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Abstract

Indoleamine 2, 3-dioxygenase 1 (IDO1) plays a kele rin tryptophan
catabolism which is an important mechanism in imenuolerance. The small
molecule epacadostat is the most advanced IDObitohibut its phase lll trials as a
single agent or in combinations with PD-1 antibddyied to show appreciable
objective responses. To gain more insight on thieuamor efficacy of IDO1 inhibitors,
we have designed a series of analogues of epaeadmstincorporating a cyclic
aminosulfonamide moiety as the sidechain cappimgtionality. Compoundba was
found to display significant potencyagainst recombinant hIDO1 and hIDO1
expressed HEK293 cancer cells. This compound hasowed physico-chemical
properties, acceptable PK parameters as well amalptardiac safety. Similar to
epacadostaBais ineffective as single agent in the CT-26 syngerenograft model,
however, the combinationf 5a with PD-1 antibody showed both elevated tumor

growth inhibition and prolonged median life span.

Keywords: Indoleamine 2,3-dioxygenase; Immunotherapy; OxadégzPD-1; Life

span.



1. Introduction

The rapid advances in oncology immunotherapy, fggkéd by checkpoint
inhibitors targeting cytotoxic T lymphocyte assaoed protein 4 (CTLA-4) and the
programmed death receptor 1l/ligand 1 (PD-1/PD-Lhiave substantially
revolutionized our vision and treatment options asvanced human cancéfs.
Among which, the anti-CTLA-4 antibody (ipilimumakgnd anti-PD1 antibody
(pembrolizumab and nivolumab) approved by FDA, hdeenonstrated impressive
therapeutic effects on patieftsCompared to other anticancer modalities (irradigti
chemotherapy, and targeted therapy) that exert therapeutic effects via directly
suppressing/killing proliferating cancer cells, canimmunotherapy can recognize
and eliminate tumor cells by restoring and eveivatihg the patients’ native immune
systent, thus affording better control of tumor growth wishistainable therapeutic
responses. However, clinic studies have shownahggnificant majority of cancer
patients do not respond to the existing checkpiminibitors, and the emergence of
acquired resistance is more and more commonly weden patients who initially
responded® Therefore, there is a need to develop new immunahes either to be
used alone or in combination with existing checkpaihibitors.

In addition to CTLA-4 and PD-1/PD-L1, indoleaming3dioxygenase (IDO1),
an enzyme with immunosuppressive property was fdueidg overexpressed in a
wide variety of human tumorsIDO1 catalyzes the initial and rate-limiting step
tryptophan (TRP) catabolism via the kynurenine (Kypathway, an important

mechanism in immune toleraré? IDO1 oxidizes the essential amino acid



tryptophan toN-formyl kynurenine (NFK) which is further converted Kyn and
other bioactive metabolitfs Tryptophan depletion activates general control
non-derepressible 2 (GCN2) and represses meclaatasget of rapamycin kinase
(mTOR). Furthermore, biologically active metabdita kynurenine pathway, such as
Kyn, activate the aryl hydrocarbon receptor (AhIROL1 is overexpressed in cancer
cell and the antigen presenting dendritic cellumor microenvironment. The cancer
cells overexpressing IDO1 can evade immune suaveiéd, and the transcriptional
factor AhR participates in cancer immune escapebibging to the IDO product
Kyn.'*® Considering the important role of IDO1 in immuéetancé®, inhibition of
IDO1 has become an exciting approach to cancer motherapy. A number of
small-molecule IDO1 inhibitors have been repoftetf; > with a few being
extensively investigated in clinical trials, inclod 1 (epacadostat, INCB0243302
(BMS-986205°, 3 (navoximod, GDC-0919) and 4 (PF-0684000%) (Figure 1).
Unfortunately, clinical trials of IDO1 inhibitorssamonotherapy have suffered from
setbacks recently since the pronounced tumor redtucf epacadostat observed in
preclinical studies was not confirmed in phase ¢ dh trials?®2° Alternatively,
combination regimens with other immunotherapies, enob-therapies or
chemo-radiation are being extensively purstiéd.Both IDO1 and PD-L1 are
co-expressed in tumor cells. A recent phase Il tteanonstrated that inhibition of
PD-1 has limited activity in selected advanced-tiefiue sarcoma, which might be
associated withan immunosuppressive tumor microenvironment rasgltirom

macrophage infiltration and IDO1 pathway activatiorin addition, the ratio of



Kyn/tryptophan was found to be increased duringlPantibody treatment, indicating
that IDO1 activation might be related to the lirdiefficacy of PD-1/PD-L1 treatment.
Therefore, a synergistic effect is expected by doatibn of IDO1 inhibitors with

PD-1/PD-L1 blockades. Intriguingly, a recent phi$eeCHO 301 trial testing the

combination of IDO1 inhibitor epacadostat with PCafitibody pembrolizumab in
melanoma failed to show superior objective resp®rtgenpared to pembrolizumab
alone3* Although the clinical readout from a single tighot a definitive determinant
for the field, development of new IDOL1 inhibitoradacombinations with different
checkpoint inhibitors in well-defined patients ttggr with precise trial design are

urgently needed.
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Figure 1. Representative clinical IDO1 inhibitors.

To gain more insight on the tumor-suppressing eftdciIDO1 inhibitors, we
recently conducted a structural modification cargpain the clinical IDO1 inhibitor
epacadostat, by cyclizing the sulfamoylamino congmbrof the sidechain to explore

the electronic and steric effects on IDO1 activiterein, we report on the SAR and



antitumor activity of these new IDOL1 inhibitors boas monotherapy and in
combination with PD-1 antibody blockade.
2. Results and discussion
2.1. Sructural analysis and new inhibitor design

1,2,5-Oxadiazole1®, developed by Incyte Corp is the most advanced 1DO
inhibitor in clinical trials. It has moderate initiry potency (IGo, 73 nM) against
IDO1 enzyme and high inhibitory potency in HelLalge{lCso, 7.4 nM). The
co-crystal structur® of hIDO1 in complex withL (PDB code5WN8) shows that the
oxime oxygen forms the key hexa-coordination witte theme iron while the
halogenated phenyl group forms a favorable fluessuéfur contact with C129 and
occupies the hydrophobic pocket A situating abdwe teme. The sulfamoylamino
ethylene sidechain projects out to reach the poBkekhe central 1,2,5-oxadiazole
moiety is stabilized by F163, L234, and F226. Althb compoundl shows
significant inhibitory effects on IDO1 catalytictagty, and appreciable tumor growth
inhibition in immunocompetent C57BL/6 mouse syngemeodels of several cancer
types®*° its chemical structure lacks optimal drug-like pedies (e.g. the number of
H-bond donor/acceptor >10; PSA > 140 A) due todbexistence of several polar
functional groups including hydroxamidine and soiég/lamine. A close examination
of the interaction of the sulfamoylamino ethylergeshain suggests that the proposed
allosteric pocket B is not fully occupied and tiee@ndary NH in the sulfamoylamine

component is not involved in the H-bonding netw{Figure 2). In this regard, we

decide to cyclize the sulfamoylamine component agnio fully occupy the pocket B



and to balance the PK properties by adjusting ’deict and steric effects of the cyclic
congeners. In the meantime, the polar hydroxamiflimetionality is left intact to
maintain the key intramolecular H-bonding netwohlatt forces the amidine C=N
double bond to hold es conformation (Figure 2).
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Figure 2. Co-crystal structure of 1 with IDO1 and our design of new IDO1 inhibitors.

2.2. Sructure-activity relationship analysis

All the new compounds were assayed for their agtagainshiIDO1 enzyme and
active compounds were further tested for thawtivity in HEK293 cells
over-expressing hIDO1. The clinical compounhdas used as comparison. As shown
in Table 1, we first evaluated a series of analegugaring a five- or six-membered
cyclic aminosulfonamide as the capping group of $ldechain. Compared to the
parent compoundl, compound 5a formed by directly cyclization of the
sulfamoylamine moiety of into a five-membered heterocycle, showed sligluiyer
but still compatible potency against hIDO1 in baibchemical and cellular assays

with ICs values of 62.5 and 28.2 nM, respectively. Furthasking the terminal NH



with a methyl group yielded compousth, showing nearly the same potency as that
of 5a These results suggested that both the, Ndthd NH groups in the
aminosulfonamide component bfare not substantially requested for the interactio
with hIDO1. However, a larger six-membered anabmglost activities against the
recombinant hIDO1 with an Kg greater than 1M, suggesting that the size of the
heterocycle and the steric effect of the cappingugrare crucial to interact with
hIDO1. Interestingly, compounsd lacking the cyclic NH moiety dba showed even
higher potency in both biochemical and cellularagsswith IG, values of 46.5 and
21.4 nM, respectively. This compound is slightly rmmgotent than the reference
compoundl (62.6 and 28.2 nM, respectively in both assay®)gh the difference is
not statistically significant. Replacing the sufdgroup in5a by carbonyl group led
to compoundbe, completely lost the activity against hIDO1. Howewvthe analogf
retained good potency in both biochemical and tllassays with 16 values of
71.5 and 16.8 nM, respectively. Compared to themacompoundl, the retained
good potency obd and 5f suggested that the H-bonding donor in the sidechai
terminal group is not necessary, which may beré&tPK-related physico-chemical
properties. This analysis was further confirmed thg isoxazolidinone5g and
dihydroisoxazole5f, both retained reasonable potency in both assHys.phenyl
fused cyclic analogSi and5j were inactive to hiIDO1, likely due to their stednd
electronic effects. Interestingly, compound 6 bearing a
4-methoxycyclobut-3-ene-1,2-dion-3-amino moietyths sidechain capping group
also retained moderate potency against hIDO1, 8r8yfold less potent thah (138

vs 40.9 nM).

Table 1.

Biochemical and cellular potency of cyclic amindsaamides as new IDO1 inhibitdrs
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*The IGyVvalues are obtained from two separate experim@m's.: not tested.

Starting from cyclic aminosulfonamidea, we next screened a small series of
aryl groups with different substitution patternsdetermine the electronic and steric
tolerance of the pocket A. As shown in Table 2,4H&ioro group of phenyl is critical
for IDO1 interaction and other substituents (e.GHCF; in 7a, SQ,CH,CHg in 7b,
SeCHCHgzin 7¢) completely abolished the activity against IDOXhwiCsy values
greater than M. Keeping the 4-fluoro intact and replacementta 8-bromo with
chloro or introducing an additional halogen atomtlo@ 5-position of the phenyl led
to compound§d-f, all showing much reduced potency against hIDCGth s, value

ranging between 112 nM to M.

Table 2.

The hIDO1 activity of cyclic aminosulfonamides wikfferent aryl substituerits

R! R2

OH R3
O\\S//O N/ @7
PN H

Ny
Compound R R? R® hIDO-1 IC 5o (NM)
5a Br F H 62.5
7a Br OCH,CF; H >1000
7b Br SQ,CH,CH; H >1000
7c Br SeCHCH; H >1000
7d Cl F H 112

7e Cl F Cl 304




7f Br F Br >1000

*The IGpvalues are obtained from two separate experiments.

We also used a few alkyl linkers bearing differéarigth and steric effect to
replace the ethylene linkage in cyclic aminosulfoide 5a As shown in Table 3,
extending the ethylene linker Ba to a three-methylene linker Ba led to 3~ 4-fold
reduction in the potency against hIDO1 with aryol®alue of 217 nM. Further
reduced activity was observed for the steric linkelin8b and8c. The 3-fold higher
potency for8c over 8b (221 vs 696 nM) further confirms the ethylene wastthe

optimum linkage.

Table 3.

ThehlDO1 enzymatic activity of cyclic aminosulfonamsdeith different linkerd

HN i 0 N’OH
~§ Ho WK
N N
~ L
N. N
O Br
Compound R hIDO-1 IC 5 (nM)
5a e 62.5
8a R4 217

8b % 696

8c ?‘f 221

*The IGyvalues are obtained from two separate experiments.

Since no improvement was achieved by modifying lihker and the aryl
substituents, we then optimized thkesubstituent of the cyclic aminosulfonamido
component irba. As shown in Table 4, we first introduced a seoésvater-soluble

groups as\-substituents. Compared 5@, N-(2-MeO)ethyl substituted compou®a



showed slightly lower potency (78.5 vs 62.5 nM)iagahIDO1 in the biochemical
assay, whereas the potency in IDO1-expressed HEK2B8 was slightly improved
(22.2 vs 28.2 nM). One methylene longésubstituent irBb led to 6-fold reduction
in potency.N-(2-OH)-ethyl substitute®c showed nearly the same potency5asn
both biochemical and cellular assays withsglvalues of 74.5 and 26.6 nM,
respectively. No potency gain for the PEGlated egat 9d (284 nM). Reduced
potency was observed as well for the((3-(hydroxymethyl)oxetan-3-yl)methyl)
analoguee (322 nM). Basic substituents as9hand9g were introduced aiming to
increase the aqueous solubility. Compareflaccompoun®f bearing dimethylamino
ethyl as theN-substituent showed a 4-fold reduction in poteneyereas the
morpholin-4-ylethyl substituted analog8gy showed compatible potency in both
biochemical and cell assays withspvalues of 83.3 and 28.7 nM, respectively.
Various aryl, heteroaryl and alkyl substituents evalso tested and the corresponding
compounds9h-k were 4- to 11-fold less potent th&a The N-ethyl substituted
analogues9l and 9m bearing a terminal cabamoyl moiety also showediced

potency against hIDOL1.

Table 4.

N-Substituted cyclic aminosulfonamides as new |ID@¥ikiitors

N
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2.3. hERG potassium channel test

By balancing théiochemical and cellular potency as well as thecstiral diversity,
compoundsb5a, 5d, 5f and 9a were selected as the representative leads of
corresponding subseries for further evaluation I@a). Compared to the parent
compoundl, all these new compounds showed similar potenglyniore favorable
polar surface area thus matching Veber’s permebililes (tPSA <140 A). Since

these compounds have high loadingNedtom, compared to most clinically approved



drugs, we then tested their inhibitory effects agathe hERG potassium channel to
exclude the potential effects on the cardiac almma. Fortunately, all these
compounds showed kg values greater than 15 puM, indicating their opticadiac
safety profile.

Table 5.
Inhibitory effects of new IDO1 inhibitors againgERG channel

Br

o
Compound )Yk hERG, ICs, (uM) tPSA (A)

N~ N
o-N "

X =

1 o8 >40 162.8

5a aN SN >40 140.0

5d CS\/N%- 17.27 128.0

5f )J\N}?; 31.12 120.1

O o

L

2.4. Pharmacokinetic study

To further evaluate the developable potential @séhnew IDO1 inhibitors, the
pharmacokinetic profile (PK) of the four new compds was tested in SD rats dosed
iv (1 mg/kg) and orally (3 mg/kgAs shown in Table &d and9a showed poor oral
bioavailability of 6.55% and 1.21%, respectivelyowever,5a showed a good oral

bioavailability of 22.6% (reported data faf: F(rat) = 11%).5f also displayed an



acceptable oral bioavailability of 13.9%. Bdia and 5f showed moderate plasma
clearance (40.3 and 51.0 mL/min/kg), respectively.

Table 6.

Pharmacokinetic profile of four compounds in SB¥at

Tp AUC oL Vss,
Compound (h) h*ng/mL obs bs F(%
P (h“ng/mL) (mUmintkg)  (miikg) (%)
AUCIast AUCINF_obs
p.o. 1.94 275 356 - -
5a 22.6
i.v 1.49 406 415 40.3 4295
p.o. 1.58 58.1 60.5 - -
5d 6.55
iv 0.575 296 311 54.6 3016
p.o. 1.79 137 142 - -
5f 13.9
iv 1.18 329 330 51.0 2557
p.o. 1.91 2.59 6.52 - -
9a 1.21
i.v 0.617 71.2 75.6 225 9835

®%alues are the average of three runs. Vehicle: P®ISO/0.5%HPMC (5/95, V/v); iv:
EtOH/PEG300/NaCl (10/40/50, viviv). CL, clearan¥ss, volume of distribution; i, half-life;

AUC, area under the plasma concentration time ¢uiyveral bioavailability.

2.5. Antitumor activity of compound 5a in CT-26 murine xenograft model

On the basis of its high potency against hIDO1, aodeptable PK parameters,
compoundba was further investigated in vivo for its antitunmedficacy both as single
agent and in combination with mPD-1 antibody (mo&&&1 antibody, BioXCell,
Cat# BEO0146)Y in a CT26 xenograft model in immunocompetent mice.
Immunocompetent mice were treated with vehicle, mound5a (100 mg/kg, BID),
clinical compound1 (100 mg/kg, BID), anti-mPD-1 (10 mg/kg, BIW) or a
combination ofa and antibody. As shown in Table 7 and Figure é&attment withl

or 5a alone showed marginal inhibition on tumor growirG( =19.4% and 7.3%,



respectively) indicating that monotherapy of eitliee clinical drugl or our new
inhibitor 5a is ineffective. Treatment with anti-mPD-1 showedda@te antitumor
efficacy (TGl = 37.0%), which is better than botmadl moleculesl and 5a. As
expected, combination dda with the anti-PDlantibody significantly enhancéxa t
efficacy of the monotherapy, with a TGI of 47.4%omdover, no significant change in
body weight was observed in combinatorial group garad to each monotherapy
group during the 14-day treatment.

Table 7.

Inhibition of compoundba on tumor growth in the CT-26 syngeneic model

Tumor Size b
3a TIC TGl p value
Treatment (mn°) .
(one-way ANOVA)
at PG-D14 (%) (%)
Vehicle 1557+256 - - -
1 1265+115 81.2 19.4 0.317
mPD-1 9994247 64.2 37.0 0.140
5a 1447455 92.9 7.3 0.681
5a+mPD-1 842+148 54.1 47.4 0.030

*Mean + SEM.

*Tumor growth inhibition is calculated by dividinget average tumor volume in the treated group
by that in the vehicle control group (T/C).

“ p value was calculated with one-way-ANOVA by compgrireated group with vehicle group.



vehicle ,PO, BIDx14days, n=8

1, 100mg/kg,PO,BIDx14days, n=8

mPD-1, 10mg/kg, IP, BIWx2W, n=8

5a, 100mg/kg, , BIDx14days, n=8

5a/mPD-1, 100/10mg/kg, PO/IP,BIDx14days /BIWx2W, n=8

trtat

2000+

Tumor volume (mm?3)
>
o
<

77—
0 5 10 15
Days after the start of treatment
—e— vehicle ,PO, BIDx14days, n=8
—&— 1, 100mg/kg,PO,BIDx14days, n=8
—— mPD-1, 10mg/kg, IP, BIWx2W, n=8
—¥— 5a, 100mg/kg, , BIDx14days, n=8
40~ —— 5a/mPD-1, 100/10mg/kg, PO/IP,BIDx14days /BIWx2W, n=8
35+
—
O)
N
= 30+
=
=
O 25+
3 W
3 204
O
01}
15
107477
0 5 10 15

Days after the start of treatment

Figure 3. Tumor growth curve and change in body weights imefle BALB/c mice bearing CT-26
xenografts. Data points represent mean of eachpgemor bars represent standard error of the mean

(SEM).

Meanwhile, as shown in Table 8 and Figure 4, wéh&urgauged the median
survival time (MST) of each treatment group. It visnd that mice treated with both

small-molecule IDO1 inhibitord and5a showed similar survival time to those in



control group (=20 d), while the mice treated wihti-PDlantibody showed a
slightly longer MST of 24 d. Significantly improvedST (> 26 d) was observed in
mice in the combination groups (P< 0.001) with th&o of increase in life-span
(ILS) > 30%, indicating that combination 6& and anti-mPD-1 not only enhanced

the antitumor efficacy and also extended the sahtime of tumor-bearing mice.

Table 8.

The effects oba or/and mPD-1 on the survival of tumor bearing mice

MST® p value
Group Treatment Mean (days) ILS? (%) (Kaplan-Meier
(days)
method)
1 Vehicle 20.5%16~24) 20 — —
2 1 21.5%(20~24) 20 0 ®0.754
3 mPD-1 23.5%(18~>26) 24 20 ®0.036
4 5a 20.25%(18~22) 20 0 °0.744
5 5a+mPD-1 25.25%(22~>26) >26 >30 ®0.001

®The range of survival times.

IDp value when comparing each group with Group 1.

“The survival of all animals was followed and medganvival time (MST) was calculated for
each group.

“The increase in life-span (ILS) was calculated bydihg the MST of treatment group by the
MST of the control group and was expressed as éheept increase over the life-span of animals
in the control group.
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Figure 4. Survival curve. Mouse was euthanized when its tuvotume reached 3000 nirmeparately.



3. Chemistry

The procedures to synthesize all new compounds aglimed in Schemes 1-4.
First, commercially available 2-(Boc-amino)ethylobride (0) was used as the
starting material and reacted with different cyétegments in the presence of cesium
carbonate to affordlla-e and 11g-j in 76-84% yields, respectively (Scheme 1).
Bromide 10 was reacted with 3-isoxazolidinone to afford twomersllg and11h.
Removal of the Boc-protecting group iria-d and 11f-j with trifluoroacetic acid
(TFA) delivered the corresponding aming8a-d and 12f-j. Oxidation of the key
intermediatel3° with hydrogen peroxide and TFA gave intermediatén 52% yield.
Treatment of amine&2a-j with 14 in the presence of 2.5 N NaOH produced target
compoundsba-j in 25-30% overall yields (two steps). In addititreatment of15’
with 3, 4-dimethoxy-3-cyclobutene-1,2-dione follavey deprotection with 2.5 N

NaOH solution afforded the final produgtn 22% overall yield.
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8Reagents and Conditions: (a) RH, Cs,CO45, DMF, rt , 76-84%; (b) CF3COOH, DCM, rt, quantitative;
(c) CF3COOH, 30% H,0,, 45 °C, 52%; (d) 2.5 M NaOH, rt, 25-30%; (e) 3,4-dimethoxy-3-cyclobutene-1,2-dione,
DIPEA, DMF; (f) 2.5 M NaOH, rt, 22% (two steps).

The synthesis of compounda-f was described in Scheme 2. Substitution of
fluorobenzend 6 with different nucleophiles afforded nitrobenzed&a-cin 72-91%
yields. Reduction ot7a-cwith iron powder and ammonium chloride yieldedliaes
18a-cin 74-88% vyields. Condensation ©8* with differently substituted anilines
delivered oxime derivativeg0a-fin 68-80% yields. Protection of oxime derivatives
20a-f in the presence of CDI provided 1,2,4-oxadiazdlFhtones2la-f in 98%
yields. Oxidation of21a-f with hydrogen peroxide and TFA was found sluggiskl

yielded nitro compound22a-fin 15-28% yields. It has to be mentioned that sidfa



21b wasoxidized to sulfon€2b during the reaction process. Amit2awas reacted
with 22a-fin the presence of 2.5 N NaOH solution to aff@endjét compoundga-fin

25-30% overall yields.

©\ 17a,18a: R = OCH20F3
17b,18b: R = SCH,CH,

17¢,18c: R = SeCH20H3

Scheme 2.
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20a-22a,7a: R'=Br, R2 = OCH,CF; R®=H  20d-22d,7d: R"=CI|, R?=F, R®=H
20b-21b: R' = Br, R? = SCH,CH3, R; = H

22b,7b: R; = Br, R? = SO,CH,CH3, R®=H 20e-22e,7e: R'=CIl,R?=F, R3=ClI
20c-22¢,7c: R' = Br, R? = SeCH,CHg, R®=H  20f-22f,7f: R' = Br, R?=F, R® = Br

3Reagents and Conditions: (a) nucleophile, base, DMF, rt, 72-91%; (b) Fe, NH4CI, EtOH, reflux,74-88%;
(c) different aromatic amine analogue, NaHCO3, EtOH, H,0, 60 °C, 68-80%; (d) CDI, THF, reflux, ~98%;
(e) CF3COOH, 30% H,0,, 45 °C, 15-28%; (f) 12a, 2.5 M NaOH, rt, 25-30%.

As shown in Scheme 3, substitution of alcot2gt-c>4°

with methanesulfonyl
chloride (MsCI) generated?4b-c in 65-72% vyields. Reaction otert-butyl
1,2,5-thiadiazolidine-2-carboxylate 1,1-dioxid25(*" with different linkers led to
compounds26a-c in 32-72% yields. AfterN-deprotection with TFA of26a-G

subsequent reaction with the intermedibdan the presence of 2.5 N NaOH solution



afforded the final compounda-8cin 21-33% overall yields (two steps).

Scheme 3.
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4Reagents and Conditions: (a) MsCl, Et;N, DCM, rt, 65-72%; (b) 24b, 24c or tert-butyl 3-bromopropyl-
carbamate, Cs,CO3, DMF, rt, 32-72%; (c) (i) CF3COOH, DCM, rt, quantitative; (ii) 14, 2.5 M NaOH, rt, 21-33%.

As shown in Scheme 4\-benzylethane-1,2-diamin€q) was refluxed with
sulfamide in pyridine to provide heterocy@8in 72% yield. Substitution d28 with
tert-butyl N-(2-bromoethyl)carbamate delivered the aminoetbyhjgound29in 75%
yield. Removal of the benzyl group 29 through catalytic hydrogenation afforded the
key intermediate30 in 87% yield. Compound32a-gand32i-k were prepared from
30 via substitution reaction in the presence of gastarbonate in 37-51% yields,
respectively. Substitution &0 with 1,2-dibromoethane resulted in the intermexiat
31 in 45% vyield. Compounds32| and 32m were synthesized by nucleophilic
displacement from bromid&l in the presence of cesium carbonate in 37% and 51%
yields, respectively. Removal of tiNeBoc protective group i82a-g 29 and 32i-m
with TFA followed by reaction with the intermediald in the presence of 2.5 N

NaOH solution afforded target compourizsmin 16-43% overall yields (two steps).
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3Reagents and Conditions: (a) sulfamide, pyridine, reflux, 72 %; (b) 10, Cs,COs, DMF, rt, 75 %; (c) Pd(OH),, 50
°C, MeOH, 87%; (d) RBr, Cs,CQO3, DMF, rt, 42-78%; (e) 1,2-dibromoethane, Cs,CO3, DMF, rt, 45%; (f) (R)-(-)-3-
fluoropyrrolidine hydrochloride or 3-methoxy-azetidine, Cs,CO3, DMF, rt, 37-51 %; (g) (i) CF3COOH, DCM, rt,
quantitative; (ii) 14, 2.5 M NaOH, rt, 16-43%.

4. Conclusion

PD-1/PD-L1, CTLA-4, and IDOL1 are the frontier omagy immuno-therapeutic
targets. However, unlike the cell-surface checkpo&teptor molecules that can be
effectively targeted by antibody-based inhibitdi8Q1 or its downstream effectors
are intracellular targets that are ideally targdtgdmall molecules. Epacadostat is the
most advanced IDOL1 inhibitor, but its clinical tress monotherapy is unsuccessful.
Recent failure of its combination with PD-1 antilgdolockade in phase Il trial in

melanoma further deterred many other clinical $riaith IDO1 inhibitors. To gain



more insight on the antitumor efficacy of IDOL1 ibibors, we have designed a series
of analogues of epacadostat by incorporating acgohinosulfonamide moiety as the
sidechain capping functionality. Subsequent mutighsional optimization of the
heterocyclic skeletonN-substituent as well as the linker led to idendifion of
compoundsa showing good potency compatible to that of epadatlagainst hiDO1
and IDO1-expressing HEK293 cells. This compounditmgsoved physico-chemical
properties, acceptable PK parameters as well aalptardiac safety. Furthermore,
in the CT-26 syngeneic xenograft model, treatmatit aur new IDO1 inhibitoba or
the clinical drug epacadostat produced marginatuanbr activity in 14 d - treatment
regimen, which is not statistically different fraimat of the vehicle group. However,
the combination ofba with PD-1 antibody produced elevated antitumorvégt
Moreover, the life span of mice was also signiftbaextended in the combination
treatment group. Combining the outcomes of epad¢ataad our only inhibitoba, it
might be more reasonable to pursuit the overalefienof IDO1 inhibitors in a much
broader vision rather than only focusing on antunefficacy, for example, the

median survival time of tumor patients.

5. Experimental

5.1. Chemistry.
5.1.1. General methods
All reactions were performed in glassware contajnin Teflon coated stir bar.

Commercial solvents and reagents were obtained founces Adamas-beta, Acros



Organics, Bidepharm, Alfa Aesar, J&K, TCI, and Aecand used without further
purification. *H and**C NMR spectra were recorded with a Varian-MERCURWYsP
300, 400 or 500 MHz NMR spectrometer and referentedleuterium dimethyl
sulfoxide (DMSO-@), deuterium acetonitrile (CRCN), deuterium chloroform
(CDClg). Chemical shiftsd) were reported in ppm downfield from an interndS
standard. Low- and high-resolution mass spectree vodatained in the ESI mode.
Flash column chromatography on silica gel (200-8@3h) was used for the routine
purification of reaction products. The column ougowere monitored by TLC on
silica gel (200-300 mesh) precoated on glass pkdiesmm x 50 mm), and spots
were visualized by UV light at 254 or 365 nm. Soowtputs were colored by basic
KMnO, solution or ninhydrin regent. HPLC analysis wasndwcted for all
biologically evaluated compounds on an Agilent Texthgies 1260 series LC system
with ultraviolet wavelengths in UV 254 to determitie chemical purity and optical
purity. The purities of all biologically evaluatedmpounds were above 95%.
5.1.2. Synthesis of new IDO inhibitors
N-(3-Bromo-4-fluorophenyl)-4-((2-(1,1-dioxido-1,2,8hiadiazolidin-2-yl)ethyl)
amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidami@ (5a). To the mixture of
the precursor 10 (2.26 g, 10.1 mmol, 1.5 equiv) andtert-butyl
1,2,5-thiadiazolidine-2-carboxylate 1,1-dioxide5.g, 6.75 mmol, 1.0 equiv) in dry
DMF (10 mL), was added @80; (6.60 g, 20.25 mmol, 3.0 equiv). The mixture was
stirred at room temperature overnight, and themaete¢d with ethyl acetate. The

organic phase was washed with saturated NaH&®@ brine, dried over anhydrous



NaSQ,, filtered and concentrated. The resulting residiaes purified via silica gel
chromatography to givdla as colorless oil (1.96 g, 79%H NMR (300 MHz,
CDCl) § 4.89 (br, 1H), 3.80 (] = 6.5 Hz, 2H), 3.47 — 3.34 (m, 4H), 3.18J& 6.1
Hz, 2H), 1.54 (s, 9H), 1.44 (s, 9H).

The obtained compountila (730 mg, 2 mmol, 1.0 equidissolved in DCM (5
mL). TFA (5 mL) was added and the mixture was etirat room temperature until the
starting material was consumed completely. Theesdlwas removed under vacuum
to afford intermediaté2a which was employed for use without further peation.

To the mixture ofL3 (2.0 g, 5.85 mmol, 1.0 equiv) and TFA (23 mL), veakled
30% hydrogen peroxide solution (15 mL). The reactioixture was heated at 46
for 2 days. Ethyl acetate (20 mL) and saturated,NaSolution (50 mL) were added,
and the mixture was allowed to stir for 20 min. Adbchal ethyl acetate was added
and the reaction mixture was partitioned betwebgl eicetate and water. The organic
phase was washed with water and brine, then dwned anhydrous N&O,, filtered
and concentrated. The resulting residue was furtperified via silica gel
chromatography to givd4 as a yellow solid (1.12 g, 52%H NMR (400 MHz,
CDCl) § 7.65 — 7.55 (m, 1H), 7.30 — 7.20 (m, 2H).

The intermediatéd.2a (42 mg, 0.25 mmol, 1.0 equiv) add (93 mg, 0.25 mmol,
1.0 equiv) were dissolved in THF (5 ml2.5 N NaOH solution (0.5 mL) was added
and the mixture was stirred at room temperature3far After extraction with ethyl
acetate, the combined organic phase was washedwaier and brine, dried over

anhydrous Nz5Q,, filtered and then concentrated. The resultingdteswas purified



via silica gel chromatography to give target commbba as white solid (29 mg,
25%).*H NMR (400 MHz, CRCN) § 9.08 (s, 1H), 7.51 (s, 1H), 7.25 (dts 6.0, 2.5
Hz, 1H), 7.12 (tJ = 8.7 Hz, 1H), 6.99 — 6.92 (m, 1H), 6.07)t 7.6 Hz, 1H), 5.21 (s,
1H), 3.54 (ddJ = 12.3, 6.2 Hz, 2H), 3.44 (di,= 11.5, 6.0 Hz, 4H), 3.25 (§,= 6.1
Hz, 2H).2*C NMR (126 MHz, CBCN) § 156.80, 156.57 (d] = 241.9 Hz), 142.26,
140.18, 138.16 (d] = 3.8 Hz), 128.51, 124.81 (d= 7.6 Hz), 116.87 (d] = 22.7 Hz),
108.43 (d,J = 21.4 Hz), 50.48, 46.17, 43.33, 40.80. ESI-M$z 462.3 [M-HJ;
HRMS-ESI:m/z [M-H] " calcd for GsH14BrFN;O4S: 462.0001, found: 462.0006.
Compound$b-j were synthesized according to a similar protosdhat
described foba
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(5-methyl-1,1-dioxido-1,2,5-th
iadiazolidin-2-yl)ethyl)amino)-1,2,5-oxadiazole-3-arboximidamide (5b). Yellow
foam (30%).H NMR (400 MHz, CRCN) & 9.14 (s, 1H), 7.48 (s, 1H), 7.21 (db=
6.0, 2.7 Hz, 1H), 7.08 (§ = 8.7 Hz, 1H), 7.02 — 6.88 (m, 1H), 6.03)t 6.0 Hz, 1H),
3.50 (q,d = 6.1 Hz, 2H), 3.41 — 3.34 (m, 2H), 3.29 — 3.23 4H), 2.65 (s, 3H)\C
NMR (126 MHz, CRCN) 6 155.86, 155.62 (d]l = 241.9 Hz), 141.31, 139.26, 137.23
(d, J = 2.5Hz), 127.54, 123.83 (d,= 6.3 Hz), 115.93 (d] = 23.9 Hz), 107.49 (d] =
22.7 Hz), 47.46, 46.17, 45.78, 42.20, 33.29. ESI-M& 476.4 [M-H]; HRMS-ESI:
m/z [M-H] " calcd for G4H16BrFN;O,S: 476.0157, found: 476.0165.
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(6-methyl-1,1-dioxido-1,2,6-th
iadiazinan-2-yl)ethyl)amino)-1,2,5-oxadiazole-3-cdroximidamide (5c). Colorless

foam (28%).'H NMR (400 MHz, CRCN) & 9.12 (s, 1H), 7.51 (s, 1H), 7.24 (dbz



6.1, 2.7 Hz, 1H), 7.12 (8 = 8.7 Hz, 1H), 6.95 (m, 1H), 6.03 &= 7.9 Hz, 1H), 3.46
(m, 4H), 3.40 — 3.26 (m, 4H), 2.73 (s, 3H), 1.89.75 (m, 2H)*C NMR (126 MHz,
CDsCN) 6 156.85, 156.59 (d] = 243.2 Hz), 142.37, 140.23, 138.22 Jd; 2.5 Hz),
128.51, 124.79 (dl = 7.6 Hz), 116.90 (d] = 23.9 Hz), 108.45 (d} = 22.7 Hz), 53.27,
51.17, 47.87, 43.49, 37.11, 20.01. ESI-M8z 490.4 [M-H]; HRMS-ESI: m/z
[M-H] " calcd for GsH1sBrFN;O4S: 490.0314, found: 490.0316.
N-(3-Bromo-4-fluorophenyl)-4-((2-(1,1-dioxidoisothazolidin-2-yl)ethyl)amin
0)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (8). White solid (28%).'H
NMR (400 MHz, CRCN)  9.22 (s, 1H), 7.52 (s, 1H), 7.24 (dbk 6.0, 2.7 Hz, 1H),
7.11 (t,J = 8.7 Hz, 1H), 7.01 — 6.89 (m, 1H), 6.05J& 5.7 Hz, 1H), 3.50 (] = 6.0
Hz, 2H), 3.33 (tJ = 6.7 Hz, 2H), 3.25 () = 6.0 Hz, 2H), 3.18 — 3.09 (m, 2H), 2.38 —
2.29 (m, 2H)*C NMR (126 MHz, CRCN) & 156.82, 156.49 (dJ = 241.9 Hz),
142.18, 140.21, 138.20 (d~= 2.5 Hz), 128.38, 124.67 (d,= 7.6 Hz), 116.84 (d] =
23.9 Hz), 108.40 (dJ = 22.7 Hz), 47.96, 47.26, 44.14, 43.06, 19.69.-KSI m/z
461.4 [M-HJ; HRMS-ESI:m/z [M-H] " calcd for G4H1sBrFNsO4S: 461.0048, found:
461.0050.
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(2-oxomidazolidin-1-yl)ethyl)
amino)-1,2,5-oxadiazole-3-carboximidamide (5e)White solid (27%).'H NMR
(400 MHz, CRCN) § 10.07 (s, 1H), 7.50 (s, 1H), 7.23 (m, 1H), 7.111( 8.7 Hz,
1H), 6.94 (m, 1H), 6.09 (s, 1H), 5.01 (s, 1H), 3:58.46 (m, 2H), 3.46 — 3.39 (M, 4H),
3.39 — 3.31 (m, 2H}3C NMR (126 MHz, CRCN) & 164.41, 156.90, 156.36 (d,=

241.9 Hz), 141.91, 140.14, 138.41, 128.15, 124048 £ 7.6 Hz), 116.79 (d] = 23.9



Hz), 108.34 (dJ = 11.3 Hz), 45.77, 43.55, 43.15, 38.97. ESI-M%z 426.5 [M-H];
HRMS-ESI:mV/z [M-H] " calcd for G4H14BrFN;O3S: 426.0331, found: 426.0335.
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(2-oxooazolidin-3yl)ethyl)am
ino)-1,2,5-oxadiazole-3-carboximidamide (5f)Faint yellow solid (25%)*H NMR
(400 MHz, CRCN) 6 9.46 (s, 1H), 7.52 (s, 1H), 7.24 (dtk 6.0, 2.7 Hz, 1H), 7.11 (t,
J=8.7 Hz, 1H), 6.94 (m, 1H), 6.04 (s, 1H), 4.37.22 (m, 2H), 3.71 — 3.59 (m, 2H),
3.50 (dd,J = 8.5, 1.8 Hz, 4H)**C NMR (126 MHz, CRCN) & 160.16, 156.89,
156.46 (d,J = 241.9 Hz), 142.09, 140.16, 138.23, 128.30, 124k J = 6.3 Hz),
116.83 (dJ = 23.9 Hz), 108.39 (dl = 22.7 Hz), 63.23, 45.41, 43.67, 42.85. ESI-MS:
m/z 427.4 [M-HJ; HRMS-ESI: m/z [M-H] " calcd for G4H13BrFNsO4S: 427.0171,
found: 427.0196.
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(3-oxoisoxazolidin-2-yl)ethyl)
amino)-1,2,5-oxadiazole-3-carboximidamide (5g)White solid (28%).'H NMR
(400 MHz, CRCN) & 9.16 (s, 1H), 7.49 (s, 1H), 7.23 (dts 6.1, 2.7 Hz, 1H), 7.10 (t,
J = 8.7 Hz, 1H), 6.93 (m, 1H), 6.03 (s, 1H), 4.32)(t 8.1 Hz, 2H), 3.72 () = 5.7
Hz, 2H), 3.51 (ddJ = 11.8, 5.9 Hz, 2H), 2.70 @,= 8.0 Hz, 2H)**C NMR (126 MHz,
CDsCN) 6 164.41, 156.90, 156.36 (d= 241.9 Hz), 141.91, 140.14, 138.41, 128.15,
124.46 (dJ = 7.6 Hz), 116.79 (d] = 23.9 Hz), 108.34 (d} = 11.3 Hz), 45.77, 43.55,
43.15, 38.97. ESI-MSm/z 427.4 [M-H]; HRMS-ESI: n/z [M-H]": calcd for
C14H13BrFNgO4S: 427.0171, found: 427.0169.
N-(3-Bromo-4-fluorophenyl)-4-((2-((4,5-dihydroisoxabl-3-yl)oxy)ethyl)amin

0)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (5h).White solid (28%).'H



NMR (400 MHz, CRCN)  9.11 (s, 1H), 7.52 (s, 1H), 7.25 (db= 6.0, 2.7 Hz, 1H),
7.12 (t,J = 8.7 Hz, 1H), 6.96 (m, 1H), 6.14 (t= 5.6 Hz, 1H), 4.42 — 4.27 (m, 4H),
3.64 (dd,J = 10.9, 5.7 Hz, 2H), 2.99 @,= 9.6 Hz, 2H)**C NMR (126 MHz, CBCN)
5 168.96, 156.88, 156.64 (d,= 243.2 Hz), 142.29, 140.20, 138.14 Jd; 3.8 Hz),
128.61, 124.88 (d] = 7.6 Hz), 116.89 (d] = 23.9 Hz), 108.43 (d} = 22.7 Hz), 70.41,
68.76, 44.10, 33.66. ESI-M3®/z 427.3 [M-H]; HRMS-ESI: m/z [M-H]" calcd for
Ci14H13BrFNgO4S: 427.0171, found: 427.0176.
N-(3-Bromo-4-fluorophenyl)-4-((2-(1,1-dioxidobenzaf]isothiazol-2(3H)-yl)et
hyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (5i). Faint yellow
solid (28%).'H NMR (400 MHz, CRCN) § 8.99 (s, 1H), 7.81 (d] = 7.4 Hz, 1H),
7.72 (m, 1H), 7.65 — 7.54 (m, 2H), 7.49 (s, 1HP37(dd,J = 6.1, 2.8 Hz, 1H), 7.08 (t,
J=8.7 Hz, 1H), 6.97 — 6.90 (m, 1H), 6.12J& 6.0 Hz, 1H), 4.55 (s, 2H), 3.66 (@,
= 5.9 Hz, 2H), 3.55 (tJ = 5.7 Hz, 2H)*C NMR (126 MHz, CRCN) & 156.86,
156.56 (d,J = 241.9 Hz), 142.26, 140.27, 138.19 {d= 3.8 Hz), 135.77, 135.21,
133.90, 130.22, 128.48, 126.11, 124.76)e; 6.3 Hz), 121.69, 116.86 (d,= 22.7
Hz), 108.45 (d,J = 22.7 Hz), 51.57, 43.30, 43.12. ESI-M&z 509.4 [M-H];
HRMS-ESI:m/z [M-H] " calcd for GgH1sBrFNgO4S: 509.0048, found: 509.0046.
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(3-oxobenzo[d][1,2]selenazol-
2(3H)-yl)ethyl)amino)-1,2,5-oxadiazole-3-carboximidmide (5j). White solid
(25%).'H NMR (400 MHz, MeOD) 7.98 — 7.87 (m, 2H), 7.65 — 7.59 (m, 1H), 7.45
(t, J= 7.5 Hz, 1H), 7.12 (dd] = 6.0, 2.7 Hz, 1H), 7.02 (8, = 8.7 Hz, 1H), 6.81 (m,

1H), 4.16 — 4.06 (m, 2H), 3.70 — 3.61 (m, 2¢ NMR (126 MHz, MeOD} 169.79,



156.95, 156.62 (d) = 241.9 Hz), 141.96, 141.49, 140.84, 139.11J(é; 2.5 Hz),
133.11, 128.83, 128.60, 127.78, 127.17, 126.29,872@,J = 7.6 Hz), 116.68 (d] =
23.9 Hz), 108.76 (dJ = 21.4 Hz), 45.29, 43.88. ESI-MSw/z 539.3 [M-HJ;
HRMS-ESI:m/z [M-H] calcd for GgH13BrFNsOsSe: 538.9387, found: 538.9382.
N-(4-Bromo-3-fluorophenyl)-N'-hydroxy-4-((2-((2-methoxy-3,4-dioxocyclobu
t-1-en-1-yl)amino)ethyl)amino)-1,2,5-oxadiazole-3acboximidamide (6). To the
mixture of 15 (200 mg, 0.24 mmol, 1.0 equiv) and
3,4-dimethoxy-3-cyclobutene-1,2-dione (41 mg, (#9o0l, 1.2 equiv) in dry DMF (1
mL), was added DIPEA (62 mg, 0.48 mmol, 2.0 equif)e mixture was stirred at
room temperature overnight and then extracted witiyl acetate. The combined
organic phase was washed with water and brined doier anhydrous N8O,
filtered and concentrated. The resulting residus diasolved in THF and was added
2.5 N NaOH solution (1 mL). After stirring at roomperature for 3 h, the mixture
was diluted with ethyl acetate and water. The agahase was washed with water
and brine, dried over anhydrous JS&, filtered and concentrated. The resulting
residue was purified via silica gel chromatograpthgive 6 as a white solid (25 mg,
22%).*H NMR (400 MHz, CROD) 6 9.19 (s, 1H), 7.50 (s, 1H), 7.22 (dbk 5.5, 1.6
Hz, 1H), 7.10 (tJ = 8.7 Hz, 1H), 6.92 (m, 1H), 6.76 (@@= 55.1 Hz, 1H), 6.10 (s, 1H),
4.35-4.31 (m, 3H), 3.82 — 3.42 (m, 44C NMR (126 MHz, CRCN) & 190.13,
173.99, 157.56 (d) = 241.9 Hz), 156.75, 142.19, 140.27, 138.14J)(& 2.5 Hz),
128.55, 124.82 (d] = 7.6 Hz), 116.88 (d] = 22.7 Hz), 108.44 (d} = 22.7 Hz), 60.99,

45.65, 45.35, 43.64, 30.30. ESI-M#®/z 467.4 [M-H]; HRMS-ESI:mV/z [M-H] calcd



for C16H13BrFNsOs: 467.0012, found: 467.0016.

N-(3-Bromo-4-(2,2,2-trifluoroethoxy)phenyl)-4-((2-,1-dioxido-1,2,5-thiadia
zolidin-2-yl)ethyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (7a).
2-Bromo-1-fluoro-4-nitrobenzene (1.0 g, 4.55 mnio equiv) in THF (5 mL) was
added to a mixture of 2,2,2-trifluoro-ethanol (0g5 5 mmol, 1.1 equiv) and
potassiuntert-butylate (764 mg, 6.82 mmol, 1.5 equiv.) in THIE (hL) at 5 °C. The
mixture was stirred for 5 h at 5 °C, and then ghedcby pouring into water. The
agueous phase was extracted with ethyl acetatevasided with water and brine. The
combined organic phase was dried over anhydrouS®lafiltered and concentrated.
The resulting residue was purified via silica getanatography to givé7a(1.24 g,
91%) as a brown oifH NMR (300 MHz, CDCI3) 8.51 (d,J = 2.7 Hz, 1H), 8.23 (dd,
J=9.1, 2.7 Hz, 1H), 6.98 (d,= 9.1 Hz, 1H), 4.52 (q] = 7.7 Hz, 2H).

To the mixture ofl7a (600 mg, 2.0 mmol, 1.0 equiv) aimdn powder(336 mg,
6.0 mmol, 3.0 equiv) in ethanol (10 mL), was addednonium chloride solution (10
mmol, 5.0 equiv). The mixture was stirred at reffax 6 h, and then cooled to 25 °C.
After diluted with ethyl acetate, the organic phases washed with water and brine.
The organic layer was separated, dried over ankgdridaSQ,, filtered and
concentrated. The resulting residue was purifi@dsiica gel chromatography to give
18a(475 mg, 88%)*H NMR (400 MHz, CDCJ) § 6.92 (d,J = 2.8 Hz, 1H), 6.87 (d]
= 8.7 Hz, 1H), 6.60 (dd] = 8.7, 2.8 Hz, 1H), 4.32 (d,= 8.3 Hz, 2H), 3.61 (br, 2H).

To a mixture of compound9 (211 mg, 1.3 mmol, 1.0equiv) in ethanol (10 mL)

at 60 °C,18a (351 mg, 1.3 mmol, 1.0 equiv) was added. The r@aatas stirred for



10 min, and then a warm sodium bicarbonate solu3®8 mg in 5 mL water) was
added over 15 min. The reaction was stirred at@@°f 1 h and then cooled to room
temperature. After extraction with ethyl acetatee tombined organic phase was
dried over sodium sulfate and concentrated to g@as a crude brown solid (515
mg, 80%).2H NMR (300 MHz, DMSO) 11.29 (s, 1H), 8.73 (s, 1H), 7.08 (dbz
16.2, 5.7 Hz, 2H), 6.75 (dd,= 8.9, 2.7 Hz, 1H), 6.24 (s, 2H), 4.75 (= 8.9 Hz,
2H).

A mixture of20a (396 mg, 1.0 mmol, 1.0 equiv) and CDI (195 mg, hr@ol, 1.2
equiv) in THF (10 mL) was heated to reflux andretirfor 2 h. After cooled to room
temperature, the mixture was extracted with DCMe Tinganic phase was washed
with 1N HCI and brine, dried over sodium sulfateddhen concentrated to give the
desired producfla (413 mg, 98%) as a crude brown sotid. NMR (300 MHz,
DMSO0) 5 7.97 (d,J = 2.4 Hz, 1H), 7.64 (ddl = 8.9, 2.5 Hz, 1H), 7.37 (d,= 9.0 Hz,
1H), 6.59 (s, 2H), 4.96 (d,= 8.6 Hz, 2H).

Compound22a was obtained fron21la according to a similar procedure as that
for 14. Yellow solid (28%):"H NMR (400 MHz, CDCI3)% 7.60 (d,J = 2.6 Hz, 1H),
7.29 (ddJ = 8.8, 2.7 Hz, 1H), 7.01 (d,= 8.8 Hz, 1H), 4.47 (q] = 7.8 Hz, 2H).

Compound/awas obtained fro@2aand12aaccording to a similar procedure as
that for5a White solid (25%)*H NMR (400 MHz, CRCN) § 9.15 (s, 1H), 7.45 (s,
1H), 7.24 (s, 1H), 7.04 — 6.85 (m, 2H), 6.05J(t 5.8 Hz, 1H), 5.23 (s, 1H), 4.54 (q,
J=8.5 Hz, 2H), 3.50 (g] = 6.1 Hz, 2H), 3.45 — 3.34 (m, 4H), 3.21J& 6.1 Hz, 2H).

¥C NMR (126 MHz, CRCN) & 157.01, 151.69, 142.74, 140.34, 136.72, 129.42,



124.88, 115.67, 112.17, 67.81 (o= 35.3 Hz), 50.62, 46.33, 43.48, 40.98. ESI-MS:
Mz 542.4 [M-H]; HRMS-ESI: m/z [M-H] calcd for GsH16BrFsN;OsS: 542.0075,
found: 542.0079.

Compounds/b-f were prepared according to a similar protocolhas$ tlescribed
for 7a

N-(3-Bromo-4-(ethylsulfonyl)phenyl)-4-((2-(1,1-dioxdo-1,2,5-thiadiazolidin-2
-yl)ethyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carlmximidamide (7b). White
solid (29%).*H NMR (400 MHz, CRCN) 5 9.59 (s, 1H), 7.88 (d = 8.7 Hz, 1H),
7.77 (s, 1H), 7.23 (dl = 2.2 Hz, 1H), 6.94 (dd] = 8.6, 2.2 Hz, 1H), 6.00 (s, 1H),
5.21 (s, 1H), 3.53 (g} = 6.1 Hz, 2H), 3.47 — 3.32 (m, 6H), 3.24Jt 6.1 Hz, 2H),
1.16 (t,J = 7.4 Hz, 3H)¥*C NMR (151 MHz, CRCN) § 156.55, 146.76, 140.78,
140.11, 133.24, 130.76, 126.04, 121.20, 118.86,15@.9.22, 46.08, 43.28, 40.76,
7.44. ESI-MSn/z 536.4 [M-HJ; HRMS-ESI:nVz [M-H] " calcd for GsH19BrN7OsS,:
536.0027, found: 536.0024.

N-(3-Bromo-4-(ethylselanyl)phenyl)-4-((2-(1,1-dioxlo-1,2,5-thiadiazolidin
-2-yl)ethyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-ceboximidamide (7c).White
solid (30%).!H NMR (400 MHz, CRCN) 5 9.16 (s, 1H), 7.51 (s, 1H), 7.28 (t=
8.5 Hz, 1H), 7.19 (dJ = 2.4 Hz, 1H), 6.88 (dd} = 8.5, 2.4 Hz, 1H), 6.05 (,= 5.9
Hz, 1H), 5.23 (tJ = 5.7 Hz, 1H), 3.53 (q] = 6.1 Hz, 2H), 3.48 — 3.38 (m, 4H), 3.25
(t, J= 6.1 Hz, 2H), 2.98 (q] = 7.5 Hz, 2H), 1.45 (§ = 7.4 Hz, 3H)*C NMR (126
MHz, CD;CN) 6 156.80, 141.96, 140.31, 140.15, 131.52, 128.35,3R2 125.11,

123.26, 50.48, 46.18, 43.36, 40.81, 21.41, 14.9I-NES: mV/z 552.3 [M-HJ;



HRMS-ESI:m/z [M-H] calcd for GsH19BrN;0O,SSe: 551.9573, found: 551.9584.
N-(3-Chloro-4-fluorophenyl)-4-((2-(1,1-dioxido-1,25-thiadiazolidin-2-yl)
ethyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (7d). Colorless
foam (25%).2H NMR (400 MHz, CRCN) & 9.13 (s, 1H), 7.51 (s, 1H), 7.14 {t=
9.0 Hz, 1H), 7.10 (dd] = 6.6, 2.8 Hz, 1H), 6.91 (m, 1H), 6.08 Jt= 5.5 Hz, 1H),
5.24 (s, 1H), 3.53 (q] = 6.1 Hz, 2H), 3.49 — 3.35 (m, 4H), 3.25Jt 6.1 Hz, 2H).
¥C NMR (126 MHz, CRCN) 6 156.81, 155.53 (d) = 243.2 Hz), 142.26, 140.21,
137.94 (dJ = 3.8 Hz), 125.66, 124.02 (d,= 7.6 Hz), 120.60 (d] = 8.9 Hz), 117.10
(d,J=22.7 Hz), 50.48, 46.18, 43.34, 40.81. ESI-M# 418.3 [M-H[; HRMS-ESI:
m/z [M-H] " calcd for G3H14CIFN;O,4S: 418.0506, found: 418.0502.
N-(3,5-Dichloro-4-fluorophenyl)-4-((2-(1,1-dioxido4,2,5-thiadiazolidin-2-yl)e
thyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (7e).White solid
(25%).*H NMR (400 MHz, CRCN) & 9.20 (s, 1H), 7.50 (s, 1H), 7.00 @z 5.9 Hz,
2H), 6.04 (tJ = 4.9 Hz, 1H), 5.18 (s, 1H), 3.51 (@= 6.1 Hz, 2H), 3.46 — 3.34 (m,
4H), 3.22 (t,J = 6.1 Hz, 2H)¥*C NMR (126 MHz, CRCN) 5 156.78, 151.31 (d] =
244.4 Hz), 141.60, 140.26, 138.01Jd; 3.8 Hz), 123.70 (2C), 122.09, 121.94, 50.53,
46.19, 43.38, 40.83. ESI-M$wz 452.3 [M-H]; HRMS-ESI: m/z [M-H]  calcd for
Ci13H13CI,FN7O4S: 452.0116, found: 452.0115.
N-(3,5-Dibromo-4-fluorophenyl)-4-((2-(1,1-dioxido-12,5-thiadiazolidin-2-yl)e
thyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (7f)*H NMR (400
MHz, CDsCN) 6 9.19 (s, 1H), 7.53 (s, 1H), 7.22 @@= 5.5 Hz, 2H), 6.07 (s, 1H),

5.19 (s, 1H), 3.54 (g] = 6.0 Hz, 2H), 3.49 — 3.37 (m, 4H), 3.26.Jt= 6.1 Hz, 2H).



¥c NMR (126 MHz, CRCN) 6 155.34, 151.62 (d) = 240.7 Hz), 140.21, 138.79,
137.31 (d,J = 3.8 Hz), 125.91 (2C), 107.78 (d,= 23.9 Hz), 51.29, 49.09, 44.75,
41.94, 39.39. ESI-MS:m/z 540.3 [M-H]; HRMS-ESI: nVz [M-H] calcd for
Ci3H13Br2FN;O,4S: 539.9106, found: 539.9107.
N-(4-Bromo-3-fluorophenyl)-4-((3-(1,1-dioxido-1,2,8hiadiazolidin-2-yl)prop
yl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (8a)To a mixture of
25(100 mg, 0.45 mmol, 1.0 equiandtert-butyl (3-bromopropyl)carbamate (161 mg,
0.675 mmol, 1.5 equiv) in dry DMF (2 mL), was addesiCOs; (440 mg, 1.35 mmaol,
3.0 equiv). The reaction was stirred at room temjpee overnight, and then the
mixture was poured into water and extracted wittyledicetate. The combined organic
phase was washed with water and brine, dried ovleydrous Ng&SQO,, filtered and
concentrated. The resulting residue was purifi@dsiica gel chromatography to give
26a(123 mg, 72%) as colorless dH NMR (300 MHz, CDCJ) & 4.75 (s, 1H), 3.79
(td,J = 6.4, 1.2 Hz, 2H), 3.32 (§,= 6.4 Hz, 2H), 3.22 (q] = 6.4 Hz, 2H), 3.10 (td]
= 6.7, 1.2 Hz, 2H), 1.82 (d,= 6.7 Hz, 2H), 1.53 (s, 9H), 1.42 (s, 9H).
CompoundBawas obtained frol26aand 14 by following a similar procedure as
that for5a Colorless foam (33%fH NMR (400 MHz, CRCN) & 9.00 (s, 1H), 7.45
(s, 1H), 7.19 (ddJ = 6.1, 2.6 Hz, 1H), 7.07 (8 = 8.7 Hz, 1H), 6.99 — 6.83 (m, 1H),
5.93 (t,J = 5.6 Hz, 1H), 5.17 (s, 1H), 3.49 — 3.25 (m, 6BIP1 (t,J = 6.9 Hz, 2H),
1.91 — 1.84 (m, 2H}3C NMR (126 MHz, CRCN) & 156.86, 156.58 (d] = 241.9 Hz),
142.31, 140.19, 138.15 (d~= 2.5 Hz), 128.52, 124.79 (A= 7.6 Hz), 116.89 (d] =

23.9 Hz), 108.43 (dJ = 22.7 Hz), 50.13, 45.35, 42.63, 40.53, 27.66.-ESI m/z



476.3 [M-HJ; HRMS-ESI:m/z [M-H] " calcd for G4H16BrFN;O,S: 476.0157, found:
476.0154.

N-(4-Bromo-3-fluorophenyl)-4-(((1-((1,1-dioxido-1,25-thiadiazolidin-2-yl)me
thyl)cyclopropyl)methyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamid
e (8b). To a mixture of23b (100 mg, 0.5 mmol, 1.0 equignd methanesulfonyl
chloride (60 mg, 0.525 mmol, 1.05 equiv) in dry DGRImL), was added BN (61
mg, 0.6 mmol, 1.2 equiv). The reaction was stimedoom temperature for 3 h, and
then ethyl acetate and water were added. The argdrase was washed with water
and brine, dried over anhydrous JS&y, filtered and concentrated. The resulting
residue24b was employed for use without further purification.

Compound26b was obtained according to the similar procedunereparing26a
using25 and24b.*H NMR (300 MHz, CDCJ) § 4.91 (s, 1H), 3.81 (1] = 6.4 Hz, 2H),
3.42 (t,J = 6.2 Hz, 2H), 3.14 (d] = 6.5 Hz, 2H), 2.98 (s, 2H), 1.55 (s, 9H), 1.43 (s
9H), 0.66 (tJ = 4.9 Hz, 2H), 0.47 () = 5.3 Hz, 2H).

CompoundBb was obtained fror26b according to a similar procedure as that for
8a. Faint yellow solid (25%)fH NMR (400 MHz, CRCN) & 9.09 (s, 1H), 7.52 (s,
1H), 7.26 (dd,J = 6.0, 2.7 Hz, 1H), 7.13 (8,= 8.7 Hz, 1H), 7.02 — 6.93 (m, 1H), 6.14
— 6.04 (m, 1H), 5.19 (s, 1H), 3.52 — 3.37 (m, 48134 (d,J = 5.9 Hz, 2H), 2.99 (s,
2H), 0.67 (tJ = 5.4 Hz, 2H), 0.56 (t] = 5.2 Hz, 2H)*C NMR (126 MHz, CRCN) 5
157.23, 156.62 (d) = 241.9 Hz), 142.39, 140.13, 138.15 {d= 2.5 Hz), 128.57,
124.85 (dJ = 7.6 Hz), 116.91 (d] = 23.9 Hz), 108.45 (d} = 21.4 Hz), 52.55, 50.79,

49.78, 40.72, 19.72, 10.09(2C). ESI-M8z 502.4 [M-H[; HRMS-ESI:m/z [M-H]"



calcd for GeH1sBrFN;O4S: 502.0314, found: 502.0304.
(R)-N-(3-Bromo-4-fluorophenyl)-4-((1-cyclopropyl-2-(1,1-dioxido-12,5-thiadi
azolidin-2-yl)ethyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (8c).
This compound was synthesized as white solid in 3iéld according to a similar
protocol as that described 8a *H NMR (400 MHz, CRCN) § 9.08 (s, 1H), 7.52 (s,
1H), 7.26 (dd,J = 6.0, 2.7 Hz, 1H), 7.12 (§,= 8.7 Hz, 1H), 6.97 (m, 1H), 6.03 @=
7.1 Hz, 1H), 5.12 (t) = 8.4 Hz, 1H), 3.57 — 3.49 (nd,= 11.2, 7.8 Hz, 1H), 3.46 —
3.31 (m, 5H), 3.20 — 3.10 (m, 1H), 1.19 — 1.07 {#), 0.64 — 0.52 (m, 2H), 0.48 —
0.34 (m, 2H)*C NMR (126 MHz, CRCN) & 155.65 (d,J = 241.9 Hz), 155.52,
141.31, 139.21, 137.18 (d~= 2.9 Hz), 127.57, 123.86 (d,= 7.3 Hz), 115.95 (d] =
23.9 Hz), 107.51 (dJ = 22.7 Hz), 58.14, 51.04 , 49.91, 40.03, 13.65922C).
ESI-MS: m/z 503.8[M+H]; HRMS-ESI: m/z [M+H]" calcd for GgH2oBrFN;O,S:
504.0459, found: 504.0471.
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(5-(2-methoxyethyl)-1,1-dioxi
do-1,2,5-thiadiazolidin-2-yl)ethyl)amino)-1,2,5-oxdiazole-3-carboximidamide
(9a). To a mixture of sulfamide (1.92 g, 20 mmol, 1.0 igyjin pyridine (10 mL) at
reflux, N*-benzylethane-1,2-diamin€7) (3.0 g, 20 mmol, 1.0 equiv) was added
dropwise. The mixture was stirred at reflux for b6 and then cooled to room
temperature and concentrated. The mixture was gdate water and extracted with
ethyl acetate. The organic phase was washed witlerwand brine, dried over
anhydrous Nz50Oy, filtered and concentrated. The resulting residas purified via

silica gel chromatography to gi@8 (3.05 g, 72%) as a slightly brown softsl. NMR



(400 MHz, CDC}) 6 7.45 — 7.32 (m, 5H), 4.42 (,= 6.6 Hz, 1H), 4.20 (s, 2H), 3.50
(g, J = 6.6 Hz, 2H), 3.30 (] = 6.7 Hz, 2H).

To the mixture of 28 (1.0 g, 4.71 mmol, 1.0 equiviand tert-butyl
(2-bromoethyl)carbamate (1.58 g, 7.07 mmol, 1.5\9qo dry DMF (5 mL), CsCQO;
(4.6 g, 14.13 mmol, 3.0 equiv) was added. The métwas stirred at room
temperature overnight, and then poured into water extracted with ethyl acetate.
The combined organic phase was washed with watébane, dried over anhydrous
NaSO,, filtered and concentrated. The resulting residwas purified via
chromatography to give9 (1.26 g, 75%) as colorless diH NMR (300 MHz, CDCY)

8 7.47 — 7.28 (m, 5H), 4.92 (br, 1H), 4.19 (s, 2BI47 — 3.29 (m, 4H), 3.25 — 3.13 (m,
4H), 1.43 (s, 9H).

The mixture 0f29 (1.26 g, 3.53 mmol, 1.0 equiv) and 10% Pd(®@bh) carbon
(600 mg) in MeOH (30 mL) was stirred at 50 °C unddrydrogen atmosphere for 24
h. After filtration, the reaction solution was centrated and purified via silica gel
chromatography to giv80 (815 mg, 87%) as colorless oftH NMR (300 MHz,
CDCl) & 4.94 (s, 1H), 4.53 (s, 1H), 3.60 — 3.28 (m, 6H)63t,J = 5.9 Hz, 2H), 1.44
(s, 9H).

To a mixture of 30 (100 mg, 0.377 mmol, 1.0 equiv)and
1-bromo-2-methoxyethane (79 mg, 0.565 mmol, 1.5qgum dry DMF (2 mL),
CsC0s; (370 mg, 1.13 mmol, 3.0 equiv) was added. Theti@maevas stirred at room
temperature overnight and then poured into watter/Axtraction with ethyl acetate,

the organic phase was washed with water and bdined over anhydrous N8O,



filtered and concentrated. The resulting residus warified via chromatography to
give 32a(83 mg, 68%) as colorless diH NMR (300 MHz, CDCJ) & 4.91 (s, 1H),
3.61 (t,J = 5.1 Hz, 2H), 3.50 — 3.41 (m, 2H), 3.41 — 3.29 i), 3.24 (tJ = 5.2 Hz,
2H), 3.17 (tJ = 6.0 Hz, 2H), 1.44 (s, 9H).

Compound9awas obtained fromi4 and32aaccording to a similar procedure as
that for preparation dfa. White solid (36%)H NMR (400 MHz, CRCN) & 9.14 (s,
1H), 7.51 (s, 1H), 7.25 (dd,= 6.0, 2.7 Hz, 1H), 7.12 (§,= 8.7 Hz, 1H), 7.02 — 6.91
(m, 1H), 6.07 (tJ = 6.2 Hz, 1H), 3.55 (m, 4H), 3.40 (s, 4H), 3.343H), 3.28 (tJ =
6.0 Hz, 2H), 3.19 — 3.15 (m, 2HJC NMR (126 MHz, CRCN) & 156.82, 156.59 (d,
J=241.9 Hz), 142.29, 140.23, 138.19Jd; 3.8 Hz), 128.53, 124.82 (d~= 6.3 Hz),
116.89 (d,J = 22.7 Hz), 108.45 (d] = 22.7 Hz), 71.05, 58.86, 48.10, 47.25, 46.88,
46.81, 43.09. ESI-MS: 520.4 [M-H] HRMS-ESI: m/z [M-H]  calcd for
C16H20BrFN7OsS: 520.0420, found: 520.0417.

Compound®b-k were prepared by following procedures similarat tfor9a.

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(5-(3-methoxypropyl)-1,1-dio
xido-1,2,5-thiadiazolidin-2-yl)ethyl)amino)-1,2,5-aadiazole-3-carboximidamide
(9b). White solid (40%)*H NMR (400 MHz, CRCN) & 9.14 (s, 1H), 7.52 (s, 1H),
7.25 (ddJ = 6.1, 2.7 Hz, 1H), 7.12 (§, = 8.7 Hz, 1H), 6.96 (miH), 6.06 (tJ = 5.9
Hz, 1H), 3.53 (ddJ = 12.1, 6.1 Hz, 2H), 3.47 — 3.36 (m, 4H), 3.34.253(m, 7H),
3.09 — 3.02 (m, 2H), 1.90 — 1.80 (m, 2t NMR (126 MHz, CRCN) & 156.81,
156.58 (dJ = 241.9 Hz), 142.29, 140.22, 138.19 d&; 3.8 Hz), 128.50, 124.79 (d,

= 7.6 Hz), 116.88 (d] = 22.7 Hz), 108.45 (d} = 21.4 Hz), 70.20, 58.70, 46.94, 46.76,



46.61, 45.79, 43.10, 28.58.ESI-M&/z 534.4 [M-H]; HRMS-ESI:m/z [M-H] " calcd
for C17H22BrFN;OsS: 534.0576, found: 534.0577.
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(5-(2-hydroxyethyl)-1,1-dioxi
do-1,2,5-thiadiazolidin-2-yl)ethyl)amino)-1,2,5-oxdiazole-3-carboximidamide
(9c). Colorless foam (16%fH NMR (400 MHz, CRCN) & 9.25 (s, 1H), 7.52 (s, 1H),
7.25 (dd,J = 6.0, 2.7 Hz, 1H), 7.12 (§,= 8.7 Hz, 1H), 7.02 — 6.90 (m, 1H), 6.09Jt,
= 6.1 Hz, 1H), 3.70 (q] = 5.6 Hz, 2H), 3.54 (g] = 6.0 Hz, 2H), 3.41 (s, 4H), 3.29 (t,
J=6.0 Hz, 2H), 3.11 () = 5.5 Hz, 2H), 3.05 (] = 5.8 Hz, 1H)*C NMR (126 MHz,
CDsCN) 6 156.80, 156.55 (d] = 241.9 Hz), 142.23, 140.22, 138.19 Jd; 2.5 Hz),
128.47, 124.76 (dl = 7.6 Hz), 116.87 (d] = 23.9 Hz), 108.43 (d} = 21.4 Hz), 60.43,
50.67, 47.00, 46.85, 46.74, 42.99. ESI-M8&z 506.4 [M-H]; HRMS-ESI: m/z
[M-H] " calcd for GsH1sBrFN;OsS: 506.0263, found: 506.0259.
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(5-(2-(2-(2-hydroxyethoxy)
ethoxy)ethyl)-1,1-dioxido-1,2,5-thiadiazolidin-2-yJethyl)amino)-1,2,5-oxadiazole-
3-carboximidamide (9d). Colorless foam (25%)H NMR (400 MHz, CRCN) &
9.30 (s, 1H), 7.52 (s, 1H), 7.24 (dts 4.0, 1.6 Hz, 1H), 7.12 (§,= 8.6 Hz, 1H), 7.02
— 6.86 (M, 1H), 6.09 (] = 5.1 Hz, 1H), 3.68 () = 4.9 Hz, 2H), 3.65-3.57 (M, 6H),
3.54 (ddJ = 9.1, 4.3 Hz, 4H), 3.48 — 3.34 (m, 4H), 3.28)(t 5.6 Hz, 2H), 3.18 (1]
= 4.7 Hz, 2H), 2.90 (s, 1HYC NMR (126 MHz, CRCN) & 156.78, 156.55 (d] =
241.9 Hz), 142.24, 140.23, 138.19 = 2.5 Hz), 128.45, 124.75 (d,= 7.6 Hz),
116.87 (d,J = 22.7 Hz), 108.44 (d] = 21.4 Hz), 73.21, 71.05, 70.93, 69.66, 62.00,

48.17, 47.26, 46.82, 46.81, 43.06. ESI-M8z 594.5 [M-H]; HRMS-ESI: m/z



[M-H] " calcd for GgH26BrFN;O;S: 594.0787, found: 594.0778.
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(5-((3-(hydroxymethyl)
oxetan-3-yl)methyl)-1,1-dioxido-1,2,5-thiadiazolidia-2-yl)ethyl)amino)-1,2,5-oxad
iazole-3-carboximidamide (9e).Faint yellow foam (20%)'H NMR (400 MHz,
CDsCN) § 9.19 (ddJ = 6.1, 4.4 Hz, 1H), 7.52 (s, 1H), 7.25 (dck 6.1, 2.7 Hz, 1H),
7.12 (t,J = 8.7 Hz, 1H), 7.01 — 6.92 (m, 1H), 6.08t 6.3 Hz, 1H), 4.45 (d] = 6.3
Hz, 2H), 4.38 (d,) = 6.3 Hz, 2H), 3.80 (d] = 5.4 Hz, 2H), 3.55 (dd} = 12.1, 6.0 Hz,
2H), 3.40 (dd,J = 7.8, 5.2 Hz, 6H), 3.29 (8, = 6.0 Hz, 2H), 3.16 — 3.08 (m, 1H5C
NMR (126 MHz, CRCN) 6 156.81, 156.58 (dl = 241.9 Hz), 142.30, 140.23, 138.19
(d,J = 2.5 Hz), 128.52, 124.80 (d= 7.6 Hz), 116.89 (d] = 22.7 Hz), 108.45 (d} =
22.7 Hz), 76.94 (2C), 64.51, 51.16, 48.68, 46.826@, 45.20, 42.98. ESI-M3/z
562.4 [M-H]; HRMS-ESI:m/z [M-H] calcd for GgH2:BrFN;O6S: 562.0525, found:
562.0521.
N-(3-Bromo-4-fluorophenyl)-4-((2-(5-(2-(dimethylamno)ethyl)-1,1-dioxido-1,
2,5-thiadiazolidin-2-yl)ethyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximida
mide (9f). White solid (30%)H NMR (400 MHz, CRICN) & 7.50 (s, 1H), 7.21 (dd,
J=6.0, 2.6 Hz, 1H), 7.10 (§,= 8.7 Hz, 1H), 7.00 — 6.85 (m, 1H), 6.15J& 6.1 Hz,
1H), 3.52 (dd,) = 11.4, 5.8 Hz, 2H), 3.47 — 3.37 (m, 4H), 3.36.283m, 2H), 3.20 (t,
J = 6.8 Hz, 2H), 2.74 (] = 6.9 Hz, 2H), 2.33 (s, 6HY’C NMR (126 MHz, CBCN)
0 156.82, 156.37 (d] = 240.7 Hz), 141.96, 140.43, 138.43 Jds 3.8 Hz), 128.09,
124.36 (dJ = 7.6 Hz), 116.84 (d] = 23.9 Hz), 108.41 (d} = 22.7 Hz), 56.76, 46.91,

46.67, 45.75, 45.64, 45.03 (2C), 42.38. ESI-MS:.833/-H]"; HRMS-ESI: n/z



[M-H] " calcd for G/H23BrFNgO,4S: 533.0736, found: 533.0742.

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(5-(2-morpholinoethyl)-1,1-di
oxido-1,2,5-thiadiazolidin-2-yl)ethyl)amino)-1,2,5exadiazole-3-carboximidamide
(99). White solid (38%)'H NMR (400 MHz, CQCN) & 7.53 (s, 1H), 7.21 (dd} =
6.0, 2.7 Hz, 1H), 7.09 (8 = 8.7 Hz, 1H), 6.92 (ddd), = 8.8, 4.1, 2.8 Hz, 1H), 6.05 (t,
J=6.0 Hz, 1H), 3.69 — 3.58 (m, 4H), 3.50 (dd; 11.8, 5.9 Hz, 2H), 3.45 — 3.34 (m,
4H), 3.28 (t,J = 5.9 Hz, 2H), 3.16 (tJ = 6.9 Hz, 2H), 2.64 (tJ = 6.9 Hz, 2H),
2.43-2.53 (m, 4H)*C NMR (126 MHz, CRQCN) § 155.85, 155.54 (d] = 241.9 Hz),
141.23, 139.35, 137.35 (d~= 2.5 Hz), 127.41, 123.69 (d,= 6.3 Hz), 115.92 (d] =
23.9 Hz), 107.48 (d] = 21.4 Hz), 66.09(2C), 55.95, 53.33(2C), 46.0854545.33,
45.23, 41.75. ESI-MS:mz 575.5 [M-H]; HRMS-ESI: n/z [M-H] calcd for
Ci19H25BrFNgOsS: 575.0842, found: 575.0838.

4-((2-(5-Benzyl-1,1-dioxido-1,2,5-thiadiazolidin-24)ethyl)amino)-N-(3-brom
0-4-fluorophenyl)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (9h). White
solid (36%).*H NMR (400 MHz, CRCN) & 9.07 (s, 1H), 7.50 (s, 1H), 7.41 — 7.29 (m,
5H), 7.22 (ddJ = 6.0, 2.7 Hz, 1H), 7.08 (§,= 8.7 Hz, 1H), 6.98 — 6.88 (m, 1H), 6.06
(t, J = 5.8 Hz, 1H), 4.15 (s, 2H), 3.53 (@= 6.1 Hz, 2H), 3.37 (tJ = 6.5 Hz, 2H),
3.28 (t,J = 6.0 Hz, 2H), 3.20 (tJ = 6.4 Hz, 2H)}C NMR (126 MHz, CRCN) 5
155.87, 155.63 (d) = 241.9 Hz), 141.35, 139.28, 137.23 {d= 3.8 Hz), 135.83,
128.60(4C), 127.88, 127.58, 123.87J¢; 6.3 Hz), 115.93 (dl = 22.7 Hz), 107.49 (d,
J = 22.7 Hz), 51.14, 46.07, 45.78, 45.31, 42.19.-KMSI m/z 552.4 [M-H]; HRMS

calcd for GgH20BrFN;0O4S: 552.0467, found: 552.0464.



(3-Bromo-4-fluorophenyl)-4-((2-(5-((2-bromopyridin-4-yl)methyl)-1,1-dioxid
0-1,2,5-thiadiazolidin-2-yl)ethyl)amino)N'-hydroxy-1,2,5-oxadiazole-3-carboxim
idamide (9i). White solid (40%)H NMR (400 MHz, CQCN) § 9.28 — 9.02 (m, 1H),
8.34 (d,J = 5.3 Hz, 1H), 7.59 (s, 1H), 7.53 (s, 1H), 7.39X¢ 5.0 Hz, 1H), 7.24 (dd,
J=5.9, 2.3 Hz, 1H), 7.11 (td,= 8.3, 1.6 Hz, 1H), 6.95 (di,= 5.6, 3.7 Hz, 1H), 6.09
(s, 1H), 4.21 (s, 2H), 3.56 (d,= 5.9 Hz, 2H), 3.45 (t] = 6.4 Hz, 2H), 3.32 (1 = 6.1
Hz, 4H).*C NMR (126 MHz, CRCN) § 155.86, 155.63 (d] = 241.9 Hz), 150.40,
149.06, 141.97, 141.37, 139.27, 137.213(d,3.8 Hz), 127.58, 127.19, 123.86 {d;
7.6 Hz), 122.57, 115.94 (d,= 23.9 Hz), 107.50 (d} = 22.7 Hz), 49.69, 46.03, 45.97,
45.73, 42.13. ESI-MS: 631.3 [M-H] HRMS-ESI: m/z [M-H]  calcd for
Ci19H18Br2FNgO,4S: 630.9528, found: 630.9536.

N-(3-Bromo-4-fluorophenyl)-4-((2-(5-((3,3-difluorog/clobutyl)methyl)-1,1-di
oxido-1,2,5-thiadiazolidin-2-yl)ethyl)amino)N'-hydroxy-1,2,5-oxadiazole-3-carbo
ximidamide (9j). White solid (46%)."H NMR (400 MHz, CRCN) & 9.03 (s, 1H),
7.50 (s, 1H), 7.23 (dd] = 6.1, 2.7 Hz, 1H), 7.11 (8 = 8.8 Hz, 1H), 6.95 (m, 1H),
6.04 (t,J = 6.0 Hz, 1H), 3.53 (dd} = 12.2, 6.1 Hz, 2H), 3.45 — 3.23 (m, 6H), 3.10 (d,
J = 7.4 Hz, 2H), 2.78 — 2.62 (m, 2H), 2.51 — 2.25 @hl).*°*C NMR (126 MHz,
CDsCN) & 155.85, 155.56 (d] = 241.9 Hz), 141.22, 139.30, 137.31, 127.42, 123.7
(d, J = 7.6 Hz), 115.93 (dj = 23.9 Hz), 107.48 (d] = 22.7 Hz), 51.74, 46.04(2C),
45.82, 42.08, 38.50 (3,= 22.7 Hz, 2C), 21.55 (§,= 6.3 Hz). ESI-MS: 566.4 [M-H]
HRMS-ESI:m/z [M-H] calcd for GgH20BrFsN-0,4S: 566.0438, found: 566.0433.

N-(3-Bromo-4-fluorophenyl)-4-((2-(5-(2,2-difluoroetyl)-1,1-dioxido-1,2,5-thi



adiazolidin-2-yl)ethyl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide
(9K). Faint yellow foam (20%)*H NMR (400 MHz, CRCN) & 9.05 (s, 1H), 7.51 (s,
1H), 7.25 (dd,J = 6.0, 2.8 Hz, 1H), 7.12 (@,= 8.7 Hz, 1H), 6.99 — 6.86 (m, 1H), 6.27
— 5.88 (m, 3H), 3.56 (dd} = 12.3, 6.0 Hz, 2H), 3.50 — 3.42 (m, 4H), 3.29(% 6.1
Hz, 2H).2*C NMR (126 MHz, CBCN) § 156.76, 156.56 (d] = 241.9 Hz), 142.26,
140.18, 138.12 (d] = 2.5 Hz), 128.49, 124.78 (d= 7.6 Hz), 116.86 (d] = 22.7 Hz),
115.54 (tJ = 240.7 Hz), 108.43 (d, = 22.7 Hz), 50.41 (§ = 26.5 Hz), 48.48, 46.88,
46.76, 43.02. ESI-MS: 526.4 [M-H] HRMS-ESI: m/z [M-H]  calcd for
CisH16BrFsN7O,S: 526.0125, found: 526.0124.

2-(5-(2-((4-(N-(3-bromo-4-fluorophenyl)-N'-hydroxyarbamimidoyl)-1,2,5-0x
adiazol-3-yl)amino)ethyl)-1,1-dioxido-1,2,5-thiadiaolidin-2-yl)ethyl
(S)-3-fluoropyrrolidine-1-carboxylate (91). To a mixture of30 (100 mg, 0.377 mmol,
1.0 equiv)and 1,2-dibromoethane (85 mg, 0.452 mmol, 1.2 gqguivdry DMF (2
mL), CsCO; (246 mg, 0.754 mmol, 2.0 equiv) was added. Theti@awas stirred at
room temperature overnight, and then poured inttewand extracted with ethyl
acetate. The organic phase was washed with watebane, dried over anhydrous
NaSO,, filtered and concentrated. The resulting residwas purified via
chromatography to givel (63 mg, 45%) as colorless diH NMR (300 MHz, CDCY)
§ 4.87 (s, 1H), 3.57 — 3.28 (m, 10H), 3.17](& 5.9 Hz, 2H), 1.44 (s, 9H).

To the mixture of 31 (50 mg, 0.134 mmol, 1.0 equiv)and
(S)-(+)-3-fluoropyrrolidine hydrochloride (25 mg,202 mmol, 1.5 equiv) in dry

DMF (2 mL), CsCO; (130 mg, 0.4 mmol, 3.0 equiv) was added. The i@aavas



stirred at 60 °C for 2 h and then poured into waied extracted with ethyl acetate.
The combined organic phase was washed with watébane, dried over anhydrous
NaSO,, filtered and concentrated. The resulting residwas purified via
chromatography to giv@2l (21 mg, 37%) as colorless diH NMR (400 MHz, CDCY)

§ 5.26 (d,J = 52.1 Hz, 1H), 4.92 (s, 1H), 4.41 — 4.23 (m, 2Bi85 — 3.31 (m, 11H),
3.18 (t,J = 5.9 Hz, 2H), 2.35 — 2.20 (m, 1H), 2.13 — 1.9], (H), 1.52 — 1.41 (m,
9H).

Compound9l was prepared froh4 and 32| by following similar procedures as
that for5a. White solid (30%)*H NMR (400 MHz, CRCN) & 9.29 (dd,J = 6.4, 3.6
Hz, 1H), 7.52 (s, 1H), 7.25 (dd,= 6.0, 2.7 Hz, 1H), 7.12 (8, = 8.7 Hz, 1H), 7.01 —
6.92 (m, 1H), 6.08 (] = 6.1 Hz, 1H), 5.27 (dd} = 52.9, 3.5 Hz, 1H), 4.31 — 4.18 (m,
2H), 3.72 — 3.35 (m, 10H), 3.28 (ck= 11.9, 5.3 Hz, 4H), 2.17 — 2.01 (m, 2k
NMR (126 MHz, CRCN) & 156.81, 156.58 (dl = 241.9 Hz), 155.47 (d,= 16.4 Hz),
142.29, 140.25, 138.21 (d= 2.5 Hz), 128.51, 124.79 (A= 7.8 Hz), 116.89 (d] =
22.7 Hz), 108.54 (d] = 22.7 Hz), 94.03 (q] = 69.3 Hz), 63.67, 63.63, 53.61 (b
16.4 Hz), 47.94, 47.18, 46.83, 46.76, 44.65)(d,40.3 Hz), 32.54 (dd] = 21.4, 94.5
Hz). ESI-MS:m/z 621.5 [M-H]; HRMS-ESI:nVz [M-H] " calcd for GoH24BrF,NgOsS:
621.0696, found: 621.0699.

2-(5-(2-((4-(N-(3-Bromo-4-fluorophenyl)-N'-hydroxycarbamimidoyl)-1,2,5-ox
adiazol-3-yl)amino)ethyl)-1,1-dioxido-1,2,5-thiadiaolidin-2-yl)ethyl
3-methoxyazetidine-1-carboxylate (9 This compound was synthesized according

to a similar protocol as that described @rWhite solid (34%)*H NMR (400 MHz,



CD3CN) § 9.40 (s, 1H), 7.51 (s, 1H), 7.23 (dbk 6.1, 2.7 Hz, 1H), 7.11 (8,= 8.7 Hz,
1H), 6.95 (m, 1H), 6.09 (] = 5.8 Hz, 1H), 4.24 — 4.00 (m, 5H), 3.87 — 3.71 2H),
3.53 (dd,J = 12.0, 6.0 Hz, 2H), 3.47 — 3.35 (m, 4H), 3.32.203(m, 7H)*C NMR
(126 MHz, CXCN) & 157.38, 156.78, 156.53 (d,= 241.9 Hz), 142.23, 140.22,
138.19 (dJ = 2.5 Hz), 128.44, 124.73 (d= 7.6 Hz), 116.86 (d] = 23.9 Hz), 108.42
(d, J = 22.7 Hz), 70.10, 63.33 (2C), 56.25, 47.79 (242),07, 46.74, 46.68, 42.90.
ESI-MS: m/z 619.4 [M-H]; HRMS-ESI: m/z [M-H]" calcd for GoH2sBrFNgO-S:
619.0744, found: 619.0744.
5.2. hIDO1 enzymatic assay

The hIDO1 enzymatic assay was performed as descpiteviously. Briefly, a
standard reaction mixture (3L) containing 100 mM potassium phosphate buffer
(pH 6.5), 40 mmol/L ascorbic acid and 0.01%Tritorl00, 200 pg/mL catalase, 20
pmol/L methylene blue and 0.05 uM rhiDO-1 was adtiedhe solution (6QuL)
containing the substrate L-tryptophan (2mfnol/L) and the test sample at a
determined concentration. The reaction was caroed at 370 for 30 min and
stopped by adding 45 pL of 30% (w/v) trichloroacedcid. After being heated at 65
‘C for 15 min, the reaction mixture was centrifuggdl2000 rpm for 10 min. The
supernatant (100 pL) was transferred into a wekh &6-well microplate and mixed
with 100 pL of 2% (w/v) p-dimethylamino benzaldebyuh acetic acid. The yellow
pigment derived from kynurenine was measured atr2ising a SpectraMax Plus
384 microplate reader (Molecular_Devices, Sunnyvdd). 1Cs, values were

calculated by using GraphPad Prism 6 software [(8ago, California USA).



5.3. Cell-based assay of IDOL inhibitors

The cellular activity of IDO1 was detected as diésdl previousl{’. HEK
293 cells were seeded in a 6-well culture plata density of 5x10cells/well and
cultured overnight. After 24 h, HEK 293 cells wergansfected with
pcDNA3.1-hIDO1 using lipofectamine 2000 according the manufac-turer’s
instructions. Cells were seeded in a 96-well celtptate at a density of 2.5%10
cells/well. After 24 h transfection, a serial ditut of the tested compounds in 10 pL
PBS was added to the cells. After an additionahlidcubation, 200 uL of the
supernatant per well was transferred to a new 96phate and mixed with 100 pL of
30% trichloroacetic acid in each well, and the @laBs incubated at 66 for 15 min
to hydrolyzeN-formylkynurenine produced by the catalytic reactmf hIDO1. The
reaction mixture was then centrifuged for 10 min12000 rpm to remove the
sediments. Then 100 pL of the supernatant per wele transferred to another
96-well plate and mixed with 100 pL of 2% (w/fdimethylamino benzaldehyde in
acetic acid. The yellow color derived from kynuremiwas measured at 492 nm using
a SpectraMax Plus 384 microplate reader (Moledb&uices, Sunnyvale, CA).
5.4. Pharmacokinetic parametersin rats

Tested compounds were administrated to male Spiagudey (SD) rats (n = 3)
by gavage either as a solution of 1 mg/kg in DMSOH/PEG300/NaCl (5/5/40/50,
viviviv) intravenously or as a suspension of 3 rggik DMSO/0.5% HPMC (5/95,
vivl) orally. Blood samples were collected at 0.025, 0.75, 2, 4, 8 and 24 h after

intravenous dosing while 0.25, 0.5, 1, 2, 4, 8 @dAdh following oral dosing. The



blood samples were placed on wet ice, and seruncelkested after 2 centrifugation.
Serum samples were frozen and stored a@0The serum samples were analyzed
utilizing HPLC-coupled tandem mass spectrometry-l@S/MS).

All animal experiments were performed accordingthe institutional ethical
guidelines on animal care and approved by the titstiAnimal Care and Use
Committee at Shanghai InstituteMéateria Medica.

5.5. In vivo antitumor activity assay

Female BALB/c mice (4-6 weeks old) were housed amantained under
specific pathogen-free conditions. Animal proceduneere performed according to
institutional ethical guidelines of animal care. eThCT26 tumor cells
(ATCC-CRL-2638) were maintained in vitro as a mayelr culture in RPMI-1640
medium supplemented with 10% heat inactivated tedaine serum (Gibco product),
100 U/mL penicillin and 100 pg/mL streptomycin & & in an atmosphere of 5 %
CQO; in air. The tumor cells were routinely subcultuteice weekly by trypsin-EDTA
treatment. The cells growing in an exponential dgrowhase were harvested and
counted for tumor inoculation. Each mouse was itaded subcutaneously at the right
lower flank with CT26 tumor cells (0.3 x Yfouse) in 0.1 mL of PBS for tumor
development. Treatments were started on day 8 aftaor inoculation when the
average tumor size reached approximately 4%°.nithe animals were assigned into
groups using an Excel-based randomization softwaesforming stratified
randomization based upon their tumor volumes. Egcbup consisted of 8

tumor-bearing mice. The control groups were givehiele alone, and the treatment



groups were given compounds showed in Figure 3FRigdre 4. Tumor size was
measured thrice weekly in two dimensions using lgpe&a and the volume was
expressed in minusing the formula: V = 0.8 * b? wherea andb are the long and
short diameters of the tumor, respectively. The dursize was then used for
calculations of T/C values. The T/C value (in pettes an indication of antitumor
effectiveness; T and C are the mean volumes oftristed and control groups,
respectively, on a given day. TGl was calculatedgach group using the formula:
TGl (%) = [1-(Ti-To)/ (Vi-Vg)] x100; T is the average tumor volume of a treatment
group on a given day,Ts the average tumor volume of the treatment gamugay O,

Vi is the average tumor volume of the vehicle corgroup on the same day with, T

and \ is the average tumor volume of the vehicle grouplay O.

All the procedures related to animal handling, Gard the treatment in the study
were performed according to the guidelines apprdetthe Institutional Animal Care
and Use Committee (IACUC) of WuXi AppTec followintpe guidance of the
Association for Assessment and Accreditation of dralbry Animal Care
(AAALAC).

5.6. Satistical analysis

Summary statistics, including mean and the standamm of the mean (SEM),
are provided for the tumor volume of each groupeath time point. Statistical
analysis of difference in the tumor volume among ginoups were conducted on the
data obtained at the best therapeutic time polme @{4th day after grouping). A
one-way ANOVA was performed to compare the tumdume among groups, and
when a significant F-statistics (a ratio of treattneariance to the error variance) was

obtained, comparisons between groups were carvedith Games-Howell test. The



event of interest is the animal death. The suniivaé is defined as the time from the
start of dosing to the tumor volume reaches 3008nfar each group, the median
survival time and corresponding 95% confidence rigle were calculated. The
Kaplan-Meier curves were also constructed for egrclup and the log-rank test was
used to compare survival curves between gro@ppsiata were analyzed using SPSS
17.0. p < 0.05 was considered to be statisticadjgicant.
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