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Highlights:

> Novel 1,2,5-oxadiazole-3-carboximidamide derivadivgs IDO1 inhibitors were
designed, synthesized, and evaluated.

» The structure-activity relationship (SAR) of thisuel series of 27 compounds
was demonstrated.

» Compound23, 25 and26 demonstrated potemm vitro inhibitory activity against
hiIDO1 (IG5 = 108.7, 178.1 and 139.1 nM respectively) and campa25
showed improved PK profilesift = 3.81 h, F = 33.6 %) compared with
epacadostat.

» Compound25 exhibited the similar anti-tumor efficacy with epaostat without

inducing significant change in body weight compatieethe control group.
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Abstract:

Indoleamine 2,3-dioxygenase 1 (IDO1) is the enzyatalyzing the oxidative
metabolism of tryptophan, which accounts for cano@nunosuppressioim tumor
microenvironment. Several compounds targeting IDidlve been reported and
epacadostat shows strong inhibitory activity agaiDd®©1, which is further studied in
clinic trails. However, its pharmacokinetic profilare not satisfactory. The half-life
of epacadostat is 2.4 h in human and dosage isgbBIB in the phase Il clinic trial.
To overcome the shortcomings of epacadostat, shexiased drug design was
performed to improve the pharmacokinetic profida changing the metabolic
pathway of epacadostat and to enhance anti-tum&enpp. A novel series of
1,2,5-oxadiazole-3-carboximidamide derivatives lgpcycle in the side chain were
designed, synthesized, and biologically evaluatedHeir anti-tumor activity. Most
of them exhibited potent activity against hiIDOleimzymatic assays and in HEK293T
cells over-expressing hIDO1. Among them, compo@8] 25 and 26 showed
significant inhibitory activity against hIDO1 (k= 108.7, 178.1 and 139.1 nM
respectively) and in HEK293T cells expressing hiD@éllular 1Go= 19.88, 68.59
and 57.76 nM respectively). Moreover, compoul8l displayed improved PK
property with longer half-life (), = 3.81 h in CD-1 mice) and better oral
bioavailability (F = 33.6%) compared with epacadbostn addition, compoun@5
showed similar potency to inhibit the growth of @&-syngeneic xenograft compared
to epacadostainaking it justifiable for further investigation.

Keywords: IDO1 inhibitors, immunotherapy, anti-tumor



INTRODUCTION

Indoleamine 2,3-dioxygenase 1 (IDO1) is a hemeaiamtg protein catalyzing
the oxidative metabolism of tryptophan to proddéormylkynurenine [1, 2]. This
reaction is the rate limiting step in the kynurenpathway of tryptophan. It has been
reported that tumor cells and immune cells that sttute the tumor
microenvironment overexpress IDO1, which is congddo be one of the key factors
that result in cancer immunosuppression [3, 4]. duoells and suppressive immune
cells could deplete tryptophan that is essentialti@ T cell differentiation in the
tumor microenvironment [5]. As a result, tryptophdapletion activates GCN2 kinase
and induces the mid-G1 cell cycle arrest in T céllswever, tumor cells are able to
maintain proliferation in the presence of low lew#l tryptophan [6]. Moreover,
accumulation of IDO metabolites also inhibits thedtion and proliferation of T cell
in the tumor microenvironment [7]. For example, Ugenine is a metabolite of
tryptophan and it also serves as a ligand of tlye rgrdrocarbon receptor (AhR)
which in turn promotes the differentiation of Treaysd suppresses antitumor immune
responses [8]. As high expression of IDO1 is asdedi with poor prognosis in
varieties of cancer types, and its important rolenmune tolerance, a lot of research
has been done towards IDO1 and experimental reisulisate that IDO1 inhibition
could restore the immune responses in the tumoroenwironment and improve the
therapeutic effects of tumor treatment in comboratwith immune checkpoint
inhibitors [5, 9-14].

To date, several types of IDOL1 inhibitors, suchepacadostat [15], navoximod
[16], BMS-986205 [17] and PF-06840003 [18], havesrbeeported and tested in
clinic trials. Compound$ [19] and 6 [20] were also proved to be effective IDO1
inhibitors tested in then vivo assays. However, the development of IDO1 inhibitor
suffered a setback that the phase Il clinical infaepacadostat in combination with
keytruda for advanced melanoma treatment did rathréhe primary end point in
2018 [21]. Therefore, pharmaceutical compangappraise their clinical trials and try

to look for a suitable treatment strategy for ID@hibitors. Although the clinical



outcome from a single trail is not the definitiveterminant for the field, further
exploration for the role of IDO1 serving in the pess of tumor immune escape

should be done and the development of novel ID@hibitors is highly needed.
cl

N-C
H
BON 1 O Q
| \\//
HN - \
F \/\N ) HO

1 (Epacadostat) 2 (Navoximod)
H
N-_©
© o . H\st”o
F : N
N Pz Br
N N NH
H o
o
4 (PF-06840003) 5 6

Figure 1. Representative structures of IDO1 inhibitors

Although epacadostat is a well-developed IDOL1 iitbib its pharmacokinetic
profile is not satisfactory. Herein, a series o2,3;0xadiazole-3-carboximidamide
derivatives bearing cycle in the side chain werglsgsized and evaluated to improve
the half-life and oral bioavailability of IDO1 inbitors by increasing the steric
hindrance and lipid solubility. The SAR of new ID@hibitors was explored and

active compounds were tested in the immune-compatemal models.

RESULTS AND DISCUSSION

Design

Epacadostat is quickly consumed by the metabolzyrees in human, which
account for its poor half-life {& = 2.4 h in human). The metabolic study revealed th
epacadostat was mainly transformedCglucuronic acid conjugate compouiwd
by UGT1A9 (Figure 2) [22]. After a single dose @fagadostat in human, the AUC
value ofM9 was more than 8-fold greater than that of epacatioshich lead to poor

half-life of epacadostat. Moreovek11 was a minor metabolite of epacadostat,



which was produced by gut microbiota aktl2 was a secondary metabolite of
epacadostat formed frorM11l. On the other hand, the oral bioavailability of
epacadostat is unsatisfactory (F = 11% in rat ard 33% in cynomolgus), which

might result from its poor hydrophobicity (cLogP @:09). To overcome these

shortcomings, further structural modification obepdostat is highly desired.
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Figure 2. Metabolic pathways of epacadostat in human.

In 2017, Yeh and his coworkers reported the crystalcture of hIDO1 enzyme in
complex with epacadostat [23]. As shown in Figuretl® 3-Br-4-F-phenylamine
fragment of epacadostat fulfilled the pocket 1 #nel fluoride and bromine group
formed halogen bonds with Cys129. The amidoximeugreooordinates to the heme
iron via the oxygen atom, which was of vital importance $&abilizing protein—
inhibitor interactions. The furazan and side chafnepacadostat extend into the

pocket 2 and the sulfamide group forms electrastateraction with Arg231.



Figure 3. Crystal structure of hIDO1 enzyme in complex wifaeadostat
IDO1 (PDB ID: 5WNS8, gray) binding pocket for epaoatht (blue carbons), some

key interactions are shown as yellow dashed lines.

As aforementioned, the amidoxime group of epacadlost essential for its
inhibitory activity against IDO1 enzyme and the nficdtion of amidoxime group
would lead to the decrease of the inhibitory attivagainst IDO1. As a result,
replacing the amidoxime group by bioisosteric gowp avoid the metabolism by
UGT1AO9 is impracticable. It has been reported thmbducing a side chain on the C3
position of furazan could reduce the phase Il maiam, which may cause the collide
between the compound and metabolic enzymes [15n&tieed that the pocket 2 was
not fulfiled by epacadostat and the amino groupsuoffamide didn’t form any
hydrogen bond with hIDO1 enzyme, which may be aable site to be modified.
Therefore, we retained the 1,2,5-oxadiazole-3-camiolamide fragment and
introduced a cycle in the side chain to increasestbric hindrance and lipid solubility,
which may improve the PK profiles and biologicaliety of IDO1 inhibitors (Figure
4). As a result, 1,2,5-oxadiazole-3-carboximidamidierivatives 7-33 were

synthesized and evaluated as novel IDO1 inhibitors.
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Figure 4. Design of novel IDO inhibitors.

Synthesis of 1,2,5-oxadiazole-3-carboximidamide deatives

The synthetic route of compounds, 19, 20 and23-26is outlined in Scheme 1.
Malononitrile 34 was treated with sodium nitrite, hydroxylamineddmydrochloric
acid to afford hydroxyamiding5. Then, it was diazotized under acidic conditiod an
reacted with sodium chloride to provide the hydnoayl chloride 36, which was
further transferred to compour¥ by coupling with 3-Br-4-F-phenylamine. After
that, compoun@7 was treated with carbonyl diimidazole (CDI) to fet the oxime
group, which resulted compour@B. To introduce the side chain at oxadiazole,
compound38 was oxidized to nitro compourg9. It was then substituted by a variety
of amino compounds4Qa-40K and hydrolyzed under acidic condition to afford
compounds4la-41k These compounds were further hydrolyzed undedi@&ci
condition and reacted withtert-butyl (chlorosulfonyl)carbamate to provide
compoundst2a-42k Finally, target products were obtainad a two-step procedure
containing acidic and basic hydrolysis.

Scheme 1Synthesis of the compounds), 19, 20, and23-26



N-O N-O, O-N
N N F N
NC._CN a HzNW _b ,a ‘ ¢ c j@\ NH, d
| ——
NH N NH Br N
HO/N 2 2 HHdN

34 35 36 37

41a: x=1, y=0, z=2 (rac)
41b : x=1, y=0, z=3 (rac)

N\\ NH #1c : x=1, y=1, z=1 (rac)
j@\ 2 no, 9 f. a1d : x=1, y=1, z=2 (rac)
— H x NH HCl  41e:x=1, y=2, z=1 (rac)

41f : x=2, y=1, z=2 (rac)

419 x=1, y=0, z=3 ()
X N Boc 41h :x=1,y=1,z=1(S)
38 39 z 412-41K i x=1,y=1,z=1 (R)

40a-40k 41j @ x=1,y=1,z=2 (S)
41k : x=1, y=1, z=2 (R)

42a : x=1, y=0, z=2 (rac) 43a : x=1, y=0, z=2 (rac)
o-n 42b : x=1, y=0, z=3 (rac) O-N :gb : x=:, y=?. Z=? ((rac;

el 42c : x=1,y=1, z=1 (rac) F N\ o c : x=1,y=1, z=1 (rac)
h F N y © 42d : x=1, y=1, z=2 (rac) i YN X Y 1o 43d : x=1, y=1, z=2 (rac)
— j@\ N X W—s-0 42e : x=1,y=2, z=1 (rac) ——— = H N—S; 43e 1 x=1, y=2, z=1 (rac)
Br N 2 NHBoc  42f : x=2, y=1, z=2 (rac) Br 'Y z NH 43f :x=2, y=1, z=2 (rac)

/\\ N 42g : x=1,y=0, z=3 (S) o 439 : x=1,y=0, =3 (S)

o o 42h : x=1,y=1,z=1 () o :g.h:x=jll,y=:,z=: ((;;

42i 1 x=1,y=1,z=1 (R) i ix=1,y=1,2z=
42a-42k 42) S x=1.y=1.2=2 (S) 43a-43k 43) :x=1,y=1, =2 ()
42k : x=1,y=1,z=2 (R) 43k : x=1,y=1, z=2 (R)

—j> j@\r\%n ”O
X NHz

7-9, 19, 20, 23-26

Reagents and conditions: (a) NaN®ICI, NH,OH, H,0, 100°C (b) NaNQ, HCI,
CH3COOH, NaCl, HO, 0°C (c) 3-Br-4-F-phenylamine, NaHGOEtOH/H,O, 60°C
(d) CDI, THF, 65°C (e) HO,, TFA, 55°C (f) TEA, THF, rt. (g) 4N HCI in
1,4-dioxane, CbLly, r.t. (h)tert-butyl (chlorosulfonyl)carbamate, TEA, THF G (i)
TFA, r.t. (j) NaOH, THF/HO, r.t.

Synthetic routes of compound§-17, 21, 22, and27-33are shown in Scheme 2.
Intermediate39 was substituted by a variety of amino compound$a{44) and
hydrolyzed under acidic condition to afford compdsid5a-45] Then they reacted
with alkyl sulfonyl chloride 46a-46) to provide compoundg7aa-47df Desired
compoundsl0-17, 21, 22, 27-33vere obtained after a simple basic hydrolysis of
compoundgt7aa-47df



45a : y=0, z=2 (rac)
45b : y=0, z=3 (rac)

,O‘l\\l O-N 45¢ : y=1, z=1 (rac)
F NS Ao F N y 45d : y=1, z=2 (rac)
:@\ 2 a,b :@\ N NH. Hol 456 :y=0,2=2 (S) c
Br N \N Br N 5 45f : y=0, z=2 (R) o
)\O/ HN y //L N 45g : y=1, z=1 (S) legjo
o 2 N—Boc o © 45h : y=1,z=1 (R) N
45i :y=1,2=2(S) R
39 Iz 45a-45] 45j :y=1,2z=2 (R) 46a-46f
442-44]

47aa : y=0, z=2, R=Me(rac)

47ba : y=0, z=3, R=Me(rac)

47ca : y=1, z=1, R=Me(rac)

47da : y=1, z=2, R=Me(rac)
: y=0, z=2, R=Me(S)

F N\ 47ea o-N
NN y 9,0 47fa : y=0, =2, R=Me(R) F N ! , 0
H N=S=~  47ga:y=1, z=1, R=Me(S) d :@\ N N—&=0
Br N7 z R 47ha:y=1,2=1,R=Me(R) Br N p
H N z
HO

N R
o 47ia : y=1, z=2, R=Me(S)
47ja :y=1,z=2, R=Me(R)
47aa-47df 47db : y=1, z=2, R=Et(rac) 10-17, 21, 22, 27-33
47dc : y=1, z=2, R=CH3NH(rac)
47dd : y=1, z=2, R=cyclopropyl(rac)
47de : y=1, z=2, R=pyrroline(rac)
47df : y=1, z=2, R=Ph(rac)

Scheme 2Synthesis of the compound®-17, 21, 22, and27-33
Reagents and conditions: (a) TER{F, r.t. (b) 4N HCl in 1,4-dioxane, CkCly, r.t. (c)
TEA, THF, 0°C (d) NaOH, THF/HO, r.t.

The synthetic route of compourd® is very similar to the protocol described in
Scheme 1 by replacing compou@da-40kwith 48.
Scheme 3Synthesis of the compoui@.

o @ 200 o frok

39 48 49 50 (rac)
(rac)
H O-N H
N-o F N N N NH;
_d ™o D\ H o
Br N \/N
HO
51 (rac) 18 (rac)

Reagents and conditions: (a) TER{F, r.t. (b) 4N HCl in 1,4-dioxane, CECly, r.t. (c)
tert-butyl (chlorosulfonyl)carbamate, TEA, THE® (d) NaOH, THF/HO, r.t.

Structure—Activity Relationships of 1,2,5-oxadiazat-3-carboximidamides

derivatives



All the synthesized compounds were screened far #aivity to inhibit the
enzymatic activity of the purified recombinant hIDO Dozens of
1,2,5-oxadiazole-3-carboximidamides derivativesenvdesigned and synthesized to
explore their structure—activity relationshiphe preliminary SAR at the side chain
bearing different six-membered cycle was first stigated (compound-9). Among
them, compound of which the sulfamide was on thpara-position exhibited a
moderate inhibitory activity (1§ = 142 nM) and improvement in lipid solubility
(cLogP = 0.82). Analog%0 and11were obtained by replacing the amino of sulfamide
with methyl. However, these two compounds showettessed inhibitory activity
against hIDO1 enzyme, which may be due to the tddkteraction with the solvent.
Then, difluoromethyl substituted anald® were synthesized, which might form
electrostatic interaction with Arg231 residue incket 2 andpossessed better lipid
solubility (12, cLogP = 2.88). To our disappointment, it dispthyless potent
inhibitory activity than compoun8 (12, ICso = 489.6 nM). Then different substitution
of sulfamide which might filled the pocket 2 werevéstigated. Extending the chain
of sulfonyl to yield compound$3 and 14 resulted in decreased inhibitory activities
(13, 1C50 = 517.2 nM;14, 1C50 > 1000 nM). And analogs containing two cycles were
prepared for further exploration of SAR. Replacthg amino group of compour&l
by cyclopropyl, pyrroline, or phenyl gave compoudd@s17, however, none of them
displayed satisfactory inhibitory activityt%, 1Cso = 476.9 nM;16, ICso = 601.9 nM;
17, ICs0= 585.2 nM). Prolonging the side chain gave compsur8 and 19, which
were also inferior IDO inhibitors than compou8d18, ICso = 425.7 nM;19, ICso =
359.7 nM). Replacing the piperidine by pyrrolinevgacompound20-22 Among
them, compound20 and22 exhibited similar activities with compour@l(20, ICso =
122.8 nM; 22, I1Cso = 188.0 nM). Then, enantiomers of compouids, 10, 20, 21,
and 22 were synthesized and evaluated. As shown in TaltileeR enantiomers2b,
ICs0 = 139.1 nM; 29, ICso = 443.3 nM; 31, ICsp = 150.1 nM) demonstrated
improvement in inhibitory activity against IDO1 avine S enantiomers2b, 1Cso =
178.1 nM;28, IC5o = 716.8 nM;30, ICso = 529.0 nM). However, enantiom2B (S

configuration, IGy = 108.7 nM) is more effective thé (R configuration, 1Gy =



146.4 nM) and the two enantiomersldf showed similar inhibitory activity3@, ICso
= 360.3 nM;33, ICso = 363.2 nM). The difference in the inhibitory adly might be
related to the distance between sulfamide groupoofipound and Arg231, which
formed hydrogen bond to stabilize protein—inhibitateractions. And enantiome#d

(ICs0 = 108.7 nM) showed potent inhibitory activity slamito epacadostat.

Table 1.Inhibitory activity against IDO1 of 1,2,5-oxadidee3-carboximidamide

derivatives.
o-N
\
H
HO
Compd. R IC 50(NM) cLogP  Compd. R IC50(NM) cLogP
| H2N\ //O | O:O\\S/
7 “T’”\LNS\\O 245.2+9.7 1.22 21 W\ﬂ) 480.1+65.2 1.23
dv 00 e
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e OO N NH,
10 NS 364.1%1349  1.28 24 (g0 14643298  0.38
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11 MI”\O@J 959.5+276.5 1.68 25 \O\r "NH; 178.1+32.2 0.82
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3.2 Inhibitory Activities of the Selected Compoundsin HEK 293T cells
over-expressing hiIDO1

Active compounds12, 15, 18, 19, 23-3Q 32, and33) were further evaluated for
their activity in HEK 293T cells over-expressingDi@1. As shown in Table 2,
compoundsl2 and 15 displayed weak inhibitory activity in the cell-basassay,
indicating that introducing large group might bebefitting. Compoun®3 showed a
potent inhibitory activity in the cell-based asgqagllular IGoy = 19.88 nM), which
was close to the inhibitory activity of epacadosfeellular 1Go = 9.63 nM).
Compounds24, 25, 26, 32, and 33, of which the substitution was located on the
3-position of pyrroline or piperidine, also exhdit good potency (cellular g =
42.58, 68.59, 57.76, 42.99, and 49.83 nM respdygjivdlotably, most compounds
including epacadostat displayed more potent intwipitactivities in cellular system
than those against purified enzyme, which is coasiswith other published results
[19, 24]. Multiple reasons mentioned in the revigywSchwaid and Cornella-Taracido
may explain the increased potency in cell-basedyasaich as cellular localization,

contacts with other proteins or nucleic acids, gtamonal modifications of the protein



and more active metabolites formed in cells [25].

Table 2. Inhibitory activity of derivatives in HEK 293T dslover-expressing hiDOL1.

o
F N
ohal
H
Br H \/N
HO

Compd. R IC50(NM) Compd. R IC50(NM)
v 00 OO
12 \ON/S‘CFZH > 1000 26 ""QN/S‘NHQ 57.76 + 25.69
e .0 ‘ H2N\S/,O
15 \O«SW > 1000 27 ”W\C’j‘o 177.35 +17.32
e H o O\\S’Q_
18 \O»\N;/s\;NHZ 137.95+16.05 28 \LN) 186.20 + 11.31
0 O
. osf
WAy \S—
o l, ’
19 \/O,\ﬁ\:NHQ 153.75+5.44 29 LN7 333.65 + 43.20
{ i
23 \CN‘?{ESZ 19.88+535 30 ‘g0 4299£5.78
o) O
N:\:l NH, “ O\\S,/O
24 Ohesto 425811481 32 \ON S 49.83+13.26
6
' o, 0 i 0, 0
i N\ /", /S\
25 NS N, 68.59+21.47 33 @ 125.44 + 79.29
1 - 9.63 + 4.58

3.3 PK profiles of compounds 23, 25, 26, and epaasiat

To further investigate the effectiveness of desstnategy, the pharmacokinetic
evaluation of compound®3, 25, 26, and epacadostat was carried @atintravenous
(10 mg/kg) and oral administration (20 mg/kg) in @Dnice. As shown in table 3,
compound23 and 26 exhibited similar half-lives (2.81 h and 3.17 hspectively).



However, these compounds displayed lower bioauéithalthan that of epacadostat.
Compound25 showed longer half-life (J=3.81 h) than epacadostat and acceptable
oral bioavailability (F = 33.6 %). Meanwhile, it isoteworthy that compoung5
possessed four-fold steady-state volume of didiohuthan epacadostat (24277
mL/kg and 6319 mL/kg, respectively), which indichtbe remarkable enrichment of
25in extravascular space (e.g., the target tumsudis

Table 3.Pharmacokinetic profiles of compoun2® 25, 26, and epacadostat in CD-1

mice.
Compd -EIZ Tmax Cmax AUCIaSt AUCINF_obs CI_DbS MRTlNF_ObS Vss_obs F
(h) (h)  (ng/mL) (h*ng/mL) (h*ng/mL) (mL/min/kg) (h) (mL/kg) (%)
23 2.81 0.25 622 358 392 - 2.65 - 9.70
25 3.81 0.33 261 588 764 5.10 33.6
PO
26 3.17 0.333 118 244 304 - 491 - 9.84
Epacadostat 2.59 1.17 343 672 971 - 3.34 - 221
23 1.19 - - 1846 1858 90.0 0.622 3356 -
25 4.09 875 888 195 2.05 24277 -
v
26 2.82 - - 1241 1265 139 1.71 12881 -
Epacadostat0.903 - - 1524 1646 104 1.04 6319 -

3.4 Compound 25 abrogated IDO1-mediated suppressiaof T cell proliferation
and inhibited the growth of colorectal carcinoma CR26 xenografts

It is reported that IDO1 mediate immunosuppresgioough its capacity to block
CD8+T cell proliferation by depleting tryptophancédly [26]. Due to the high
potency against hIDO1lin vitro and acceptable pharmacokinetic parameters,
compound25 was further evaluated for its effect on T cell Ijepation in the
presence of tumor cells over-expressing IDO1 by-guwture assay. Briefly, mouse

pancreatic cancer Pan02 cells transfected with gfg®NIDO1 (Pan02-IDO1) or the



empty plasmid (Pan02-mock) were co-cultured with8€D cells labeled with CFSE.
T cells were stimulated with IL-2 and dynabeadstedavith anti-CD3/anti-CD28.
The CD8+T cells were collected and analyzed follifgration by flow cytometry
after 3 days of incubation. Compared to Pan02-noedls, co-culture of Pan02-1DO1
cells partially suppressed T cell proliferation,igéhcould be completely abrogated in
the presence of 100 nM epacadostat or compa@6rifiigure 5a). This result indicated
that compound®5 prevented inhibition of CDd cell proliferation by tumor cells
overexpressing IDO1.

The anti-tumor efficacy of compourb was further evaluatedn vivo. Female
BALB/c mice bearing established CT26 colorectal dusnwere administered orally
with compound?25 for 16 days (100 mg/kg, BID) and antitumor effigawas
expressed as tumor growth inhibition (TGI). As showm Figure 5b and 5c,
compound 25 (TGl = 24.5%) exhibited the similar anti-tumor ieficy with
epacadostat (TGl = 23.4%) without inducing sigmifit change in body weight

compared to the control group.
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Figure 5. (a) Overlays of CFSE dilution in CDB cells after co-culture with Pan02
cells in the presence of 100 nM Compou2sl or epacadostat. Flow cytometry
histograms are representatives of two independeranents. (b)Tumor volume of
CT26 xenograft in female BALB/c mice. (Data poim&present mean + SEM.) (c)
Body weight of female BALB/c mice.

4. Conclusion

Although epacadostat shows strong inhibitory @gti@gainst IDO1 and is further
studied in clinic trails., its pharmacokinetic cheter is not satisfactory. To that point,
a cycle in the side chain of epacadostat was inted aiming to increase the steric
hindrance and improve the lipid solubility of conumal. Sixteenanalogs were

synthesized and evaluated to explore the strucctigity relationship and six



analogs of them displayed potent inhibitory aciegt The enantiomers of these IDO
inhibitors were also evaluated. Compourd8; 25, and 26 exhibited good potency

against hIDO1 and IDO1l-expressing HEK 293T cellshiclw were further

investigated for their PK profiles. Compou8lshowed improved PK properties with
longer half-life and better oral bioavailabilityropared with epacadostat. Finally, oral
administration of compoun@5 showed similar therapeutic efficacy with epacaalost
in the CT-26 syngeneic xenograft model, which destrated that it was suitable for

further development as a lead compound.

Experiment Section
hIDO1 enzymatic assay

The effect of the tested compounds on the enzymeaticvity of IDO1 was
determined as previously described with minor modifons [27]. Briefly, the
standard reaction mixture (3() containing potassium phosphate (100 mmol/L, pH
6.5), ascorbic acid neutralized with NaOH (40 mipl/catalase (20Qug/mL),
methylene blue (20 mmol/L), 0.01% Triton X-100 amdDO-1 (0.05umol/L) were
added to a solution (60L) containing the substratetryptophan (25Qumol/L) and
test compounds at the desired concentration. Tdtiom was carried out at 37 for
30 min and stopped by adding 4k of 30% (wi/v) trichloroacetic acid. After being
heated at 65! for 15 min, the reaction mixture was centrifugeéd. 2000 rpm for 10
min. The supernatant (1QQ.) was transferred into a 96-well microplate anceal
with 100puL of 2% (w/v) p-dimethylaminobenzaldehyde (pbDMAB) in acetic aditie
yellow pigment derived from kynurenine was measuad 492 nm using a
SpectraMax Plus 384 microplate reader (Moleculavié®s, Sunnyvale, CA). The
ICs5p values were determined by nonlinear regressiotysisavith GraphPad Prism 7
software (San Diego, CA, USA).
Cell-based assay of IDO1 activity

The cellular activity of IDO1 was detected as diésat previously [24]. HEK
293T cells were seeded in a 6-well culture plata déensity of 5 x 10cells/well. On
the second day, HEK 293T cells were transfected WwitDNA3.1-hIDO1 using



Lipofectamine 2000 according to the manufacturemnstructions. The cells were
seeded in 96-well microplates at a density of 2.5l cells/well 24 h after
transfection and treated with serially diluted éestompounds. After additional 12-h
incubation, 20QuL of the culture medium from each well was transgdrto a new
96-well plate and mixed with 1Q@ of 30% (w/v) trichloroacetic acid. The plate was
incubated at 657 for 15 min to hydrolyzeN-formylkynurenine produced by the
catalytic reaction of IDO1. The reaction mixturesshen centrifuged at 12000 rpm
for 10 min and 10@.L of the supernatant was transferred to anothen@6éplate and
mixed with 100uL of 2% (w/v) p-dimethylaminobenzaldehyde in acetic acid. The
yellow pigment derived from kynurenine was measuld 492 nm using a
SpectraMax Plus 384 microplate reader (Moleculavié®s, Sunnyvale, CA). The
ICso values were calculated by using GraphPad Prisroftiare (San Diego, CA,
USA).
T cell proliferation assay

Pan02 cells were transfected with pcDNA3.1-hIDOlther empty plasmid using
Lipofectamine 3000 according to the manufacturan&ructions. After 24 hours,
Pan02-1DO1 and Pan02-mock cells were seeded imteligplate at a density of 2.5 x
10° cells/well. Splenic CD8+T cells were purified byagmetic negative selection
(Stem Cell Technologies) and labeled with CFSE (Blarmingen). CD8+T cells
were co-cultured with Pan02-IDO1 and Pan02-mocksca a density of 5 x £0
cells/well and stimulated with IL-2 (5 ng/ml) andyrdbeads coated with
anti-CD3/anti-CD28. After 3 days of incubation, CB8cells were collected and
stained with CD45 (clone 30-F11)-APC-Cy7, CD8 (€o®3-6.7)-APC (BD
Pharmingefi") and 7-amino-actinomycin D (7-AAD; Biolegend) prim analysis on
Fortessa flow cytometer. Data were analyzed widwgb.
I n vivo antitumor activity assay

Female BALB/c mice (4-6 weeks old) were housed aathtained under specific
pathogen-free conditions. Animal procedures werefopmed according to
institutional ethical guidelines of animal care.eTlmurine CT26 colon carcinoma

cells were maintained as a monolayer culture in RP840 medium supplemented



with 10% heat inactivated fetal bovine serum (Gilpcoduct), 100 U/mL penicillin
and 100ug/mL streptomycin at 37] in an atmosphere of 5% GQOCells growing in
an exponential phase were harvested for tumor labon. Each mouse was
inoculated subcutaneously at the right lower flarith CT26 cells (0.4 x 1Wmouse)
in 0.1 mL of PBS. When the tumor volume reachedragmately 50 mr, the
animals were randomly grouped to be administeredlyowith vehicle or indicated
tested compounds twice daily. The tumor sizes amoha weights were measured
twice per week using a caliper and weight scakgpeetively. The tumor volume (V)

was calculated using the formula: V= 0.5 x [len@tim) x widtHf (mnT)].

Chemistry

All reagents (chemicals) were commercially avagalind used without further
purification. Analytical thin-layer chromatograpiyLC) was performed on HSGF
254 (0.1 mm thickness). Column chromatography wefopmed on silica gel 200-
300 mesh to purify the compounds. NMR spectra wesxorded on
Varian-MERCURY Plus-400 and AVANCE II1 500 in CD{Methanolds, DMSO-ds,
Acetoneds. Chemical shifts were reported in parts per millippm, §) downfield
from tetramethylsilane. Proton coupling patterngemgescribed as s = singlet, d =
doublet, dd = doublet of doublet, t = triplet, gguartet, m = multiplet. Low- and
high-resolution mass spectra (LRMS and HRMS) weineerg with electrospray
ionization (ESI).

All target compounds7/-33 were confirmed with over 95% purity which were
determined by Agilent 1260 HPLC with binary pumphoppdiode array detector
(DAD), using Agilent Extend-C18 (4.6 x 250 mmu#B), MeOH/HO = 70/30 (v/v)
at 1.0 mL/min, or Agilent Extend-C18 (4.6 x 250 mBym), MeOH/HO = 60/40

(v/v) at 1.0 mL/min and calculated the peak ar¢&54 nm.

Synthesis of compourtl
Malononitrile (10 g, 151 mmol) was added to wa@®(Q mL) and stirred for 5

min. The resulting solution was cooled in an icéhkend sodium nitrite (11.8 g, 171



mmol) was added. Then, 10 N hydrochloric acid (10 mas added slowly. After 15
min the cold bath was removed and the reactionurexivas stirred for 1.5 h at room
temperature. The reaction mixture was cooled to G&@d 50% aqueous
hydroxylamine (30.9 g, 468 mmol) was added allrateo The resulting mixture was
stirred for 1 h at room temperature, then it wasvit brought to reflux. Reflux was
maintained for 2 h and then the reaction mixturs w@oled to room temperature. The
reaction mixture was stirred in an ice bath and Gydrochloric acid was added in
portions to pH 7.0. Stirring was continued in tbe bath at 5 °C. The precipitate was
collected by filtration, washed well with water added under vacuum to give the
desired produc85 (20 g, 92%)°C NMR (100 MHz, Methanotl) & 154.5, 144.4,
139.7.

4-amino-N-hydroxy-1,2,5-oxadiazole-3-carbimidoyl chloride (8)

Compound35 (20 g, 140 mmol) was added to a mixture of wag¥0(mL),
acetic acid (140 mL) and 12 N hydrochloric acid (AQ) and this suspension was
stirred at room temperature until complete solutiees achieved. Sodium chloride
(23.7 g, 400 mmol) was added and this solution @ to 0 °C in an ice bath. A
solution of sodium nitrite (9.5 g, 140 mmol) in wat{30 mL) was added over 1 h.
After that, the reaction mixture was stirred in tbe bath for another 1.5 h and then
the reaction mixture was warmed to room temperafline precipitate was collected
by filtration, washed well with water and dried @ndvacuum to give the desired
product36 as a white solid (11 g, 48%5)C NMR (100 MHz, Methanotk) & 153.8,
141.6, 127.9.

4-amino-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-1,2,5-oxadiazole-3-carboximid
amide (37)

Compound36 (11 g, 68 mmol) was dissolved in 150 mL EtOKZIH(v/v = 5:1).
3-Bromo-4-fluoroaniline (13 g, 68 mmol) and sodilmarbonate (4.3 g, 41 mmol)
were added and stirred for 10 min. Then the mixivas heated to 60 °C and was
stirred at 60 °C for 2 hrs. The reaction solutiomsveooled to room temperature and

extracted with ethyl acetate. The combined ethgtate solution was dried over



sodium sulfate and concentrated to give the degireduct37 as a white solid (20 g,
93%).%%C NMR (100 MHz, DMSOdg) & 155.6, 154.1 (dJ = 239.1 Hz), 140.8, 139.7,
138.4, 125.2, 121.8 (d,= 7.3 Hz), 116.4 (d] = 23.4 Hz), 107.5 (d] = 22.2 Hz).
3-(4-amino-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-fluaphenyl)-1,2,4-oxadiazol-5(4
H)-one (38)

Compound37 (20 g, 63 mmol) was dissolved in THF. CDI (12 §,immol) was
added to the mixture and stirred for 10 min. Thectien was stirred at 65 °C for 2 hrs.
After that, the reaction was concentrated undemuwac The resulting solid was
treated with 1IN HCI (100 mL) and stirred for 10 miine precipitate was collected by
filtration, washed well with EtOAc and dried undeacuum to give the desired
product38 as a light yellow solid (16 g,74%)C NMR (100 MHz, DMSOdg) &
160.7, 157.2, 156.9 (d,= 256.1 Hz), 149.3, 134.7, 133.8, 130.5, 129.7,91d,J =
23.7 Hz), 108.6 (d] = 22.6 Hz).

4-(3-bromo-4-fluorophenyl)-3-(4-nitro-1,2,5-oxadianl-3-yl)-1,2,4-oxadiazol-5
(4H)-one (39)Compound38 (16 g, 47 mmol) was dissolved in TFA (100 mL). 30%
H,0O; solvent (20 mL) was added and stirred for 10 niilmen the mixture was stirred
at 55 °C for 48 h. After that, water was addedhe mixture and precipitate was
collected by filtration. The crude product was fiad by silica gel column
chromatography to afford produ8® as a yellow solid (5.6 g, 32%)4 NMR (400
MHz, Chloroform-d)6 7.68 — 7.55 (m, 1H), 7.39 — 7.19 (m, 2H).
4-(4-bromo-3-fluorophenyl)-3-(4-((piperidin-3-ylmethyl)amino)-1,2,5-oxadiazol-3
-yl)-1,2,4-oxadiazol-5(4)-one hydrochloride (41d)

Compound39 (330 mg, 0.88 mmol) was dissolved in THF (5 mIgrt-butyl
3-(aminomethyl)piperidine-1-carboxylate (225 mg)5L.mmol) and TEA (106 mg,
1.05 mmol) were added to the mixture and the reactvas stirred at room
temperature for 4 h. After that, M HCI in dioxane (2 mL) was added to the mixture
and the reaction was stirred for another 1 h. Them reaction mixture was
concentrated under vacuum and the crude producipwaied by silica gel column
chromatography to afford produéld as a white solid (380 mg, 90%H NMR (400
MHz, Methanold,) & 7.92 (dd,J = 6.0, 2.5 Hz, 1H), 7.60 (ddd,= 8.8, 4.2, 2.6 Hz,



1H), 7.44 (t,J = 8.6 Hz, 1H), 3.44 (dd] = 12.6, 4.0 Hz, 1H), 3.40 — 3.31 (m, 4H),
2.94 (td,J =12.8, 3.2 Hz, 1H), 2.78 (@,= 12.2 Hz, 1H), 2.30 (ddg = 11.0, 7.3, 4.0
Hz, 1H), 1.96 (dJ = 12.8 Hz, 1H), 1.84 — 1.69 (m, 1H), 1.42 — 1.80 {H).

Tert-butyl
((3-(((4-(4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihgro-1,2,4-oxadiazol-3-yl)-1,2,
5-oxadiazol-3-yl)amino)methyl)piperidin-1-yl)sulforyl)carbamate (42d)

Compound41d (380 mg, 0.80 mmol) was dissolved in 5 mL dichfoathane
followed by the adding of triethylamine (0.148 miLO8 mmol). After cooling to 0 °C,
the solution oftert-butyl [chlorosulfonyl]carbamate (1 mL, 0.9 mmolasvadded to
the mixture slowly. After that, the reaction wakaled to warm to 10 °C and stirred
at 10 °C for 30 min. Then water (10 mL) was addedhe mixture and the layers
were separated. The organic layer was washed wiitle 10 mL) and the solvents
was removed in vacuuntThe crude product was purified by silica gel column
chromatography to afford produé®d as a white solid (405 mg, 81%). NMR (400
MHz, DMSO-ds) 5 10.95 (s, 1H), 8.10 (s, OH), 7.73 (ddd= 8.9, 4.4, 2.5 Hz, 1H),
7.61 (t,J = 8.7 Hz, 1H), 6.72 () = 5.9 Hz, 1H), 3.60 (dd] = 12.3, 3.9 Hz, 1H), 3.50
(d, J = 12.0 Hz, 1H), 3.24 — 3.11 (m, 2H), 2.87 — 2./ (H), 2.61 (dd,) = 12.4,
10.1 Hz, 1H), 1.94 (dJ = 3.6 Hz, 1H), 1.70 () = 17.8 Hz, 2H), 1.43-1.46 (m,
1H)1.42 (s, 9H), 1.14 — 0.99 (m, 1H).

Preparation otert-butyl [chlorosulfonyl]lcarbamate solution : A 100Lmound
bottom flask was charged with chlorosulfonyl isaegte (1 mL, 11 mmol) and
dichloromethane (10 mL). The mixture was coole@ f& andtert-Butanol (1 mL, 11
mol) in dichloromethane (1 mL) was added dropwisa eate so that the temperature
did not exceed 10 °C. The resulting solution wasest at room temperature for
30-60 min to provideert-butyl [chlorosulfonyl]carbamate solution.
N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-sulfamoylpiperidin-3-yl)methyl)a
mino)-1,2,5-oxadiazole-3-carboximidamide (8) Compound42d (405 mg, 0.78
mmol) was dissolved in 5 mL THF and/5NaOH solution (1 mL, 5.5 mmol) was
added. The reaction was stirred for 3h at room tFatpre. Then 20 mL EtOAc was

poured into the mixture and the organic layer wasived by brine for three times.



The desired produc8 was obtained after the purification by silica galumn

chromatography as a white solid (265 mg, 69%).

N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-sulfamoylpiperidin-2-yl)methyl)a
mino)-1,2,5-oxadiazole-3-carboximidamide (7)

White solid (yield: 53%). HPLC purity: 98.28%. m.j0 - 72°C.*H NMR (500 MHz,
DMSO-dg) 5 11.42 (s, 1H), 8.86 (s, 1H), 7.21 — 7.07 (m, B4J9 (dt,J = 8.9, 3.5 Hz,
1H), 6.66 (s, 2H), 6.18 (dd,= 7.2, 5.1 Hz, 1H), 4.07 (d,= 6.9 Hz, 1H), 3.52 - 3.59
(m, 2H), 3.38 - 3.46 (m, 1H), 2.99 (t#i= 10.7, 4.9 Hz, 1H), 1.69 (dt= 13.6, 6.8 Hz,
1H), 1.54 (qJ = 13.9, 13.3 Hz, 5H)*C NMR (125 MHz, DMSOdg) 5 156.2, 154.3
(d, J = 237.5 Hz), 140.1, 139.8, 138.4 (b= 2.8 Hz), 125.3, 122.0 (d,= 7.1 Hz),
116.4 (d,J = 23.2 Hz), 107.5 (dJ = 22.0 Hz), 51.5, 43.3, 41.3, 25.3, 24.2, 19.0.
ESI-MS: m/z 489.7 [M-H] HRMS (ESI) calculated for C15H19BrFN704S [M]H
490.0314; found: 490.0311.
N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-sulfamoylpiperidin-3-yl)methyl)a
mino)-1,2,5-oxadiazole-3-carboximidamide (8)

White solid (yield: 49%). HPLC purity: 98.12%. m.p98 - 101°C. *H NMR (400
MHz, DMSO-dg) & 11.45 (s, 1H), 8.90 (s, 1H), 7.17 Jt= 8.8 Hz, 1H), 7.11 (dd] =
6.0, 2.7 Hz, 1H), 6.77-6.71 (m, 1H), 6.70 (s, 26127 (t,J = 5.9 Hz, 1H), 3.39 (dd]

= 11.9, 3.3 Hz, 1H), 3.35-3.25 (m ,1H), 3.12)& 6.6 Hz, 2H), 2.53-2.45 (m, 1H),
2.28 (t,J = 10.8 Hz, 1H), 1.95-1.83 (m, 1H), 1.77 — 1.65 {#), 1.65 — 1.57 (m, 1H),
1.44 (9,d = 12.0 Hz, 1H), 1.07 — 0.91 (m, 1H}C NMR (125 MHz, DMSOdg) &
156.3, 154.3 (dJ = 237.5 Hz), 140.4, 139.6, 138.4, 125.4, 122.0)(¢, 6.9 Hz),
116.5 (d,J = 23.4 Hz), 107.6 (dJ = 22.1 Hz), 50.2, 47.8, 46.9, 35.1, 27.7, 24.0.
ESI-MS: m/z 489.8 [M-H}] HRMS (ESI) calculated for C15H19BrFEN704S
[M-H*]:490.0314; found: 490.03109.

N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-sulfamoylpiperidin-4-yl)methyl)a

mino)-1,2,5-oxadiazole-3-carboximidamide (9)



White solid (yield: 62%). HPLC purity: 95.66%. m.pl47 - 149°C. *H NMR (500
MHz, DMSO-dg) & 11.46 (s, 1H), 8.89 (s, 1H), 7.19 Jt= 8.7 Hz, 1H), 7.12 (dd] =
6.1, 2.7 Hz, 1H), 6.78 (ddd,= 8.9, 4.2, 2.7 Hz, 1H), 6.69 (s, 2H), 6.28](t 5.9 Hz,
1H), 3.47 (dJ = 11.7 Hz, 2H), 3.11 (§ = 6.2 Hz, 2H), 2.50 — 2.43 (m, 2H), 1.74 —
1.63 (m, 2H), 1.31 — 1.07 (m, 3HJC NMR (125 MHz, DMSOd,) § 156.2, 154.3 (d,

J = 237.5 Hz), 140.5, 139.6, 138.4, 125.5, 122.00(d,7.2 Hz), 116.4 (dJ = 23.2
Hz), 107.6 (dJ = 22.0 Hz), 49.5, 46.2, 34.6, 29.0. ESI-MS: m/2.8dM-H]; HRMS
(ESI) calculated for CI5H19BrFN704S [M#}4492.0459; found: 492.0466.

N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(methylsulfonyl)piperidin-3-yl)m
ethyl)amino)-1,2,5-oxadiazole-3-carboximidamide (90

White solid (yield: 67%). HPLC purity: 99.05%. m.p140 - 142°C. *H NMR (600
MHz, DMSO-dg) & 11.44 (s, 1H), 8.91 (s, 1H), 7.17 Jt= 8.8 Hz, 1H), 7.11 (dd] =
6.1, 2.7 Hz, 1H), 6.74 (ddd,= 8.9, 4.1, 2.7 Hz, 1H), 6.30 (@,= 6.0 Hz, 1H), 3.48
(dd,J = 11.6, 3.8 Hz, 1H), 3.41 (di,= 11.6, 4.1 Hz, 1H), 3.05 - 3.19 (m, 2H), 2.81 (s,
3H) 2.68 (td,J = 11.5, 3.1 Hz, 1H), 2.46 (dd,= 11.6, 10.1 Hz, 1H), 1.89 (ddd=
10.4, 7.2, 3.5 Hz, 1H), 1.72 (dp,= 13.2, 3.5 Hz, 1H), 1.68 — 1.61 (m, 1H), 1.50 —
1.38 (m, 1H), 1.03 (dtd] = 12.9, 11.2, 3.8 Hz, 1H}°C NMR (150 MHz, DMSOds)

§ 156.4, 154.3 (d) = 237.5 Hz), 140.5, 139.5, 138.3 (& 2.8 Hz), 125.4 , 122.0 (d,
J=7.1Hz), 116.5 (d] = 23.2 Hz), 107.6 (d] = 22.0 Hz), 49.5, 47.5, 46.4, 35.3, 34.3,
27.6, 24.3. ESI-MS: m/z 489.7 [M-H} HRMS (ESI) -calculated for
C16H20BrFN604S [M+H): 491.0507; found: 491.0513.
N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(methylsulfonyl)piperidin-2-yl)m
ethyl)amino)-1,2,5-oxadiazole-3-carboximidamide (31

White solid (yield: 43%). HPLC purity: 96.91%. m.B5 - 87°C.*H NMR (600 MHz,
DMSO-dg) § 11.60 — 11.32 (m, 1H), 8.87 (s, 1H), 7.14)(t 8.7 Hz, 1H), 7.10 (dd]

= 6.1, 2.7 Hz, 1H), 6.74 (ddd,= 8.9, 4.1, 2.7 Hz, 1H), 6.27 (= 6.3 Hz, 1H), 4.22
—3.99 (m, 1H), 3.53-3.59 (m, 2H), 3.35 (dt= 13.5, 6.6 Hz, 1H), 3.13 — 3.03 (m,
1H), 2.91 (s, 3H), 1.50-1.60 (m, 5H), 1.39 (dbg 19.9, 12.2, 5.6 Hz, 1H}°C NMR
(150 MHz, DMSOsdg) 6 156.1, 154.2 (dJ = 237.5 Hz), 140.4, 139.7, 138.4 (HF



2.8 Hz), 125.3, 121.9 (d,= 6.9 Hz), 116.4 (dJ = 23.2 Hz), 107.6 (d] = 22.0 Hz),
50.7, 43.6, 40.8, 40.6, 25.9, 25.0, 1&S%I-MS: m/z 489.7 [M-H} HRMS (ESI)
calculated for C16H20BrFN604S [M+H 491.0507; found: 491.0497.

N-(3-bromo-4-fluorophenyl)-4-(((1-((difluoromethyl)sulfonyl)piperidin-3-yl)meth
yl)amino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (12)

White solid (yield: 47%). HPLC purity: 95.10%. m.p5 - 67°C.*H NMR (600 MHz,
DMSO-dg) & 11.46 (s, 1H), 8.92 (s, 1H), 7.15Jt= 8.7 Hz, 1H), 7.11 (dd} = 6.1, 2.7
Hz, 1H), 7.08 () = 52.8 Hz), 6.73 (ddd] = 8.9, 4.1, 2.7 Hz, 1H), 6.34 (= 6.1 Hz,
1H), 3.67 (ddJ = 12.9, 4.0 Hz, 1H), 3.62 (dd,= 12.6, 3.8 Hz, 1H), 3.12 (1,= 7.1
Hz, 2H), 3.07 — 3.00 (m, 1H), 2.83 (dii= 12.8, 10.3 Hz, 1H), 1.87 (ddp= 10.4,
7.1, 3.3 Hz, 1H), 1.77 — 1.64 (m, 2H), 1.48 — 1(3% 1H), 1.14 (dddt) = 16.5, 12.4,
5.3, 3.3 Hz, 1H)!*C NMR (150 MHz, DMSOds) & 156.3, 154.3(dJ = 237.5 Hz),
140.5, 139.4, 138.3, 125.4, 121.90¢; 7.1 Hz), 114.7 () = 277.5 Hz), 113.8 (d =
278.0 Hz), 107.6 (d) = 22.1 Hz), 49.8, 47.1, 46.9, 35.7, 27.2, 24°8.NMR (470
MHz, Methenoley) & -117.7, -124.11. ESI-MS: m/z 542.8 [M-HHRMS (ESI)
calculated for C16H17BrF4N604S [M+H545.0224; found: 545.0223.

N-(3-bromo-4-fluorophenyl)-4-(((1-(ethylsulfonyl)piperidin-3-yl)methyl)amino)-
N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (13)

White solid (yield: 63%). HPLC purity: 96.80%. m.p139 - 141°C.’"H NMR (500

MHz, DMSO-dg) & 11.48 (s, 1H), 8.89 (s, 1H), 7.18 Jt= 8.8 Hz, 1H), 7.13 (dd] =
6.1, 2.7 Hz, 1H), 6.77 (df,= 9.0, 3.4 Hz, 1H), 6.31 (4, = 6.0 Hz, 1H), 3.53 (dd] =
11.9, 3.8 Hz, 1H), 3.46 — 3.48 (m, 18)21 — 3.10 (m, 2H), 3.00 (d,= 7.3 Hz, 2H),
2.80 (td,J = 11.4, 2.7 Hz, 1H), 2.59 (dd= 11.9, 9.9 Hz, 1H), 1.88 (dtd,= 13.8, 7.0,
3.5 Hz, 1H), 1.79 — 1.59 (m, 2H), 1.43 (gcs 10.8, 4.1 Hz, 1H), 1.20 (,= 7.4 Hz,
3H), 1.09 (td,J = 10.8, 7.7 Hz, 1H)C NMR (125 MHz, DMSO-d6) 156.3, 154.3 (d,
J = 237.5 Hz), 140.5, 139.6, 138.3 (¢= 2.8 Hz), 125.4, 122.0 (d,= 6.9 Hz), 116.4
(d, J = 23.1 Hz), 107.6 (d] = 22.0 Hz), 49.3, 47.4, 46.3, 43.0, 35.6, 27.6628.0.



ESI-MS: m/z 502.9 [M-H] HRMS (ESI) calculated for C16H20BrFN604S [M]H
503.0518; found: 503.0522.

N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(N-methylsulfamoyl)piperidin-3-
yl)methyl)amino)-1,2,5-oxadiazole-3-carboximidamidg€14)

White solid (yield: 62%). HPLC purity: 98.27%. m.p160 — 162°C."H NMR (400
MHz, DMSO-dg) & 11.48 (s, 1H), 8.94 (s, 1H), 7.18 (t, J = 8.8 H4), 7.13 (dd, J =
6.1, 2.7 Hz, 1H), 7.06 (g, J = 4.9 Hz, 1H), 6.7dddJ = 8.9, 4.2, 2.7 Hz, 1H), 3.45
(dd, J = 11.9, 3.8 Hz, 1H), 3.33 — 3.39 (m, 1H203- 3.08 (M, 2H), 2.67 (td, J = 11.4,
2.7 Hz, 1H), 2.49 (d, J = 4.9 Hz, 4H), 2.47 - 2(6% 1H), 1.89 (ddt, J = 10.2, 6.7, 3.4
Hz, 1H), 1.76 — 1.59 (m, 2H), 1.52 — 1.38 (m, 1H)}2 — 0.98 (m, 1H)!3C NMR
(100 MHz, DMSOdg) & 156.3, 154.2 (dJ = 239.5 Hz), 140.4, 139.5, 138.3, 125.4 ,
121.9 (d,J = 6.8 Hz), 116.4 (d) = 23.2 Hz), 107.5 (d] = 22.1 Hz), 49.6, 47.5, 46.5,
35.2, 29.4, 27.6, 24.2. ESI-MS: m/z 503.9 [M:HHRMS (ESI) calculated for
C16H21BrFN704S [M-H|: 504.0470; found: 504.0487.

N-(3-bromo-4-fluorophenyl)-4-(((1-(cyclopropylsulforyl)piperidin-3-yl)methyl)a
mino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide (15)

White solid (yield: 49%). HPLC purity: 95.45%. m.p128 - 130°C.*H NMR (500
MHz, DMSO-<g) & 11.43 (s, 1H), 8.91 (s, 1H), 7.19 Jt= 8.8 Hz, 1H), 7.13 (dd] =
6.0, 2.7 Hz, 1H), 6.77 (ddd,= 9.0, 4.2, 2.7 Hz, 1H), 6.32 (@,= 6.0 Hz, 1H), 3.55
(dd,J = 11.9, 3.7 Hz, 1H), 3.49 (dd,= 10.0, 5.9 Hz, 1H), 3.15 (td,= 6.6, 3.7 Hz,
2H), 2.82 (tdJ = 11.5, 2.8 Hz, 1H), 2.60 (dd,= 11.8, 10.1 Hz, 1H), 2.56 — 2.52 (m,
1H), 1.91 (ddd,) = 10.4, 6.8, 3.6 Hz, 1H), 1.71 (ddtz 23.8, 13.2, 3.8 Hz, 2H), 1.46
(tdt, J=10.9, 7.1, 3.6 Hz, 1H), 1.09 (q#l= 11.3, 3.5 Hz, 1H), 0.96 (di,= 8.0, 3.1
Hz, 2H), 0.90 (ttJ = 4.8, 2.6 Hz, 2H)*C NMR (125 MHz, DMSOdg) & 156.4,
154.3 (d,J = 239.5 Hz), 140.5, 139.5, 138.4, 125.4, 122.Q(@,7.0 Hz), 116.5 (dJ

= 23.5 Hz), 107.6 (dJ = 22.3 Hz), 49.9, 47.5, 46.8, 35.5, 27.6, 25.6524.3.
ESI-MS: m/z515.0[M-H"]. HRMS (ESI) calculated for C18H22BrFN604S [M+H+]:



517.0663; found: 517.0675.
N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(pyrrolidin-1-ylsulfonyl)piperidin
-3-yl)methyl)amino)-1,2,5-oxadiazole-3-carboximidande (16)

White solid (yield: 36%). HPLC purity: 95.27%. m.p166 — 168°C. *H NMR (500
MHz, DMSO-<g) & 11.48 (s, 1H), 8.89 (s, 1H), 7.18 Jt= 8.8 Hz, 1H), 7.12 (dd] =
6.1, 2.7 Hz, 1H), 6.77 (ddd,= 9.0, 4.1, 2.7 Hz, 1H), 6.33 (@,= 6.0 Hz, 1H), 3.47
(dd,J = 12.4, 4.2 Hz, 2H), 3.22 — 3.07 (m, 6H), 2.77 &d 11.5, 2.7 Hz, 1H), 2.57
(dd,J = 11.9, 10.0 Hz, 1H), 1.88 (ddd= 10.4, 6.8, 3.5 Hz, 1H), 1.86 — 1.76 (m, 4H),
1.75 — 1.61 (m, 2H), 1.43 (tdd= 11.6, 5.9, 3.0 Hz, 1H), 1.08 (qii= 12.0, 11.3, 3.2
Hz, 1H).%C NMR (125 MHz, DMSOds) & 156.3, 154.3 (dJ = 239.5 Hz), 140.4,
139.5, 138.4 (dJ) = 2.9 Hz), 125.4, 121.9 (d, = 7.0 Hz), 116.4 (dJ = 23.2 Hz),
107.6 (d,J = 22.0 Hz), 49.9, 48.5, 47.4, 46.9, 35.4, 27.66234.4.ESI-MS: m/z
543.9 [M-H]. HRMS (ESI) calculated for C19H25BrFN704S [M#H546.0929;
found: 546.0937.

N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(phenylsulfonyl)piperidin-3-yl)m
ethyl)amino)-1,2,5-oxadiazole-3-carboximidamide (37

White solid (yield: 66%). HPLC purity: 95.46%. m.p194 - 196°C. *H NMR (600
MHz, DMSO-ds) & 11.45 (s, 1H), 8.91 (s, 1H), 7.74 — 7.67 (m, 3HH6 — 7.58 (m,
2H), 7.19 — 7.03 (m, 2H), 6.74 (ddbi= 8.9, 4.2, 2.7 Hz, 1H), 6.30 = 6.0 Hz, 1H),
3.49 (ddJ = 11.6, 3.7 Hz, 1H), 3.47 — 3.41 (m, 2H), 3.07,(th 19.9, 6.4 Hz, 2H),
2.27 (td,J = 11.4, 3.0 Hz, 1H), 2.08 (,= 10.8 Hz, 1H), 1.87 (ddd,= 10.4, 7.2, 4.0,
3.6 Hz, 1H), 1.66 (dt) = 12.9, 3.7 Hz, 1H), 1.54 (di,= 13.4, 4.1 Hz, 1H), 1.48 —
1.29 (m, 1H), 0.98 — 0.74 (m, 1HFC NMR (150 MHz, DMSOdq) 5 156.3, 154.3 (d,
J=239.5 Hz), 140.5, 139.5, 138.3, 136.0, 133.6,9,2227.8, 125.4, 121.9 (A~ 7.2
Hz), 116.5 (dJ = 23.2 Hz), 107.6 (dl = 22.1 Hz), 50.0, 47.4, 46.9, 35.2, 27.2, 24.1.
ESI-MS: m/z 550.8 [M-H]. HRMS (ESI) calculated for C21H22BrFN604S [MH
553.0663; found: 553.0678.

N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((trans-3-(sulfamoylamino)cyclohexy



[)methyl)amino)-1,2,5-oxadiazole-3-carboximidamid€18)

White solid (yield: 58%). HPLC purity: 95.71%. m.p4 - 86°C."H NMR (500 MHz,
DMSO-dg) 5 11.47 (s, 1H), 8.87 (s, 1H), 7.19Jt 8.8 Hz, 1H), 7.13 (ddl = 6.0, 2.7
Hz, 1H), 6.78 (ddd) = 9.0, 4.2, 2.7 Hz, 1H), 6.43 (s, 2H), 6.40Jd; 6.3 Hz, 1H),
6.15 (t,J = 6.0 Hz, 1H), 3.47 (g, J = 4.8 Hz, 1H), 3.18J&; 4.0 Hz, 2H), 3.09 (1] =
6.5 Hz, 1H), 2.06 — 1.94 (m, 1H), 1.77 — 1.69 (id),11.69 — 1.61 (m, 1H), 1.60 —
1.48 (m, 2H), 1.47 — 1.39 (m, 1H), 1.30 (ddd; 13.3, 9.7, 3.6 Hz, 1H), 1.02 (qii=
11.3, 9.9, 5.3 Hz, 1H}3C NMR (125 MHz, DMSOds) & 156.3, 154.2 (dJ = 239.5
Hz) , 140.3, 139.8, 138.4, 125.4, 122.0X&,6.9 Hz), 116.4 (d] = 22.9 Hz), 107.5
(d,J=22.4 Hz), 49.5, 48.4, 35.6, 31.7, 31.5, 29.102E8SI-MS: m/z 503.8 [M-H].
HRMS (ESI) calculated for C16H21BrFN704S [M¥H506.0616; found: 506.0608.

N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-((2-(1-sulfamoylpiperidin-3-yl)ethyl)a
mino)-1,2,5-oxadiazole-3-carboximidamide (19)

White solid (yield: 63%). HPLC purity: 96.34%. m.p9 - 61°C. *H NMR (500 MHz,
DMSO-dg) & 11.46 (s, 1H), 8.87 (s, 1H), 7.18Jt= 8.7 Hz, 1H), 7.12 (dd = 6.1, 2.7
Hz, 1H), 6.79 (dddJ = 8.9, 4.1, 2.7 Hz, 1H), 6.68 (s, 2H), 6.19J(t 5.7 Hz, 1H),
3.38 — 3.30 (m, 2H), 3.25 (d4,= 6.8 Hz, 2H), 2.51-2.57 (m, 1H), 2.28Jt= 10.7 Hz,
1H), 1.73 (tdJ = 13.8, 4.0 Hz, 2H), 1.67 — 1.42 (m, 4H), 1.05.900(m, 1H).**C
NMR (125 MHz, DMSOek) 6 156.1 , 154.3 (d] = 239.5 Hz), 140.41, 139.7 138.4 (d,
J=2.8 Hz), 125.4 , 122.0 (d,= 7.0 Hz), 116.4 (d) = 23.2 Hz), 107.5 (d] = 22.0
Hz), 51.9,46.9,419, 32.8, 32.7, 29.9 , 2BA-MS: m/z 503.9 [M-H] HRMS
(ESI) calculated for CL6H21BrFN704S [M+H+]: 506.@61ound: 506.0623.
N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-sulfamoylpyrrolidin-3-yl)methyl)
amino)-1,2,5-oxadiazole-3-carboximidamide (20)

White solid (yield: 57%). HPLC purity: 99.14%. m.p112 - 115°C.*H NMR (400
MHz, DMSO-<g) & 11.44 (s, 1H), 8.90 (s, 1H), 7.17 Jt= 8.8 Hz, 1H), 7.10 (dd] =
6.2, 2.7 Hz, 1H), 6.81 — 6.66 (m, 3H), 6.36](t 5.8 Hz, 1H), 3.20 (tq] = 11.5, 6.4,
5.2 Hz, 4H), 3.13 — 3.03 (m, 1H), 2.86 (dds 10.0, 6.5 Hz, 1H), 2.53 (d,= 7.3 Hz,
1H), 1.90 (hJ = 6.6 Hz, 1H), 1.55 (dq] = 14.9, 7.6 Hz, 1H)**C NMR (125 MHz,



DMSO-ds) § 156.2, 154.3 (dJ = 239.5 Hz), 140.4, 139.6, 138.4 (d= 2.8 Hz), 125.4,
122.0 (dJ = 7.1 Hz), 116.5 (d] = 23.1 Hz), 107.5 (d] = 22.1 Hz), 51.5, 47.5, 47.1,
37.8, 29.0. ESI-MS: m/z 4759 [M'H HRMS (ESI) -calculated for
C14H17BrFN704S [M-H|: 476.0157; found: 476.0153.
N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(methylsulfonyl)pyrrolidin-2-yl)
methyl)amino)-1,2,5-oxadiazole-3-carboximidamide (@)

White solid (yield: 53%). HPLC purity: 97.64%. m.j#7 - 79°C.*H NMR (600 MHz,
DMSO-dg) § 11.49 (s, 1H), 8.89 (s, 1H), 7.18Jt= 8.7 Hz, 1H), 7.13 (dd = 6.1, 2.7
Hz, 1H), 6.78 (dt) = 8.9, 3.4 Hz, 1H), 6.27 (§,= 6.2 Hz, 1H), 3.90 (d{] = 6.7, 3.2
Hz, 1H), 3.58-3.56 (m, 1H),3.33 — 3.22 (m, 3H),12(8, 3H), 2.01 — 1.79 (m, 3H),
1.71 (dt,J = 11.1, 5.1 Hz, 1H):*C NMR (150 MHz, DMSOde) & 156.3, 154.2 (dJ =
239.5 Hz), 140.4, 139.8, 138.5 (U= 2.7 Hz), 125.4, 122.0 (d,= 6.9 Hz), 116.4 (d,
J=23.1 Hz), 107.5 (d] = 22.0 Hz), 58.5, 49.4, 48.6, 34.2, 29.2, 24.3-MS: m/z
474.9 [M-H]. HRMS (ESI) calculated for C15H18BrFN604S [M]H475.0205;
found: 475.0202.
N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(methylsulfonyl)pyrrolidin-3-yl)
methyl)amino)-1,2,5-oxadiazole-3-carboximidamide @)

White solid (yield: 46%). HPLC purity: 99.48%. m.p98 - 100°C. *H NMR (500
MHz, Acetoness) 5 10.31 (dJ = 1.3 Hz, 1H), 7.83 (s, 1H), 7.01 (dbz= 6.0, 2.7 Hz,
1H), 6.73 (ddd,) = 8.9, 4.2, 2.7 Hz, 1H), 5.99 (t= 6.0 Hz, 1H), 3.26 — 2.98 (m, 5H),
2.92 — 2.80 (m, 1H), 2.59 (s, 3H), 2.45 Jps 7.2 Hz, 1H), 1.84 (dtd] = 12.2, 7.3,
4.7 Hz, 1H), 1.50 (dgJ = 12.5, 7.8 Hz, 1H)**C NMR (125 MHz, Acetonel) 5
156.1, 154.5 (dJ = 239.5 Hz), 140.8, 139.2, 137.7 (ts 3.2 Hz), 126.7, 123.1 (d,

= 7.1 Hz), 115.8 (d) = 23.2 Hz), 107.3 (d] = 22.2 Hz), 51.0, 47.0, 46.5, 38.2, 32.9,
28.9. ESI-MS: m/z 474.8 [M-H] HRMS (ESI) calculated for C15H18BrFEN604S
[M+H"]: 477.0350; found: 477.0356.
(S)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-sulfamoylpyrrolidin-3-yl)met
hyl)amino)-1,2,5-oxadiazole-3-carboximidamide (23)

White solid (yield: 39%). HPLC purity: 97.57%. m.p126 — 128°C.*H NMR (500
MHz, DMSO-dg) 5 11.38 (s, 1H), 8.76 (s, 1H), 7.05 Jt= 8.8 Hz, 1H), 7.00 (dd] =



6.0, 2.7 Hz, 1H), 6.67 (ddd,= 8.9, 4.2, 2.7 Hz, 1H), 6.62 (s, 2H), 6.26)(t 5.9 Hz,
1H), 3.15 (dd,JJ = 10.0, 7.5 Hz, 1H), 3.03-3.17 (m, 3H), 3.01 (tt;, 9.8, 7.5 Hz, 1H),
2.78 (dd,J = 10.0, 6.6 Hz, 1H), 2.43 (d,= 7.3 Hz, 1H), 1.82 (dtd] = 12.3, 7.3, 4.9
Hz, 1H), 1.46 (dg) = 12.6, 7.6 Hz, 1H)*C NMR (125 MHz, DMSQde) & 156.2 ,
154.3 (d,J = 239.5 Hz), 140.4, 139.6, 138.4 (b= 2.8 Hz), 125.4 , 122.0 (d,= 7.1
Hz), 116.4 (dJ = 23.0 Hz), 107.5 (&) = 22.0 Hz), 51.5 , 47.5, 47.1, 37.8, 29.0.
ESI-MS: m/z 475.9 [M-H] HRMS (ESI) calculated for C14H17BrFN704S [MiH
476.0157; found: 476.0159.

(R)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-sulfamoylpyrrolidin-3-yl)met

hyl)amino)-1,2,5-oxadiazole-3-carboximidamide (24)
White solid (yield: 63%). HPLC purity: 98.89%. mpl124 — 127°C.*H NMR (600

MHz, DMSO-dg) & 11.49 (s, 1H), 8.90 (s, 1H), 7.16 Jt= 8.8 Hz, 1H), 7.10 (dd] =
6.1, 2.7 Hz, 1H), 6.76 (ddd,= 8.9, 4.2, 2.7 Hz, 1H), 6.73 (s, 2H), 6.38](§ 5.9 Hz,
1H), 3.25 (dd,) = 10.0, 7.4 Hz, 1H), 3.19 (ddd= 14.0, 7.7, 5.5 Hz, 3H), 3.10 (d,
= 9.8, 7.6 Hz, 1H), 2.87 (dd,= 10.0, 6.7 Hz, 1H), 2.53 (di,= 14.6, 7.3 Hz, 1H),
1.91 (dtd,J = 12.3, 7.3, 4.9 Hz, 1H), 1.56 (d§j= 12.4, 7.7 Hz, 1H)**C NMR (150
MHz, DMSO-<s) & 156.2, 154.3 (dJ = 239.5 Hz), 140.4, 139.6, 138.4 (05 2.8 Hz),
125.4, 122.0 (dJ = 7.0 Hz), 116.5 (d] = 23.3 Hz), 107.6 (d] = 22.0 Hz), 51.5, 47.5,
47.1, 37.8, 29.0. ESI-MS: m/z 475.9 [M-HJHRMS (ESI) calculated for
C14H17BrFN604S [M-H]: 476.0157; found: 476.0159.

(S)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-sulfamoylpiperidin-3-yl)meth

yl)amino)-1,2,5-oxadiazole-3-carboximidamide (25)

White solid (yield: 56%). HPLC purity: 99.63%. m.p149 - 151°C. *H NMR (500
MHz, DMSO-dg) 6 11.50 (s, 1H), 8.88 (s, 1H), 7.18Jt= 8.8 Hz, 1H), 7.13 (dd] =
6.1, 2.7 Hz, 1H), 6.77 (ddd,= 8.9, 4.1, 2.7 Hz, 1H), 6.71 (s, 2H), 6.29(% 6.0 Hz,



1H), 3.39-3.49 (m, 1H), 3.33 (dd= 10.2, 5.5 Hz, 1H), 3.15 d,= 6.8 Hz, 2H), 2.54
(dd,J = 11.5, 3.0 Hz, 1H), 2.32 (@,= 10.7 Hz, 1H), 1.93 (ddd,= 10.4, 7.2, 3.6 Hz,
1H), 1.73 (dt.J = 13.3, 3.6 Hz, 1H), 1.64 (dt,= 12.4, 4.0 Hz, 1H), 1.46 (tdd= 15.2,
7.7,3.9 Hz, 1H), 1.10 — 0.94 (m, 1HC NMR (125 MHz, DMSOdg) 5 156.3 ,

154.3 (dJ = 239.5 Hz), 140.4, 139.6, 138.4 (&= 2.7 Hz), 125.4, 122.0 (d,= 6.9

Hz), 116.5 (dJ = 23.4 Hz), 107.6 (dl = 22.0 Hz), 50.1, 47.8, 46.9, 35.0, 27.7, 24.0.
ESI-MS: m/z 489.8 [M-H] HRMS (ESI) calculated for C15H19BrFN704S [M}H
490.0314; found: 490.0319.

(R)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-sulfamoylpiperidin-3-yl)meth
yl)amino)-1,2,5-oxadiazole-3-carboximidamide (26)

White solid (yield: 54%). HPLC purity: 97.30%. m.p153 - 155°C. *H NMR (500
MHz, DMSO-<g) & 11.46 (s, 1H), 8.90 (s, 1H), 7.19 Jt= 8.8 Hz, 1H), 7.13 (dd] =
6.1, 2.7 Hz, 1H), 6.77 (ddd,= 8.9, 4.1, 2.7 Hz, 1H), 6.71 (s, 2H), 6.28](t 6.0 Hz,
1H), 3.39-3.49 (m, 1H), 3.42 (dd= 11.4, 3.6 Hz, 1H), 3.15 (td,= 6.6, 2.2 Hz, 2H),
2.54 (ddJ = 11.7, 3.0 Hz, 1H), 2.31 @,= 10.7 Hz, 1H), 1.93 (ddd,= 14.1, 7.2, 3.4
Hz, 1H), 1.73 (dddJ = 10.9, 7.3, 3.6 Hz, 1H), 1.65 (ddl= 13.5, 4.2 Hz, 1H), 1.47
(qt, J = 11.0, 3.8 Hz, 1H), 1.01 (gd, = 11.4, 3.8 Hz, 1H)**C NMR (125 MHz,
DMSO-ds) 5 156.3, 154.3 (d] = 239.5 Hz), 140.4, 139.6, 138.4, 125.4, 122.00(d,
7.0 Hz), 116.5 (dJ = 23.3 Hz), 107.6 (d] = 22.0 Hz), 50.2, 47.8, 46.9, 35.1, 27.7,
24.0. ESI-MS: m/z 489.9 [M-H] HRMS (ESI) calculated for GH19BrFN704S
[M-H™]: 490.0314; found: 490.0317.
(S)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-sulfamoylpiperidin-2-yl)meth
yl)amino)-1,2,5-oxadiazole-3-carboximidamide (27)

White solid (yield: 61%). HPLC purity: 98.08%. m.f#8 - 80°C.*H NMR (600 MHz,
DMSO-dg) § 11.44 (s, 1H), 8.89 (s, 1H), 7.15Jt= 8.8 Hz, 1H), 7.13 (dd = 6.1, 2.7
Hz, 1H), 6.76 (dtJ) = 9.1, 3.3 Hz, 1H), 6.67 (s, 2H), 6.18 (dds 7.2, 5.0 Hz, 1H),
4.05 (dd,J = 9.5, 4.4 Hz, 1H), 3.51 — 3.57 (m, 2H), 3.40 (& 14.0, 7.3 Hz, 1H),
2.98 (td,J = 10.8, 5.0 Hz, 1H), 1.75 — 1.63 (m, 1H), 1.46.581(m, 5H).**C NMR
(151 MHz, DMSOeég) 6 156.2, 154.2 (d) = 239.5 Hz), 140.4 , 139.7 , 138.4 {d=



2.8 Hz), 125.3, 122.0 (d,= 6.8 Hz), 116.4 (dJ = 23.2 Hz), 107.6 (d] = 22.0 Hz),
51.4, 43.2, 41.3, 25.2, 24.2, 198I-MS: m/z 489.9 [M-H] HRMS (ESI) calculated
for C15H19BrFN704S [M+H: 492.0459; found: 492.0453.

(S)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(methylsulfonyl)pyrrolidin-2-

yl)methyl)amino)-1,2,5-oxadiazole-3-carboximidamidg28)

White solid (yield: 36%). HPLC purity: 97.34%. m.p125 -127°C. *H NMR (600
MHz, DMSO-dg) & 11.48 (s, 1H), 8.87 (s, 1H), 7.16 Jt= 8.7 Hz, 1H), 7.12 (dd] =
6.1, 2.7 Hz, 1H), 6.77 (ddd,= 8.9, 4.2, 2.7 Hz, 1H), 6.26 @,= 6.2 Hz, 1H), 3.89
(tdd,J = 7.5, 5.5, 3.4 Hz, 1H), 3.34 (,= 5.9 Hz, 1H), 3.32 — 3.21 (m, 3H), 2.05 —
1.77 (m, 3H), 1.76 — 1.60 (m, 1HC NMR (150 MHz, DMSOdg) 5 156.3, 154.2,
140.3, 139.8, 138.5 (d,= 2.7 Hz), 125.4, 122.0 (d,= 7.1 Hz), 116.4 (d) = 23.2
Hz), 107.5 (dJ = 21.9 Hz), 58.5, 49.4, 48.6, 34.2, 29.2, 24.3|-MS: m/z 474.8
[M-H™]. HRMS (ESI) calculated for C15H18BrFN604S [M]H475.0205; found:
475.0199.

(R)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(methylsulfonyl)pyrrolidin-2-
yl)methyl)amino)-1,2,5-oxadiazole-3-carboximidamidg29)

White solid (yield: 47%). HPLC purity: 97.96%. m.p128 -131°C. *H NMR (500
MHz, DMSO-dg) 5 11.48 (s, 1H), 8.87 (s, 1H), 7.18 Jt= 8.8 Hz, 1H), 7.14 (dd] =
6.1, 2.7 Hz, 1H), 6.92 — 6.72 (m, 1H), 6.27)& 6.2 Hz, 1H), 3.92 (dd] = 6.6, 3.3
Hz, 1H), 3.42 — 3.37 (m, 1H), 3.34 — 3.24 (m, 3RB2 (s, 3H), 2.01 — 1.78 (m, 3H),
1.73 (dt,J = 10.5, 4.9 Hz, 1H)*C NMR (125 MHz, DMSOdg) & 156.3, 154.3 (d] =
239.5 Hz), 140.3, 139.8, 138.5 (= 2.8 Hz), 125.4, 122.0 (d,= 7.1 Hz), 116.4 (d,
J=23.1 Hz), 107.5 (d] = 21.9 Hz), 58.5, 49.3, 48.6, 34.3, 29.2, 24.3-MS: m/z
474.8 [M-H]. HRMS (ESI) calculated for C15H18BrFN704S [M]H475.0205;
found: 476.0212.

(S)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(methylsulfonyl)pyrrolidin-3-



yl)methyl)amino)-1,2,5-oxadiazole-3-carboximidamidg30)

White solid (yield: 41%). HPLC purity: 99.13%. m.p145 - 147°C.*H NMR (600
MHz, DMSO-<g) & 11.44 (s, 1H), 8.91 (s, 1H), 7.17 Jt= 8.8 Hz, 1H), 7.10 (dd] =
6.1, 2.7 Hz, 1H), 6.76 (ddd,= 8.9, 4.2, 2.7 Hz, 1H), 6.39 (= 5.9 Hz, 1H), 3.33 —
3.28 (m, 2H), 3.21 (dtd} = 14.1, 7.4, 6.7, 3.2 Hz, 3H), 2.95 (dds 10.0, 6.9 Hz, 1H),
2.88 (s, 3H), 2.56 (@ = 7.2 Hz, 1H), 1.94 (dtd} = 12.0, 7.2, 4.9 Hz, 1H), 1.60 (d§,
=12.4, 7.8 Hz, 1H)**C NMR (150 MHz, DMSOdg) & 156.2, 154.3 (d] = 239.5 Hz),
140.5, 139.5, 138.3, 125.4, 122.0Jd; 6.8 Hz), 116.5 (d] = 23.3 Hz), 107.6 (d] =
21.9 Hz), 51.3, 47.4, 46.6, 38.2, 33.6, 29.2. ES:Mh/z 474.8 [M-H] HRMS (ESI)
calculated for CI5H18BrFN704S [M-H 475.0205; found: 476.0198.

(R)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(methylsulfonyl)pyrrolidin-3-
yl)methyl)amino)-1,2,5-oxadiazole-3-carboximidamidg31)

White solid (yield: 38%). HPLC purity: 97.96%. m.pl44 - 146°C. *H NMR (500
MHz, DMSO-<g) & 11.40 (s, 1H), 8.90 (s, 1H), 7.19 Jt= 8.8 Hz, 1H), 7.12 (dd] =
6.2, 2.7 Hz, 1H), 6.79 (df,= 7.9, 3.4 Hz, 1H), 6.40 (,= 6.0 Hz, 1H), 3.03 - 3.35 (m,
2H), 3.19 - 3.28 (m, 3H), 2.98 (dd= 10.1, 7.0 Hz, 1H), 2.90 (s, 3H), 2.58 (hebt,
6.2, 5.1 Hz, 1H), 1.98 (df = 12.8, 6.4 Hz, 1H), 1.63 (dd,= 15.3, 8.1 Hz, 1H)**C
NMR (125 MHz, DMSOe€) 6 156.2, 154.3 (dJ = 239.5 Hz), 140.5, 139.6, 138.3,
125.4,122.0 (d, J = 7.0 Hz), 116.5 (d, J = 23.3 #@7.6 (d, J = 22.0 Hz), 51.3, 47.4,
46.6, 38.2, 33.7, 29.2. ESI-MS: m/z 474.8 [M-HHRMS (ESI) calculated for
C15H18BrFN704S [M-H|: 477.0350; found: 477.0356.

(S)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(methylsulfonyl)piperidin-3-y
)methyl)amino)-1,2,5-oxadiazole-3-carboximidamid€32)

White solid (yield: 62%). HPLC purity: 99.48%. m.f.50 — 152°C. *H NMR (500
MHz, DMSO-<g) & 11.46 (s, 1H), 8.90 (s, 1H), 7.19 Jt= 8.7 Hz, 1H), 7.13 (dd] =
6.1, 2.7 Hz, 1H), 6.77 (ddd,= 8.9, 4.1, 2.7 Hz, 1H), 6.31 @,= 6.0 Hz, 1H), 3.50
(dd,J = 11.9, 3.9 Hz, 1H), 3.42 (dd,= 10.2, 5.8 Hz, 1H), 3.16 (ddt= 10.1, 6.5, 4.0
Hz, 2H), 2.84 (s, 3H), 2.71 (td,= 11.3, 2.9 Hz, 1H), 2.50 — 2.46 (m, 1H), 1.92t(dd



= 10.5, 6.8, 3.6 Hz, 1H), 1.74 (dt,= 13.4, 3.7 Hz, 1H), 1.70 — 1.62 (m, 1H), 1.47
(tdd,J = 11.2, 8.0, 3.8 Hz, 1H), 1.12 — 0.97 (m, 1HE NMR (125 MHz, DMSOds)

§ 156.4, 154.3 (dJ = 239.5 Hz), 140.5, 139.5, 138.3 (k= 2.9 Hz), 125.4, 122.0 (d,
J=6.9 Hz), 116.5 (d] = 23.3 Hz), 107.6 (d] = 22.0 Hz), 49.5, 47.5, 46.4, 35.3, 34.4,
275, 243. ESI-MS: m/z 488.8 [M-H] HRMS (ESI) calculated for
C16H20BrFN604S [M+H): 491.0504; found: 491.0507.

(R)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-(((1-(methylsulfonyl)piperidin-3-y
[)methyl)amino)-1,2,5-oxadiazole-3-carboximidamid€33)

White solid (yield: 61%). HPLC purity: 97.69%. m.f53 — 155°C. *H NMR (500
MHz, DMSO-dg) & 11.49 (s, 1H), 8.90 (s, 1H), 7.18 Jt= 8.7 Hz, 1H), 7.13 (dd] =
6.1, 2.7 Hz, 1H), 6.77 (ddd,= 8.8, 4.1, 2.7 Hz, 1H), 6.32 (,= 6.0 Hz, 1H), 3.50
(dd,J = 11.6, 3.7 Hz, 1H), 3.43 (d,= 11.8 Hz, 1H), 3.16 (ddd,= 12.8, 6.9, 4.1 Hz,
2H), 2.84 (s, 3H), 2.71 (td,= 11.4, 2.9 Hz, 1H), 2.49 (d,= 11.1 Hz, 1H), 1.91 (ddt,
J=10.3, 7.2, 3.6 Hz, 1H), 1.80 — 1.70 (m, 1H)81(6d,J = 13.4, 4.0 Hz, 1H), 1.46
(tdd,J = 14.7, 9.5, 3.8 Hz, 1H), 1.13 — 0.99 (m, 1HL NMR (125 MHz, DMSOds)

§ 156.3, 154.3 (d] = 239.5 Hz), 140.5, 139.5, 138.4 (k= 2.8 Hz), 125.4 , 122.0 (d,
J=7.0Hz), 116.5 (d] = 23.2 Hz), 107.6 (d] = 22.0 Hz), 50.0, 47.5, 46.4, 35.3, 34.4,
275, 243. ESI-MS: m/z 488.8 [M-H] HRMS (ESI) calculated for
C16H20BrFN604S [M-H|: 489.0361; found: 476.0351.
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