 9H), 1.73 (brs, 1H), 3.13 (dd, 2H,J=5.4,2.5 Hz), 3.32 (s,
1H),3.57 (5, 3H), 4.05 (dd, 2H, /= 17.2, 72 H2), 4.43 (s, 1H), 4.72 — 4.80 (n, 1H), 5.07 (s,
[H), 6.22 (s, 1H), 6.42 (s, 1H), 6.90 (s, 1H), 6.97 (s, 1H), 7.04 ~ 7.25 (i, 5H), 733 (d, /=38 .2
Hz, 1H), 7.66 (d,J = 7.8 Hz, 1H), 7.87 (s, 1H)
NLG-1549- ' 0}__%1 ethvl No-(Na-(fert-buioxycarbonyl)-1-methyl-D- 95
A-E26 $

(\_ / e (ryptophyl)-F-methyl-D-tryptophanaie
S
S

N Bocin] z/-xg
F’ —

116 (8, 3L J ~ 7.1 Hz). 1.37 (s, 9H), 3.02 - 3.20 (m, 3H), 3.35 (4, 1H, J= 15.0 Hz}, 3.57 (s,
3H), 3.68 (s, 3H), 3.94 ~ 4.10 (1, 2H), 4.42 (br s, [H), 4.75 (4, IH,J= 6.8 Hz), 5.04 (s, 1H),
6.24 (brs, LR), 6.37 (s, 1H), 6.84 (br s, 1H), 6.94 (s, 1H), 7.08-7.18 (m, 3H), 7.17 = 7.25 (m,
2H), 7.27 - 733 (m, 1H). 7.65 (4, 1H, J = 7.9 Hz)
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NLG-1560- 0}_0 = ethy} Noa~({tert-butoxycarbonyl)-L-tryptophyl)-1- 97
B-EZ¢ o f”h o meihyl-D-teyplophanate
\ f }\) —_— .
hl' BocHN \r‘({q
| ({ /\_“-‘/
H
112 (5, 3H, 7= 7.1 Hz), 1.39 (s, 9H), 2.90 (d, 1H, J= 152 Hz), 3.053 -~ 3.32 (1, 3H), 3.56 (s,
3H)Y, 3.91 —4.10 (m, 2M), 4.44 (brs, 1H), 4.75 (brs, 1H), 5.15 (brs, 1H), 6.18{d, 1H, /=738
Hz), 6.27 (s, 1H), 6.86 (d, IH, /=23 Hz), 7.04 (ddd. 1H, /=80, 6.8, 1.2 Hz), 7.14 (ddd, 1H, J
=§0,71,1.2He), 716 -727 (m,3H), 730 (dt, IH,/=8.1, 1.0 Bz}, 737 (d, 1H, ./ = 8.2 Hz),
7.68 {d, 1H,J=7.7 Hz), 7.80 (s, 1H)
NLG-1553- G\\_ — ethyl N%((tert-butoxycarbonyl)-L-valyl}-1-methyl-D- 95
8]
B-E21 L5 tryptoplianate
¥ HN Boc
\JK ) NH
\
0.80 (d,3H,1=6.8 Hz), .87 (d,3H,J = 6.8 Hz), 1.19 (1, 31, ) = 7.2 Hz), 1.40 (s, 9H), 2.09-
2.17 (m, 1H), 3.25-3.32 (m, 2H), 3.74 (s, 3H), 3.94-3.97 (m, 1H), 4.09-4.15 (m, 2H), 4.84-4.89
(m, 1H), 4.93-4.95 (m, 1H), 6.45(d, 1H, J=7.6 Hz), 6.87 (s, 1H), 7.10 (t, 1H, } =7.4 Hz), 7.21
(6, 1H,J =76 Hz), 7.27 (d, 1H, ] =7.6 Hz), 7.53 {dd, 1H, J = 8.0, 1.2 Hz}
NLG-1534- C{%_ = ethyl N®((tert-butoxycarbonyl)glyveyl)-1-methyl-D- 94
o
A-E25 /B ryplophanale
TN HN Boc
D NH
Bl
|
1.22 (t, 3H,J=7.2 Hz), 1.42 (s, 9H), 3.31 (d, 2H, I = 5.2 Hz), 3.72-3.77 (m, 2H), 3.74 (s, 3H),
4.07-4.17 (m, 2H), 4.86-4.91 {m, 1H), 5.04 (brs, 1H), 6.50 (d, 1H,J=7.6 Hz), 6.86 (s, IH),
7A0 (L 1H, =74 Hz), 721 4, 1H, =74 Hz), 728 (d, |H,J=80Hz),750(d, 1H,) =76
Hz)
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NLG-1555- g cthyl N%((tert-butoxycarbonyl)-L-alanyl)-1-methyl-D- | 93
A-E27 _ /._..‘}; QO ievplophanate
; P HN....SQN%QL
\
120 (L 3H, = 7.0 Hz), 129 (d,3H, J= 7.2 Hz), 1.40 (5, 9H),3 30 (d, 1H, J =56 Hz), 3.75 (5.
3H), 4.09-4.16 (n, 3H). 4.81-4.86 (m, 1H), 4.93 (br s, 1H), 6.61 (br s, 1H), 6.87 (s, 1H), 7.09 (1,
I, 1=74Hz), 7214, 1H, J=76Hz), 727 (d, L1H, ] = 8.4 Hz, merged with chloroform), 7.52
{d, 1H, }=8.0 Hz)
NLG-1548- = | benzyl NN N -bis(tert-butoxycarbonyl)-L- 91
A-E18 o N/ lysyl)-1-methyl-D-tryptophanate

e
0
CI\/B HJ{ NHBoc
N
\

BockN

"H NMR (400 MHz, Chloroform-d) 8 1.25 (q,J=7.7 Hz, 21), 1.39 (s, 9H), 1.44 (s, 9H), 1 .47 -
1.55 (m, 1H), 1.67 = 1.80 (m, 2H),3.02 (1, J = 6.7 Hz, 2H), 3.29 (1, ./ = 5.5 He, 2H). 3.66 (s,
3H), 4.04 (s, 1H), 4.53 (s, 1H), 490 (q, J= 6.1 Hz, 1H), 4.97 (s, 1H), 5.09 (q, J = 12.2 Hz, 2H),
6.57 (d, /=78 Hz, 1H), 6.64 (s, |H),7.08 (t,/=74 Hz, 1H}), 720, J=7.6 He, 1H), 7.23 -
7.29 (m, 4H overlapped with CHCYy), 7.30 — 7.39 (m, 3H), 7.49 (d, /= 7.9 Hz, 1H).

NLG-1547-
D-E17

5:‘ o tert-bulyl (S)-5-(((R})-F-(benzyloxy)-3-(I-methyl-tH- | 93
04 indoel-3-vI)-1 -oxopropan-2-yamino }-4-{{tert-
0
4 butoxycarbonylyamino)-5-oxopentanoate
BocHN  NH
e
=N 'S e
N & \{
@\N 18} \ /
|

S 138 (5, 9H), 143 (5,9H), 1.76 — £.91 (m, 1H), 194 -2.09 (m, IH),2.20{dt, /= 166,7.0 Hz,
1), 2.31 (dt, /= 16.6, 7.3 Hz, 1H), 3.19 —3.36 (m, 2H), 3.67 (5, 3H), 490 (dt, /=8.1, 5.6 Hz,
FH), 53.00 - 514 (m, 2H), 5.19 (s, 1H), 6.70 (s overlapping m, 2H), 7.08 (ddd, J=8.0,069. 1.2
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Hz, 1H). 718 — 7.28 (m, 4HY, 7.29 ~ 7.37 (m, 2R), 7.30 (df, J = 8.0, 1.0 Hz, 1H)

DD-90368- el ethyl N*%((tert-butoxycarbony!)-L-methionyl)-i- 84
i B .
B-EO78 ¢ methyl-D-iryptophanate
Boc—NH  NH
=N
- Q)
AT A
i

§121 (1, /=72 Hz, 3H), 1.40 (s, 9H), 1.79 — 1.89 (m, 1H), 1.94 — 2.00 (m, 1H), 2.01 (s,
3H), 2.31-2.36 (m, 1H), 2.36-2.46 (m, 1H), 3.30 (dd, J=5.7, 3.6 Hz, 2H), 3.75 (s, 3H),
412 (q, J=7.2 Hz, 2H). 4.26 (d, J=7.5 Hz, 1H), 4.84 (q, J=6.4 Hz, 1H), 5.17 (d, /=8.3
Hz, 1H). 6.67 (d, J=7.2 Hz, 1H), 6.8 (s, 111, 7.10 (1, J=7.4 Hz, 1H), 7.21 (t, J=7.2 Hz,
JH), 7.28 (d, /=7.5 Hz, 1H), 7.53 (d, J=7.9 Hz, 1H).

Synthesis of W"-((8)-5-(tert-butoxy)-2-((tert-butoxycarbonyl)amino)-S-oxopentanoyl)-1-
methyl-D-tryptophan (NLG-1547-E.2-E17)

¢ Y

o—&_\
(&) O (3] 453

BocHN  NH BocHN  NH
NaOH
{ gf‘o = - ! OH
O \._@ N ©
N
| \
NLG-1547-D-Et7 NLG-1547-E.2-E17

[00132] tert-Butyl{S)-5-(({(R)-1-(benzyloxy}-3-(1-methyl-1H-indol-3-yi)-1-oxopropan-2-

yllamino)-4-((tert-butoxycarbonyl)amino)-S-oxopentanoate (800 mg, 1.38 mmol) was suspended
in MeOH (8 mL) and THF (& mL). After cooling to 0 °C, NaOH sol’n (2.4 mL, 2M} was added
and the reaction stirred for 1 h. The solution was acidified with 1M HCI to pH = 4 and the
solvents were concentrated under reduced pressure (40 °C). The solution was partitioned between
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water and DCM in a separatory funnel and the organic layer was collected. The aqueous layer
was extracted with DCM {2 x 15 mL) and the combined organic laver was washed with water and
brine.  Chromatographic purification afforded the desired product (€.502 g, 72%). 'H
NMR(Chloroform-d, 400 MHz): § = 1.38 (s, 9H), 1.44 (s, 9H), 1.68 — 1.81 (m, 1H), 1.84 —1.92
(m, 1H), 212 = 2.33 (m, 3H), 3.23 — 3.42 {(m, 2H), 4.23 (s, 3H), 4.86 (d, 1H, J=6.9 Hz), 5.41 (d,
I1H,.7=8.6Hz), 6.833(d, 1H, /= 7.5 Hz), 6.93 (s, 1H), 7.09 (dt, tH, J=8.0, 1.2 Hz), 718 (1, 1H,
J =78 Hz), 7.23 (apparent d overlapped with CDCly, 1H,), 7.60 {(d, 1H, /=79 Hz).

Synthesis of  (S)-4-amino-5-({{R)-1-carboxy-2-(I-methyl-1H-indoi-3-yl}ethyl)amino)-5-

cxopentancic acid hydrochloride (NLG-1547)

¢ O
(@] HO
o) QO
= s-—DH SFOH
Qrs 4 Qrs ¢
o 2 N N
\ |
(NLG-1547-E.2-E17) (NLG-1547)

[06133] To N*((S)-S-(tert-butoxy)-2-{{tert-butoxycarbonylamino)-3-oxopentanoyl)- 1 -methyl-
D-tryptophan (470 mg, 0.93 mmol) was added HCl (4M 10 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 atford the desired product
as a beige solid (0.304, 85 %). 'H NMR (DMSQ-ds, 400 MHz): (mixture of rotamers) 1.73 ~ 2.21
(m, 4H), 2.93 ~ 3.12 (m, 1H), 3.4 ~ 3.27 {m, 1H), 3.70 (s, 3H), 3.83 (q, 1H, .J = 5.8 Hz), 4.53 -
4.72 (m, 1H), 7.01 (&, 1H, J =723, 3.7 Hz), 7.07 - 719 (m, 2H), 7.35 (dt, 1H, J = 7.5, 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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R Q) R

To a solution of appropriate amide (0.991 mmol) in THF (10 ml.) was added water (3

mL) and lithium monohydrate (67 mg, 1.59 mmol) and the mixture stirred under ambient

temperature for 2 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 colunmm

chromatography to afford the desired product.

Yield
# Compound Name
(%)
NLG-1578-A- HO N((tert-butoxycarbonyl)-L-leucyl)-1-methyl-D- 87

E33

trvptophan

0.76 = 0.96 (m, 6H), 1.39 (5. 9H), 1.40-1.54 (o, 3H), 3.29 (dd, 1H, J = 15.1, 5.3 Hz), 3.40
(dd.1H, J= 149,57 Hz), 3.70 (s, 3H), 4.41 (td, 1H, J= 9.3, 5.4 Hz), 4.86 (q, I1H, J=6.7,
5.8 Hz), 5.26 (d, 1H.J = 9.1 Hz), 6.88 ( brs, 1H), 7.05 - 7.11 (m, 1H), 7.14 - 7.28 (m, 3H),
7.59 (d, 1H.J = 7.9 Hz)

NLG-1548-B-
E18

Q = NN N°-bis(tert-butoxycarbonyl)-L-lysyl)-1- 91
vy 0 methyl-D-tryptophan
an {HJ(MNHBOC
XN
\
BocHN
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£.05-1.20 (m, 2H). 1.37 (5, OH), 1.44 (s, 9H), 1.65 — 1.80 (m, 2H), 2.98 (br d, 2H),3.15— |
3.51 (m, 2H), 3.69 (s, 3H), 3.84 — 4.04 (m, 1H), 4.15 (d, IH,.7 = 7.6 Hz), 4.69 (s, 1H), 4.85
(d. 1H, J= 6.6 Hz), 5.43 (s, 1H), 5.73 = 6.18 (m, 2H), 6.91 (s, 1H), 7.06 (t, 1H, /=7 4 Hz),
708 (4, VH,J=7.5 Hz), 7.24 (d, H, .= 83 Hz), 7.60 (d, 11, J= 7.9 Hz).

NLGIST1-A- O\ N -{(tert-butoxvearbonvl)-L-isoleucyl)-1 - 88
E34 > ‘-Og methyl-D-tryptophan
= HN Boc
o NH
N AL
\
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), 4.89-4.92 (m, IH), 533 d, [H, /=92 H»), 6.79 (1, 1H, /=71
Hz), 6.92 (s, 1H), 7.08 (i, tH, /=74 H), 719 (t, 1H, J=77Hz),7.25({d, 1H, /=68 Hz),
7.56 and 7.62 (two d, [H, J=8.0 Hz).
NLG1569-A- 9] N%({tert-butoxycarbonyl)-L-ghitaminyl}-1-methyl- | 83
E38 HaN- O D-tryptophan
4
Boc—NH  NH
Gl OH
1S 4
N
1

134 (s, OH), 1597 (dd, TH. 7= 14.1. 79 Hz), 1.73-1 77 (m, 1HY, 1.94-2.04 (m. 2H), 3.02
(dd, 1H.J = 14.6, 7.9 Hz). 3.13 (dd, 1H, J = 14.5, 5.2 Hz,), 3.69 (s, 3H), 3.90-3.96 (1, 11),
4.40-4.45 (m, L), 6.72 (s, 1H), 6.80 (d, 1F,J = 8.3 Hz), 6.96-7.02 (m, 1H), 7.05 (s, 1H),
710 (ddd, 1H. J=8.2,7.0, 1.1 Hz), 7.18 (s, 1H), 7.34 (d, 1H, J = 8.2 Hz), 7.51 (d, 1H, /=
7.9 Hz). 7.9% (@, 1H, J = 7.9 Hz), 12.70 ( br 5. 1H).
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NLGISTS-A- 7\ 5 N%((tert-butoxyvcarboayl)-L-phenvlalanyf)- 1 - 75
K41 e methyl-D-iryplophan
Boc—NH  NH
= / 2
s &
\\/’\N o
|

[.30 (s, 9H), 2.81-2.88 (m, 1H1), 2.94-3.00 (m, 111), 3.08 (dd, 11, J= 14.8, 5.8 Hz), 3.21
3.25 (m, 1H), 3.66 (s, 3H), 4.41 (d, 1H, J= 6.7 Hz), 4.79-4.86 (m, 1H), 5.13 (d, 11, /= 8.3
Hz), 6.63 (s, 1H), 6.95-7.25 (m, $H), 7.46 (d, 1H, /= 7.9 H7).

NLG-1546-C-
E20

Hz), 6.56 (d, 1H,.J=6.5
24

9]

Qs ™

l\

N*%((tert-butoxycarbonyl)-D-tryptophy 1)-1-methyl-D-

U‘-I

tryptophan

P

N
H

Frst H’

1.31 (s, 9H), 3.05-3.13 (m, 3H), 3.29 (s, 1H), 3.35 (s, 31D), 4.44 (s. 1H), 4.75 (9. = 6.1 Bz
1H), 5.10 (s, 1H), 6.26 (5. 1H), 6.58 (s, 1H), 6.89 (s, ZH), 7.07 — 7.24 {im, SH). 7.31 {4, 1H,
J=8.0H2), 7.64 (d, IH.J = 6.6 Hz), 8.09 ~ 8.35 (m, 1 H)

NLG-1549-B- 0)) A H N%(N“(tert-butoxycarbonyl)-1 -methyl-D-irvplophvl)- | 40
E26 L S l-methyl-D-tryptophan
Qs ey
£oa%e
o

1.27 (s, 9H). 2.99 (dd, 10, J=14.7. 5.4 Hiz), 3.09 (dd. TH, /= 14.3, 6.7 H7). 3.16 (dd, 18, J
=14.8, 3.2 Hz). 3.25 — 3.44 (m, 1H), 3.57 (s, 3H), 3.69 {5, 3H), 4.39 (brs, 1H), 4.76 (dt, 1H,
= 8.1, 5.5 Hz, 5.01 (brs, 1H), 6.29 (brs, 1H), 6.53 (s, 1H). 6.79 (br s, TH), 6.91 (s, 1H),

By
)

7.34 (i overlapped

6.97 (brs, 2H), 7.07 - 7.18 (m, 2H), 7.20 (d, 1H,.J = 8.2 Hz), 7.21
with CDCl;, 2H), 7.62 (d, IH,J =79 Hz)
NLG-1560-C.1- '* -‘3H NY-((terl-buloxycarbonyl)-L-irvptophyl)-1-methyl-D- 9]
£28 (\,{ ,,N_.a,f tryptophan
H

\

1.35 (5, 9H), 3.08 279 - 3.25, 4H), 3.50 (s, 3
4.62 — 4.96 (m, 1H), 6.45 (s, 1H), 6.70 — 6.91 (m, 1H),

H).3.71 = 3.79 (m, 1H), 4.31 - 4.55 (m. |H),
6.98 —7.06 (m, 1H), 7.08 (t, 1H,J =
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75 Hz), 712 7.25 (m, 4H), 7.44 (q, 2H, J= 3.8 Hz), 7.56 (d, 1H, J= 7.9 Hz), 8.02 (br s,

tH).

NILG-1553-C-
E21

Q N%((tert-butoxyearbonyl}-L-valyl)-1-methyl-D- 100

4 frypiophan

0.77 (4, 3H. J = 6.8 Hz}, 0.81 (d, 3H, J= 6.4 Hz), 1.38 (s, OH), 1.84-1.92 (m, 1 H), 3.30-3.32
(m, 1H), 3.66-3.77 (m, 4H). 4.08-4.12 (m, 1H), 4.88-4.92 (m, 1H), 3.23 (d, 1H, J = 9.2 Hz),
6.66(d, 1H, J=7.2Hx), 692 (s, 1H), 7.09 (t, tH, J=7.4 Hx), 7.20 L, 1H, I = 7.6 Hz), 7.26
{d, I1H, I = 8.4 Hz, merged with chloroform), 7.62 {d, 1H, 1=8.0 Hz)

NLG-1584-B- Né((tert-butoxycarbonybglyeyl)-1-methyl-D- 83
E25 tryptophan
1.39 (s, 9H), 3.25-3.35 (m, 2H), 3.2-3.74 (m, 3H), 4.85-4.90 {m, 1H), 3.21 (br s, 1H), 6.63
(brs, 1H), 6.90 (s, IH), 7.08 (, 1H, J = 7.4 Hx), 7.17-7.27 (m, 2H, merged with
chloroform), 7.35 (d, 1H,J = 7.6 Hz)
NLG-1555-B- ®) Ne%((tert-butoxycarbonyl}-L-alanyl)-1-methyi-D- 86
E27 / _,Og tryptophan
@\ N\ HN‘g—\NﬁGC
N
|

1.28(d, 3H, 1= 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), 6.77 (brs, 1H), 6.7 (s, 1H), 708 (t, I1H, I =74 Hz), 7.19 (¢, I1H, I =74
Hz), 7.24 (d, 1H. J = §.8 Hz, merged with chloroform), 7.37 (d, 1H, J = 7.6 Hz)
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DDO00S10-A- "'"\(3
F079 - '
/ R Boc,
= HMN
o O
N-T NH
o)
OH

N%{(tert-butoxycarbonyl)-L-methionyl}-1-methyl-

D-tryplophan

9

1.36 (5. 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=14.9.6.5 Hz, 1H), 3,36 (dd, J=14.6, 4.8 Hz, 1H), 3.71 (s, 3H), 4.23-4.34 (two m, 1F),
4.82-4.94 (two m, VH), 5.52 (d, J=6.7 Hz, 1H), 6.79 — 6.99 (m, 2H), 7.09 (1, J=7.4 Hz, IH),
719 (t, 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.

[00135]

To a solation of appropriate ‘Boc protected amine (0.707 mmol) in dioxane (2 mL) was

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

warm to rt and stirred vigorousty for 2.5-18 b. The solvent was removed using rotary evaporator.

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

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

# Compound Name Yield
(%)
NLG- @] N%(D-tryptophy])-1-mcthyl-D-trvptophan 95
1546 }Og hydrochloride
“N—{ HN
sl

N" HCI HN {h\(%
N/"-x.f//
H

H NMR (400 MHz, Methanol-dy) 6 3.15 (d, ./ = 8.5 Hz, 1H), 3.19 (d,.J = 8.5 Hz, 1H), 3.36 (d,
TH, /=49 Hz), 3.37 - 341 {(m. 1H), 3.71 (s, 3H), 4.06 (t, 1H, J=3.6 Hz), 4.74 (s, 1H). 6.93 (s.
1H), 7.02 (¢, 1H.J = 6.2 Hz). 7.04 — 7.07 (m, 1H), 7.14 (td, 2H, J = 7.9, 1.7 Hz), 7.20 (s, 1H), 7.22
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(d.J=81Hz 1H), 730 (d. [H, J=8.2 Hz), 738 (d, I H, J = 8.1 Hz), 7.36 (d, IH, /=80 Hz),
7.65(d, 1H, /= 7.9 Hs), 770 (d, 1H, /= 8.2 Hz)

NLG- D‘§.--OH N%(L-lysyl}-1-methyl-D-tryptophan 87
1548 A P dibydrochloride
,/\l,/\g NN s, HC
!
K/I\N
\\
HOH HN
"H NMR (400 MHz, DMSO-ds): 0.88 — 1.13 (m, 2H), 1.33 - 1.56 (m, 4H), 2.54 (t, 2H,J = 7.1
Hz), 2.95 ~3.10 (m, 1), 3.15 ~3.24 (m, [H), 3.42 {apparent ¢ overlapping with H,0, 1H, /= 7.0
Hz), 3.73 {5, 3H), 4.50 ~ 4.67 (m, 1H}, 7.01(t, iH, /=75 Hz), 7.06 - 7.18 (m, 2H), 738 (d, IH,J
=33 Hz), 7.55(d, 1H, ./ = 7.9 HZz), 8.02 (br s, 3H), 8.20 (brs, 3H), 8.83 (d, 1H,./=8.1 Hz), 12.93
{(brs, 1H)
NLG- I-methyl-N*(1-methyl-D-tryptophyl)-D-tryptophan | 92
1349 hvdrachlonde
/' e
s 1)
N
|
"H NMR (400 MHz, DMSO-d5): 3.10 (td, 2H, J=15.5, 79 Hz), 3.24 (ddd, 2H, /= 17.5,15.1,5.9
Hz), 3.72 (s, 2H), 3.73 (s, 4H), 4.02 {ad, 1H,.J=8.3,5.1 Hz),4.58 (g, 1H, /= 7.0 Hx), 7.04 (1d,
2H, J=7.4,42 2y, 709~ 723 (m, 4H), 7.40 (1, 2H. ./ = 8.1 Hz), 7.58 (d, 1H, /=79 Hz), 7.74
(d, IH,J=79Hz), 811 (s, 1H), 897 (d, 1H,/=77Hz), 12.82 (brs, |H)
NLG- @) N%{L-valyl)-1-methyl-D-tryptophan hydrochloride | 92
1553 aH

0

= HN-4
N\ NH, HC
\

X

"H NMR (400 MHz, DMSO-dg): 0.54 (d, 311, J = 7.2 Hz), 0.72 (d, 3H, I = 6.8 Hz),1.89-1 .94 (m,
1H), 3.01 (dd. 1H, ] = 14.8, 9.6 Hz), 3.22 (dd, 1H, ] = 14.6, 5.0 Hz), 3.56-3.65 (m, 1H). 3.70 (s,
3H), 4.61-4.66 (m, FH), 7.01 (L 1H, J = 7.6 Hz), 7.12 (s, 1H), 7.12 (¢, 1H, J = 7.6 Hz), 7.36 (1, 1H,

68




WO 2017/019175 PCT/US2016/035391

T=8.0Hz). 736 (d. 1H, ] = 8.0 Bz). 8.09 (br 5. 3H), 8.78 (d. 1H, J= 8.4 Hz), 12.8 (br s, I H)

NLG- O\ N®-glycyl-1-methyl-D-tryptophan hydrochloride 87
1554 )—on
| 35 P /o
et HN{
é\vz'\; NH, HCI
N
|
TH 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), 4.55-4.38 (m, 111}, 7.03 ((, I H, I= 7.8 Hz), 7.12-7.18 (m, 2H), 7.38 {d, [H, J = 8.0 Hz),
753 (d, 1H, J = 8.0 Hz), 8.13 (brs, 3H), 8.76 (4, 1H, J=8.0 Hx»), 12.87 (brs, {H)
NLG- Q N*(L-alanyl)-I-methyl-D-tryptophan hydrochloride | 44
OH
1555 /o
—
HN
s N ‘g-NHZHm
N
|
'H NMR (400 MHz, DMSO-d,): 1.18 (d, 3H), 3.02-3.06 (m, 1H), 3.17-3.23 (m, 1H), 3.72 (s, 3H),
4.05-4.09 (m, 1H), 4.57-4.62 (m, 1H), 7.02 (t, 1H, ) = 7.6 Hz), 7.12-7.15 (m, 2H), 738 (4, 1H, } =
80 Hz), 7.52{d, 1H, J=7.6Hz), 8.16 (br s, 3H), 8.88-8.92 (m, 1H)
NLG- N"{L-tryptophyl)-1-methyl-D-iryptophan 90
1860 hvdrochloride

"H NMR (400 MHz, DMSO-dg): 6= 2.88 (dd, 1H,.J= 14.7, 8.2 Hz), 2.98 (dd, {H, /= 145,79
Hz), 3.08 (dt, 2. J = 14.7, 3.0 Hz), 3.63 (s, 3H), 4.06 (br s, 1H), 4.55 (q, 1H, /= 7.9), 6.87 (dd.
1H, J = 8.0, 7.0 Hz), 6.97 (s, 1H), 7.01 (t, 1H, J = 7.4 Hz), 7.06 (t, 1H,J = 7.4 Hz), 7.08 - 7.15
(m, 21), 7.34 (d, 2H. J = 8.2 Hz). 7.56 (dd, 2FL. J = 8.0, 5.1 Hz), 8.09 (s, 31), 8.95 (d, 1H, /= 8.1
Hz), 11.02 (s, 1H)
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NILG- Q. ethyl N” -(L-feucy])-L-methyl-D-uryptophanate 93
1364 vl o hydrochlonde
2N
A\ ,/Z “NH; HC!
N
| —
/
TH NMR (400 MHz, DMSO-d,): 0.70 (t, 6H, J = 5.7 Hz). 1.13 (t, 3H, J= 7.1 Hz), 1.38 - 1.23 {m,
3H),3.01 (dd, 1H, J= 145,94 Hz), 3.18 (dd, 1H . J=14.5,5.2 Hz), 3.70 (s, 3H). 4.08 (q,2H , J
=7.1 Hz), 4.62 ~ 453 (m, 1H), 7.00 (ddd, 1H, J=7.8,7.0, 1.0 Hz), 7.09-7.13 (m, 2H), 7.36 (4,
1H,J=82Hz),750(dd, IH, /=756, 1.1 Hz), 8.18 (brs, 3H), 8§99 (d, 1H, /= 8.1 Hz).
NLG- O T ethy) N” -(L-isoleucy])-1-methyl-D-tryptophanate 9
1565 i ?ﬁ 0 hydrochlonde
—
—{  HN
@ \§ NH; HCt
N Tates
|
THNMR (400 MHz, DMSO-ds): 0.60 — 0.66 (m, 6H), 0.75 - 0.82 (n, 2H), 1.12 (1, 3H, J="7.1 Hz,
4H), 1.63 (brs, 1H),3.02 (dd, 1H. J= 14.6,9.4 Hz),3.17 (dd, 1H, ] = 14.6, 5.2 Hz), 3.61 (brs,
1H), 3.69 (s, 3H), 4.07{q. 2H, J = 7.1 Hz), 4.62 (brs, 1H), 7.01 (, IH, /=75 Hz), 7.10 - 7.14
(m, 2H), 7.36 (d, I1H,J =82 Hz), 749 {d, 1H, /=79 Hz), 8.00 (brs, 2H), 8.85 (br s, 1H).
NLG- @] ethvl N (L-glutaminy!)-1-methyl-D-tryptophanate 39
1566 o - FarsehITHaE
ClHH,N H

@§

H NMR (400 MHz, DMSO-d): 1.08 (t, 3H, J = 7.1 Hz).1.81-1.97 (m, 2H), 2.01-2.12 (m, ZH),

3.07(dd, TH,J=14.4.8.4 Hz), 3.16 (dd. 1H, J = 14.4, 6.0 Hz), 3.70 (5. 3H), 3.82 (1, 1H, J = 6.0
Hz), 4.03 (q, 2H, J= 7.1 H2), 4.53 (q, 1H, J= 7.0 Hz), 6.93 (s, 1H), 7.02 (ddd, 1H, J=7.9, 7.6,
1.0 Hz), 7.09-7.14 (m, 2H), 7.35 (d, 1H, J = 8.2 Hz), 7.40 (s, 1H), 8.24 (brs, 3H), 9.01 (d, 1H, J
=7.2 Hz).
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ethyl N%(D-trvpiophy)- 1 -methyl-D-tryptophanate | 97

hyvdrochloride

H NMR (400 MHz, DMSO-ds): 1,19 (¢, 35, J=7.1 Hz), 1.91 (brs, 2H), 2.87 (m, 1H), 3.25 d,
2H.J=5.6 Hz), 3.33 (dd. 1H, J = 14.5, 4.4 Hz). 3.66 (s. 3H), 3.70 (dd, 1H, J = 9.0, 4.7 Hz), 4.10
(o, 1), 4.87 (dt, 1H. /= 8.5, 5.5 Hz), 6.71 (d, 1H, J = 8.5 Hz), 6.95 (d, 1H, /= 2.6 Hz), 7.00 -
710 (m, 2H), 7.12 ~ 7.22 (m, 2H). 7.24 (d, 2H, J = 6.1 Hz), 7.32 @, 1H, /= 8.1 Hz), 7.51 (@, 11,
J=771Hz),7.60 (d, VH, S = 8.0 Hz), 7.66 (d, 11, /= 8.3 Hz), 8.15 (s, 1H).

NLG- @] N (L-glutaminy1)-1-methyl-D-tryplophan 97

1569 hia hydrochloride

O

CiHHN NH

N
|

TH NMR (400 MHz, DMSO-ds): 1.79-1.84 (m, 2H), 1.95-2.06 (n, 2H), 3.04 (dd, 1H, J = 14.6, 8.5
Hz), 3.19 (dd, 1H, J = 14.6, 5.2 Hz), 3.49 - 3.35 (m, 2H), 3.70 (s, 3H), 3.78 - 3.88 (m, 1H), 4.53
(td, 11, J= 8.3, 5.2 Hz), 6.93 (s, 111), 7.00 (ddd, 1H, J= 8.0, 7.0, 1.0 Hz), 7.16 - 7.07 (m, 2H),
735 (dt, 1H, /=383, 0.9 Hz), 7.38 (s, 1H), 7.54 (dt, TH,J = 7.9, 1.0 Hz), 8.28 (d, 2H, ./ = 4.2 Hz),
8.87(d, 1H, J=8.1 Hy)

NILG-
1370

N®-(L-leucyl)-t-methyl-D-tryptophan hydrochlonide | 95

TH NMR (400 MHz, DMSO-de): 0.68 (1. 6H. J = 5.5 Hz). 1.34 — 1.17 (m, 3H), 2.99 (dd, 1H . J =
14.5,9.6 Hz), 3.20 (dd, 1H, J= 14.6, 4.7 Hz), 3.34 ~ 3.40 (mn, 3H), 3.68 (s, 3H), 4.52 ~ 4.62 (m,
1H), 6.99 (¢, 1H, J= 7.4 Hz), 7.16 ~ 7.08 (m, 2H), 7.35 (d, 1H, J=8.2 Hz), 7.54 (d, 1H, J = 7.9
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Hz), 8.17 (br s, 2H). 8.85 (d, 1H, J = 8.3 Hz)

NLG- 6 N"-(L-isolencyl)-1-methyl-D-tryptophan 94
> % OH _ .
1571 p—_— hvdrochloride
w\«/ HN—4
NH, HCI
N i
|

TH NMR (400 MHz, DMS0Q-d:): 0.55-0.65 (m, 6 H), 0.71 = 0.75 (m, 1H), 1.03-1.12 (m, 1H), 1.537

—1.63 (m, TH), 2.99 (dd, 1H, J=14.6,9.8 Hz),3.19 (dd, 1H, /= 14.6,4.7 Hz), 3.61-3.63 (m,

13, 3.69 (s, 3H), 4.58-4.64 (m, [H), 7.0 ¢, M, J=7.6 Hz), 7.08 - 7.13 (m, 2H), 7.35 (d, 1H, J =

8.2 Hey, 7.53 (d, 1M, J= 7.9 Hz), 8.10 {brs, 31), 8.72 (d, 111, /=8.1 Hz).
NLG- 72 - cthyl N*%(L-phenylalanyl)-1-methyl-D- 60
1874 = : tryvptophanate hydrochloride

"H NMR (400 MHz, DMSO-ds): 1.15 (¢, 3H,J= 7.1 Hz), 2.52 (dd, 1H,J=13.7, 9.9 Hz),3.17 -

3.23 (m, 3H), 3.46(dd, IH,7=99,4.1 Hz), 3.64 (s, 3H), 4.03-4.11 {m, 2H), 4.83 (dt,1H, J=

8.4,56Hz), 6.72 (5, 1H), 6.99 (ddd, 1H,  J=8.0,0.9, 1.1 Hz), 7.31 - 7.053 (m, 7H), 745 (d, 1H, J

=79 Hz), 7.61 (d. 1H, J= &4 Hz)
NLG- G N”-(L-phenylalany - 1-methyl-D-tryplophan 9]
1578 hydrochloride

CiHH,N  NH
i
- OH
. é J

TH NMR (400 Mz, DMSO-d.): 2.78 (dd, 1H, J= 13.9, 7.1 Hz), 2.89-2.97 (m, 2H), 3.10 (dd, 1H,
J=14.3, 53 Hv),3.35 (brs. 3H), 3.47 (s, 3H), 4.05 (dd. [H. J=7.1. 5.6 Hz), 4.51 (i, 1H,.J =
8.2, 3.3 Hz), 6.92 — 6.94 (m, 2H), 6.99 — 7.18 (m, 6H), 7.36 (dt, J = 8.3, 0.9 Hz, 1H), 7.56 (dt, J =
8.0, 0.9 Hz, 1H), 8.89 (d,J = 8.1 Hz, 1),

72




WO 2017/019175

PCT/US2016/035391

NLG- OH I-Methyl-D-tryptophyiglycine hydrochloride o0
1579 N
: fNH o)
N ;fNHzHC!
Qrs
N
|
"H NMR (460 MHz, Methanol-d,): 3.25 (dd, 2H , J = 14.8, 7.9 Hz), 3.43 (dd, 1H, J = 14.8,6.1
Hz), 3.77 (5, 3H), 3.92 (d, 2H, J = 5.5 Hz), 4 14-419m, 1H), 7.09 {t, I1H, J=7.5Hz), 7.16~7.24
(m, 2H), 7.36(d, I1H, J=8.1 Hz), 7.67(d, 1H, /=79 H2).
NLG- ( mothyl N*-((R)-I-cthoxy-3-(1-methyl-1H-indol-3- 92
1585 0 vi)-1-oxopropan-2-yl)-L-asparaginate hvdrochloride
c:-:g
~ o "‘NH
N
N =0
=
\ INH,HC
0
Q
/
"H NMR (400 MHz, DMSO-de): 1.12 (t, 3H, J=7.1 Hz), 2.64-2.76 (m, 2H), 3.06 (dd, 1H, J =
14.5,82Hz),3.17{dd, 1H, J=14.6,5.9 Hz), 3.38 (s, 3H), 3.73 (s, 3H), 4.04-4.13 (m, 3H), 4.57
(d, 1H, J=8.0,59Hz),7.02 ddd, 1H, J=8.0,7.0, 1.0 Hz), 7.12-7.16 (m, 2H), 7.39 (dt, 1H, J =
8.3,0.9 Hz), 7.51 (di, IH, J=8.0, 1.0 Hz), 8.27 (s, 3H), 9.00 (4, 1H, J= 7.8 Hz)
NLG- 9 /“—- o 'éth}}:'l"ﬁ“-(L-methionyl)-1»methylnﬁ:ﬁ'yptopﬁanale 90
3272-01 / OO hydrochloride
O HN
N aNH, HE)
N
i
5
\

TH NMR(DMSO-dg, 400 MH2): & (ppm) 1.69 (t, J=7.1 Hz, 3H), 2.44 (s, 3H), 2.61 - 2.82 (m, 2H),
3.59 (dd. J=14.5,9.5 Hz. 1H), 3 74 (dd, J=14.6, 5.0 Hz, 1H), 4.27 (s. 3H), 4.37 (s, 1H), 4.63 (q.
J=7.1 He, 2H), 5.05 ~ 522 (m, 1H). 7.56 (1, J=7.4 Hz, 1H), 7.62 - 7.75 (m, 2H), 7.91 (d, J=8.2
Hz, 1H), 8.03 (d, J=7.% Hz, 1H), 8.86 (s. 2H), 9.60 (d. /=7.8 Hz, 1H).
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NLG- Ne{L-methionyl)-1-methyl-D-tryptopban hydrochloride | 76

' H
3380-01 % =
I

Q_JTN{HN A/%—NHQ HCI
|

SNy

"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=5.7Hz, 1H), 451 - 4.67 (m, 1H), 7.02 (t, /=74 Hz, 1H), 7.11-7.15 (m, 2H), 7.37 (d,
J=8.1 Hz, 1H), 7.56 (d, /=8.1 Hz, 1H), 8.78 (br s, 1H)

Synthesis of (2-ethoxy-2-oxide-1,3,2-dioxaphosphelan-4-yl)methyl 1-methyl-D-
iryptophanate hydrochloride (NLG-1559)

\
OH Boc20
(jf ................. 8 ( \)\/
= O t)“tO‘
MLG-1558 free base NLG-1559-A-E24
(f (i\ \N HCI 4
e NHJ TN
\ 0~ 0 HCI A L PO~
: P ™ O S
NJJ HN. Lo’ o e 1N aad
/ Boc Nz a
NLG-1558-B-E24 NLG-1558

2,3-dihydroxypropyl N'-(tert-butoxycarbonyl}-1-methyl-D-tryptophanate (NLG-1539-A-
E24)

[00136] To a solution NLG-1538 free base (0.750 mg, 2.57 mmol) in acetonitrite (10 ml.) at 0
°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 myg, 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, 4K1), 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 (t, 1H, § =73 Hz), 7.23(d, 1H, J =
8.2 Hz), 7.49 (d, {H, J = 7.9 Hz).

(2-ethoxy-2-exido-1,3,2-dioxaphespholan-4-yhmethyl Na-(tert-butoxycarbonyl)-1-methyl-D-
tryptophanate (NLG-1559-B-E24)

66137} To a solution of NLG-1859-A-K24 {650 mg, 1.66 mmol) in dry pyridine (2 mL) at 0
° was added POCI: and the solution was allowed to warm to rt. After stirring overnight (18 h),
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%). 0
NMR: 1.13 (t, 3H, J = 7.0 Hz), 1.30 (s, $H), 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), 3.23-5.27 (m, 1H), 6.79 and 6.83 (two s, 1H), 7.01 (, 1H, ]
=74Hz), 712 (, 1H, J=72Hz), 7.18(d, 1H, J =9.2 Hz), 746 (d, 1H, ] = 7.7 Hz).

(2-Ethoxy-2-oxido-1,3,2-dioxaphospholan-4-yl)methyl 1-methyl-D-tryptophanate
hydrochloride (WN1.G-1559)

[00138] To a solution NLG-15859-B-E24 (550 mg, 1.14 mmol) in dry CH,Cly (10 mL) at 0 °C
was added anhydrous HCI (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 g, 61 %) (CD30OD-dg) 1.20 {(td, 3H, T =7.1, 43 Hz), 326-3.42
(m, 2H), 3.44 (dd, 1H, T = 5.1, 3.0 Hz), 3.48-3.56 (m, 1), 3.71 (s, 3H), 3.95 (h, 2H, J = 7.1 Hz),
4.21-4.36 (m, 3H), 4.37-4.53 (m, 1H), 7.02 (t, 1H. T = 7.4 Hz), 7.07 (d, 1H, } = 4.0 Hz), 7.10-7.17
(m, 1H), 7.30(d, 1H, 1 =82Hz), 749 (d, 1H, I =74 Hz}.

75



WO 2017/019175 PCT/US2016/035391

Pharmacentically acceptabile salt composition(s)

Synthesis of (R)-1-carboxy-2-(1-methyl-1H-indol-3-yiethan-1-aminium chioride (NLG-
1607)

\
(Th“\ffj,OH
Ny @ NHs o

D-1MT NLG-1607

[00139] To an ice cold aqueous HCI (15.5 mL, 30.9 mmol; 2M) solution was added DIMT (4.5
g, 20.6 mmol). After stirring for 30 minutes, the clear solution was evaporated under reduced
pressure and the crude was evaporated thrice with Ethanol (40 mL). The crude was stirred in

Ethanol and tert-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 in 250
mL glass bottle with 100 mL of acetonitrile. 10 mb HCI solution pre-dissolved in acetonitrile
(511.2 mg/mL) was added into the D-1MT free form solution according to 1:1 molar ratio to free
base:acid, and then kept shaking at room temperature overnight to form salt. The filtered solid
was dried under vacuum at 30°C overnight. A white powder (11.1 g) was obtained by the above
process, and characterized by XRPD, DSC and TGA {Figures 1-2). The purity was 99.7% area
based on the HPLC analysis, and the stoichiometry was analyzed by ELSD, the calculated molar
ratio (APT.HC 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
auhydrous as assessed by thermogravimetric analysis (TGA) and differential scanning calorimetry

(DSC) (Figure 2).
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Synthesis of (R)-1-carboxy-2-{1-methyi-1}{-indol-3-yl)ethan-{-aminium methanesulfonate
(NLG-16319

N O OH o
AT j
(% 'I’NHQ NH
= C;{;&L

L1M7 NLG-1619

[00141] To a stirred solution methane sulfonic acid (1.50 mL, 22.9 mmol) in DI water (50 mL)
was added D-1MT {1.0g, 4.48 mmol) in 100 mg portions. The solution was stirred vigorously for
3h at 75 °C until the solution was homogeneous. The solution was concentrated under reduced
pressure and the solid collected (1.38 g, 96%). 'H NMR{Methanol-ds, 400 MFz): § = 2.69 (s, 3H),
3.32-3.39(m, 1H), 3.49 (dd, 1H, J = 15.3, 4.9 Hz}, 3.80 (s, 3H), 425 (dd, 1H, /= 7.8, 4.9 Hz),
7.10 (ddd, 1H, J=8.0, 7.0, 1.0 Hz), 7.14 (s, 1H), 7.21 (ddd, 1H, J =82, 7.0, 1.1 Hz), 7.38 (dd,
1H, J=8.3, 1.1 Hz), 7.62 (dt, 1H, /= 8.0, 0.9 Hz)

Synthesis of (R)-1-carboxy-2-(1-methyl-1H-indol-3-yl)ethan-1-aminium  dihydrogen
phosphate (INLG-1664)

D-1MT NLG-1660

[86142] To the solution of phosphoric acid (0.673g, 6.87mmol) in deionized water (30 mL} at
50 °C, was added D-1MT (0.5g, 2.29) portion wise and the mixiure 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-ds) & 2.95 (dd,
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1H, /=151, 8.6 Hz), 3.22 -3.29 (m, 1H), 3.46 {(dd, 1H, J=8.6,4.2 Hz), 3.71 (s, 3H), 7.00 (ddd,
18, J=8.0,71,1.0Hz), 7.09-7.15(m, 2H), 737 (d, 1H, J=84Hz),7.55(d, 1H, J=79Hz).

[06143]  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 HyPOy4 solution pre-dissolved in THF (7923
mg/mL) was added into the D-IMT 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 obtained, 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-l-aminium hydregen sulfate

(NLG-1667)

N 0. _OH N O OH

YN, ( N

D17 NLG~1667

L~
NH; O-§=0
@ OH

[00144] To a suspension of D-1MT (1.00 g, 4. 58 mmol} in water/THF (4:1, 100 mL) at rt, was
added 0.5M H,S0; (9.16 mL, 4.58 mmol}) and the mixture was stirred at rt overnight. The white
solid was filtered-off and washed with cold THF to afford the sulfate salt of D-1MT (0.429 g,
34%). (DMSO-dq) 3.17 (dd, 1H, F=15.1, 7.2 Hz), 3.27 (dd, 1H, J = 15.0, 5.3 Hz), 3.74 (s, 3H),
396 (t, IH, T=62Hz), 704 (t, IH, =74 Hz), 7.12-7.21 (m, 2H), 7.41 (d, 1H, J = 8.2 Hz}, 7.58
(d, TH, J=8.0Hz), 8.52 (brs, 4H).

General method for the generation of mono and di phosphate salts of indoximod predrugs.

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 diluted with methy! fert-butylether (10 mL), 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 NEG-03380-01 using ton-exchange resin.

[96145]
# Compound Mame Yield
(%)
NLG-1626 ] EZRT] -(2 3-dihydroxypropoxy)-3-{1-methyl- 44

1H-indol-3-v})-1-oxopropan-2-aminium

dibivdrogen phosphate

TH NMR (DMSO-de, 400 MHz): 3.07-3.13 (m. 2H), 3.27-3.38 and 3.43-3.50 (m, 2H), 'H NMR
(400 MHz, DMSO-ds): 3.60-3.68 (m, 1H). 3.73 (s. 3H), 3.84 (br s, 1H), 3.90-3.96 {m, 1H), 4.02-
4.12 (m, TH), 6.95 (br s, 3H), 7.02 {ddd, 1H, J = 8.0. 70. 1.0 Hz), 7.11-7.19 (m, 2H), 7.38 (dt,

1H, J = 8.3,0.9 Hz), 7.49-7.56 (m, 1H).

NLG-1629

O
HzN— {

HO 5
HO-P=Og HN  NH

’ QO/\

|

O

(S)-5-amino-1-(((R)~-1-cthoxy-3~-(1-methyi-1H-
indol-3-y1)-1-oxopropan-2-yDamino)-1,5-

dioxopentan-2-aminium dihydrogen phosphate

39

206 (1, 2H, J=7.9 Hz), 3,06-3.18 (m, 2H), 3.44 (br s 1H), 3.72 (s, 3H), 4.04 (q, 2H , J = 7.1 Hz),
452 (q, 1H, J= 7.1 Hz), 6.80 (s, 1H), 7.02 (t, 1H, J = 7.5 Hz), 7.11- 7.16 (m, 2H), 7.32-7.38 (m,

2H), 7.50 (d, 1H, J= 7.9 Hz), 7.82 (brs

L 3H), 8.57 (s, TH).
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NLG-1664

{R)-4-{((2-ammonio-3-(1-methyl-1 H-indol-3-
yviipropanoy Doxy ymethy Dpipersdin- 1 -ium

dihydrogen phosphate

(DMSO-dg) 1.35-1.56 (i, 4H), 1.63-1.68 (m, tH), 2.61-2.73 (m, 2H), 3.09-3.26 (m, 4H), 3.73 (s,
3H), 3.8 (dd, 1H, J=54,109Hz),3.88(dd, IH,1=3.1,11.1Hz),3.95 (1, I1H, J=6.7 Hz}, 7.02
(t, 1H, } =74 Hz), 7.09-7.17 (m, 1H), 721 (s, I1H), 738 (4, I1H, J =82 Hz), 749 (d, 1H,} =79
Hz), 8.44 (brs, 10H)

NLG-1665

Q. s (S)-1-(((R})-1-cthoxy-3-(1-methyl-1H-indol-3-y1)-1- | 39
0]
o oxapropan-2-yhamino)-4-methyl-1-oxopentan-2-

TN @ 0] aminium dihydrogen phosphate
A NH; o—p-oH
N N
|

© oH

TH NMR (400 MHz, DMSO-ds): 0.77 (dd, 6H, J = 6.5, 6H, 2.2 Hz), 1.1 (¢, 3H, 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,J =145, 8.4 Hz), 3.17
(dd, TH, J = 14.4, 5.4 Hz), 3.40 (dd, 1H, J=86.5.7 Hz), 3.72 (s, 3H), 4.06 (q, 2H.J=7.1, 7.1,
7.1 Hz), 4.55 (1d, 1H, J=8.1, 8.1, 5.5 Hz), 5.52 (bs, 8H), 7.02 (¢, 1H, J= 7.2 Hz), 7.10 - 7.15 (m,
2H), 738 (d, 1H, J = 8.3 Hz), 7.51 (d. 1H, /= 7.9 Hz), 8.62 (4, 1H, J = 7.9 Hz).

NLG-1676

(8)-6-(({R)~1-carboxy-2-(1-methyl-1H-indol-3- | 81
vhethyDamino)-6-oxchexane-1 5-diamnium

dibydrogen phosphate

Hc)—if‘l—oe HaN @
OH

80
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H NMR (Deuterinm Oxide, 400 MHz): § =039 — .78 (m, 2H), 1.21 (ddd, 2H,J=9.1, 6.8, 2.6
Hz), 1.28 = 1.49 (on, 2H), 2.39 (1d, 2H, J = 7.4, 3.8 Hz), 3 08 (dd, 1 H, J = 15.0, 10.9 Hy), 345
(ddd, 1H, J= 151, 4.5, 1.0 Hz), 3.74 (5, 3H), 3.79 (1, 1H, J = 6.7 Hz), 4.68 - 4.77 (m, 1H), 7.14

@, 1H,J=08 Hx), 7.14 - 7.20 (m, 111, 7.28 (ddd, [H,J =83, 7.1, [.1 H), 7.41 - 7.47 (m, 11D,
770 (dd, 1H, J = 7.9. 0.9 Hz) ppm

NLG-1677

{R)-2-((1-carboxy-2-(1-methyl-1H-indol-3-
yhethyDamino)-2-oxocthan-1-amaniun

dihvdrogen phosphate 80

(DMSO-d6) 3.01-3.05 (m, 1H). 3.18-3.22 (m, 1H), 3 42-3.56 (m, 2H), 3.72 (s, 38), 4.42-4.50 (i,
1H), 7.01-7.14 (m. 3H), 7.33-7.37 (m, 1H), 7.51-7.55 (m, 1H), 8.44 (br s, 9H), 8.65 (s, LH)

NILG- o s {S)-1-(((R)-l-cthoxy-3-(}-methyl-1H-indo}-3- | 75
03272-02 B £ 00 vi-1-oxopropan-2-yDamino)-4-(methylthio)-1-
@t\ HN—4 %HS @O_(‘P?___OH oxobutan-2-aminium dihydrogen phosphate
- |
\ OH
N
"H NMR(DMSO-ds, 400 MHz): & (ppm) 1.13 (t, J/=7.1 Hz, 5H), 1.64-1.72 (m, 1H), 1.73
—1.84 (m, {H), 1.93 (s, 3H), 2.28 (t, /=7 9 Hz, 2H), 3.08 (dd, /=14.6, 8. SHz, 1H),3.18
(dd, /=14.5, 5.2 Hz, 1H), 3.54 (1, /=6.0 Hz, |H), 3.73 (s, 3H), 4.07 {q, J=7.1 Hz, 2H),
4,56 {(q, J=6.8, 6.1 Hz, 1H), 7.02 (t, /=74 Hz, 1H), 7.07 - 7.23 (m, 2H), 7.38 {d, /=8.2
Hz, 1H), 7.51 (4, /=79 Hz, 1), 7.98 { br s, SH), 8.68 (d, /=7.7 Hz, 1H)
NLG- O (B)-1-({(R)-l-carboxy-2-(1-methyl-1H-indol-3~ | 78

03386-62

yhethyDamino)-4-(methylihio)-1-oxobuian-2-

OH
HN 0 o g .
& W amintum dihydrogen phosphate
L‘\J\ § %‘NHS o- ﬁv' oH

TH NMR(DMSO-d, 400 MHz): 8 (ppm) 1.63 — 1.79 (m, 2H), 1.85 (s, 3H), 2.13 (t, /=8.1
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Hz, 2H). 3.01 (dd, J=14.6, 9.0 Hz, 1H), 3.23 (dd, J=14.7, 4.6 Hz, 1H), 3.72 (s, 4H), 4.51
(s, TET), 7.00 (t, J=7.5 Hz, 1F), 7.06 - 7.20 (m, 2H), 7.36 (d, J=8.2 Hz, 1H), 7.54 (d,
J=7.9 Hz, 1H), 8.63 (s, 6H)

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

salts of indoximeod prodrugs.

[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 rt overnight. Ethanol was evaporated and the crude product was stirred
in methyl zert-butyl ether for 1-5 h. The precipitate was filtered and dried to yield the

corresponding methanesulfonate or benzenesulfonate salt.

# Compound Name Yield
(%)
NLG-1627 OH (2R)-1-(2 3-dihvdroxypropoxy }-3-(1-methyl- 41

1H-indol-3-v})-1-oxopropan-2-aminium

\ .
\ 05 -0 methancsulfonate

L ®
‘NH,@

CH,S0S

TH NMR (400 MHz, DMSO-da): 2.31 (s, 3H). 3.24- 3.29 (m, 2H), 3.29 -3.41 (m, 2H), 2.65-3.68
(m, TH), 3,75 (s, 3H), 4.04 (dd, 1H, J=11.1, 6.3 Hz), 4.16 (dd, 1H, J=11.0,4.0 Hz), 4.28 (brs,
1H). 7.06 (ddd, 1H, J=8.0,7.1, 1.0 Hz), 7.17 (ddd, [H. /=82, 7.1, 1.1 Hz), 7.21 (5. [H), 7.39-
7.46 (m, 1H), 7.54 (dt, 1, J= 8.1, 0.9 Hz), 8.29 (brs, 3H).
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NLG-1631 e ({S)-3-ammo-1-(((R}-1-cthoxy-3-(I-methv)- | H-indol)-3-y1)-1- | 78
Hy L : .
' _‘< 0 axopropan-2-yDamino)-1,5~-dioxopenian-2-amininm

CH @D?H Vo -JH methanesulfonate

&f

TH NMR (400 MHz, DMSO-dq): 1.11 (1, 3H, J = 7.1 Hz), 1.80-1.86 (m, 2F), 1.97- 2.13 (m, 2H),
231 (s, 3H),3.08 (dd, 11, J= 14.5, 8.2 Hz), 3.18 (dd. 1H , 7= 14.5, 6.0 Hz), 3.72 (s, 3FD), 3.83
(g, TH. J=5.6 Hz), 4.06 (q, 2H, J=7.1 Hz), 4.59 (td, 1H, /= 8.0, 6.0 Hz), 6.98 (s, 1H), 7.03
(ddd. 1H, J=2.0,69,1.0 Hz), 7.09-7.18 (m, 2H), 7.34-7.42 (m, 2H), 752 (@, I1H, /=79, 1.0
Hz), 8.12 (d, 3H, J = 5.6 Hz), 8.93 (d, 1H. J=7.9 Hz).

NLG-1662 {(R)-4-(((2-ammonio-3-({ -methyl-1H-indol-3-
yDpropanoyDoxymethyDpiperidin-1-inm

methanesulfonate

32
N

®
r\li CHAS0Y

(DMSO-dg) 1.25 (dt, 21, 1 = 8.3, 34 3 Hz). 1.49 (ddd. 311, T~ 8.0, 12.1. 23.2 Hz), 2.50 (s, 61),
2.54-2.69 (m, 2H), 3.01-3.15 (m, 2H), 3.58 (5, 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 .1H), 6.88 (¢, 1H, 1 = 7.5 Hz), 6.95-7.03 (m, 2H), 7.12 (d, 1H, ] =
8.1 Hz), 7.31 (d, 1H. 7= 7.9 Hz), 8.13-8 33 (m, 3H), 8.59 (1, I1H, } = 10.5 H2)

NLG-1666 (8)-1-(({R)-1-ethoxy-3-(1-meihyl-1 H-ndal-3-yi)-1- 69
oxopropan-2-vamino)-4-methyvl-1-oxopentan-2-

aminium metlianesulfonate

"H NMR (400 MHz, DMSO-d,): .73 (dd, 61, 7= 82 63 Hz, 6H), 1.16 (t, 3H, J= 7.1, 7.1 He,
SH), 1.24 (1, 2H,J =71, 7.1 Hz, 2H), 1.32 (dt, 1H,J=13.6, 6.7, 6.7 Hz, 1H}, 2.29 (s, 3H), 3.03
(dd, 1H,J=14.5,93 Hz, 1H),3.20 (dd,1H, J=145,53 Hz),3.72 (s, 3H}),4.11 {q, 2H, J=7.1,
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71 Hz), 4.64 (1d, 1H, /= 88,88, 55 Hz), 702 (t. I1H,J=7.5,7.5Hz), 7.13 (d, 2H, /=908
Hz), 738 (d, 1H, J= 8.2 Hz), 7.52(d, 1H,/=7.9 He). 8.0/ (s, 3H), 8.92 (d, I H,J = 8.2 Hz, 1 H).

NLG-1668

@ - (S3-6-({(R)-I-carboxy-2-(1-methyl-1 H-mdol-3- 79
/ o vhethyljamino)-6-oxohexane-1,3-diaminium
! NHi methanesulfonate
g ‘C " (ong
NN a8
v !
o
HaNo
S
CH380;

"H NMR (Methanol-ds, 400 MHz): & = 0.82 — 0.98 (m, 2H), 1.26 — 1.40 (i, 2H), 1.42 - 1.56 (m,
2H), 1.73 (dt, 1H,J =153, 7.5 Hz), 1.96 (dddd, 1H,/=26.4,16.4,12.9, 6.1 Hz), 2.53 (ddd, 2H,
J=13.0,66,4.6 Hz), 2.71 (s, 6H), 3.14 (dd, 1H, /=149, 10.0 Hz), 3.44 (ddd, 1H, /=149, 4.6,
1.0Hz), 3.78 (s, 3H), 3.81 (1. 1H, /= 6.3 H2), 7.03 - 7.11 (m, 2H), 7.19 (ddd, 1H,./=8.3,7.1,1.2
Hz), 7.36 (dt, 1H,./=8.3,0.9 Hz), 7.60 (dt, YH, ./ = 8.0, 1.0 Hz) ppm

NLG-1671

ethyl N%-(($)-2-(x*-azanyD-4-methylpentanoyl)- L -methyl-D- 68

tryptophanate besylate

TH NMR (400 MHz, DMSO-dy): 0.73 (dd, 611, 7= 8.2, 6.3 Hz), 1.16 (1, 31, J=7.1, 7.1 Hz), 1.24
(t,2H,J =73, 7.3 Hy), 1.32 (dt, 1H, J=13.0,6.5, 6.5 Hz), 2.98 - 3.09 (m, LH), 3.20 (dd, 1H, J

= 14.5,5.2 Hzy, 3.72 (s, 3H), 4.11 (q, 21, J=7.1, 7.1, 7.1 Hz), 4.64 (td, 1H, J=89,8.9,54

Hz), 6.99 — 7.05 (m. 1H), 7.09 — 7.17 (m. 2H), 7.26 - 7.35 (m, 3H), 7.38 (4, 1H, J = 8.2 Hz), 7.52
(d, TH, J = 8.0 Hz). 7.59 (dd, 2H, J = 7.7, 1.9 Hz), 8.00 (s, 3H), R.92 (d, 1H, J = 8.2 Hz).
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General method for the generation of mono, disulfate and hydrogen sulfate salts of

mdoximod and indoximod prodrugs.

[06147] To a solution of free base (1.22 mmol) in dry THF (10 mL) at ¢ °C was added sulfuric
acid (0.611 mmol or 1.22 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

methy! tert-butyl ether, the solid was filtered and dried under vacuum to yield the desired product.

# Compound Name Yield
(“e)
NLG-1628 HO ‘f N {2R)-1-(2 3-dihydroxypropoxy)-3-(1-methyl- | 43
HO. e . . .
\H i | 1H-ndol-3-y13-1-oxopropan-2-aminium
9 = Hat
B & 5 sulfate
0&"\ "‘NCI}')I" eo_jt:";_oo E'IS{J“J\(”
/= o G
_..N 1 (\
N, 0}1
O £

TH NMR (400 MHz, DMSO-dq): 3.03-3.19 (m, 2H), 3.29 - 3.40 and 3.44-3.55 (two m, 2H), 3.62-
3.69 (m, 1H), 3.74 (s, 3H), 3.89-3.99 (m, 2H), 4.07 — 4.12 (m, 1H), 6.25 ( br s, 2H), 7.03 (t, 1H, J
=77 Hz), 7.11-7.21 (m, 2H), 7.40 (d, 1M, J= 8.1 Hz), 7.51-7.57 (m, 1H).

NLG-1638 o Hﬁ_{" {S)-5-amino-1-{(((R)- | -ethoxy-3-({~methyi-1H- 33
ol S .
" @ o }_ 4 indol-3-vh-1-oxopropan-2-vianmino)-1,5-
4 9o-3-0% ppo Wi

Habi @ K

Sy P
"\(_g'*o’“‘" A 4
LD t

1]

|

dioxopentan-2-aminiwm sulfate

i

T NMR (400 MHz, DMSO-dy) - 110 (1 3H. J= 7.1 Hz). 1.63-1.74 (m, 1H), 1.75-1.86 (m,
1H), 2.02-2.07 (m, 2H), 3.13 (qd, 2H , J= [4.5, 6.8 Hz), 3.52 (dd, 1H, J=7.4, 5.0 Hz), 3.72 (s,
3H), 4.04 (q, 2H. J=7.1 Hz), 4.55 (q, 1H, J = 1.6 Hz), 6.47 { brs, 2H), 6.85 (s, TH), 7.03 (¢, 1H,
J=75Hyz), 7.10 719 (m, 2H), 7.29 (s, L), 7.38 (d,1H, ./ = 8.2 Hz), 7.51 (d. 1H, J=7.9 Hy),
859 (d, 1H, J=7.9 Hz).
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NLG-1663

{J\ :ﬂ‘\ \I\NH
e
= s Q,E.L",o \) HSO4
O.)

(R}-4-({(2-ammonio-3-(1 -methvi-1 H-indoi-
3-yvIpropanovDoxy)methylpiperidin-1-tin

hydrogen sulfate

25

(DMSO-ds) 1.05-1.30 (m, 2H), 1 42-1 59 (m, 2H), 1 64-.178 (m, 1H1), 2.64-2.84 (m, 21D, 3.11-
335 (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 =
74 Hz), 7.11-7.24 (m, 2H), 7.43 (d, 1H, T = 8.1 Hz), 7.51 (d, 1H, ) = 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-

vljethan-1-aminium hydrogen salfate

30

(DMSO-dg) 3.17 (dd, 1H, J= 15.1, 7.2 Hz), 3.27 (dd, 1H, J = 15.0, 5.3 Hz), 3.74 (s, 3H), 3.96 (¢,
1H, J=62Hz), 7.04 (¢, 1H,J = 7.4 Hz), 7.12-7.21 {m, 2D, 7.41 (d, 11, J = 8.2 Hz), 7.58 (d, 1H,

J=8.0Hz), 8.52 (brs, 4H)

NILG-1669

—~OH
0
NH:
® 3
S0,2
H3N @

(S)-6-{((R)- f~carboxy-2-{1 -methyl-1H-
indol-3-yl)ethy Damino)-6~oxohexane-1,5-

diaminium sulfate

82

TH NMR(DMSO-ds, 400 MHz): 6 = 1.08 ~ 1.58 (m, 7H), 2.55 - 2.71 (m, 2H), 3.03 (dd, 1H, /=
146, 8.8 Hz), 321 (dd, 1H. /= 14.6,4.9 Hz), 3.63 (s, 1H), 3.72 (s. 3H), 4.53 (d. 1 H, /= 7.9 Hz),
7.02 (t, TH. J=7.4 Hz), 7.09 — 7.18 (m. 2H), 7.37 (d, 1H, J = 8.2 Hz), 7.56 (d, 1, J = 7.9 Hz),

8.25 (brs, 6H) ppm
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® ( | ethyl N%(($)-2~(A*-azany[)-4- 29
N NH YN
NLG-1691 | - B acd s\_:@ ragthvipentancyh-1-methyi-D-
ST U“’g.,./ =
ue i tryptophanate sulfate
s o T
/ @ -
/N 7 """ \

TH NMR (400 MHz, DMSO-dy): 0.72 - 0.78 (m. 6H), 1.11 {t, 3H, J=7.2,72 Hz), 1.14 - 1.18
(m, TH), 1.22 — 1.30 (m, TH), 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 (g, 2H, J= 7.1, 7.1. 7.1 Hz), 4.54 (q, 1H,J = 7.5,7.5, 7.4
Hz), 7.00 (¢, 1H, J= 7.3, 7.5 Hz). 7.11 (m, 2H), 7.36 (d, 11, J = 8.2 Hz), 7.49 (d, 1H, J= 7.9 Hz),
8.48 (d, 1H, 7= 7.9 Hz).
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Synthesis of (R)-methyl 2-(((2-(i H-imidazol-4-yh)phenoxy)earbonyl)amino)-3-(1-methyi-1 /-
indol-3-yl)propancate (NLG-1264)

[06148] To a solution of 2-(1H-imidazol-4-y)phenol (1.0 mmol) (prepared according to J. Med.
Chem., 2008, 51 (16), pp 4968-4977) in DMF (3 mL} was added triethylamine (1.1 mmol). After
stitred for 10 min, a solution of 4,4'-Dimethoxytrityl chloride (1.0 mmol) mm DMF (2 mL) was
added dropwise. After stirred overnight under a nitrogen atmosphere, the reaction mixture was
poured into ice water (10 mL). The solid was filtered off, washed with cold water and dissolved in
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ethyl acetate. The organic layer was dried over Na2S0O4 and concentrated the crude product was
taken into next step without further purification. To a suspension of (R)-methyl 2-amino-3-(1-
methyi-1H-indol-3-ypropancate (0.5 mmol) (prepared as described by Paul Cox, Donald Craig,
Stephanos Yoannidis, Volker S. Rahn, Tetrahedron Letters 2005, 46, 4687) 1n DCM (3 mL) was
added triphosgene (0.5 mmol) and Et3N (2.0 mmol) at 0 oC. The solution was allowed to stir for
Ib and was concentrated to dryness. The crude residue was used mnunediately in the next step
without purification. The crude residue was dissolved in DCM (S mL}, the phenyl 1midazole
derivative (0.5 mmol) and DMAP (1.5 mmol) were added. The resulting solution was allowed to
stit at rt 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 rt for 30 min. The solution was diluted with
water and made basic with solid K2CO3 (pH ~ 8-9). The aqueous was extracted with EtOAc and
the combined organic layers were washed with water, brine and dried (Na2S04). The crude
residue 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

[06148]  D-1MT (HPLC purity 99.6%) free base 1s a white powder and 1t displays birefringence,
needle shape and crystalline appearance under the polanized light microscope (PLM) and by X-
ray powder dispersion spectroscopy (XRPD) (Figure 1} It only shows single melt endothermic
peak with onset at 293.8°C by thermogravimetne analysis (TGA) and differential scannming
calorimetry {DSC) and ~0.01% weight loss from 30-200°C, indicating that 15 an anhydrate form.
This crystalline form is non-hygroscopic (0.09% weight gain from 0-80 %RH), and does not
show changes after dynamic vapor sorption method {DVS) Fusthermore, stability studies of the
solid powder form indicate that D-1MT 1s chemically stable at the tested conditions
(25°C/60%RH, 40°C, 46°C/75%RH, 60°C and 70°C) for 4 weeks. Additionally, 1t 1s also stable in

solution in 0.1 N HCI, and 50 mM phosphate bufters pH 2-8 at 23°C for 24 hours, while it shows
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minor degradation {0.45%-3.3%) n pH 2 and pH 8 buffers with 0.3% H,0; (the most impurity
was RRT=0.58),

FExampile 3: Characterization of indoximod firee base solubitity

[06138]  The solubility of indoximod as free base 1 buffered or un-buffered solutions, as well as
in stimulated hiological flmds (SGF, FaSSIF or FeSSIF) s shown in Figure 5 (open symbols).
Solubility of indoximod in aqueous solutions of pH 2-8 is 1.8-2.0 mg/ml., with higher solubihity
at pH <1.5 or >10. This low solubility at neutral pH range 1s likely due to the high molecular
packing energy of indoximod in the crystal, which is reflected by the very high melting point of
293.8°C. This low solubility of indoximod in the pH range corresponding to intestinal pH may in
part explain the limiting dose absorption at doses higher than 800 mg in humans, Therefore, we
studied whether salts or sprayed dry dispersions of mdoximod could ncrease solubility and

exposure after oral dosing,
Fxample 4; Characterization of indoximod salts and their solubility

{66151} Several salts of ndoximod were manufactured and their physicochemical properties
were evaluated (Table 2). The hydrochloride, sulfate, phosphate, hemi-phosphate, mesylate and
hemi-mesylate salts were solid white powders that showed crystalline properties by PLM and
XRPD and were anhydrous by TGA. These salts showed tower melting point 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 10 ~4,7-8.6 mg/mL in water and 5.5-10.6 mg/ml. in SGF, with
the hydrochloride salt showing a very significant increase to >200 mg/mL in water or SGF.
106152 Another indoximod salt tested was the maleic acid salt, which showed low melting
pownt of 194°C and poor crystallintty by PLM and XRPD. This salt has the appearance of a sticky
white powder of hydrate or solvate form (4.5% weight loss by TGA).

{60133} The tosylate salt shows the appearance of a brown oil, which may be advantageous as

that could increase the intestinal absorption of the active ingredient.
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[006134]  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-methy} glucamine or lactate crystals.

[00155] 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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Table 2: Physico-chemical properties of indoximod and its sals

DSC
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Example 4: Sprayed dry dispersions of indoximad

801561 A list 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 maintaining a supersaturated state of indoximod n gastrointesiinal fluid so that its absorption
could be enhanced. In this study, SDD formulations were made by two methods: hot process
spray dry — formulation solution heated up to 110°C before spraying dry, and basic spray dry —
formulation pH raised up to ~ 11.5 (room temperature) before spraying dry. The performance of
each SDD formulation was investigated by in-vitro dissolution test in simulated gastric buffer
(GB) and simulated intestinal fluid (SIF). As shown in Table 3, Cucr represented the maximum
concentration of indoximod in solution when enough of the SDD formulation was dissolved m
GB for 30 min, Chume represents the maximum mdoximod concentration when the SDD was
dissolved i SIF for 90 mun; UltraCey rtepresents the concentration w SIF after 90 min of
dissolution followed by ultracentrifugation to remove any particulates and UltraCzoe represents
the concentration m SIF after 1200 min of dissolution followed by ultracentrifugation 1o remove
any particulates. It was expected that the enhanced concentrations of indoxirnod n 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 indoximod in these formulations. 1t 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
(UltraCyp 3293 np/ml vs 1849 ng/mL); and the second was 50% indoximod/ 50% Affinisol 126,
which showed a 2.3-fold higher predicted intestinal concentration than indoximod (UltraCyp 4340
ng/mL vs 1849 ng/mL). These SDDs were prepared by the hot process dry spray which showed

better stability properties.
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Table 3: Dissolution tests for spraved dry dispersion formiulations of indoximod

-
(‘m:«.xGB

C*‘nmx‘)l)

UtiraCop

{Hirﬂclzm\

Composition Process Methad (g/mL) (/L) (ue/al) (ug/viL)
LTt ol NA 5,154 2213 1,849 1,854
fconurab : : ;

L ('%[,i?;f;:: ;;‘1‘;690% hot process spray dry 6,253 3,027 2,982 3,362
25% ;ﬁ?g:ollli%; 5% basic spray dry 7.466 4.064 3,023 3,096
e s 1o basic spray dry 17,281 7313 3,943 3,171
25% i}ii;:/":f)(ﬂ 75% basic spray dry 20,116 9,349 2.531 2,908
25%;?5:;\';;1(@':;'5% hot process spray dry 6,831 3,932 3.892 3,976
25"’.}:::(1;1;;;:[;0%(;7 BE tiot process spray dry 4,015 2,487 2,494 2,598
0 {;:3?:;’2?{ e hot process spray dry 3,483 3,623 3.372 2,840
S ]lan\‘f;x/m;%d; e basic spray dry 10,442 4,745 4.828 2635
20% [l';‘lmgg‘f/ 30% basic spray dry 9,967 4.630 4,802 3.067
30% Indoximod! 3% 1 hot process spray dry 6,078 1,455 7,690 3471
50%2??;;?{%%’;,’50% hot process spray dry 5,931 3,352 3.599 3,228
50% Iudoniniod! 39% | hot process spray dry R 481 3.695 3,203 1018
SUAHC R mod Il kot process spray dry 3,995 4,187 1,340 4,194

Afbinisol 126
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Example 5: Pharmacokinetic comparison of indoximod free base, indoximod salts and

indoximed SDD in cynomelgus 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 indoxunod, we carried out a comparative crossover pharmacokinetic study
in cynomolgus monkeys, which is a common species used to predict human oral bicavailability.
Two groups of 4 monkeys each {all males) were orally dosed at 275 pmol/kg {Group 1) or 825
umol/kg (Group 2) with: 1) indoximod free base capsules; 2} indoximod hydrochloride capsules;
3} indoximod hemi phosphate capsules; 4) SDID1 suspension {indoximod 50%/50%PVPVA-64,
(w'w)}y and S) SDDZ suspension (indoximod 50%/Affinisol 126 50% {w/w)). Each monkey was
dosed with each of the § dose formmulations once every 7 days, and blood samples were obtained
at0,028h,05h, Lh,2h,4h 6h, 8h, 12k, 24 h, 36 h and 48 h. Concentration of indoximod
was determined from plasma by a vahdated LC-MS/MS analytical method. Chay and AUC g.4n)
was calculated by non-compartmental analysis using WinNonLin software (Certara).  For
indoximod in capsule formulation, anirnals in Group 1 were orally dosed with 3 capsules A and
amimals i Group 2 were dosed with 4 capsules B. Compositions of capsules A and B are shown
i Table 4. For indoximod in SDD formudation, animals in Group | were dosed with 4 mE/kg of a
5 mg indoximod/mL suspension and animals in Group 2 were dosed with 4 ml/kg of a 45 mg
imdoximod/nl.  suspension. The SDD  suspension formulations were prepared in 0.5%
methylcetlolose (Methocel).

Table 4: Compuosition of capsules containing indoximod in its free base or salt forms for oral dosing to

cynomolgus monkeys

Indoximod Free Base Indoexunod Hl Tudoximod 0 5 POH;
MW (g/mol} 21826 254.76 2672
;'rll;.r.clzdicnljs {mg) Can A Cap B Cap A CapB Cap A Cap B
Active Ingredicnt {mg) 180 223 116.7 2025 1225 2753
Avicel PH10] (nig) 179 4G.2 208 409 219 49 2
Mannitol (mg) i79 43.2 20.8 40,9 21.9 49,2
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-
[

Croscarmellose Sodium (mg) 7.1 16.1 8.3 188 3

Toial 1429 324 166.7 373 174.9 393.6

100158] The average Cmax and AUC g8y 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 obiained for the comparison of each formulation against that
of mndoximod free base is shown in Table S. Dosing of indoximod HCI capsules results in a
significant increase in Cmax (31-65%) and exposure (37-53%) at both dose levels tested
compared to dosing of indoximod free base capsules, Simularly, mdoximod hemy phosphate
capsules produced a significant increase in Cmax (7-44%) and exposure (27-34%). On the
contrary, indoximod in SDD1 or SDD2 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 its free base form, either in capsules or in spray dry dispersions.

Tuble 3: Comparison of Cmax and total exposure (AUCO->x) between indoximod free base vs its salts

or sprayed dry dispersions in monkeys

indoximod ndoximod indoximed indoximod tndoximod
Free Base HCL 0.5 H.PO, PVPVA-64  Affinisol 126
Dose 275 umol/kg
Number of Animals 4 4 4 4 4
Cmax, average (uM) 12,9433 213489 i8.544.8 2545 28345
% Increase over indoximaod FB NA 65 44 94 65
P value NA 0.047 0.033 0.010 0.017
AUC{O->48h) (M. 66417 10118 §9+13 72,5318 83x25
% Increase over indoximod FB NA 53 34 9 26
P value NA 0.043 0.065 .36 0.2
Dosc 825 pmolkg
Number of Animals 4 4 4 4 4
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Cmax, average (UMD 25.6%12.8 33.4%12 23.4x12.7 29.4=x10 33,7384

Y 1ncreise over indoximed FB NA 31 il 15 32

P value NA 0.010 0.042 3.041 0.023

AUCO->420) (1M D) 127473 173275 161481 14161 13037

% Increase over indoximod FB NA 37 o 11 7

P value NA 0.012 0.015 ¢.18 0.29
[00159]  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 i rats

[00160] In order to determine whether salt formation increased the maximum concentration
(Cmax) and total exposure (AUCp-») of indoximod in rats, we tested the hydrochloride,
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 .

[00161]  Gelatin capsules {Torpac, 20 mg capacity) were prepared containing 11.4, 28.6 or 50
umol/capsule of indoximaed or its salts, with or without excipients consisting of microcrystalline
cellulose, lactose monohydrate, croscarmellose sodium and magnesium stearate, in proportions
shown in Table 6.1-6.3. 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 oraf dosing

of rats at 37 ymolhkyg

indoximodd indoxiwod indeximod indoximod indoximod
Free Base HCE HA POy H- SOy CHLS0:H
MW (g/mol) 21826 23470 316.23 31634 314.36
(mg) Yo(w/wi | (mg} Yo(wiw) | (mg) Yo(w/wi | (mg} Yelw/w) | (ing} Yo(W/iw)
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Aclive Ingredient 2 50) 12 50 192 1459 3.62 1811 3.62 18 1 3.60 1R 01
Microcystatline Cetindose 745 3723 73 36 50 71 3550 7] 3549 71 3550
Laciose Monohydrate 745 3725 773 36 30 71 3550 71 3549 7l 3550
Croscarmcliose Sodiun 2.4 12.00 2.28 i1.40 1.92 0.9¢ 1.98 996 2 10.00
Magrestum Slearaie 0.2 1.0¢ 0.2 1.06 0.2 1.0¢ 0.2 1.0G 0.2 1.0¢
Total 20.00 100 20.00 100 2000 100 20300 1090 20,00 100
umol/capsulc 114 114 11.4 114 114
Capsules/animal 1 i i i 1

pmol/ky 37 37 37 37 37

nig free base/kp 8 8 8 8 8

Table 4.2: Composition of capsules B containing indoximod in its free buse or salt forms for oral dosing

of rats at 185 umol/kg

indoximod indoximod D1lmT
Free Base HCl1 0.5.1:P0,
MW (g/meol) 218.26 25476 2673
(1) Ya(w/w) | (mg) Ya(w/w) | (mg) Ya(w/w}
Active Ingredient 6.25 31% 7.3 37% 7.65 38%
Microcrystatline Cellnlose | 5.53 28% 5.1 26% 5.05 25%
Lactose Monolydrate 535 28% 5.1 26% 5.05 25%
Croscanuelfose Sodivat 245 129 28 12% 205 10%
Magnesium Stearate 2 1% 0.2 1% 0.2 1%
Total 20.00 103 24,00 100 20.00 106
pmat/capsule 28.6 86 IR.6
Capsules/ammal 2 2 2
winob/kg 183 185 185
mg [ree base/kg 44 40 40
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FTable 6.3: Composition of capsules C comaining indoximod in its free base or salt forms for oral dosing

of rats at SO0 pmolky

indoxiniod indoxiniod DimT
Free Base HCE 4.5 HPO,
MW (g/mol) 218.26 254,76 2673
(mg) So(svhvy | (img)  YB(w/w) | (mg) Sa(swin)

Active logredient 10.83 100% 126 180% 13.27 100%
Total 10.83 104 126 100 13.27 100
rmokicapsule 50 50 50
Capsules/andmal 3 3 3
wonobkg 560 560 3G0
g free base/ig 110 110 110

[00162] To test the pharmacokinetic profile achieved by dosing indoximod in its 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 pmol/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 min, 30 min, 1h, 2h, 4h, 6h, 10h, 24h, 48h and 72h after dosing. The concentration of
indoximod in plasma was determined by LC-MS/MS, and pharmacokinetic paranmeters were
calculated using the software WinNonLin (Certara}.

[86163] The most relevant pharmacokinetic parameters that were evaluated were the maximum
concentration of indoximod (Cmax) and total exposure (AUCq.»). Tables 7.1-7.3 and Figure 6

show a summary of the experimental results.

j96164]  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 profite of this salt, and it does
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not foilow a dose dependent trend, which highlights the importance of conducting species-specific

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

{00165}  Indoximod phosphate and hemiphosphate showed a significant increase in Cmax and
AUC at the low and intermediate dose levels but a significant decrease in Cmax and a non-

statistically significant decrease in exposure at the highest dose level.

[04166]  The dose-dependent correlation for Cmax and AUC for the free base, HCI and POgH4
forms of indoximod is shown in Figure 6. This figure shows an increase m Cmax for the HCI and
PO.H salts with respect to the free base at the low and intermediate dose levels but a saturation
in the Cmax dose-response curve at the highest dose level, which 1s not seen for the free base. The
dose-response curve for AUC shows a more linear increase of AUC with dose, except for the
PQ,4H: salt which seems to increase less than dose proporttional at the highest dose level tested.

100167]  Similarly, other salt forms of indoximod such as sulfate or mesylate mcrease the Cmax

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

190168} These tests indicate that the hydrochloride and phosphate salts 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 (AUC..) between indoximod free base vs its salt

Jorms in rats dosed at 37 pmolikg

indoximod indoximod indoximed indoximod indoximod
Dosc: 37 umolkg Free Basc HCI H-PO; H,80, CH,SO4H
Number of Animals il 4 10 4 4
Cmax, average () 15.9+8 9,522 22349 22.0+7 2032
% Increase over indoximod Free Base NA ~40 40 42 25
P value NA 0.089 0.044 G077 0.18
AUCO->x) (ML h) 390+£166 299477 558+ 185 3534196 5374194
% Increase over indoximod Free Base NA =23 43 42 38
P value NA 0.159 0.018 0.063 0.2
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Table 7.2: Comparison of Cmax and total exposure (AUC,...) between indoximod free base vs its salt

Sorms in rats dosed ar 183 pmol/kg

indoximod indoxinod indoximod
Dose: 185 pmol/kg Frec Base HCI H.PO,
Number of Animals 8 6 6
Croax, average (WM) 20.8+4 38 4410 40,945
% Increasc over indoximed Free Basc NA 34 96
P value NA <(.0001 <0.0001
AUCO->w) (WML 1686478 1493728 1446+645
% Trcrease over indoximod Frec Base NA 38 34
P value NA <0).0001 <0.0001

Table 7.3: Comparison of Cmax and toial exposure (AUC,...) between indoximod free base vs its salt

forms in rats dosed at 500 pmol/kg

indoximod indoximod indoximod
Dose: 300 pmolkg Frec Base HCl H.PO,
Number of Animals 6 3 6
Crmax, average (WM) 76.2%25 44 48 37.2¢10
% Tncrease over indoximod Free Base NA ~42 -51
P value NA 0.012 0.0627
AUCO->=) (ppMLh) 287141379 2706847 19021288
% Ircrease over indoximed Free Base NA -6 -34
P value MNA 0.41 .12

Fxampie 7: Pharmacokinetic testing of indoximod prodrugs in lguid formulation
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[00169] The pharmacokinetic profile of indoximod obtained after oral administration of several
indoximod prodrugs was tested in such a way that reflected only differences in intestinal
permeability and conversion of prodrug to imdoximod in vivo without reflecting differences in
solid state form such as differences mn polymorphic crystals or amorphous solids which may
impact solubility or solubilization rate for the different prodrugs. Therefore, indoximod and each
of 1ts prodrugs was solubilized in appropriate vehicle which was either saline solution,

thanol:saline  {(10:10:80), or Chremaphor EtOH:saline: HCE  (10:10:80:0.1N).

Cremaphor e

Indoximod or its prodrugs were dissolved at a concentration of 1 mg/mL and dosed to rats by oral
gavage at 10 mL/kg to achieve a final dose of 10 mgrkg; 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 dissotved at a concentration
of 10 mg/mL and dosed orally to mice by oral gavage at 5 mlL/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-orbiial bleeding from mice and plasma was mmediately collecied by centrifugation and
stored on dry ice to avoid prodrug hydrolysis after plasma collection. Blood samples were
collected at 0, 15 min, 20 min, 1h, 2k, 4h, 6h, 10h, 24h, 48h and 72h after dosing from rats or at 0,
30 nun, th, 2h, 4h, 6h, 16h and 24h afier dosing from mice. The concentration of mdoximod and
of each prodrug in plasma was determined by LC-MS/MS, and pharmacokinetic parameters were
calculated for indoximod and its prodrugs. The pharmacokinetic paramsters reflect the average of
individual parameter values obtained from each individual rat {n) or one common parameter from
a singie pharmacokinetic curve derived from blood samples obtained from a group of mice (n).

[00170] Tables 8.1 and 8.2 show the indoximod Cmax and AUC - obtained after dosing
either indoximod or each one of the test prodrugs. Since all rats were orally dosed at the same
dose of 10 mg/kyg, but each prodrug has different molecular weight, n order to compare the
values of Cmax and AUC o) obtained after dosing each prodrug vs. dosing indoximod as a free
base, the measured Cmax and AUC 0.5 and were normalized by multiplying them by the ratio of

MW piodng MW Lugoximes. thus assunming linear pharmacokinetics within a ~2-fold dose range.

[00171] Table 8.1 shows that some prodrugs result in an effective increase in either Cmax,
AUC or both pharmacokinetic parameters. Since the prodrugs were administered in completely

soluble form, this suggests that those prodrugs that show enhanced Cmax and/or AUC of
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indoximod in plasma do so by a mechanism that involves a combination of factors including
enhanced permeability of the prodrug through the intestinal cell wall, reduced clearance of the
prodrug with respect to indoximod and good rate of conversion of the predrug to indoximod in
vivo. Not every prodrug form of indoximod resulted in enhanced maximum concentration and
exposure of indoximod compared to administration of indoximod. In particular, exposure (AUC)
to indoximad seems to be enbanced when dosing NEG-1563, NLG-1 564, NLG-1566, NLG-1548,
NLG-1572, NLG-1557, NLG-1559, NLG-1570, NLG-1565, NLG-1554, NLG-15538, NLG-1551,
and NLG-1547, while indoximod Cmax seems to be enhanced when dosing NLG-1557, NLG-

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

[008172] Table 82 shows prodrugs that did not result in an effective increase 1 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
indoximod or increase the rate of prodrug clearance by routes that do not result i conversion to

indoximod, or a combination of those effects.

[00173] Table 8.3 shows prodrugs that were tested by oral dosing to rats at 50 mg/kg. NLG-
1283 causes an increase in Cmax and AUC when dosed to rats at 50 mg/kg. However, this
prodrug results in a decrease in Cmax and AUC when dosed to nmice at 50 mg/kg. Conversely, the
highly similar molecule NLG-1284 does not produce a signiticant increase in Cmax or AUC
when dosed at 50 mg/kg to rats, but it does produce a significant increase in Cmax and AUC in
mice, suggesting that different species have different rates of absorption, elimination and
metabolization of these prodrugs and that minimal changes in molecular structure can affect the
outcome in different species. A dose dependent PK was carried out in mice, which were dosed at
10, 5¢ and 100 mg/kg of indoximod, or at similar doses for prodrug NLG-1626 or NL(G-1665. A
caveat of the comparison between dosing prodrugs vs indoximod as a free base was that prodrugs
vere fully soluble in the dosing formulation, while indoximed was insoluble at doses of 50 and
100 mg/kg. This may result in a time-dependent controlled release effect for mdoxmmod which
could result in lower Cmax 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 mdoximod, where the percentage of increase in AUC
decreases at higher doses. Table 8.3 also indicates that formation of carbamates on the amino
group of indoximod result in prodrugs with marked reduction in pharmacokinetic parameters for

indoximod.

Example 8: Pharmacokinetic testing of indeoximod prodrug salts in solid capsule

formulation in rats

[00174] To test which prodrugs have the best combined set of pharmacological properties
(solubilization rate, solubility, intestinal permeability, clearance rate and rate of metabolization to
indoximod) needed to achieve greater plasma concentrations of indoximod and increased
exposure to indoximoed after oral dosing in a capsule formulation, the prodrugs that showed
enhanced indoximod Cmax or exposure when dosed in solution were prepared in several salt
forms and mixed 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 gmol/capsule A, 28 pmol/capsule B or 50 pmol/capsule C
of indoximod free base (2.5, 6.3 or 11.4 mg/capsule, respectively) or its prodrugs in diverse salt
forms, in an excipient blend consisting of nucrocrystalline cellulose, lactose monohydrate,
croscarmellose sodium and magnesium stearate, in proportions shown in Tables 9.1a and 9.1b.
The composition 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.

[00175]  To test the pharmacokinetic profile achieved by dosing mndoximod prodrugs in different
salt forms, 1 capsule A (11 pmol/capsule) or 2 capsules B (28 umol/capsule) or 3 capsules C (50
umol/capsule) were dosed to rats by mtra-storach delivery. The dose levels tested were
equivalent to 8 mg'kg (37 umol/kg) of mdoximod equivalent when dosing 1 capsule A of 11
umol/capsule, 40 mg/kg (185 umol/kg) of indoximod equivalent when dosing 2 capsules B of 28
pmol/capsule and 110 mg/ke (500 pmolkg) of indoximod equivalent when dosing 3 capsules C
of 50 pumol/capsule. Rats were fasted 16h prior to dosing to eliminate any confounding food
effects, and food was returned 2h after dosing. Blood samples were obtained from each rat at O,

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

calculated using the software WinNonbLin (Certara).

{80176] The most relevant evaluated pharmacokinetic parameters were the maximum
concentration of indoximod (Cmax) and total indoximod exposure {AUCp0). Tables 10.1 and

10.2 show a summary of the experimental results.

[06177] The statistical comparison of pharmacokinetic parameters indicated that ethyl N* -(L-
leucyD)-1-methyl-D-tryptophanate in its hydrochloride (NLG-1564), phosphate (NLG-1665),
mesylate (NLG-1666) or besylate (NLG-1671) salt forms dosed at 37-185 umol/kg was able 1o
significantly (p<0.05) increase exposure of indoximod by 33-127%, while its sulfate salt (NLG-
1691) did not result in a siguficant mcrease 1w Cmax or AUC at those doses. Similarly,
significant increases in Cmax were observed for NLG-1564, NLG-166S5 and NLG-1666. At doses
of 500 umol/kg, NLG-1564 hydrochlonde, showed a munor increase in Cmax and AUC compared

to indoximod.

[08178] Table 10.2 shows that 2,3-dihydroxypropyl 1-methyl-D-tryptophanate n its phosphate
(NLG-1626) form resulted in significant increase in Cmax (37-153%) and AUC (46-75%), while
its hydrocholonide {(NLG-1538), and sulfate (NLG-1628) salts resulted in Jess significant
increases in Cmax and AUC. Interestingly, the mesylate salt of 2,3-dihydroxypropyl 1-methyl-I-
tryptophanate (NLG-1627) resulted in a decrease in Cmax and AUC, thought this decrease was
not statistically stgnificant.

1001791  Table 10.2 alse shows that ethyl N"-(L-methiony})-1-methyl-D-tryptophanate (HCl,
and phosphate salts, NLG-3272) show a statistically significant increase in Crax and AUC at

doses of 37-500 umol/kg.

[06180¢] Other prodrugs that were studied included: a) ethyl N*-(L-glutaminyl)- [-methyl-D-
tryptophanate (free base, HC1, phosphate or mesylate salts), b) N*-glycyl-1-methyl-D-tryptophan
(HC1 or phosphate salt), ¢) methyl AN'-((R)-1-ethoxy-3-{1-methyl-1H-indol-3-y1}- t -oxopropan-2-
y}-I-asparaginate (HCI form) and d) N"-{L-lysy])-{-methyl-D-tryptophan (free base, HCI, sulfate

or phosphate salts}. These prodrugs resulted in minor and non-statistically sigruficant variations in
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the Cmax or AUC for indoximod compared to an equivalent molar dose of indoximod (Table
10.3).

(66181} Interestingly, piperidin-d4-ylmethyl 1-methyl-D-tryptophanate in its HCI or phosphate
salt forms {NLG-1563 and NLG-1664} resulted in a statistically significant decrease in Cmax {(69-
79%, p<0.004} and AUC (54-64%, p<0.014} for indoximed. Since this compound showed an
increase in Cmax (24%) and AUC (75%) when administered via oral solution, the difference in
solubilization rate or final solubility may account for the observed differences when admunistered

n powder form.

Exampie 92: Pharmacokinetic testing of indoximod prodrug salts in solid capsule
formulation in cynoemolgous monkeys

[60182] Since the rat shows a non-saturable linear increase in exposure with doses of
mdoximod of up to 100 mg’kg, while humans show a saturable exposure above doses of 10
mg/kg, we decided to evaluate two of the prodrug n 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 HCY or NL.G-3272 HCI at doses of 92, 275 or 875 pmol/kg n
a crossover study design where each animal received the same molar dose of erther indoximod,
NLG1564 HCl or NLG-3272 HCl every 7 days. Capsules were prepared according to the
formalation described 1w Table 22, Monkeys were orally dosed with | or 3 capsules A (458
umolicapsule) or 4 capsules B (1032 umol/capsule). Blood samples were collected at 0, 5 min, 15
nun, 30 min, 1, 2, 4, & 12, 24, 26 and 48 h post-dose, and the concentrations of prodrug and

indoximoed were analyzed by validated LC-MSMS methods.

[06183]  The data in Table 11.} shows that NI1.G-1564 HCI ucreases the Cmax of indoximod
from ~ 230-500% and AUC from 195-318% in a statistically significant manner. Similarly, NLG-
3272 HC! 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 resulls chserved 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 8.1: Cimax and AUC for indoximod after ovally dosing rats with solutions of indoximod or its prodrugs

SLIGLO/LEOT OM

i Norm. % Change Nerm. % Change
Salt MW  Dese Cmax Cmax inNerm. AUCp.« AUCy.« iz Nerm
Prodrug ID Name form (g/mel} (mgkg) B (uhi) M} Cmax (MR {1hLRY AUC
indoxamod  P-methyl-D-tryptophan RCt 218 10 5 7.3 17.3 ¢ 508 508 0
(NLG-1563 piperidin-d-yimathyl 1-methyl-D-(rvpiophanate HQ 389 16 5 12.1 215 24 500 R 75
NLG-1364  ethyl N®-(L-leucy§)--methy}-O-iryptopharnate HQ 396 1¢ 3 93 16.2 -6 490 23 75
NLG-1366  ethyl N(L-glataminyD)-1-methyl-D-tryptophanaie HCl 411 1% 5 13 244 41 5328 80¢ 38
NLG-1348  N-(L-lysyl)-1-methyl-D-tryptophar HCI 419 18 5 87 167 -3 414 795 36
NLSG-1572 2-{tetrahvdro-25-pyran-4-y Dethy] 1-methy (-D-tryptophasate HCL 367 16 3 8.9 15 -14 460 774 52
NLG-15357  2-«(dimethylamino)ethy] L-methyvl-D-uryptophanate HCI 362 16 3 238 39.5 128 140 731 44
{2-ethoxy-2-oxido- 1.3.2 -dioxaphospholan-4-ylimethyt 1-

MLG-1359  methyl-D-tryptophasate HCi 419 1¢ 3 8.8 16.9 -2 327 622 23
NL:G-1570  N’<L-leucy]}- 1-methyl-D-trypiophan HOL 368 16 3 145 24 4 4] 366 G617 21
NLG-1565  ethyt N™(i-isoleucy})-1-methyl-D-tryptophanate HO) 396 10 3 7 12.8 26 334 505 19
NLG-155¢ N%glycyi-1-methyi-I-tryptophan hydrochloride HCL 312 16 3 19.6 28 62 419 595 18
MLG-1558  2,3-dibydroxypropy} 1-methyl-D-tryptophanate HQl 329 16 5 2221 333 32 395 595 17
NLG-1331  O-{1-methyl-D-tryptophyl}-L-senne HQl 378 KK ki 7.7 13.3 -23 329 588 16
NLG-1347  N(L-glutamyly-1-methyl-D-tryptophan HCL 384 18 3 10 176 2 326 57 13
NL(G-1283  ethy) 1-meithyl-D-tryplophasiale HCL 283 G 3 17 25 27 350 454 <11
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Tabiec 8.2:

Cmax and AUC for indoximod after arally dosing rats with solutions of indoximod or its prodrugs

Norm, % Change Norm. % Change
| Salt MW  Dosc Cmax Cmax  inNomm. AUCgh.. AUC; . inx Norm
Prodrug I Name form {(g/mol) (mg/kg) = (uME) (b} Cmax {uRE.h) (MR ALC
lindoxitnod  1-methyl-D-iryptophan HCl 218 18 5 7.3 17.3 & 308 308 O
NLG-1575  N“(L-pheuvlalany})-1-methyl-D-try ptophan HCl 402 10 3 5.4 11.% -2l 231 425 -16
INLG-1560  N-(L-tryptophy)- 1 -metiyl-D-rypicphan HC 368 18 3 7.1 1= -31 246 4158 -8
NLG-156%9  N™-(L-giutaminy)-1-methvl-D-tryptophan HC1 383 16 3 4.8 8.5 =51 2i2 372 =27
NLG-1553  N%(L-valyh)-1-metly)-D-trypiophan HCL 334 10 3 8.8 14.2 -i8 209 338 33
NLG-15374  ethyl N*-(L-phenylalanyhi-1-methyl-D-tryplophanale HCt 43¢ 19 3 4 79 -54 167 329 -35
NLG-1571 N/ -iscleucyl)- L-methyl-D-trvpiophan HC1 368 10 3 74 125 -28 187 316 38
NLG-1335  N“(/-alanyl}-T-methy]-D-trypiophan HC) 326 10 3 9 13.4 =22 207 310 36
NLG-1549  i-methy]-N“{ | -methy}-D-iry ptophy{)-D-tryptophan HC 455 Y 3 i3 3 -83 126 262 -8
NLG-1556¢  i-methyl-D-tryptophyi-L-valice HC1 354 16 3 il 1.6 91 125 202 B0
NLG-15346  NO%-(D-tryplopliy])-1-methyl-D-tryptophias HCl 441 1¢ 3 1.6 3.2 -82 90 182 -64
NLG-1361  2-(piperdin-4-yhethy! t-methyl-D-tryptophanate HCI 402 10 3 13 2.4 -86 39.9 10 -TR
NLG-1567  ethvl N*(D-tryptophy)-1-mothy 1-D-iryptophanate HC1 469 18 3 0 O -108 0 0 -100

n: number of rats used o deternine the average pharmacokinelic parameiers.

Cmax (uM): maximum concentrtion of indoximod observed in plasma. Value is the average of nvaines.
Norm. Cmax (3eM): maximmm average concentration of mdoximod calculated by multiplying the observed Cmax of indoximod in plasma by (he ratio of MW of 2ach
prodrog and the MW of indoximod and by the ratio of dose of indoximod axnd the prodrug (in wg/kg). This nomatizes Cruax o the sawe melar dose (nmoifig).

%% Change in Norm. Cmax: Calculated as [Cmax ({ndoximad from Prodnig)/Cmax(indoximod fron: indoximod)-i] x 100
AUC gy (EMLR): Avea under the curve {indoximod] vs Time observed in plasma Value is the average of n values.

Norm. AUCyy o, (VLE): average AUC caleulated by moultiplying the observed AUC g.x.0 of indoximod in plasma by the ratio of MW of each procrug and the MW of
in mg/kg) This nomalizes AUC to the same molar dose {pmol/kg).

indoximed and by the ratic of dose of indoximod and the prodrug

¢

S
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% Change in AUCq.qy Calculated as | AUC .. {indoximed from Prodrugy AUC; - (indoximed from indoximod)-1] x 100

Tuble 8.3: Pharmuacokineric parameters for indoximod after orally dosing mice or rais with solutions of indoxinod or its prodrugs

LIGTO/LTOT OM

N

Dose
Dose L Norm. 9
Nerm., Change AUCe. AUCp-  Increase

Drug/ Salt MW Baose Tmax t; Cwmax Cmax in Norm. o) o) in Norm
Prodrug Name form (g/mod)  {mg/ka) Homie Specics n (h) {B) (v (ubh Cmax  {uvLh)  (aM.h} AUC
rndoximod  1-methyl-D-tryptophan HCl 218 59 PO Rat i § 28 27 27 (3% 1323 1323 0%
NLG-1277  A’-(ethoxycarbomyl)-1-nwethyi-D-tryptophan FB 290 39 PC Rat H 4 25 4.5 5.0 -7&% 172 229 -83%
NLG-1278  l-methybA"-((neopeniyloxyicarbonyy-D-trvplophan  FB 333 50 PO Rat i 2 274 Q.19 .13 -95% 36 35 -100%
N)LG-1280  1-methvl-A-({ncopentyloxy)carbonyl}-Ld-trvptophan FB 2490 50 PO Rat i 8 30 54 7.2 -13% 1 374 “12%
NLG-1283  ethyl l-methyl-D-tryptophanate HC1 256 50 PO Rat 13 G 27 38 56 143% 2645 29838 126%
NLG-1284  isopropy| 1-methyl-D-tryptophanate FB8 261 50 PC  Rat i 6 21 234 23 4% 8§77 16051 -21%
NEG-1338  benzyl L-methyl-D-igvptoplumnaie HC1 345 30 PO Rai i 8 20 7.8 28 4% 630 1028 -22%
NLG-1546  N°-(D-tryptophyli-1-methyi-D-tiypiophan HCl 431 50 PO Rat 3 10 58 i6 3.2 -88% G0 182 -86%
indoximod  1-metbyl-D-tryptophan FB 218 Hu PO Mouse 10 6.3 1.8 9 9 0% 34 34 0%
indeximod  1-methyl-Z-tryptophan FB 218 50 PO  Mouse 10 1 7 30 30 D% 137 137 0%
indeximod  l-methyl-2-oyptophan HC 218 5¢ PO Mouse 7 1 22 16 1 -47% &1 61 -55%a
indoxitnod  1-mmetbyl-D-typlophan FB 218 100 PO Mouse 10 1 33 43 43 0%a 323 325 0%
NLG-1626  2,3-dilydroxypropyl 1-meihyi-D-tryplophasate H,PO, 390 133 PO Mouse 10 05 46 133 18 59% 44 55 74%%
NLG-1626 2, 3-dihydrexypropyl 1-methyi-D-tryptophasiate H,POy 350 66.5 PO Mouse 10 075 44 45.1 66 120% 1562 218 59%
NLG-1626  2,3-dihydroxypropy) 1-methyi-D-tryptophasate HyPO, 290 133 PO Mouse 10 075 317 71 96 122% 242 326 0%
NLG-1663  ethyl N“~(L-lency U3- 1-methy}-D-tryplophanate POy 457 e PO Mouse 10 .5 L5 6.5 10 8% 19 28 -18%
NLG-1665  ethyl N-(L-lencyh-1-methy]-D-tryplophanate H,PO, 457 76 PO Mouse 10 075 23 333 30 66% 58 147 5%
NLG-1665  elhyl N*-(L-leucy)- l-methy]-D-tryptophanaie HiPO, 457 14¢ PO Mouse 10 05 7 76 1i6 170% 168 252 -23%
NLG-1277  A'-(ethoxycarbonyi)-1-methyi-D-tryptophan FB 290 50 PO Mouse 7 0.5 Ll .13 0.17 -98% ¢.2% 4,39 -150%9%
NLG-128¢  1-methy-A”-((neopeniyloxy)carbony3-D-tryptophan FB 290 50 PO Mouse 7 NA NA  BLQ BLQ -100% 4 0.0 -180%
NLG-1283  ethyl l-methyl-D-trypiophanate B! 246 50 PO Mouse 7623 39 24 27.1 -183% 27 303 -78%
NILG-1284  iseprenyl L-melhyl-D-n piopleinade FB 261 30 PO Mouse 7 0% 4.4 7% a4 180% 218 261 "M%

[6€£€€0/910TSN/LDd
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Table 9.1a: Capsule Compositions — Rat Oral Dosing

PCT/US2016/035391
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= = Z 5% T2 &z%
Active g E "om 5 = g 57
Ingredient Name Saliform | & 2 = <
indexiod 1-ruethyt-D-tryptoplan free base 11 i 125 373 373 120 10
indeximod I-methyl-D-tryptophan free base 28 313 0278 278 125 10
indeximod I-methyl-D-tryptophan free base 50 3 100G 0 0 0 0
NLG-1676 NE{L-tysyD-1-methyi-D-tryptophan frec base 11 1 198 320 33¢ 32 1O
NLG-1548 N{L-bysyD-1-methy}-D-tryplophan HC 11 1 240 325 325 W0 10
NLG-1669 NE%(L-tysyD-1-methy}-D-iryptophan H,80, 11 i 255 315 315 W3 10
NLG-1670 N-(L-kvsyl)-1-methyl-D-iryptophan HyPO, 11 i 211 290 290 99 10
NLG-1564 etliyl N* -(L-leucyl)-1-methyl-D-uyptophanate HC1 11 i 2277 320 320 123 10
NLG-1564 ethyl N®-(L-leucyl)- L-methy]-D-tryplophanate HCH 28 2 576 162 1oz 160 LG
NLG-1504 ethyl N -(L-lency)-1-methy 1-D-tryplophanate HCY 50 3 100 §) 0 0 0
NLG-1665 ethyl N“-(L-teucyl}- 1 -methyl-D-tryptophanate HsPO, 11 1 265 308 308 113 16
NLG-i605 ethyl N“-(L-feucy!)- 1-methyl-D-tryptophanaie H,PO, 28 2 331 177 vi7 105 16
NEG-1666 eltiyl N -(L-leucyl)- 1-methyl-D-tryptophanate CH;SO5H 11 H 253 313 313 i12 10
NLG-1671 elhyl N° -(L-Teucyl)- 1-methy [-D-tryptophaneie Besvlate 1] i 6 300 306 %94 10
NLG-1691 ethyl N” -(L-Jeucyl)-1-methyl-D-tryptophatiaie H,30, 11 i 234 315 313 126 10
NLG-1538 2,3-dibydroxypropyl 1-methyl-D-tryptophanatc HCl 11 i 188 3335 13335 132 10
NLG-1626 2,3-dihydroxypropyl 1-methvl-D-tryptophanate H3PO, 1l i 224 325 325 116 10
NLG-1626 2. 3-dibydroxypropy] T-methyvi-D-tryptophianate HAPO, 28 2 559 187 167 96 16
NLG-1627 2. A-dihvdroxypropy! 1-methvi-D-tryptophanate CH,S0;H 11 H 222 322 323 123 106
NL.G-1628 2.3-dihydrexypropyl 1-methyl-D-tryptophanate H,S0, il ! 196 335 335 24 10
cthy] NY-(L-ghutaminyi)-i-1 A-D- N PO ey = -
NLG-1672 ethiyl N*-(L-ghitaminyi)- i-methyl-C freebase | 11 boloia 325 w25 125 a0
tryptophanate
ir ethyl N°-(L-ghutaminyi)-1- /1-D- , ; . ; N
NLG-156G6 eibyl T AL SermaminyljSiFetyisty HC 1] 2315 313 313 139 10
tryplophanate
cthyl NU(L-ghitaminyi)- i-methyl-D- ! ; - s e 1
NLG-1629 Sy N(L-ghitaminy)-1-methyl-E H,PO, i Pl 270 305 205 W9 10
tryptophanate
NLG-ig30 iyl N(L-giutaminyl)-1-methyl-D H,S0, 3 Tob243 312 312 122 10
tryplophanate
ethyl N-(L-ghitaminy!)- 1 -methyl-D- w3 a1y . . . -
NLG-1631 oY1 N-(L-ghuiaminyl)-1-methy)-C CHSOH | 11 P1269 300 200 121 10

Iryptophavate
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Table 9.15: Capsule Compositions — Rat Oral Dosing

PCT/US2016/035391

%o Wiw

= o )
E £ = = 4
g £ %3z sE Tl
g2 o Z<2 2% B §E
5 3 2 5% 8% § 5%
Active 2 % P 31 g & 57
Ingredient Name Saliform | & 2 = <
NLG-1563 piperidin-4-ylmetly) I-wethyl-D-tryptophanate HCL 11 i 222 320 320 128 10
NLG-1664 piperidin-4-ylmethyl ) -wethyl-D-tryptophanate H;PO, n t 263 288 288 j22 0
NLG-1603 piperidin-4-ylmethyl 1-methyi-D-iryptophanate H,50, i I 276 295 295 123 09
) .. VL V(R ] cethoxv-3 7 Lmethvl-Li-indol-3- .
NLG-1585 et UTaT-etbosy S (P me iy SEARdES" ) 11 b | 236 3LS 318 124 10
vij-1-oxopropan-2-yi)-L-asparaginate
NLG-1554 N%-ghyey)-T-wethyl-D-trypioplan hydrochloride HCL 11 i 174 3353 335 141 14
NLG-1677 N%ghyeyl-t-methyl-D-trypioplian hydrochloride HsPO, 11 i 222 317 317 i34 09
NEG-3272 othyl NU-(L-methionyl)-1-methyvl-D-tryptophanate  H,PO, 1l 1 272 304 304 it0 10
NEG-3272 ethy] NO-(L-methiony [)-1-methyl-D-iryptophasate  HPO, 28 2 483 216 216 78 07
NEL(G-3272 ethyl N?-(L-iethiony )-1-methyl-D-typrophanate  HCI 11 1 X7 319 319 1.5 10
NLG-3272 ethyl N*-(L-methionyl)- 1-methyl-D-tryptophanate  HCI 28 2 437 235 2335 &5 08
NLG-3272 cthyl N°-(L-mcthiony])-1-methyl-D-tryptophanate  HCi 50 k! 100 Q 0 0 0
NLG-3380 NE-(L-methiony])-1-methyl-D-tryptophan HCl 11 i 233 320 320 il5 1@
ME.G-3380 Ne(L-methionyl)-1-methyl-D-ryptophan HCI 28 2 42 242 242 88 08
NL.G-3380 N%(L-methionyl)- L -methyl-D-tryptophan H:PO, 28 2 456 227 227 82 07
Table 9.2: Capsule Composiiions - Monkey Oral Dosing
Yo wiw
3 B @
¢ | & £ £ &
) = T =Y = ¢ = U
= 5 [T = E 3=
4 s = = [ (A
2 3 g &E = X g %
5 L3 23 & 2%:
T §| & 359 * g5
Active E g “ B 5 57
Engredient Name Saliform | & & = « o
indoxnnod L-meihy{-D-tryptophan free base 438 1.3 70 125 123 30 08
indoexiwod 1-methyl-D-tryplophas free base 1032 4 70 125 125 30 04
NLEG-1564 ethiyl N -(L-leucy))- 1 -methyl-D-ryptophanaie HO 458 1.3 700125 125 50 00
NLG-1564 ethyl N -{L-leucyD)- 1-methy 1-D-tryptophanaie H{ 1332 4 7125 125 3500 00
NLG-3272 cthyl N*-(L-mcthionyvl)-1-methyl-D-tryptophanate HCI 458 1.3 700 125 123 50 00
NLG-3272 ethyl N°-(L-methionyt)-1-methy-D-tryptophasnate HCI 1032 4 70 123 125 30 00
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Fuble 10.1: Comparison of Cmax and total exposare (AUCy.) baween indoximod free base vs. its prodrugs in different salt forms after vral

dosing of rats with capsules

% %

Drug/ Dose Cwmax Change AUCy.w  Change

Prodrug ID Name Saltferm | (pmolkg) =n (M) Cmax  p Valse {2M.h) in AUC  pValue
indoximod L-methyi-D-iryptophan free base 37 13 13.9+8 0 3906166 0

indox:med 1-methy}-D-iryptophan free base i85 8 20.8:4:4 g 1080+478 0

indoximod l-methyi-D-iryptophan free base 500 6 76.2+25 {} 28711379 ¢

NLG-1676 N“(L-fy syD-1-methyl-D-trypiophian [ree base 37 4 13.3=2 -17 0.26 34037 -13 0.28
NLG-1348 NE-(L-fysyD)-1-wethyl-D-tryprophan HC1 37 4 17.229 & 0.39 35083 -18 0.33
NLG-1665 NL-tysyD-1-wethy1-D-teypiophan H,80, 37 4 13,325 -4 0.44 4464101 10 0.27
NLG-1670 N%{L-tysyD)-L-methyl-D-trvptophan H;PQ, 37 4 11.5+4 4 .13 3235=61 -17 .23
NLG-1564 ethy] N> «(L-leucy}}-1-methy[-D-tryptophanate = (] 37 4 30.4=10 92 0.605 6644]34 70 0.006
NLG-15604 cthy! N*-(L-lewcy - { -methv1-D-iryptophanate HC1 183 8 44.2=10 112 <0.0601 1860+659 R7  <0.0001
NLG-15064 ethyl N*-(L-leucy[-1-methv]-D-uyprophanate HCL 300 6 80 (127 5 0.39 | 33004391 IS 0.26
NLG-1665 ethyl N* -(L-lency - L-metlivb-Dtry ptophanate HiPO, 37 7/ 292413 84 G008 628145 61 0003
NLG-1665 ethyl N -(L-leucy - L-meitv}-D-tryplophanate H;PC, i85 16 3337 6% 0.0001 1433858 33 0G24
NLG-1666 ethy! N -{L-leucyi3-1-methyl-D-tryptophanate CH;SO:H 37 4 33623 111 00004 886273 127 00504
NLG-167 ethyl N -(L-leucyl}-1-methvl-D-trypiophanate Besylate 37 4 26.5+2 1% 0.14 365=82 43 0034
NLG-1691 ethy] N*-(L-leucy]}-1-meihyl-D-trypophanate H,80, 37 4 1224 -23 319 664145 -3 041
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Table 10.2: Comparison of Cmax and total exposure (AUCy...) between indoximod free base vs. its prodrugs in

dosing of rats with capsules

different sait forms afier oral

%o %

Brug/ Bose Cmax Chaunge AUCy. ey  Change

Prodrug ID Name Salt form {(pmoi/’kg) il {uh) Cmax  p Value (n¥Lh) in AT pWValue
indoximad -nizeihyi-D-tryptophan free base 27 11 15928 0 350166 &

isdoximod J-mcthyi-D-tryptophan free base i85 8 20.8+4 Y 10802478 5

indoximod {-methyi-D-mrvptophan free base 300 6 76,225 y 28711379 g

NLG-1558 2, 3-dihvdroxypropyt 1-methiyv!-[I-tryptaphanate RCi 37 4 20.2= 28 316 47238 24 018
NLG-1626 2. 3-dihvdroxypropyt 1-meshyi-D-tryptophanate H.PO, 37 3 PAREX 37 0.032 371295 46 0.0667
NLG-1626 2. 3-dihvdroxypropyl T-methyi-D-teyplophanate R;PG, i85 7 52.8%23 153 $4.0092 8964765 73 0.0614
NLG-1627 2. 3-dihwdroxypropy} I-eethyi-D-try ptophanate CH;S0OH 37 4 11.6+35 -27 0.16 8539 =27 8.12
NLG-1628 2,3-dihydroxypropy] I-meihyi-D-tryptophanate H,50, 37 4 17.6=2 2 0.34 4724120 21 0.19
MLG-3380 N{L-tueihiony -1-methyl-D-trypiophan R 37 & 18 447 15 0.25 185+130 24 (1.599
NLG-3380 N -methiony D-1-methyl-D-try piophan HC 185 8 92.7+69 345 0.605 | 30432700 18] 0.602
NLG-338¢ N-{L-methiony])-1-methyl-D-tryptophan H.PO, 185 2 45.4+15 118 0.0009 1794+761 66 6.60002
NL(G-3272 ethyl N%(L-methjony-1 -methy-D-try ptophanate H;PO, 37 8 21.0+11 32 8.13 40062136 2 0.45
NLG-3272 elhyl N*(L-methiony)-1-wethyi-D-iryplophanate H;PC,y i85 8 31.1+8 49 6,003 12362498 14 9.27
NLG-3272 ethyl N¥-(L-methiony})-1-methyi-D-tryptophanate HC1 37 8 19.2+6 21 g.16 439=114 13 .24
NLG-3272 ethy] No-(L-methionyi)-1-methyl-D-tryptophanate HC) i§3 8 S52.4:£1S 132 <0.0801 18081852 L 0.617
NLG-3272 ethy] N%-(L-methionyH-1-methivi-D-tryprophanale H{O) 500 & 121448 56 0.031 | 42691255 40 {1.048
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Table 10.3: Comparison of Cmax and total exposure (AUC,..) between indoximod free hase vs. its prodrugs in

dosing of rats with capsules

different salt forms after oral

% Yo
Brug/ Base Cmax Change AUCpom  Change
Prodrug i Name Salt form (pmolkg) H (VD) Cmax  p Value {(pM.b) in AUC  pValue
indoximod T-metliyt-D-trypiophan iree base 27 il 159=8 390166
indoximeod 1-methyl-D-tryptophan free base i85 2 20.8=4 1080478
indoximod 1-meilyl-D-tryptophan free base 360 6 76,2425 2871%1379
NLG-1672 athyl N{L-gluiaminyl)-1 -methyl-D-trypiophanate free base 37 4 16729 b 0.43 32712 -16 0.24
NLG-1566 ethyl N*-(L-glutaminy1}- 1-methyl-D-trypiophanate HCl 37 4 17.8+4 12 0.33 386489 -1 0.48
NLG-162¢ ethy] No-(L-glutaningl)-  -methy -D-vpicphacate H3PO, 37 4 10,943 -32 0.12 280421 =28 0.11
NLG-1630 ethy] N°-(L-ghitaminy))-  -methyl-D -y ptephavate Ha80, 37 4 19=& 20 023 314103 -24) 0.2%
NLG-1621 ethyl N°-(L-glwtaminy])- 1 -methyl-D-tryptophanais CH;S0;H 37 4 16.5+6 4 (045 342+97 -1z .3
MLG-1583 pipetdin-4-yimethy} i-methyl-D-tryptophanate HCE 37 4 4 G+i1.4 -69 G.008 130+18 -54 0.014
NLG-1664 pipendia-4-vimethyl 1-methy]l-D-iryptophanate H,PO, 37 4 3.3+1 -79 G004 j41+45 -G4 0.606
methyl N-({R3-1-etho xy-2-{ 1-methyi-1//-indol-3-
NEG-1385 vi)-l-oxopmpan-2-y)-L-asparaginate H(O 37 4 19.926 25 0.18 406472 5 0.41
NLG-1354 N%pgivevl-1-methyl-B-trypiophan hvdrochloride HCL 37 4 17.5:=2 16 0.35 394103 1 3.48
NLG-1677 W giveyl-1-methyl-D-tryplophan tydrochloride H;PO, 37 4 15.4=5 -3 0.45 403+153 3 .45
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Table 11.1: Comparison of Cmax and total exposure (AUC, -..) hetween indoxinwd free base vs. ifs prodrugs in

dosing of cynomolgous monkeys with capsules
£=3 A

different sait forms after oral

Vo A

Druy/ Bose Cmax Change AU .0 Change

Prodrug 1D Name Salt form (pmolkg) o {uhg) Cmax  p Value {nivih) in AUC  pValue
indoximod 1-1ethyi-D-tryplophan free base 92 3 8.2+0.4 3R 5id

indoximod 1-mcthyi-D-tryptophan, free base 275 3 17.5+3 74 9=5

indoximod I-methyi-D-irvptophan free base 875 3 27.8+8 i65=32

NLG-1504 ethyl N® -(L-leucyi}-1-methyvi-D-tryptophanate HO 92 3 50.6=8 5i8 $4.0604 1142 195 <0.000%
NLG-1564 ethyl N* -(L-leucyl}-1-methyl-D-tryptophanate HC1 273 3 101=28 476 0.643 46336 318 <0.060!
NLG-1364 etiy] N*-(L-leucy [}-1-metly1-D-ury prophanate HCl 875 2 92+17 236 0.695 8331349 416 0017
NLG-3272 cthyl N*(L-methiony!)- | -methyl-D-tryptophanate HCL 22 3 33=5 305 0.0003 90.7=11 135 0.0807
NLG-3272 ethy! N%(L-methioxy 1)-1-methyi-D-tryptophanate HC1 273 3 88x:32 402 .609 370113 393 0.605
NLG-3272 ethy] N°(L-wethiony{)-1-methyi-Di-lryptophanate HC) 875 3 142457 411 0.613 7614516 369 0.G59
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CLAIMS

We claim:

1.

A salt of indoximod according to Formula 1a:

6]
%—OH
(R}

Formula 1a

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

a stoichiomelric ratio » that ensures molccular charge neutrality.

The salt of claim 1, wherein APy is an anion selected from the group consisting of chloride,
phosphate, sulfate, mesylate, besylate, acetate, ascorbate, aspartate, glutamate, glutarate,
lactate, maleate, malonate, oxalate, succinate, fumarate, tartrate and citrate, wherein the
ionization state -p is -1, -2 or -3 and the stoichiometric ratio n is 1, % or 1/3, respectively,

so that it satisfies stoichiometric conditions of charge neutrality.

The salt of claim 2, wherein the phosphate is HPO42, the HPO42 present at a stoichiometric

ratio n of 0.5.

The salt of claim 2, wherein the phosphate is HPOy4', the HPO4 present at a stoichiometric

ration of 1.

The salt of claim 1, wherein the anion A"™ is CI', the CI- present at a stoichiometric ratio n

of 1.

The salt of claim 2, wherein the mesylate 1s CHiSOs7, the CH3SO;s™ present at a

stoichiometric ratio n of 1.

A salt of indoximod, according to Formula tb:
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o
@g NH;
=

N\ C™ys

Formula 1b

wherein C*Py, is an inorganic cation in an ionization state +p, the cation present at a
stoichiometric ratio m that ensures molecular-charge neutrality of the salt.
8. The salt of claim 7 wherein C*Py is selected {rom the group consisting of Li*, Na*, K*,

Mg*? and Ca*?, wherein when pis +1,mis 1, and when pis+2, mis %.

9. A prodrug of indoximod, in free base or salt form, accordingto Formula 2:

HN-R?
RN, R’

= | N O

SN

\ HA,
Formula 2
wherein:

(@) R' is -QH, -OCp-salkyl, -OCH;CH(OH)CH,0H, -O(CH2):N(CHjs)z, -OC)-
salkyl-R3 -NHCOHRYCOOH), -NHCWHRY(COOH), -OCi-salkylRS, -OC;-
2alkyl-C*¥H(NH2)(COOH), or -OC\-alkyl-C®H(NHz)(COOH);

(b) R? is H, -C(O)CWH(NH2)R?, -C(O)CWH(NH,)R!, -C(O)CH,C®H(NH,), -
C(0)OCH;3, -C(O)OR?, or -C(O)NHR?;

(c) R?is terghydropyranor O ;
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10.

(d) RY is H, -Cisalkyl, -(CH2)1~2SH, Ci.salkylSC).salkyl, C)5alkylOC,salkyl, -
CHy-R® -CH20H, -CH(OH)CH3, -(CH)i2C(O)NH,, -(CH2);3C(O)OH, -
(CH2)1.4NHa2, or -(CH2)1.aNC(=NH2)NH>;

(€) CY and C™® arc carbons with the S or R stereochemistry, respectively, when R*

is not H;
() R?is H, Ci-galkyIR®, or R®

(g) R®is H, aryl, alkylaryl, heteroaryl, cycloalkyl, or heterocycloalkyl, wherein the
aryl, alkylaryl, heteroaryl, cycloalkyl or heterocycloalkyl is optionally

substituted with one, two or three R7 groups;

(h) each R7 is independently halogen, cyano, nitro, -OR, -N(R),, -SR, -C(O)OR,
C).salkyl,Cjghaloalkyl, -C(O)N(R)2, -C(O)R, -S{O)R, -S(O)OR, -S(O)N(R)s, -
S(O)R, -S(0)20R, -S(0)2N(R)2, -OC(O)R, -OC(O)OR, -OC(O)N(R),, -N(R)C
(O)R, -N(R)C(O)OR, or -N(R)C(O)N(R)2, whercin R is H or Cj.4alkyl;

with the proviso that R! cannot be ~OH when R? is H, and the compound cannot be N4-
tert-butoxycarbonyl-1-methyl-D-tryptophan, ethyl N%-benzyl-1-methyl-D-tryptophanate,
or benzyl N*-(tert-butoxycarbonyl)-1-methyl-D-tryptophanate; and

HA, is an acid selected from the group consisting of PO4Hs (phosphoric acid), SQ4H»
(sulfuric acid), HC! (hydrochloric acid), HSO3CHj; (methyl sulfonic acid), CeHsSO3sH
(benzyl sullonic 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, wherein the stoichiometric ratio # of the acid is 0, 0.5, 1 or 2 such that the

prodrug is charge neutral.
The prodrug of claim 9, wherein;

(a) R! is -OH, -OCp-salkyl, -OCH,CH(OH)CHzOLL, -  O(Cl12):N(CHs)s, or -OC-
salkyl-R3;

(b) R?is H or -C(O)COH(NH)RY,
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(c) R3is tetrahydropyran, or O ;

(d) R* is H, -Cisalkyl, -(CHz)i2SH, -(CH2);3SCHs, -(CHz)1.3OCH; -CHz-RS, -
CH20H, -CH(OH)CH3, -(CH2)1.2C(O)NHa, -(CH2))3C(O)OH, -(CH2)1.4NHa, or -
(CH2)13sNC(=NH2)NH3z;

(e) C¥ is a carbon with the S stereochemistry, when R is not H;

(f) R®is H, aryl, alkylaryl, heteroaryl, cycloalkyl, ot heterocycloalkyl, wherein the
aryl, alkylaryl, heteroaryl, cycloalkyl or heterocycloalkyl is optionally substituted

with one two or three R7 groups;

(g) cach R7 is independently halogen, cyano, nitro, -OR, -N(R), -SR, -C(O)OR,
Ci-salkyl,
Cighaloalkyl, -C(O)N(R)2, -C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)2, -S(O)R, -S(
0)20R, -S(0)N(R)2, -OC(O)R, -OC(O)OR, -OC(O)N(R)2, -N(R)C(O)R, -N(R)C
(O)OR, or -N(R)C(O)N(R)z, wherein R is H or Cj.4alkyl;

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

HA, is an acid selected from the group consisting of of PO4H3 (phosphoric acid), SOsH2
(sulfuric acid), HCI (hydrochloric acid), HSO3;CH: (methyl sulfonic acid), CsHsSOsH
(benzyl sulfonic acid), acetic acid, ascorbic acid, aspartic acid, glutamic acid, glutaric acid,
lactic acid, malcic acid, malonic acid, oxalic acid, succinic acid, fumaric acid, tartaric acid
and citric acid, wherein the stoichiometric ratio n is 0, 0.5, 1 or 2 such that the prodrug is

charge neulral,
The prodrug of claim 9, wherein:

(a) R' is -OH, -OCy-salkyl, -OCH,CH(OH)CH,0H, -O(CH2);N(CH3),, or -OC)-
salkyl-R3;

(b) R?is H or -C(O)CHH(NH)R*:
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(c) R3is tetrahydropyran, or g © g

€,

(d) R* is H, -Cysalkyl, (CH2)2SCH;s, -CH3-RS, -(CHa);.2C(O)NHz, -(CHa)1.3C(O)OH,
or «(CHy)14NHy,

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

(D RS is H, aryl, alkylaryl, or heteroaryl, wherein the aryl, alkylaryl or heteroary] is

optionally substituted with one R” group;

(g) each R7 is independently halogen, cyano, nitro, -OR, -N(R)2, -SR, -C(O)OR, -
Cialkyl,
C).ghaloalkyl, ~-C(O)N(R)z, -C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)2, -S(O)2R, -S(
0),0R, -S(0)2N(R)3, -OC(O)R, -OC(O)OR, -OC(O)N(R)z, -N(R)C(O)R, -N(R)C
(O)OR, or -N(R)C(O)N(R)e, wherein R is H or Csalkyl;

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

HA, is an acid selected from the group of PO4H3 (phosphoric acid), SO4Hz (sulfuric acid),
HCI (hydrochloric acid), HSO3CHj3 (methyl sulfonic acid), CéHsSO3H (benzyl sulfonic
acid), wherein the stoichiometric ratio » of the acid is 0, 0.5, 1 or 2 such that the prodrug

is charge neutral.
12, The prodrug of claim 9, wherein

(@ R' is -OH, -OCs-salkyl, -OCHCH(OH)CH20H, -O(CH2)2N(CHs)2, or -OC)-
salkyl-R3;

(b) R? is H or -C(O)C®H(NH2)RY;

“+0Q o
[___Ozp"“o‘ i

’

(c) R3is tetrahydropyran, or

(d) R* is -CH>CH(CHs), -(CH2)2SCH;, -C®H(CH3)CH.CH3, -CHy-RS, -
(CH2)2C(0O)NHaz, -(CH2):C(O)OH, or -(CHz2)sNHa;
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14.

() C® is a carbon with the S stereochemistry;
(B REis phenyl;
with the proviso that R! cannot be ~-OH when R? is H;

HA. is an acid selected from the group of PO4H; (phosphoric acid), SO4Hz (sulfuric acid),
HCI (hydrochloric acid), HSO3CHj (methyl sulfonic acid), CsHsSO3H (benzyl sulfonic
acid), and wherein the stoichiometric ratio n of the acid is 0, 0.5, 1 or 2 such that the prodrug

is charge neutral,
The prodrug of claim 9, wherem:
(a) R! is —OCp-salky! or -OCH2CH(OH)CH,OH;
(b) R? is H or -C(O)COH(NH2)R?;
(¢) R* is -CH,CH(CHs)a, ~(CH2)2SCHs or -(CH2),C(O)NHy;
(d) C® is a carbon with the S stereochemistry;
with the proviso that R! cannot be —OH when R? is H;

HA, is an acid selected from the group of POsH3 (phosphoric acid), SO4H; (sulfuric acid),
HCI (hydrochloric acid), HSO3;CHj (methyl sulfonic acid) or C¢HsSO3H (benzyl sulfonic
acid); and wherein the stoichiometric ratio n of the acid is of 0, 0.5, 1 or 2 such that the

prodrug is charge neutral.

A prodrug comprising one of the following compounds:
ethyl M~(L-leucyl)-1-methyl-D-tryptophanate;

ethyl M-(L-methionyl)-]-methyl-D-tryplophanate;
2,3-dihydroxypropyl 1-mcthyl-D-tryptophanate;
NU-(L-leucyl)-1-methyl-D-tryptophan;

NU-(L-methionyl)-1-methyl-D-tryptophan;
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acid;

l 5 0

16.

ethyl A®~(L-isoleucyl)-1-methyl-D-tryptophanate;
Ne-(L-glycyl)- 1-methyl-D-tryptophan;

(S)-5-amino-6-(((R)-1-carboxy-2-(1-methyl- 1 H-indol-3-yl)ethyl)amino)-6-oxohexanoic

N<(L-lysyl)-1-methyl-D-tryptophan;
N*-(L-phenylalanyl)-1-methyl-D-tryptophan;

ethyl N¥-(L-glutaminyl)-1-methyl-D-tryptophanate;

2-(dimethylamino)ethyl 1-methyl-D-tryptophanate;
(2-ethoxy-2-oxido-1,3,2-dioxaphospholan-4-yl)methyl 1-methyl-D-tryptophanate;
2-(tetrahydro-2H-pyran-4-yl)ethyl T-methyl-D-tryptophanate;

ethyl 1-methyl-D-tryptophanate; or

isopropyl 1-methyl-D-tryptophanate.

A pharmaceutical composition of indoximod according to Formula 1az

0]
“-0OH
®

i NH3
!
"‘\-.“;, -
N\ A

P
n

Formula 1a

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

a stoichiometric ratio n that ensures molecular charge neutrality.

The pharmaceutical composition of claim 15, wherein A*P, is an anjon selceted from the
group consisting of chloride, phosphate, sulfate, mesylate, besylate, acetate, ascorbate,

aspartale, glutamate, glutarate, lactate, maleate, malonate, oxalate, syccinate, fumarate;,
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17.

18.

19,

20,

21.

22,

23,

tartrate and citrate, wherein the ionization state p is -1, -2 or -3 and the stoichiometric ratio
nis 1, %4 or 1/3, respectively, so that it satisfies stoichiometric conditions of charge

neutrality.

The pharmaceutical composition of claim 16, wherein the phosphate is HPO4?2, the HPO4

2 present at a stoichiometric ratio n of 0.5.

The pharmaceutical composition of claim 16, wherein the phosphate is HPO4", the HPO4"

present at a stoichiometric ratio n of 1.

The pharmaceutical composition of claim 15, wherein the anion AP is Cl, the CI" present

at a stoichiometric ration of 1.

The pharmaceutical composition of claim 16, wherein the mesylate is CHiSOs, the

CH3S0s5™ present at a stoichiometric ratio n of 1.

A pharmaceutical composition of indoximod, according to Formula 1b:

0\ ~Or
R)
"NHQ
~ | N
e
N
\ CPn
Formula 1b

wherein C*P,, is a cation in an 1onization state +p, the cation present at a  stoichiometric

ratio m that ensures molccular charge neutrality of the salt.

The pharmaceutical composition of claim 21 wherein C'y;, is selected from the group
consisting of Li*, Na*, K', Mg'? and Ca*?, wherein when p is +1, m is 1, and when p is

+2, mis V.

A pharmaceutical composition of indoximod, in free base or salt form, according to

Formula 2:
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HA,

Formula 2

wherein;

() R' is -OH, -OCs-salkyl, -OCH;CH(OH)CHzOH, -O(CH;)N(CHs), -OC;-
salkyl-R3, -NHCOHRYCOOH), -NHCWHR4(COOH), -OC;-galkylRS, -OC-
salkyl, -CYH(NHL)(COOH), or -OC)-2alkyl-CRH(NHy)(COOH);

() R? is H, -C(O)CHH(NH2)R?, -C(O)CWH(NH2)R?4, -C(OYCHC¥H(NH,), -
C(0O)OCHj3, -C(O)ORS, or -C(O)NHR?;

- \P co
. SN
(c) R is tetraliydropyran or o © ;

(d) R*is H, -Ci salkyl, (CHa)12SH, CisalkylSCisalkyl, Ci.salkylOChsalkyl,-CHa-
RS, -CH.0H, -CH(OH)CHs, ~(CH:)1.2C(O)NHa, ~(CH3)11C(OYOH, -(CHa)i.
aNHz, or «(CHz)) sNC(=NH2)NHs;

(¢) C® and C® are carbons with the S or R stereochemistry, respectively, when R*

isnot H;
(f) R’ isH, Ci-¢alkylRS, or R

(g) R®is H, aryl, alkylaryl, heteroaryl, cycloalkyl, or heterocycloalkyl, wherein the
aryl, alkylaryl, heteroaryl, cycloalkyl or heterocycloalkyl is optionally

substituted with one two or three R” groups;

(h) each R’ is independently halogen, cyano, nitro, -OR, -N(R),, -SR, -C(O)OR,
Cisalkyl,Ci.chaloalky), -C(O)N(R)z2, -C(O)R, -S(O)R, -S(O)OR, -S(OIN(R),, -
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24,

S(O)R, -S(0)20R, -S{O):N(R)2, -OC(O)R, -OC(O)OR, -OC(O)N(R),, -N(R)C
(O)R, -N(R)C(O)OR, or -N(RYC(O)N(R)2, wherein R is H or C.4alkyl;

with the proviso that R! cannot be -OH when R? is 1, and the compound cannot be N%-
tert-butoxycarbonyl-1-methyl-D-tryptophan, ethyl N%benzyl-1-methyl-D-tryptophanate,
or benzyl N*-(tert-butoxycarbonyl)-1-methyl-D-tryptophanate; and

HA. is an acid selected from the group consisting of POsHs (phosphorie acid), SOsHz
(sulfuric acid), HCI (hydrochloric acid), HSO3CHj (methyl sulfonic acid), C¢HsSOsH
(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, wherein the stoichiometric ratio n of the acid is 0, 0.5, 1 or 2 such that the

prodrug is charge neutral.

The pharmaceutical composition of claim 23, wherein;

(a) R' is -OH, -OCa-salkyl, -OCH,CH(OH)CH20H, -O(CHz)2N(CHs)z, or -OC-
salkyl-R3;

(b) R is H or -C(O)COH(NH2)R?,

(c) R3 is tetrahydropyran, or O :

(d) R* is H, -Cisalkyl, -(CH2)1-2SH, -(CH2)13SCHs, -(CH2)1sOCHs, -CHy-RS, -
CH;OH, -CH(OH)CHs, ~(CHz);2C(O)NHz, ~(CH2)1.3C(0YOH, -(CHa)1.4NHa, or -
(CH2)1.3NC(=NH2)NHz;

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

(D) R®is H, aryl, alkylaryl, heteroaryl, cycloalkyl, or heterocycloalkyl, wherein the
aryl, alkylaryl, heteroaryl, cycloalkyl or heterocycloalkyl is optionally substituted

with one two or three R7 groups;

(g) each R7 is independently halogen, cyano, nitro, -OR, -N(R),, -SR, -C(O)OR,
Ciealkyl,Ci.shaloalkyl, -C(O)N(R), -C(O)R, -S(O)R, -S(O)OR, -S(O)N(R),, -S(
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25.

O)R, -S(O%0R, -S(0)N(R),, -OC(O)R, -OC(O)OR, -OC(O)N(R)z, -N(R)C(O)R
. -N(RYC(O)OR, or -N(R)C(O)N(R),, wherein R is H or Caalkyl:

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

HA,; is an acid selected [rom the group consisting ot PO4Hi (phosphoric acid), SOsH»
(sulfuric acid), HCI1 (hydrochloric acid), HSO3;CHsz (methyl sulfonic acid), CsHsSO3sH
(benzyl sullonic 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, wherein the stoichiometric ratio n is 0, 0.5, 1 or 2 such that the prodrug is

charge neutral.
The pharmaceutical composition of claim 23, wherein:

(a) R! is -OH, -OCz-3alkyl, -OCH2CH(OH)CH,OH, -O(CH2);N(CHs)2, or -OC;-
salkyl-R?;

(b) RZis H or -C(O)CWH(NH2)RY;
O
AY //O
. [ fPM'O/\\
(c) R3 is tetrahydropyran, or o :

(d) R*is H, -Cj.salkyl, -(CH2)2SCH3, -CH»-RS, -(CH2)1.2C(O)NH3, -(CH2),.3C(O)OH,
or -(CH2)1.aNHa.

(¢) C™ is a carbon with the S stereochemistry, when R* is not H;

(D RO is H, aryl, alkylaryl, or heteroaryl, wherein the aryl, alkylaryl or heteroaryl is

optionally substituted with one R7 group;

(g) each R7 is independently halogen, cyano, nitro, -OR, -N(R)2, -SR, -C(O)OR, -
Ci.salkyl,Cighaloalkyl, -C(O)N(R)2, -C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)2, -5(
O)R, -S(0)20R, -S(0)2N(R)2, -OC(O)R, -OC(O)OR, -OC(O)N(R)2, -N(R)C(O)R
, -N(R)C(O)OR, and -N(R)C(O)N(R)2, wherein R is H or Cj4alkyl;

with the proviso that R' cannot be ~OH when R? is H;
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26.

27.

HA, 1s an acid selected rom the group consisting of POsHi (phosphoric acid), SO4H>
(sulfuric acid), 11CI (hydrochloric acid), HSO3CH3 (methyl sulfonic acid), and C¢HsSO3H
(benzyl sulfonic acid), wherein the stoichiometric ratio n of the acid is 0, 0.5, 1 or 2 such

that the prodrug 1s charge ncutral.
The pharmaceutical composition of claim 23, wherein:

(a) R' is -OH, -OCp-salkyl, -OCH,CH(OH)CH20H, -O(CH,)N(CHa), or -OCi-
salkyl-R3;

(b) R2 s I1 or -C(O)CYH(NH)R?;

P~
(¢) R3 is tetrahydropyran, or o © :

() R* is -CH,CH(CHs), -(CH2)2SCHs, -CH(CHs)CH,CHi, -CH,-RS,
(CH2)2C(O)NHa, ~(CH2)sC(O)OH, or -(CH2)4NHy;

(e) C® is a carbon with the S stereochemistry;
(D R®is phenyl;
with the proviso that R cannot bc ~OH when R? is H;

HA, is an acid selected from the group consisting ol PO4Hs (phosphoric acid), SO4H,
(sulfuric acid), HCI (hydrochloric acid), HSO3CH3 (methyl sulfonic acid), and CeHsSO3H
(benzyl sulfonic acid), and wherein the stoichiometric ratio n of the acid is 0, 0.5, 1 or 2

such that the prodrug is charge neutral.
The pharmaceutical composition of claim 23, wherein:
(c) R'is ~OC,-3alkyl or -OCH,CH(OH)CI1;0OH,;
() R?is H or -C(O)C*"H(NH2)R?;
(g) R? is -Cl1,CH(CH3)2, -(CH2)2SCH3, or -(CHz)2C(O)NHz;

(h) C® is a carbon with the S stereochemistry;
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28.

acid;

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

HA., is an acid sclected from the group of PO4H; (phosphoric acid), SO4H; (sulfuric acid),
HCI (hydrochloric acid), HSO3CH3 (methy! sulfonic acid) or CeHsSO3H (benzyl sulfonic
acid); and wherein the stoichiometric ratio n of the acid is of 0, 0.5, 1 or 2 such that the

prodrug is charge neutral.

A pharmaceutical composition comprising one of the following compounds:
ethyl N*-(L-leucyl)-1-methyl-D-tryptophanate;

ethyl N*-(L-methionyl)-1-methyl-D-tryptophanate;

2,3-dihydroxypropyl 1-methyl-D-tryptophanate;
N¢-(L-leucyl)-1-methyl-D-tryptophan;
N*-(L-methionyl)-1-methyl-D-tryptophan;

ethyl N°~(L-isoleucyl)-1-methyl-D-tryptophanate;
Ne-(L-glycyl)-1-methyl-D-tryptophan;

(8)-5-amino-6-(((R)-1-carboxy-2-(1-methyl-1H-indol-3-yl)ethyl)amino)-6-oxohexanoic

NU-(L-lysyl)-1-methyl-D-tryptophan;
NU-(L-phenylalanyl)-1-methyl-D-tryptophan;

ethyl M*-(L-glutaminyl)-1-methyl-D-tryptophanate;

2-(dimethylamino)ethyl 1-methyl-D-tryptophanate;
(2-cthoxy-2-oxido-1,3,2-dioxaphospholan-4-yl)methyl 1-methyl-D-tryptophanate;
2-(tetrahydro-2H-pyran-4-yl)ethyl 1-methyl-D-tryptophanate;

ethyl 1-methyl-D-tryptophanate; or
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1sopropyl 1-methyl-D-tryptophanate.

29.  The pharmaccutical composition of any of claims 15-28, 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.
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