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ABSTRACT

The C-X-C motif ligand 8 and C-X-C chemokine rece® (CXCL8-CXCR?2) axis is involved
in pathogenesis of various diseases including nmit@tion and cancers. Various CXCR2
antagonists are under development for several shse®ur previous high-throughput cell-based
assay specific for CXCR2 has identified a pyrimedlased compound CX797 acting on
CXCR2 down-stream signaling. A lead optimizationmpaign through scaffold-hopping
strategy led to a series oftBioureidahiophene-3-carboxylates (TUJPas novel CXCR2
antagonists. Structure-activity relationship stefiyfUTPs led to the identification of compound
52 that significantly inhibited CXCR2-mediatefl-arrestin recruitment signaling @& =
1.140.01 pM) with negligible effect on CXCL8-mediateAMP signaling and calcium flux.
Similar to the known CXCR2 antagonist SB265610, gound 52 inhibited CXCL8-CXCR2

induced phosphorylation of ERK1/2. TUTP compount® anhibited CXCL8-mediated cell



migration and showed synergy with doxorubicin inaw&n cancer cells, thereby supporting

TUTPs as promising compounds for cancer treatment.
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INTRODUCTION

CXCR2 is a member of the seven transmembrane @iprobupled receptor (GPCR) family
expressed on immune cells, endothelial cells, epghcells, as well as various types of cancer
cells’ CXCR2 mediates its downstream biological effeqtsrubinding with high affinity to
CXCLS8 as well as other ELRGIlu4-Leu5-Arg6)-containing chemokines including CX1, 2, 3,
5,6 and 7.

The CXCL8-CXCR2 axis is involved in the pathogeresif various diseases including
inflammation and cancers. As the first and mosrisively studied chemokine, CXCL8 plays an
essential role in the recruitment and migratiomeditrophils during inflammatory process, thus
the modulation of this pathway is beneficial in ttreatment of various diseases including
chronic obstructive pulmonary disorder (COPD), msth cystic fibrosis and arthritfsThe
secretion of CXCL8 and its activation of CXCR2 afeo increasingly recognized as key factors
for tumor growth, invasion, angiogenesis and matast CXCR2 signaling is important for the
microenvironment of select tumor types and has gulatory effect on cancer stem cells
proliferation and self-renewal? While overexpression of CXCL8 is associated witesal late
stage diseases, CXCR2 expression level is cordelgitd prognosis and therapeutic outcome of

patients with colorectal cancerbladder cancet, hepatocellular carcinorhaand laryngeal



squamous cell carcinonfapregulation of CXCR2 in resistant cancer celefiralso indicates its
involvement in the development of resistance tonufteerapieS™ The multiple effects of
CXCL8 signaling within the tumor pathology sugg#sit the targeting of CXCL8-CXCR2 may
have important implications to halt cancer progmssand to sensitize tumor cells to
chemotherapies.

Given the importance of CXCR2 signaling pathwayniftammatory disorders and cancers, the
antagonists of CXCR2 have received increasing tttemmver the past twenty years:® Since
the discovery of the first small-molecule CXCR2agunists in 1998’ a number of CXCR2
antagonists have been developed and at least hitheerm have advanced to clinical stage for
COPD, asthma, arthritis and cancer treatments (€idy. Diarylureas SB656933 and danirixin
were tested in Phase | and Il clinical trial regivety for the treatment of COPE® The
bioisosteric replacement of the urea led to theeliggment of another series of CXCR2
antagonists with a squaramide core. Navarixin ftbia class exhibited significant anti-tumor
activity in melanoma and colon cancer mouse mddet$and it is now under Phase Il clinical
trial.”®> Several other antagonists with distinct structumetifs are also under clinical
development for the treatment of cancer and inflatony diseases. Repertaxin is tested as
single agent or in combination for the treatmenbidast cancer or symptoms associated with
organ transplantatiorfS. AZD8309, AZD5069 and AZD4721 are a series of 2-
(benzylthio)pyrimidines that have been testing fasal inflammation, COPD, asthma, and
prostate cancer. SX-682 is another close analog with a distincobar acid group that enhance
T cell activation and antitumor immunity and is ntsted in combination with pembrolizumab

in Phase I/l trial for metastatic melanofet’



Since the crystal structure of CXCR2 has not yetnbsolved, ligand-based drug design and
high-throughput screening are the most feasibleagmbes for discovery of CXCR2 antagonists.
We previously discovered a novel pyrimidine-basedhpgound CX797 as a potent CXCR2
signaling modulator through a high-throughput scieg of our in-house compound library.
CX797 inhibits CXCL8 mediated cAMP signaling g4 7.79 + 0.15 uM), receptor degradation
as well as cell migration, while stimulates CXCL@&diated3-arrestin recruitmerf® CX797 has

a planar polycyclic structure and relatively higbophilicity, which could be detrimental to its
drug-like properties like metabolic stability, bi@lability, and hERG binding induced
toxicity.?® *®Using the scaffold-hopping strategy, we openedtised polycyclic ring system of
CX797 to produce a series of compounds with thimwaed carboxylate moieties (Figure 2).
These compounds, namely 2-thioureidothiophene-Bexgtates, proved to be a novel class of
CXCR2 antagonists and exhibited a distinct prafiléghe CXCR2 inhibition assay. An extensive
SAR study was carried out and the detailed mechanfsaction regarding the CXCL8/CXCR2
signaling is presented. Its inhibition of CXCL8-ne#teéd cell migration and the synergistic effect

with doxorubicin further warrants its developmeunt treating cancers.
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Figure 1. Structures of representative CXCR2 antagonists
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Figure 2. Modification of CX797 using a scaffold-hopping apach

RESULTS AND DISCUSSION

Chemistry

As depicted in Scheme 1, the synthesis of the d@itkidothiophene-3-carboxylates and
carboxamides derivatives started with a one-pot d@eweaction employing cyclic ketones, 2-

cyanoacetates/2-cyanoacetamide, sulfur and morgh@s starting materials, leading to the



generation of 2-aminothiophene-3-carboxylates/caabode 2a-l. Compared to the standard
heated conditions in MeOH, EtOH, or DMF at 50-88°° neat condition under room
temperature provided improved yields2faverage yields 65% versus 31%). CompoRmwaas
then treated with the appropriate isothiocyanateaffiord 11, 26-28, 30-32, 36-40, 42 and 43.
Compound?29 was obtained through hydrolysis of tieet-butyl ester of31 by TFA. To facilitate
the modification on Rof the final compound<, was converted into isothiocyanate derivatve
that was reacted with various anilines/benzyl amiite yield 12-25, 44-50 and 52-56. To
synthesize compountll, intermediate2l was selectively protected with Fmoc on the pipe&d
moiety and then reacted with phenyl isothiocyantowed by the deprotection of piperidine
in DMF. Amides 33 and 35 were synthesized by a different scheme startioghfthe Boc
protection of the 2-amino group 8& to give 5, of which the ethyl ester was hydrolyzed in the
presence of NaOH under 80to give 6. Compoundé was then coupled with methyl amine or
benzylamine in the presence of HATU and DIEA. Thsulting compounda and b were
deprotected and subsequently reacted with pheotflicxzyanate to give the final compourgs
and35, respectively (Scheme 1).

Scheme 1Synthesis of 2-Thioureidothiophene-3-carboxylateiRdives
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2b -Ry...R;- = -CH(CH3)CH,CH,CHy- Rz=Pr X=0 2j -Rj...Rp- =-CHyCH,;N(CH3)CHy- R3='Bu X=0
o »L 2¢ -Rq...Ry- = -CH(CH3)CH,CHyCHy- R3='Bu X =0 2k -Rp...Ry- = -CHyCHoN(CHoPh)CH,- R3='Bu X=0
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HN | NH 2f -Ry...Rp- = -CH(CH3)CH,OCH,- R3='Bu X=0 3b -R;..Ry- =-CH(CH3)CH,CHoCHy-  R3='Bu X=0
S %NH 2g -Rj....Rp- = -CH;CH,OCH,- R;='Bu X=0 3¢ -Ry....Rp- =-CHyCH;OCH,- R3='Bu X=0
s 2h -R1'...R2- = -CHchchzo- R3 = tBLI X=0
41

11-28 -R;..Ry- = -CH(CH3)CH,CH,CHy- R3=Et X =0

11 Ry=Ph 20 Ry =4-NH,Ph 30-32 -R;....Rp- = -CH(CH3)CH,CH,CHy- Ry =Ph
12 Ry =4-F-Ph 21 R4=4-OH-Ph :

13 R4 =4-OMe-Ph 22 R4 =2-OH-Ph } i _

14 R, = 4-OCFy-Ph 23 R, =2-F-Ph : 22 Rz Xe

15 Ry = 4-NMey-Ph 24 R, =3-OMe-Ph : Rs=Bu X=0

16 R4 =4-Bu-Ph 25 R,=Bn 3 32 R3=H X=NH

17 R4 = 2,2-difluorobenzo[d][1,3]dioxole-5-yl 26 R, = pyrazine '

18 Ry = 3,4-di-OMe-Ph 27 Ry = benzoyl :

19 R4 =4-CF3-Ph 28 R4 =-C(=0)OEt 3

36-40,42,43 Ry='Bu Ry=Ph X=0 | 44-50 -Ry..Rp- = -CH(CHg)CH,CHCHy- Ry ='Bu X =0 | 52-56 -Ry..Rp- = -CH,CH;OCHy- Ry='Bu X =0

36 -Rq...Ry- = -CHCH,CH,CHa- 44 R4 =3-OMe-Ph 52 R4 = 4-F-Ph

37 -Ry...Rp- = -CH(CH;3)CH,OCH,- 45 R4 =4-OCF3-Ph 53 R4 =4-OCF3-Ph

38 -Ry...Rz = -CHCH,OCH,- 1 46 R, =4-O'Bu-Ph ! 54 R, = 3,4-di-OMe-Ph

39 -Rq...Ry- = -CHyCH,CH,O- : 47 R4 =4-OPh-Ph 3 55 R, = (S)-1-phenylethan-1-yl
40 -Rq..Rz- = -CH;0C(CHj3),CH,- 1 48 Ry = 4-(4-methylpiperazin-1-yl)-Ph : 56 R4 = (R)-1-phenylethan-1-yl
42 -Rq....Ry- = -CHCHaN(CH3)CHo- ' 49 R4 = 3,4-di-OMe-Ph '

43 -Rq...Rp- = -CH2CHN(CH,Ph)CH,- 50 R, = 2,2-difluorobenzo[d][1,3]dioxole-5-yl

#Reagents and conditions: (a) 2-cyanoacetates gai@eacetamide, sulfur, morpholine, rt; (b)
isothiocyanates, pyridine, 60; (c) TFA, DCM, rt; (d) thiophosgene, Cag@CM, HO, rt; e)
amines, pyridine, 607; (f) Fmoc-Cl, NaCQOs, dioxane, HO, rt; (g) phenyl isothiocyanate,

pyridine, 60(1; (h) piperidine, DMF, rt; (i) (Bo¢gD, DMAP, dioxane, rt; (j) NaOH, THF,



MeOH, HO, 80 [J; (k) amines, HATU, DIEA, DMF, rt; (I) HCI, dioxanert; (m) phenyl

isothiocyanate, pyridine, 60.

A different scheme was applied to the synthesiaroides34 and51 (Scheme 2). 2-cyani-
phenylacetamide8 was obtained by the reaction of 2-cyanoacetic adith aniline in the
presence of EDCI and HOBt. The Gewald reaction escribed above was not applicable to
amide 8, and thus a two-step procedure involving the pléfitermediated was employed?
Compound8 was treated with 2-methylcyclohexanone or tetrabnwiH-pyran-4-one in the
presence of NFDAc in AcOH and toluene at 80, providing9a (mixture ofZ- andE- isomers)
and 9b, respectively9a/9b was subjected to the cyclization condition to givla/10bin the
presence of sulfur and morpholine. FHa, only the Z-isomer was reacted.0a/10bwas then

heated with phenyl isothiocyanate in pyridine teed4 and51.

Scheme 2Synthesis of compour@4 and51%
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8 9a R=Me, X=CH, 10a R=Me, X=CH, 34 Ri=Me, Ry=H, X=CH,
9b R=H, X=0 10b R=H, X=0 51 R4=H, R,=F, X=0

®Reagents and conditions: (a) aniline, EDCI, HOBtNEDMF, rt; (b) 2-methylcyclohexanone
(for 9a) or tetrahydro-#-pyran-4-one (for9b), NH,OAc, AcOH, toluene, 807; (c) sulfur,
morpholine, EtOH, 60C; (d) phenyl isothiocyanate (f&4) or 4-fluorophenyl isothiocyanate

(for 51), pyridine, 5077.



SAR study

Upon stimulation with CXCLS8, the plasma membraneGR2 is phosphorylated arfidarrestins
are recruited to their C terminus to cause thermaleation of CXCR2, which mediates the
activation of downstream signaling pathways inahgdERK1/2, JNK1, and p38 MAP®?>’
Homologous CXCR4 trans-membrane protein triggerslai cascades as stimulated by stromal
cell-derived factor 1 (SDF-T}. Tango assays based on beta-lactamase reportédembhighly
selective readout of target receptor activation sulssequerfi-arrestin recruitment, We tested
all our compounds in both CXCR2 and CXCR4 Tang@assA good selectivity for CXCR2
inhibition over CXCR4 was desirable as it indicagesmore specific mechanism of action
towards CXCR2, and could efficiently exclude expwmtal artifacts arising from the
interferences with the assay.

Using a scaffold-hopping strategy, we first obtdim@mpoundll. Compoundl1l inhibited
CXCL8-mediated3-arrestin recruitment with an igof 6.4 £ 2.5uM in CXCR2 Tango assay
(Table 1). Encouraged by this result, we set ounvestigate the SAR through the modification
of the phenylthiourea moiety (Table 1). Most of t@mpounds were active in CXCR2 Tango
assay and showed selectivity over CXCR4. Hydrophahibstituents at either para- meta- or
ortho- positions were well tolerablelZ19, 23 and 24), and compoundl? with a 2,2-
difluorobenzo[d][1,3]dioxole moiety showed the besitency with an 16 of 1.9 + 0.uM.
Hydrophilic groups like hydroxyl and amino grou@0{22 showed detrimental effect on their
potencies, indicating phenylthiourea moiety is adally positioned in a hydrophobic cavity
within its binding pocket. Replacement of the pHegyoup with a benzyl 25 or an
ethoxycarbonyl group2@) led to a slight decrease in potency while a pp&a#26) or a benzoyl

(27) group was not tolerated at this position.



Table 1.CXCR2/4 inhibition of TUTPs with modifications dhe thiourea moiety

o/
(0]
(%:NH R
S NH
S%
CXCRZ CXCR#4 Selectivity of
Compound R cLogP’
ICs0 (uM) ICs0(uM)  CXCR2/CXCR¢
&
11 \© 6.4+2.5 > 10 >1.6 5.05
&
12 0 2.120.7 11.741.3 5.5 5.25
F
&
13 \@L 4.442.0 11.546.5 2.6 5.00
O/
g
14 \CL 2.241.3 12.745.5 5.7 6.10
OCF,
é
15 @N/ 3.9+0.7 > 10 2.6 5.22
|
é
16 m 7.044.6 > 10 >1.4 6.88
& o
17 \@[ <F  1.9:05 26.7 14 6.52
o F
& O
18 7.740.6 >10 >1.3 4.62

o
\

10



&
19 \@L 2.0£0.3 14.645.1 7.2 6.07
CF;
5\@\

20 > 30 > 10 NA 3.83
NH,
&
21 \Q > 30 11.742.7 <0.4 4.39
OH
£
22 j@ > 30 > 10 NA 4.39
HO
g
23 j@ 75423 12.0+2.8 >1.6 4.80
F
& O
24 \@( 3.0+1.0 8.9+1.9 2.9 5.00
25 + L1 e7x2s > 20 >3 5.53
SN
26 B > 10 > 10 NA 3.36
0
27 ;Y© > 10 >10 NA 5.44
(6]
28 N O~ 8.7+1.3 >10 >1.1 5.18
(@]

4CXCR2/4 inhibition was determined by Tango assay Bly, values are the mean+SD of at
least three independent experimerfisiog P values were calculated using ChemBioDraw

Professional 16.

11



We then investigated the effect of bioisosteridaepments of the ethyl ester moiety at position
3 of the tetrahydrobenzgfhiophene core (Table 2). The corresponding caylio=acid showed

a similar profile with the ethyl este29), while bulkier esters like isopropyB@) or tert-butyl
ester groups31) were beneficial to the CXCR2 inhibition activit4.similar trend was observed
within the amide analogs. Primary ami@®)(or methyl amide33) were not favored, which led
to a complete loss of potency, whereas the ph&dylar benzyl 85) amides were active. Taken
together, it is proposed that the carboxyl moietyinserted into a hydrophobic cavity that

requires a substantial volume.

Table 2. CXCR2/4 inhibition of TUTPs with modifications @he carboxyl moiety

0]
R
S5 £
S NH
S
CXCR2 CXCR4 Selectivity of
Compounc R cLogP’
|C5oa(uM) |C5oa(uM) CXCR2/CXCR4
29 SNon 6.72.2 > 10 >1.5 4.79
30 A 2.741.2 9.3+1.1 3.4 5.36
31 A K 2.5+1.4 11.9+0.4 4.9 5.76
32 S, >30 >10 NA 3.61
33 ;\ﬁ/ > 10 >10 NA 3.84
34 A @ 2.7+1.4 >10 >3.7 5.62

N
H

12



S
35 n@ 2.5+0.5 >30 >11.8 5.80

4CXCR2/4 inhibition was determined by Tango assay B, values are the mean + SD of at

least three independent experimerisLog P values were calculated using ChemBioDraw

Professional 16.

The preliminary SAR study suggested that hydrophigboups were generally favored on either
the phenyl thiourea or the carboxyl moieties, sastcompound80, 31, 34, and35. However,
these modification leads to cLogP value > 5, tlaatt kikely compromise aqueous solubility and
simultaneously increases the risk of non-specificicity.®® In view of this hypothesis, we
proposed that the introduction of a hetero-atorn the hexane ring could possibly serve as a
“lever” to balance the increase in cLogP by othgirbphobic moieties and thus be beneficial to
overall physicochemical properties. As expectetlydiiothienopyran analodgs/ and 38 turned
out to have desirable cLogP values and retainedlasif@XCR?2 inhibition as compared to
compound31l. Moving the oxygen to other positions seemed nobrfable as exemplified by
compounds39 and 40. Replacement of the hexane with piperidind&-43) diminished the

activity of this series of compounds.

Table 3. CXCR2/4 inhibition of TUTPs with modifications ahe tetrahydrobenzothiophene

tBu
| \ NH
. )/-—NH

core

13



Compoun

36

37

38

39

40

41

42

43

O
0
g
)
0

|

CXCR2

1Cs0(1M)

1.8 +0.3

1.7+1.3

2.3+2.0

4.1+1.7

>10

8.7+2.6

>10

>10

CXCR4

1Cs0(1M)

>10

>15

>30

>10

>10

>10

>10

>10

Selectivity of

CXCR2/CXCR4

>5.6

>8.8

>13.2

>2.4

NA

>1.1

NA

NA

cLogP

5.24

3.66

3.14

4.25

4.18

3.12

3.57

5.56

4CXCR2/4 inhibition was determined by Tango assay BBy, values are the mean=SD of at

least three independent experimerfisiog P values were calculated using ChemBioDraw

Professional 16.

After exploring the favorable modifications on tbere and substitutions individually, we then

sought to investigate if the combination could b@renbeneficial to their potency and selectivity.

Surprisingly, thetert-butyl ester group seemed not to be compatible ity substituents on

the phenyl group when a tetrahydrobenzothiophemne was retained4g-50). Only compound

44 with a 3-methoxygroup showed a moderate potenhis ihcompatibility was also observed

14



when a dihydrothienopyran core structure was inm@ted along with a phenyl amide moiety
(52, which led to a complete loss of its activity.aBfyingly, the dihydrothienopyran core was
compatible with theert-butyl ester group52-56) where all compounds exhibited moderate to
good potencies while retaining a good selectivitgrcCXCR4. Compoun82 was identified as
the most potent CXCR2 antagonist {§G1.1uM) and it exhibited a 27-folds selectivityeov

CXCRA4.

Table 4. CXCR2/4 inhibition of TUTPs with modifications anultiple sites

0
R4
.-"Ry
\' | D—NH R,
SRy TS )—NH
S
,--Ry CXCR, CXCRy4 Selectivity of
Compound { ] Rs Ry cLogP’
R ICs0(uM)  1Cs0(uM) CXCR2/CXCR¢

44 @ f\@(o\ OBu 27421 510 >3.7 5.70
; \{
45 \@L OBu 10.6¢3.6  >10 0.9 6.81
OCF;
; !
46 \@L OBu 6.8+2.5 >10 >1.5 6.94
O'Bu

&
47 @ \@L OBu  >10 >10 NA 7.86
OPh
e’é\©\
\
48 @ v~ OBu  >10 >10 NA 5.66
LN

~

15



49

50

51

52

53

54

55

56

SB265610

O'Bu

O'Bu

NHPh

O'Bu

O'Bu

O'Bu

O'Bu

O'Bu

5.7+2.0

>10

>10

1.1+0.01

1.6+0.6

3.4+0.2

2.4+1.2

1.6+0.3

0.15+0.02

>10

>10

>10

>30

>30

>10

>30

>30

>1.8

NA

NA

>26.7

>18.4

>2.9

>12.7

>18.7

5.33

7.22

3.21

3.34

4.19

2.71

3.93

3.93

4CXCR2/4 inhibition was determined by Tango assay BBy, values are the meanSD of at

least three independent experimerisLog P values were calculated using ChemBioDraw

Professional 16.

Different from the lead compound CX797 but similes reported CXCR2 antagonist

SB265610" compounds2 selectively inhibited CXCL8-meditatéiarrestin recruitment (16 =

1.1+ 0.01 pM, Figure 3). Compoul@ inhibited CXCL8-meditated recruitment pfarrestin by

~87% at 10 puM, while CX797 cause an increase of/%lDf this signaling at the same

16



concentration. Both compounds had negligible effemt f-arrestin recruitment upon ligand
stimulation with SDF-1. (Figure 3B). This resultlioates that TUTPs represent a novel class of

CXCR2 modulators with different mechanism of actionCXCR2 as compared with CX797.

CXCL8 mediated SDF-1 mediated

=y

N

o
1

125+
1001
75
504
25
0
.25
.50
-75
-1004
-125
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-= SB265610
1004 -e 52 a

[=:]
o
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= 52_10 yM
Bl CX797_10 pM

p-arrestin recruiment inihibition {%)

T L) 1
0.01 0.1 1 10 100
Concentration (M)

p-arrestin recruitment inihibition (%)

Figure 3. Compoundb2 inhibited CXCL8-mediate@-arrestin recruitment, similar to the known
CXCR2 antagonist SB265610 while different from CX79A) Dose-response curved of
compound52 and SB265610 in the CXCR2 Tarljoassay. (B) CX797 increased CXCLS8-
mediated B-arrestin recruitment while compouns? inhibited CXCL8-mediatedB-arrestin
recruitment at the concentration of 10 uM. Both poomds had negligible effects @rarrestin
recruitment upon ligand stimulation with SDF-1. CRZbla U20S cells were pre-treated with
indicated concentrations of compounds for 30 migllCrere then stimulated with CXCL8 for 5
h. Cells were loaded with f-lactamase substrate for 2 h and the amount ofveteand
uncleaved substrate was measured using the Cltaioptte reader (excitation at 405 nm and

emissions at 460 and 535 nm).

Compounds 37, 52 and 56 are selective over other GRs.
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Compounds37, 52 and 56 were tested in a GPCR screening assay contairingifferent
GPCRs (Supplementary Table S1 & S2). Compo8rdghowed good selectivity over all the
tested GPCRs (<50% inhibition at 18 or Ki > 10 uM in secondary binding assay) except
binding to peripheral benzodiazepine receptor (P&R) Ki of 3.6uM (Table 5). Compounds2
and 56 exhibited excellent selectivity over all the GPCRsted, warranting their further

development.

Table 5. GPCR inhibition screening results of compoudds2 and56

CXCR2 CXCR4 GPCRs with ver 50% inhibitior
Compound
ICs50 (M)  1Cgp (uM) (Ki in secondary conformational binding as$ay)
PBR 63.1%4.0 + 0.9uM)
37 1.7£1.3 >15 5-HT2B 58.0% (>1QM)
Alpha2A 55.2% (>1QM)
52 1.1+0.01 >30 None
PBR 64.01% (10 puM)
56 1.6+0.3 >30

Alpha2A 59.01% (>1Q:M)

% Compounds were screened in primary radioligandibg assays at a single concentration (10 puM).
Compounds showing a minimum of 50% inhibition ag are tagged for secondary

radioligand binding assays to determine equilibrhinding affinity at specific targets.

TUTP Compounds Do Not Interfere with CXCL8-mediated CAMP signaling and calcium

mobilization
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Besideg3-arrestin recruitment, G-protein signaling is amotmain cascade involved in CXCLS8-
CXCR2 axis. G-protein activation inhibits adenylgyclase resulting in decreased cAMP
production and induces rapid intracellular?Canobilization released from the endoplasmic
reticulum (ER). We measured the level of those seéguessengers (CAMP and calcium) upon
52 and56 treatment.

293T-CXCR2-GFP-p22F cells was engineered to exptess€AMP sensitive firefly luciferase
which served as readout of the cAMP letfeForskolin activates the enzyme adenylyl cyclase
and increases intracellular levels of cAMP as showiigure 4A, while the addition of CXCL8
inhibit the stimulation of cCAMP signaling. The tteeent of SB265610 an@X797 blocked the
inhibition of cAMP production caused by CXCL8 tneent, while TUTP compoun82 and56

did not.

As shown in Figure 4B, CXCLS8 rapidly induces catiunobilization in 293T-CXCR2-GFP
cells, reaching a peak within 30 s. Pre-treatmeithh W5 uM SB265610 significantly reduced
CXCL8-mediated calcium mobilization. However, cedtment with TUTP compoun®2 or
CX797 had negligible effect on calcium flux. Thisservation demonstrates that although TUTP
compounds inhibit CXCL8-mediatetarrestin recruitment, they don’t show significaftect

on cAMP signaling and calcium mobilization, suggesthat TUTP compounds have a biased

impact on CXCR2 downstream signaling.
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Figure 4. TUTP compounds did not inhibit CXCL8-mediated cRMsignaling and calcium
mobilization. (A) CX797 and SB265610 inhibited CX&Imediated, forskolin-stimulated cAMP
signaling while TUTP compounds? and56 did not. Cells were pretreated with compounds at
indicated concentrations for 10 min prior to stiatidn with 50 nM of CXCL8. Cells were then
stimulated with 5QuM of forskolin until max signal was reached (~8Mini(B) 52 and CX797
did not inhibit CXCL8 induced calcium mobilization CXCR2-overexpressing 293T-CXCR2-
GFP cells. The cells were pretreated with compouredere the addition of CXCL8 (300 nM)
through injector. SB265610 inhibited CXCL8-stim@dtcalcium internalization whil62 and

CX797 did not.

TUTP Compounds Inhibit CXCL8-CXCR2 mediated ERK1/2 Phosphorylation

After the stimulation of CXCR2 by CXCLS8, bofharrestin recruitment and G-protein-mediated
signaling result in phosphorylation of ERK1/2, whhipromotes chemotaxis. Other growth and
stress proteins such as P38, JNK, cJUN, and AKTake stimulated to facilitate cell survival
and proliferatiorf: >3’ The impact of TUTP compounds on ERK1/2 phosphtigriaand other

downstream signaling was investigated. We obsertleat CXCL8 treatment induced
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phosphorylation of ERK1/2 in T293-CXCR2-GFP celisai dose-dependent manner (Figure 5A).
Using 60 nM of CXCLS8 to stimulate phosphorylatiohERK1/2, pretreatment with SB265610
(10 uM) or TUTP compound?2 and 56 blocked CXCL8-induced ERK1/2 phosphorylation
(Figure 5B). In contrast, CX797 stimulated ERK1/hogphorylation. The increased
phosphorylation of P38, JNK, cJUN, and AKT was atdserved post-CXCL8 treatment that

could not be reversed by SB265610 or TUTP compotnedsment (Figure 5C).
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Figure 5. The influences of TUTPs on the CXCL8-CXCR2 dowreain cell signaling pathway.
(A) Dose-response of CXCL8 stimulated phosphorgtatf ERK1/2. 60 nM of CXCLS8 is used
in the subsequent experiments. (B) SB265610 (SBY,A compound$2 and 56 inhibited the

phosphorylation of ERK1/2 while CX797 enhanced phesphorylation of ERK1/2. (C) 60 nM
CXCLS8 treatment lead to the enhanced phosphorylatioP38, JNK, cJUN, and AKT, which

were not inhibited by SB265610 or TUTP compo&2ad

TUTP compound inhibited the cell migration in the wound healing assay
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CXCL8-CXCR2 mediates the chemotaxis of neutrophiis endothelial cells during infection
and angiogenesfé.CXCL8 also induce cancer cell migration and inad? Thus, we used a

wound healing assay to assess the effects of sdl@tiTP compounds on CXCL8-induced cell
migration (Figure 6). Treatment of U20S cells wi@XCL8 induced cell migration and

promoted wound healing as compared to the unsttedileontrol group. Pretreatment wii,

56 or SB265610 prior to CXCL8 stimulation inhibitecKCL8-mediated wound closure.

SB265610+CXCL38
PSETE

Figure 6. TUTP compounds and SB265610 inhibited CXCL8-mediatell migration. (A)
CXCR2-bla U20S were seeded in 96-well plates at @3) cells per well in DMEM
supplemented with 1% FBS overnight. A single wouwvass induced in the monolayer with a
sterile pipette tip and washed with PBS. Cells wesated with TUTP compounds (10 uM) or
SB265610 (10 uM) for 20 min and then stimulatechv@XCL8 (60 nM) for 24 h. Control wells
were not stimulated with CXCL8. +CXCL8 wells wereedted with CXCL8 (60 nM).

Representative images of two independent expersygarformed in duplicate are shown here.

Combination of TUTP Compounds and Doxorubicin is $nergistic in

Ovarian Cancer Cells
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Inflammatory chemokines play an important rolehia angiogenesis and progression of ovarian
cancer. The interactions between chemokines pradume the ovarian cancer cells and
chemokine receptors expressed by endothelial eellsthe tumor microenvironment promote
tumor growth by stimulating angiogenesis and ingirga migration, invasion, and cell
proliferation®* > CXCR2 inhibition combined with sorafenib improveahtitumor and
antiangiogenic response in preclinical models ofaran cancef® We investigated the
combination of selected TUTP compounds with sevandcancer drugs in ovarian cancer cell
lines. Results showed that compoubsf] 56 or 37 was synergistic with doxorubicin in SKOV3
cells (Figure 7). Doxorubicin did not show sign#it cytotoxicity in SKOV3 cells at the
concentration up to 38 nM. However, combinationnwitUTP compounds (8.9 uM, 13.3 uM
and 20 puM) resulted in significant inhibition ofleoy formation. Compoun86 exerted the best
synergistic effect in the colony formation assalyisTresult indicates that TUTP compounds hold

the potential to aid standard-of-care cancer cheerapies.
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Figure 7. The combination of TUTP compoundS6( 52 or 37) with doxorubicin exerted

synergistic anticancer activity against SKOV3 callsolony formation assay.

CONCLUSION

Our previous study has identified a pyrimidine-lthg®mpound CX797 as a modulator of
CXCR2/CXCLS signaling, which inhibited CXCL8-medtat CAMP signaling while specifically
up-regulated CXCL8-mediate@-arrestin recruitment (Figure 8). In this studyrusture
modification of CX797 by a scaffold-hopping approaesulted in the discovery of a series of
TUTP compound as novel CXCR2 antagonists. An eilterfSAR study was carried out and the
most potent compoun82 obtained inhibited3-arrestin recruitment with an igof 1.1 pM in
Tango assay. In addition, select TUTP compoundsnvetiogood selectivity for CXCR2
inhibition over CXCR4 and other GPCRs, further immaling they are specific CXCR2
antagonists.

Interestingly, TUTP compoun82 inhibited CXCL8/CXCR2B-arrestin coupling cascade while
does not interfere with the G-protein signaling raeztl by second messengers cAMP or calcium.
Similar to CXCR2 antagonist SB265610, TUBR also inhibited phosphorylation of ERK1/2
induced by CXCR2 activation (Figure 8). Becausethedf complexity and flexibility of the
transmembrane protein, multiple antagonist allosteinding sites are reported to exist in the
transmembrane regions and C-terminal domdineanwhile, different regions of CXCR2 such
as C/N-terminus, transmembrane domain and loopfagély contribute to ligand binding and
specificity, receptor desensitization and endodgtoseceptor phosphorylation, and G-protein
coupling® Therefore, antagonists with different binding siten CXCR2 could behave

differently in modulating the down-stream signalioigCXCR2/CXCL8 axis. It is most likely
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that TUTP compounds act as biased ligands and itieiraction with CXCR2 does not shut
down the entire receptor. Some other biased ligahds selectively alter GPCR-mediated
signaling have been reported in GPCRs including BXGCXCR4 and CXCR7? 48>t

We also demonstrated that TUTP compounds inhilmgeater cell migration induced by CXCL-

8, which is an important driver of tumor metasta$idTP compounds also exhibited synergistic
effect with doxorubicin in ovarian cancer cellsnain cytotoxic concentrations, which may be
advantageous for aiding standard-of-care chematresraAdditionally, further development and

characterization of TUTP compounds will offer img@ont insights into CXCR2 signaling and

function, facilitating the design and applicatidnGXCR?2 inhibitors.
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Figure 8. Schematic illustration of the proposed mechanidmadtion of CX797, TUTP

compoundb2 and SB265610.

EXPERIMENTAL SECTION
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Chemistry. Unless otherwise specified, all reactions werei@arout in oven-dried glassware
with magnetic stirring. All commercial reagents aachydrous solvents were purchased and
used without purification, unless specified. Coluammomatography was performed on silica gel
(200-300 mesh). Preparative HPLC was performed bim&lzu LC20-AT system, using
Kinetex® 5 um, XB-C18 100 A, 150 x 21.2 mm coluntrr@om temperature. HPLC gradient
method utilized was 10% to 95% MeCN in®iwith 0.05% trifluoroacetic acid over 25 minutes
with a 8 mL/min flow rate. NMR spectra were recatden a Bruker 300 or 400MHz NMR
spectrometer. Chemical shifts for proton magnegisonance spectraH NMR) and carbon
magnetic resonance specttZC(NMR) are quoted in parts per million (ppm) refered to the
appropriate solvent peak or 0.0 ppm for tetramstlayie (TMS). The following abbreviations
are used to describe the peak-splitting patterrenvappropriate: br, broad; s, singlet; d, doublet;
t, triplet; g, quartet; m, multiplet; and dd, doeibdf doublets. Coupling constants, J, are reported
in hertz (Hz). All compounds were95% purity as determined by Shimadzu LC-2030C 3D
liquid chromatography system using Kinetex® 2.6 XB;C18 100 A, 75 x 4.6 mm column at
room temperature. HPLC gradient method utilized W@% to 95% MeCN in kO with 0.1%
formic acid over 15 minutes with a 0.80 mL/min floate. Mass spectra were recorded using
ESl ion source on a Shimadzu LCMS-2020 system.

Ethyl 2-amino-4-methyl-4,5,6,7-tetrahydrobenzo[ffhene-3-carboxylate (2ap mixture of
2-methylcyclohexanone (33.6 g, 0.3 mol), ethyl 2+yacetate (33.9 g, 0.3 mol), sulfur (9.6 g,
0.3 mol) and morpholine (26.1 g, 0.3 mol) wererstrat room temperature for 48 h. The
mixture was directly purified with silica chromataghy (5% EtOAc in hexane) to give a pale

yellow solid (30.1 g, 42%).*H NMR (400 MHz, CDCJ) 6 4.37-4.19 (m, 2H), 3.30-3.19 (m,
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1H), 2.52—2.45 (m, 2H), 1.94-1.70 (m, 3H), 1.6781(1H, 1H), 1.35 (] = 7.1 Hz, 3H), 1.15 (d,

J = 6.8 Hz, 3H). LC-MS (ESI)n/z240.1 [M + HT.

Isopropyl 2-amino-4-methyl-4,5,6,7-tetrahydrobetutiiiophene-3-carboxylate (2b)Jsing a
similar procedure as described f@a with 2-methylcyclohexanone (560 mg, 5.0 mmol),
isopropyl 2-cyanoacetate (635 mg, 5.0 mmol), sultd0 mg, 5.0 mmol) and morpholine (435
mg, 5.0 mmol) and purified with silica chromatodmg20% EtOAc in hexane). Light yellow
solid (806 mg, 64%)'H NMR (300 MHz, CDC}) § 5.22 (p,J = 6.2 Hz, 1H), 3.30 (d] = 12.4
Hz, 1H), 2.53 (s, 2H), 1.98-1.61 (m, 4H), 1.36)(t 6.6 Hz, 6H), 1.18 (d] = 6.8 Hz, 3H).
tert-Butyl 2-amino-4-methyl-4,5,6,7-tetrahydrobdhithiophene-3-carboxylate (2c)Using a
similar procedure as described f2a with 2-methylcyclohexanone (794 mg, 7.1 mmol)i-ter
butyl 2-cyanoacetate (1.0 g, 7.1 mmol), sulfur (223, 7.1 mmol) and morpholine (617 mg, 7.1
mmol), and purified with silica chromatography (1@®#Ac in hexane). White solid (1.38 g,
73%).'H NMR (300 MHz, CDCJ) 6 3.25 (t,J = 6.3 Hz, 1H), 2.51 (s, 2H), 1.94-1.61 (m, 5H),
1.58 (s, 8H), 1.18 (dl = 6.8 Hz, 3H).
2-Amino-4-methyl-4,5,6,7-tetrahydrobenzo[b]thiopgeéicarboxamide (2d)Using a similar
procedure as described fd?a with 2-methylcyclohexanone (667 mg, 6.0 mmol), 2-
cyanoacetamide (500mg, 6.0 mmol), sulfur (190 m@,r6mol) and morpholine (518 mg, 6.0
mmol), and purified with silica chromatography (10#0H in DCM). Light yellow solid (213
mg, 17%).H NMR (300 MHz, CDCJ) & 3.08 (t,J = 6.6 Hz, 1H), 2.51 () = 5.9 Hz, 2H), 1.97—
1.56 (M, 4H), 1.17 (d] = 6.9 Hz, 3H). LC-MS (ESI)n/z211.1 [M + HJ.

tert-Butyl 2-amino-4,5,6,7-tetrahydrobenzo[b]thigpte-3-carboxylate (2e)Using a similar
procedure as described f2a with cyclohexanone (500 mg, 5.1 mmol), tert-b@ydyanoacetate

(719 mg, 5.1 mmol), sulfur (163 mg, 5.1 mmol) andrpmoline (444 mg, 5.1 mmol), and
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purified with silica chromatography (10% EtOAc iaxane). White solid (1.0 g, 78%H NMR
(300 MHz, CDC}) 6 2.72-2.65 (m, 2H), 2.55-2.48 (m, 2H), 1.82—-1.734hh), 1.56 (s, 9H).
tert-Butyl 2-amino-4-methyl-5,7-dihydro-4H-thieng@X]pyran-3-carboxylate (2f).Using a
similar procedure as described &a with 3-methyldihydro-2i-pyran-4(34)-one (150 mg, 1.32
mmol), tert-butyl 2-cyanoacetate (186 mg, 1.32 mmsulfur (42 mg, 1.32 mmol) and
morpholine (115 mg, 1.32 mmol), and purified witllica chromatography (20% EtOAc in
hexane). Light yellow solid (286 mg, 81%H NMR (300 MHz, CDC}) J 4.66—4.52 (m, 2H),
3.90-3.74 (m, 2H), 3.04 (d,= 7.4 Hz, 1H), 1.58 (s, 9H), 1.31 = 6.8 Hz, 3H).

tert-Butyl 2-amino-5,7-dihydro-4H-thieno[2,3-c]pyreéB-carboxylate (2g).Using a similar
procedure as described f2a with dihydro-H-pyran-4(3)-one (500 mg, 5.0 mmol), tert-butyl
2-cyanoacetate (705 mg, 5.0 mmol), sulfur (160 8§, mmol) and morpholine (435 mg, 5.0
mmol and purified with silica chromatography (20%Bc in hexane). White solid (1.18 g,
92%).'H NMR (300 MHz, CDCJ) 6 4.56 (d,J = 2.1 Hz, 2H), 3.91 (t) = 5.6 Hz, 2H), 2.85—
2.75 (m, 2H), 1.55 (s, 9H).

tert-Butyl 6-amino-3,4-dihydro-2H-thieno[2,3-b]pyréb-carboxylate (2h).Using a similar
procedure as described f2a with dihydro-H-pyran-3(4H)-one (300 mg, 3.0 mmol), tert-butyl
2-cyanoacetate (423 mg, 3.0 mmol), sulfur (96 m@, mol) and morpholine (261 mg, 3.0
mmol), and purified with silica chromatography (2@&OAc in hexane). Light yellow solid
(425 mg, 56%)*H NMR (300 MHz, CDC}) § 4.20-4.11 (m, 2H), 2.68 (§,= 6.5 Hz, 2H), 1.99
(dt,J = 10.8, 6.2 Hz, 2H), 1.55 (s, 9H).

tert-Butyl 2-amino-6,6-dimethyl-6,7-dihydro-4H-tha3,2-c]pyran-3-carboxylate (2i)Using a
similar procedure as described f2a with 6,6-dimethyldihydro-BI-pyran-3(4H)-one (300 mg,

2.34 mmol), tert-butyl 2-cyanoacetate (330 mg, 2034ol), sulfur (75 mg, 2.34 mmol) and
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morpholine (204 mg, 2.34 mmol), and purified witllica chromatography (20% EtOAc in
hexane). Light yellow solid (492 mg, 74%){ NMR (300 MHz, CDC}) 6 4.57 (s, 2H), 2.67 (s,
2H), 1.57 (s, 9H), 1.31 (s, 6H).

tert-Butyl 2-amino-6-methyl-4,5,6,7-tetrahydrothog®, 3-c]pyridine-3-carboxylate (2j)Using a
similar procedure as described &a with 1-methylpiperidin-4-one (500 mg, 4.42 mma#yt-
butyl 2-cyanoacetate (624 mg, 4.42 mmol), sulfdrl(ing, 4.42 mmol) and morpholine (385 mg,
4.42 mmol), and purified with silica chromatograplip% MeOH in DCM). White solid (754
mg, 64%).H NMR (300 MHz, CDCJ)  5.94 (s, 2H), 3.38 (] = 2.0 Hz, 2H), 2.82 (ddg = 5.6,
4.1, 2.0 Hz, 2H), 2.67 (8l = 5.8 Hz, 2H), 2.45 (s, 3H), 1.55 (s, 9H). LC-MS3() m/z269.0 [M
+H]".

tert-Butyl 2-amino-6-benzyl-4,5,6,7-tetrahydrotlogh 3-c]pyridine-3-carboxylate (2k)Jsing a
similar procedure as described a with 1-benzylpiperidin-4-one (500 mg, 2.65 mmadért-
butyl 2-cyanoacetate (374 mg, 2.65 mmol), sulf& &y, 2.65 mmol) and morpholine (231 mg,
2.65 mmol), and purified with silica chromatograp{0% EtOAc in hexane). Light yellow
solid (880 mg, 97%)*H NMR (300 MHz, CDCY) 6 7.52—-7.30 (m, 5H), 5.94 (s, 2H), 3.72 (s,
2H), 3.45 (s, 2H), 2.92-2.67 (M, 4H), 1.54 (s, 9H).

tert-Butyl 2-amino-4,5,6,7-tetrahydrothieno[2,3-gjmline-3-carboxylate (21).Using a similar
procedure as described f@a with piperidin-4-one (230 mg, 2.32 mmol), tert-yju2-
cyanoacetate (327 mg, 2.32 mmol), sulfur (74 m82 2Znmol) and morpholine (202 mg, 2.32
mmol), and purified with silica chromatography (10MeOH in DCM with 1% NHOH).
Yellow solid (228 mg, 39%)‘H NMR (300 MHz, CDC}) 6 6.01 (s, 2H), 3.83 (s, 2H), 3.12 {t,

= 5.9 Hz, 2H), 2.88 — 2.70 (m, 4H), 1.55 (s, 9HE-MS (ESI)m/z255.1 [M + HJ.
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Ethyl 4-methyl-2-(3-phenylthioureido)-4,5,6,7-tdtydrobenzo[b]thiophene-3-carboxylate (11).
A mixture of2a (18.0 g, 0.075 mol) and phenyl isothiocyanate§1f).0.079 mol) were heated

in pyridine (120 mL) at 60 for 5h. The solvent was removed by evaporationrOMevas added
to the residue and white solid was generated. TiRRure was filtered, and the solid was washed
by MeOH to givellas a white solid. (26.1 g, 93%) NMR (300 MHz, CDC}) 6 12.22 (s,

1H), 7.94 (s, 1H), 7.47 (§,= 6.0 Hz, 2H), 7.40-7.31 (m, 3H), 4.22—4.06 (m), 2429 (t,J = 6.7
Hz, 1H), 2.73-2.53 (m, 2H), 1.93-1.70 (m, 3H), £689 (m, 1H), 1.26 (] = 7.1 Hz, 3H),

1.11 (d,J = 6.8 Hz, 3H). LC-MS (ESIIN/z375.1 [M + HJ. 3C NMR (101 MHz, CDGJ) &

176.24, 166.13, 150.36, 136.07, 135.88, 130.01,7627126.39, 125.74, 112.62, 60.45, 29.93,
28.94, 24.35, 21.88, 18.11, 14.0Rurity 98.4%.

Ethyl 4-methyl-2-(3-(pyrazin-2-yl)thioureido)-4,5/éetrahydrobenzo[b]thiophene-3-
carboxylate (26)Using a similar procedure as describedXfbwith 2a (93 mg, 0.39 mmol) and
2-isothiocyanatopyrazine (64 mg, 0.47 mmol), wisitid (75 mg, 51%)H NMR (300 MHz,
CDCly) ¢ 14.99 (s, 1H), 8.77 (s, 1H), 8.43 (diz= 2.7, 1.4 Hz, 1H), 8.39 (d, = 1.5 Hz, 1H),
8.34 (d,J = 2.7 Hz, 1H), 4.52-4.31 (m, 2H), 3.42 {d= 6.8 Hz, 1H), 2.81-2.54 (m, 2H), 1.98—
1.66 (m, 4H), 1.43 (t) = 7.1 Hz, 3H), 1.19 (dJ = 6.8 Hz, 3H). LC-MS (ESIin/z377.0 [M +
H]". Purity 98.8%.

Ethyl 2-(3-benzoylthioureido)-4-methyl-4,5,6,7-#dtydrobenzo[b]thiophene-3-carboxylate (27).
Using a similar procedure as described 1dr with 2a (60 mg, 0.25 mmol) and benzoyl
isothiocyanate (41 mg, 0.25 mmol), light yellowidd[75 mg, 75%)*H NMR (300 MHz, CDC})

5 14.83 (s, 1H), 9.12 (s, 1H), 7.97 (dds 7.2, 1.8 Hz, 2H), 7.71-7.61 (m, 1H), 7.55 (dd; 8.4,

6.9 Hz, 2H), 4.63-4.41 (m, 2H), 3.46 (b= 6.7 Hz, 1H), 2.83-2.57 (m, 2H), 2.01-1.68 (m)4H
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1.44 (t,J = 7.1 Hz, 3H), 1.21 (d) = 6.8 Hz, 3H). LC-MS (ESIm/z403.0 [M + HJ. Purity
99.1%.

Ethyl 2-(3-(ethoxycarbonyl)thioureido)-4-methyl-6,5-tetrahydrobenzo[b]thiophene-3-
carboxylate (28)Using a similar procedure as describedXbmwith 2a (50 mg, 0.21 mmol) and
O-ethyl carbonisothiocyanatidate (28 mg, 0.21 mmaebjite solid (61 mg, 79%fH NMR (300
MHz, CDCL) ¢ 14.10 (s, 1H), 8.10 (s, 1H), 4.57-4.30 (m, 4H¥33(d,J = 6.6 Hz, 1H), 2.80—
2.53 (m, 2H), 1.98-1.68 (m, 4H), 1.38 (dt= 18.2, 7.1 Hz, 6H), 1.18 (d,= 6.8 Hz, 3H). LC-
MS (ESI)m/z369.2 [M - HJ. Purity 99.0%.

Isopropyl 4-methyl-2-(3-phenylthioureido)-4,5,6¢Trahydrobenzo[b]thiophene-3-carboxylate
(30). Using a similar procedure as described I@rwith 2b (80 mg, 0.32 mmol) and phenyl
isothiocyanate (43 mg, 0.32 mmol), white solid (89, 65%)."H NMR (300 MHz, CDCJ) ¢
12.40 (s, 1H), 7.85 (s, 1H), 7.49 Jt= 7.6 Hz, 2H), 7.37 (dd] = 11.6, 7.3 Hz, 3H), 5.05 (p,=
6.2 Hz, 1H), 3.31 (s, 1H), 2.76-2.57 (m, 2H), (80 = 14.7 Hz, 4H), 1.27 (dd,= 9.0, 6.3 Hz,
6H), 1.13 (d,J = 6.8 Hz, 3H). LC-MS (ESI)N/z389.1 [M + H[. Purity 98.4%.

tert-Butyl 4-methyl-2-(3-phenylthioureido)-4,5,8etrahydrobenzol[b]thiophene-3-carboxylate
(31). Using a similar procedure as described Xarwith 2c (500 mg, 1.87 mmol) and phenyl
isothiocyanate (253 mg, 1.87 mmol), white solid44dg, 59%)*H NMR (300 MHz, CDC}) ¢
12.49 (s, 1H), 7.82 (s, 1H), 7.47 (dds 8.3, 6.7 Hz, 2H), 7.43-7.31 (m, 3H), 3.26J&; 7.0 Hz,
1H), 2.76—2.49 (m, 2H), 1.92-1.58 (m, 4H), 1.469(3), 1.13 (d,J = 6.8 Hz, 3H). LC-MS (ESI)
m/z403.1 [M + HJ. Purity 99.3%.
4-Methyl-2-(3-phenylthioureido)-4,5,6,7-tetrahydesizo[b]thiophene-3-carboxylic acid (29).
To a solution of31 (444 mg, 1.10 mmol) in DCM (3 mL) was added TFA7@mL) dropwise

and stirred at room temperature for 2 h. The mextwas concentrated, diluted by EtOAc and
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extracted by 0.5N NaOH (20 mL) for three times. Huyglieous layer was adjusted to pH 3 by
concentrated HCI then 1N HCI and filtered to giverite solid. (149 mg, 39%fH NMR (300
MHz, CDCk) & 7.42 (d,J = 6.6 Hz, 4H), 7.33-7.24 (m, 1H), 3.37 ¢k 5.7 Hz, 1H), 2.74-2.52
(m, 2H), 2.00-1.61 (m, 4H), 1.18 (@= 6.8 Hz, 3H). LC-MS (ESIjn/z347.0 [M + HJ. Purity
99.1%.

4-Methyl-2-(3-phenylthioureido)-4,5,6,7-tetrahydesizo[b]thiophene-3-carboxamide (32).
Using a similar procedure as described idr with 2d (42 mg, 0.20 mmol) and phenyl
isothiocyanate (24 mg, 0.20 mmol), and then putifagth prep-HPLC to give a white solid (15
mg, 22%).*H NMR (300 MHz, CDC}) § 12.79 (s, 1H), 7.90 (s, 1H), 7.50 Jt= 7.6 Hz, 2H),
7.37 (ddJ = 16.0, 7.5 Hz, 3H), 5.86 (s, 2H), 2.94 Jc& 7.9 Hz, 1H), 2.67 (qd] = 8.9, 15.8 Hz,
2H), 1.80 (tdJ = 10.4, 25.4, 27.9 Hz, 6H), 1.24 (= 6.9 Hz, 3H). LC-MS (ESI)N/z346.0 [M

+ HJ". Purity 98.5%.

tert-Butyl  2-(3-phenylthioureido)-4,5,6,7-tetrahptdenzo[b]thiophene-3-carboxylate  (36).
Using a similar procedure as described idr with 2e (77 mg, 0.24 mmol) and phenyl
isothiocyanate (33 mg, 0.24 mmol), white solid (6§, 71%)."H NMR (300 MHz, CDCY) ¢
12.41 (s, 1H), 7.83 (s, 1H), 7.47 (do= 8.3, 6.7 Hz, 2H), 7.42—-7.31 (m, 3H), 2.67 (it 12.9,
5.6 Hz, 4H), 1.86-1.71 (m, 4H), 1.45 (s, 9H). LC-KESI)m/z389.1 [M + HT. Purity 100.0%.
tert-Butyl 4-methyl-2-(3-phenylthioureido)-5,7-ding-4H-thieno[2,3-c]pyran-3-carboxylate
(37).Using a similar procedure as describedIfbwith 2f (50 mg, 0.19 mmol) and phenyl
isothiocyanate (25 mg, 0.19 mmol), white solid (48, 63%).H NMR (300 MHz, CDC}) 6

12.46 (s, 1H), 7.49 (8 = 7.5 Hz, 2H), 7.38 (ddl = 13.9, 7.2 Hz, 3H), 4.71 (4,= 14.6 Hz, 2H),

3.89-3.75 (m, 2H), 3.05 (d,= 6.9 Hz, 1H), 1.47 (s, 9H), 1.27 = 6.8 Hz, 3H). LC-MS (ESI)
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m/z405.1 [M + HJ. **C NMR (101 MHz, CDGCJ) 6 176.42, 165.66, 151.04, 135.80, 133.92,
129.94, 127.81, 126.03, 123.28, 113.18, 82.24,6/®48.77, 30.95, 28.10, 20.1Rurity 95.2%.
tert-Butyl 2-(3-phenylthioureido)-5,7-dihydro-4Hi¢ho[2,3-c]pyran-3-carboxylate (38)Jsing
a similar procedure as described fdrwith 2g (50 mg, 0.20 mmol) and phenyl isothiocyanate
(26 mg, 0.20 mmol), white solid (64 mg, 82%H NMR (300 MHz, CDCJ) ¢ 12.37 (s, 1H),
7.83 (s, 1H), 7.49 (] = 7.4 Hz, 2H), 7.42-7.33 (m, 3H), 4.70 {c= 1.8 Hz, 2H), 3.92 (] = 5.6
Hz, 2H), 2.81 (tJ = 5.7 Hz, 2H), 1.45 (s, 9H). LC-MS (ES1)/z391.0 [M + HJ. Purity 100.0%.
tert-Butyl 6-(3-phenylthioureido)-3,4-dihydro-2Hi#no[2,3-b]pyran-5-carboxylate (39)Jsing
a similar procedure as described fdrwith 2h (50 mg, 0.20 mmol) and phenyl isothiocyanate
(26 mg, 0.20 mmol), white solid (51 mg, 65%) NMR (300 MHz, CDCJ) ¢ 12.29 (s, 1H),
7.79 (s, 1H), 7.46 (] = 7.5 Hz, 2H), 7.41-7.30 (m, 3H), 4.21-4.12 (m),2H68 (t,J = 6.4 Hz,
2H), 1.98 (pJ = 6.2 Hz, 2H), 1.44 (s, 9H). LC-MS (ES1)/z391.0 [M + HJ. Purity 100.0%.
tert-Butyl 6,6-dimethyl-2-(3-phenylthioureido)-&jirydro-4H-thieno[3,2-c]pyran-3-
carboxylate (40)Using a similar procedure as describedlfbmwith 2i (50 mg, 0.18 mmol) and
phenyl isothiocyanate (24 mg, 0.18 mmol), whiteids¢7 mg, 62%).*H NMR (300 MHz,
CDCl) 6 12.36 (s, 1H), 7.87 (s, 1H), 7.48 Jt= 7.4 Hz, 2H), 7.38 (dd] = 13.5, 7.1 Hz, 3H),
4.70 (s, 2H), 2.66 (s, 2H), 1.45 (s, 9H), 1.296(d). LC-MS (ESI)m/z419.1 [M + HJ. Purity
98.1%.

tert-Butyl 6-methyl-2-(3-phenylthioureido)-4,5,8etrahydrothieno[2,3-c]pyridine-3-
carboxylate (42)Using a similar procedure as describedIfbmwith 2j (84 mg, 0.31 mmol) and
phenyl isothiocyanate (37 mg, 0.31 mmol), lightgel solid (35 mg, 28%)*H NMR (300 MHz,

DMSO-de) 5 11.90 (s, 1H), 11.02 (s, 1H), 7.47 (o= 8.0 Hz, 2H), 7.39 (] = 7.6 Hz, 2H), 7.23
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(t, J= 7.3 Hz, 1H), 3.40 (s, 2H), 2.76 (s, 2H), 2.59 & 5.8 Hz, 2H), 2.34 (s, 3H), 1.51 (s, 9H).
LC-MS (ESI)m/z404.1 [M + HJ. Purity 98.9%.

tert-Butyl 6-benzyl-2-(3-phenylthioureido)-4,5,&etrahydrothieno[2,3-c]pyridine-3-
carboxylate (43)Using a similar procedure as described Xarwith 2k (143 mg, 0.42 mmol)
and phenyl isothiocyanate (56 mg, 0.42 mmol), lightow solid (140 mg, 70%fH NMR (300
MHz, CDCk) 5 12.38 (s, 1H), 7.89 (s, 1H), 7.48 (dt= 8.5, 6.8 Hz, 4H), 7.43-7.33 (m, 6H),
3.96 (s, 2H), 3.80 (s, 2H), 3.01 (s, 4H), 1.449d). LC-MS (ESI)m/z480.2 [M + HJ. Purity
98.0%.

Ethyl 2-isothiocyanato-4-methyl-4,5,6,7-tetrahydenbo[b]thiophene-3-carboxylate (3ajo an
ice-cooled suspension of C$@0.96 g, 8.37 mmol) and CaG@.84 g, 8.37 mmol) in DCM (5
mL) and HO (10 mL) was added dropwise a solution2af(2.00 g, 8.37 mmol) in DCM (10
mL). After stirred at room temperature overniglite tmixture was concentrated, diluted with
Et,O, washed with kD, brine, and dried over anhydrous,8@&,. The resulting mixture was
purified with silica chromatography (5% EtOAc inxame) to give3a as a white solid (2.09 g,
89%). *H NMR (300 MHz, CDCY) 6 4.38 (qd,J = 7.1, 1.9 Hz, 2H), 3.47-3.32 (m, 3H), 2.77—
2.54 (m, 2H), 1.98-1.75 (m, 3H), 1.75-1.61 (m, 2H¥3 (t,J = 7.1 Hz, 3H), 1.16 (d] = 6.8 Hz,
3H).

tert-Butyl 2-isothiocyanato-4-methyl-4,5,6,7-tetydrobenzo[b]thiophene-3-carboxylate (3b).
Using a similar procedure as described 3arwith 2c (267 mg, 1.00 mmol), and purified with
silica chromatography (5% EtOAc in hexane). Whiikds(374 mg, 70%)*H NMR (300 MHz,
CDCl;) ¢ 3.39-3.28 (m, 1H), 2.74-2.52 (m, 2H), 1.95-1.66 4i), 1.62 (s, 9H), 1.15 (d, =

6.9 Hz, 3H).

34



tert-Butyl 2-isothiocyanato-5,7-dihydro-4H-thiengB2c]pyran-3-carboxylate (3c).Using a
similar procedure as described f8a with 2g (510 mg, 2.00 mmol), and purified with silica
chromatography (10% EtOAc in hexane). Light yellealid (516 mg, 87%)H NMR (300
MHz, CDCL) 6 *H NMR (300 MHz, CDCY) 6 4.68 (t,d = 1.8 Hz, 2H), 3.96 () = 5.6 Hz, 2H),
2.91 (dddJ = 5.7, 3.9, 1.8 Hz, 2H), 1.61 (s, 10H).

Ethyl 2-(3-(4-fluorophenyl)thioureido)-4-methyl-&5%/ -tetrahydrobenzo[b]thiophene-3-
carboxylate (12)A mixture of 3a (60 mg, 0.21 mmol) and 4-fluoroaniline (24 mg, 10vdl)
were heated in pyridine (2 mL) at5dor 3 h. The solvent was removed by evaporatioaOW
was added to the residue and white solid was ptatgd. The mixture was filtered, and the solid
was washed by MeOH to gik® as a white solid. (24 mg, 29%)H NMR (300 MHz, CDC}) §
12.26 (s, 1H), 7.77 (s, 1H), 7.39-7.31 (m, 2H)871J = 8.5 Hz, 2H), 4.27-4.11 (m, 2H), 3.30
(d,J = 7.3 Hz, 1H), 2.77-2.52 (m, 2H), 1.92-1.67 (m)4H31 (t,J = 7.1 Hz, 3H), 1.13 (d] =
6.8 Hz, 3H). LC-MS (ESIn/z393.0 [M + HJ. Purity 96.6%.

Ethyl 2-(3-(4-methoxyphenyl)thioureido)-4-methyB-8,7-tetrahydrobenzo[b]thiophene-3-
carboxylate (13)Using a similar procedure as describedif®@with 3a (50 mg, 0.18 mmol) and
4-methoxyaniline (22 mg, 0.18 mmol), white soli® @g, 58%)*H NMR (300 MHz, CDC}) 6
12.09 (s, 1H), 7.71 (s, 1H), 7.26 5 2.3 Hz, 2H), 7.05-6.97 (m, 2H), 4.26-4.04 (m),23i88
(s, 3H), 3.29 (dJ = 7.6 Hz, 1H), 2.76-2.54 (m, 2H), 1.96 — 1.68 4H), 1.28 (t,J = 7.1 Hz,
3H), 1.12 (dJ = 6.8 Hz, 3H). LC-MS (ESIiN/z405.0 [M + H]. Purity 95.3%.

Ethyl 4-methyl-2-(3-(4-(trifluoromethoxy)phenylybreido)-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate (14sing a similar procedure as described Xar
with 3a (30 mg, 0.11 mmol) and 4-trifluoromethoxyaniliné® (fhg, 0.11 mmol), white solid (43

mg, 86%).*H NMR (300 MHz, CDC}) 6 12.37 (s, 1H), 7.82 (s, 1H), 7.45-7.30 (m, 4H)p4.2
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4.07 (m, 2H), 3.31 (s, 1H), 2.80—2.51 (m, 2H),7:9.66 (M, 4H), 1.31 (§ = 7.1 Hz, 3H), 1.13
(d,J = 6.8 Hz, 3H). LC-MS (ESIin/z459.1 [M + H]. Purity 97.6%.

Ethyl 2-(3-(4-(dimethylamino)phenyl)thioureido)-4iiyl-4,5,6,7-tetrahydrobenzo[b]thiophene-
3-carboxylate (15)Using a similar procedure as described X@rmwith 3a (50 mg, 0.18 mmol)
andN,N-dimethyl-p-phenylenediamine (24 mg, 0.18 mmol)jteisolid (70 mg, 93%)-H NMR
(300 MHz, CDC}) 6 11.96 (s, 1H), 7.70 (s, 1H), 7.22 (b= 8.5 Hz, 2H), 6.86 (s, 2H), 4.13 (b,
= 6.9 Hz, 2H), 3.30 (d] = 7.6 Hz, 1H), 3.04 (s, 6H), 2.75-2.49 (m, 2HR4t1.67 (m, 4H), 1.26
(t, J= 7.1 Hz, 3H), 1.12 (d] = 6.8 Hz, 3H). LC-MS (ESI)N/z418.2 [M + HJ. Purity 99.4%.
Ethyl  2-(3-(4-(tert-butyl)phenyl)thioureido)-4-mgthi, 5,6, 7-tetrahydrobenzo[b]thiophene-3-
carboxylate (16)Using a similar procedure as describedlf®@with 3a (50 mg, 0.18 mmol) and
4-(tert-butyl)aniline (27 mg, 0.18 mmol), white solid (36g, 39%).'"H NMR (300 MHz,
Chloroformd) § 12.09 (s, 1H), 7.75 (s, 1H), 7.55-7.48 (m, 2H367(d,J = 2.1 Hz, 2H), 4.10 (p,
J=7.2 Hz, 2H), 3.30 (s, 1H), 2.75-2.53 (m, 2HY2E1.64 (m, 4H), 1.38 (s, 9H), 1.25Jt 7.1
Hz, 3H), 1.12 (d,) = 6.8 Hz, 3H). LC-MS (ESI)n/z431.1 [M + HJ. Purity 97.9%.

Ethyl 2-(3-(2,2-difluorobenzold][1,3]dioxol-5-yl)tbureido)-4-methyl-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate (1@king a similar procedure as described 1ar
with 3a (50 mg, 0.18 mmol) and 2,2-difluorobend}pl,3]dioxol-5-amine (31 mg, 0.18 mmol),
white solid (52 mg, 65%)*H NMR (300 MHz, DMSOdg) J 11.95 (s, 1H), 11.09 (s, 1H), 7.66
(s, 1H), 7.45 (dJ = 8.6 Hz, 1H), 7.20 (d] = 10.5 Hz, 1H), 4.27 (dd}, = 13.3, 6.9 Hz, 2H), 3.30
(s, 1H), 2.74-2.53 (m, 2H), 1.70 @@= 33.4 Hz, 4H), 1.30 () = 7.1 Hz, 3H), 1.12 (d] = 6.7
Hz, 3H). LC-MS (ESIM/z455.0 [M + HJ. Purity 99.2%.

Ethyl 2-(3-(3,4-dimethoxyphenyl)thioureido)-4-mé#hyp,6,7-tetrahydrobenzo[b]thiophene-3-

carboxylate (18)Using a similar procedure as describedif®mwith 3a (50 mg, 0.18 mmol) and
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3,4-dimethoxyaniline (27 mg, 0.18 mmol), white do{67 mg, 86%). *H NMR (300 MHz,
CDCl) § 12.23 (s, 1H), 7.81 (s, 1H), 6.92 (tz 10.1 Hz, 3H), 4.25-4.10 (m, 2H), 3.93 {d=
9.9 Hz, 6H), 3.30 (s, 1H), 2.80—2.58 (m, 2H), A(@5) = 39.4 Hz, 4H), 1.29 (1] = 7.1 Hz, 3H),
1.12 (d,J = 6.8 Hz, 3H). LC-MS (ESI)n/z435.0 [M + HJ. Purity 96.7%.

Ethyl 4-methyl-2-(3-(4-(trifluoromethyl)phenyl)thieeido)-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate (189king a similar procedure as described Xar
with 3a (50 mg, 0.18 mmol) and 4-(trifluoromethyl)anilin29( mg, 0.18 mmol), light yellow
solid (43 mg, 55%)'H NMR (300 MHz, CDC})  12.58 (s, 1H), 7.91 (s, 1H), 7.72 (= 8.4
Hz, 2H), 7.51 (d,J = 8.3 Hz, 2H), 4.24 (qq] = 10.9, 7.1 Hz, 2H), 3.33 (s, 1H), 2.78-2.55 (m,
2H), 1.84 (tdJ = 14.0, 13.4, 6.9 Hz, 4H), 1.34 {t= 7.1 Hz, 3H), 1.16 (d] = 6.8 Hz, 3H). LC-
MS (ESI)m/z443.1 [M + H[. Purity 99.0%.

Ethyl 2-(3-(4-aminophenyl)thioureido)-4-methyl-4,5-tetrahydrobenzo[b]thiophene-3-
carboxylate (20)Using a similar procedure as describedif®@with 3a (30 mg, 0.11 mmol) and
benzene-1,4-diamine (12 mg, 0.11 mmol), white s¢#fl mg, 72%).*H NMR (300 MHz,
CDCl) 6 11.97 (s, 1H), 7.65 (s, 1H), 7.11 (M= 8.3 Hz, 2H), 6.76 (dJ = 8.2 Hz, 2H), 4.26—
4.06 (m, 2H), 3.87 (s, 2H), 3.31 (s, 1H), 2.78-2152 2H), 1.93-1.56 (m, 4H), 1.28 &= 7.1
Hz, 3H), 1.12 (dJ = 6.7 Hz, 3H). LC-MS (ESI)n/z390.0 [M + H[. Purity 99.3%.

Ethyl 2-(3-(4-hydroxyphenyl)thioureido)-4-methyb4, 7-tetrahydrobenzo[b]thiophene-3-
carboxylate (21)Using a similar procedure as describedif®mwith 3a (50 mg, 0.18 mmol) and
4-aminophenol (20 mg, 0.18 mmol), white solid (68, r88%).'*H NMR (300 MHz, CDC}) ¢
12.04 (s, 1H), 7.70 (s, 1H), 7.20 (b= 8.7 Hz, 2H), 6.90 (d] = 8.7 Hz, 2H), 4.25-4.09 (m, 2H),
3.30 (s, 1H), 2.64 (tddl = 16.5, 12.9, 5.5 Hz, 2H), 1.94-1.60 (m, 4H), (29 = 7.1 Hz, 3H),

1.12 (d,J = 6.8 Hz, 3H). LC-MS (ESI)N/z391.0 [M + HT. Purity 99.5%.
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Ethyl 2-(3-(2-hydroxyphenyl)thioureido)-4-methyb4, 7-tetrahydrobenzo[b]thiophene-3-
carboxylate (22)Using a similar procedure as describedf®mwith 3a (50 mg, 0.18 mmol) and
4-aminophenol (27 mg, 0.18 mmol), white solid (58, 82%)."H NMR (300 MHz, CDC}) &
12.22 (s, 1H), 7.67 (s, 1H), 7.31 @z 14.3 Hz, 2H), 7.15-6.95 (m, 2H), 4.31-4.09 (H),2
3.30 (d,J = 6.4 Hz, 1H), 2.79-2.48 (m, 2H), 1.97-1.58 (m),4H31 (t,J = 7.1 Hz, 3H), 1.13 (d,
J = 6.8 Hz, 3H). LC-MS (ESI)N/z391.1 [M + H. Purity 96.6%.

Ethyl 2-(3-(2-fluorophenyl)thioureido)-4-methyl-&5%/ -tetrahydrobenzo[b]thiophene-3-
carboxylate (23)Using a similar procedure as describedif®mwith 3a (50 mg, 0.18 mmol) and
4-aminophenol (20 mg, 0.18 mmol), white solid (36, 65%)."H NMR (300 MHz, CDCJ) &
12.41 (s, 1H), 7.66—7.52 (m, 2H), 7.41-7.31 (m,,TH28-7.18 (m, 2H), 4.21 (qd,= 10.8, 7.1
Hz, 2H), 3.31 (dJ = 7.4 Hz, 1H), 2.77-2.54 (m, 2H), 1.93-1.65 (m)4H32 (t,J = 7.1 Hz, 3H),
1.14 (d,J = 6.8 Hz, 3H). LC-MS (ESIN/z393.0 [M + HT. Purity 98.0%.

Ethyl 2-(3-(3-methoxyphenyl)thioureido)-4-methy38,7-tetrahydrobenzo[b]thiophene-3-
carboxylate (24)Using a similar procedure as describedif®with 3a (30 mg, 0.11 mmol) and
4-aminophenol (14 mg, 0.11 mmol), white solid (2@, 61%).'*H NMR (300 MHz, CDCY) &
12.35 (s, 1H), 7.84 (s, 1H), 7.38 Jt= 8.2 Hz, 1H), 6.96-6.87 (m, 3H), 4.18 (dt 13.5, 7.1,
3.6 Hz, 2H), 3.85 (s, 3H), 3.31 (@~ 6.8 Hz, 1H), 2.77-2.52 (m, 2H), 1.95-1.58 (m),4H30
(t, J= 7.1 Hz, 3H), 1.13 (d] = 6.8 Hz, 3H). LC-MS (ESI)N/z405.1 [M + HJ. Purity 96.6%.
Ethyl 2-(3-benzylthioureido)-4-methyl-4,5,6,7-tétlydrobenzo[b]thiophene-3-carboxylate (25).
Using a similar procedure as described farwith 3a (50 mg, 0.18 mmol) and 4-aminophenol
(19 mg, 0.18 mmol), white solid (68 mg, 97%H NMR (300 MHz, CDCJ) ¢ 12.34 (s, 1H),

7.45-7.30 (m, 5H), 6.40 (s, 1H), 4.73 (s, 2H), 44184 (m, 2H), 3.34 (1] = 6.4 Hz, 1H), 2.78-
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2.52 (m, 2H), 1.96-1.65 (m, 4H), 1.40Jt 7.1 Hz, 3H), 1.18 (d] = 6.8 Hz, 3H). LC-MS (ESI)
m/z389.1 [M + HT. Purity 97.9%.

tert-Butyl 2-(3-(3-methoxyphenyl)thioureido)-4-mgth,5,6,7-tetrahydrobenzo[b]thiophene-3-
carboxylate (44)Using a similar procedure as describedif®mith 3b (40 mg, 0.13 mmol) and
3-methoxyaniline (16 mg, 0.13 mmol), white soli@ g, 57%)H NMR (300 MHz, CDC}) §
12.56 (s, 1H), 7.78 (s, 1H), 7.41-7.33 (m, 1H)169,J = 5.5, 4.8 Hz, 3H), 3.84 (s, 3H), 3.27 (d,
J = 6.1 Hz, 1H), 2.76-2.58 (m, 2H), 1.95-1.74 (m),4H48 (s, 9H), 1.13 (d] = 6.8 Hz, 3H).
LC-MS (ESI)m/z433.1 [M + HJ. Purity 99.3%.

tert-Butyl 4-methyl-2-(3-(4-(trifluoromethoxy)phéxigioureido)-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate (4B8king a similar procedure as described 1ar
with 3b (40 mg, 0.13 mmol) and 4-trifluoromethoxyaniling (&g, 0.13 mmol), white solid (33
mg, 52%).*H NMR (300 MHz, CDCJ) 6 12.56 (s, 1H), 7.74 (s, 1H), 7.41 (= 8.6 Hz, 2H),
7.33(d,J = 8.6 Hz, 2H), 3.27 (s, 1H), 2.68 (s, 2H), 1.824¢d), 1.47 (s, 9H), 1.13 (d,= 6.8 Hz,
3H). LC-MS (ESI)m/z487.1 [M + H[. Purity 97.9%.

tert-Butyl 2-(3-(4-(tert-butoxy)phenyl)thioureiddymethyl-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate (48king a similar procedure as described 1ar
with 3b (40 mg, 0.13 mmol) and #rt-butoxyaniline (21 mg, 0.13 mmol), white solid (819,
50%).*H NMR (300 MHz, DMSOd6) 6 11.97 (s, 1H), 10.67 (s, 1H), 7.30 (d= 8.4 Hz, 2H),
7.02 (d,J = 8.6 Hz, 2H), 3.24 (s, 1H), 2.64 @= 16.2 Hz, 2H), 1.68 (d] = 36.3 Hz, 4H), 1.47
(s, 9H), 1.32 (s, 9H), 1.10 (d= 6.7 Hz, 3H). LC-MS (ESI)N/z475.2 [M + HJ. Purity 98.9%.
tert-Butyl 4-methyl-2-(3-(4-phenoxyphenyl)thiouid,5,6,7-tetrahydrobenzol[b]thiophene-3-
carboxylate (47)Using a similar procedure as describedi®mith 3b (40 mg, 0.13 mmol) and

4-phenoxyaniline (24 mg, 0.13 mmol), white solid (Bg, 84%)H NMR (300 MHz, DMSO-
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d6) 5 12.02 (s, 1H), 10.80 (s, 1H), 7.41J& 9.3 Hz, 4H), 7.16 () = 7.4 Hz, 1H), 7.05 (dd] =
8.9, 2.6 Hz, 4H), 3.26 (s, 1H), 2.61 Jt= 19.2 Hz, 2H), 1.75 (s, 4H), 1.52 (s, 9H), 1.612X=
6.7 Hz, 3H). LC-MS (ESIn/z495.2 [M + H]. Purity 99.2%.

tert-Butyl 4-methyl-2-(3-(4-(4-methylpiperazin-)pHenyl)thioureido)-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate (48king a similar procedure as described Xar
with 3b (40 mg, 0.13 mmol) and 4-(4-methylpiperazin-1-yijae (25 mg, 0.13 mmol), white
solid (46 mg, 71%)'H NMR (300 MHz, CDCY) § 12.29 (s, 1H), 7.74 (s, 1H), 7.22 (= 8.6
Hz, 2H), 6.98 (dJ = 8.6 Hz, 2H), 3.35 () = 5.0 Hz, 4H), 3.25 (s, 1H), 2.75 (s, 4H), 2.68.56
(m, 2H), 2.48 (s, 3H), 1.95 — 1.57 (m, 4H), 1.459), 1.11 (d,J = 6.8 Hz, 3H). LC-MS (ESI)
m/z501.2 [M + H. Purity 100.0%.

tert-Butyl 2-(3-(3,4-dimethoxyphenyl)thioureido)xkethyl-4,5,6,7-tetrahydrobenzo[b]thiophene-
3-carboxylate (49)Using a similar procedure as described Xarwith 3b (40 mg, 0.13 mmol)
and 3,4-dimethoxyaniline (20 mg, 0.13 mmol), wtdid (45 mg, 75%)'H NMR (300 MHz,
DMSO-d6)  11.98 (s, 1H), 10.66 (s, 1H), 7.07-6.95 (m, 2HY26(s, 1H), 3.77 (s, 3H), 3.74 (s,
3H), 3.24 (s, 1H), 2.71-2.52 (d= 16.8 Hz, 2H), 1.83-1.58 (d,= 35.4 Hz, 4H), 1.48 (s, 9H),
1.10 (d,J = 6.7 Hz, 3H). LC-MS (ESIn/z463.2 [M + HJ. Purity 99.5%.

tert-Butyl 2-(3-(2,2-difluorobenzold][1,3]dioxol-§hthioureido)-4-methyl-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate (50sing a similar procedure as described Xar
with 3b (40 mg, 0.13 mmol) and 2,2-difluorobend}pl,3]dioxol-5-amine (22 mg, 0.13 mmol),
white solid (44 mg, 70%JH NMR (300 MHz, CDCJ) § 12.54 (s, 1H), 7.22 — 7.13 (m, 2H), 7.07
(dd,J = 8.4, 2.1 Hz, 1H), 3.33-3.20 (m, 1H), 2.78-2.56 2H), 1.95-1.65 (m, 4H), 1.47 (s, 9H),

1.13 (d,J = 6.8 Hz, 3H). LC-MS (ESI)n/z483.2 [M + HT. Purity 99.4%.
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tert-Butyl 2-(3-phenylthioureido)-5,7-dihydro-4Hi¢ho[2,3-c]pyran-3-carboxylate (52)sing

a similar procedure as described I@rwith 3¢ (40 mg, 0.13 mmol) and 4-fluoroaniline (15 mg,
0.13 mmol), white solid (30 mg, 57%H NMR (300 MHz, DMSOd6) § 11.90 (s, 1H), 11.05 (s,
1H), 7.50 (dd,) = 8.8, 5.0 Hz, 2H), 7.24 (§,= 8.8 Hz, 2H), 4.60 (s, 2H), 3.83 Jt= 5.6 Hz, 2H),
2.76 (t,J = 5.8 Hz, 2H), 1.52 (s, 9H)°C NMR (101 MHz, CDG) § 176.69, 165.88, 163.24,
160.78, 150.34, 131.83, 131.80, 128.58, 128.50,312824.00, 116.91, 116.69, 113.83, 82.27,
65.11, 64.69, 28.24, 27.10C-MS (ESI)m/z409.2 [M + HJ. Purity 100.0%.

tert-Butyl  2-(3-(4-(trifluoromethoxy)phenyl)thioud®)-5,7-dihydro-4H-thieno[2,3-c]pyran-3-
carboxylate (53)Using a similar procedure as describedi@with 3c (50 mg, 0.17 mmol) and
4-trifluoromethoxyaniline (30 mg, 0.17 mmol), whigelid (41 mg, 51%)'H NMR (300 MHz,
DMSO-d6) 6 11.97 (s, 1H), 11.19 (s, 1H), 7.63 {d= 8.8 Hz, 2H), 7.40 (d] = 8.5 Hz, 2H), 4.61
(s, 2H), 3.83 (tJ = 5.6 Hz, 2H), 2.76 (1) = 5.6 Hz, 2H), 1.52 (s, 9H). LC-MS (ESN/z475.2
[M + H]". Purity 99.3%.

tert-Butyl 2-(3-(3,4-dimethoxyphenyl)thioureidoy-slihydro-4H-thieno[2,3-c]pyran-3-
carboxylate (54)Using a similar procedure as describedi®@mwith 3c (50 mg, 0.17 mmol) and
3,4-dimethoxyaniline (26 mg, 0.17 mmol), white doli71 mg, 93%)H NMR (300 MHz,
DMSO-d6) 6 11.90 (s, 1H), 10.81 (s, 1H), 7.05 (s, 1H), 6.9 € 9.1 Hz, 2H), 4.60 (s, 2H),
3.82 (t,J = 5.5 Hz, 2H), 3.77 (s, 3H), 3.74 (s, 3H), 2.74)(t 5.5 Hz, 2H), 1.48 (s, 9H). LC-MS
(ESI)m/z451.1 [M + HT. Purity 99.4%.

(S)-tert-Butyl 2-(3-(1-phenylethyl)thioureido)-5ydro-4H-thieno[2,3-c]pyran-3-carboxylate
(55). Using a similar procedure as described I@rwith 3c (40 mg, 0.13 mmol) andS[-1-
phenylethanamine (16 mg, 0.13 mmol), white soli@l ifdg, 78%)H NMR (300 MHz, DMSO)

5 11.56 (s, 1H), 9.94 (s, 1H), 7.41-7.30 (m, 4H9%.7.21 (m, 1H), 5.50 — 5.33 (m, 1H), 4.57 (s,
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2H), 3.81 (tJ = 5.6 Hz, 2H), 2.75 (] = 5.5 Hz, 2H), 1.56 (s, 9H), 1.48 @= 7.0 Hz, 3H). LC-
MS (ESI)m/z419.2 [M + HJ. Purity 100.0%.

(R)-tert-Butyl 2-(3-(1-phenylethyl)thioureido)-5drydro-4H-thieno[2,3-c]pyran-3-carboxylate
(56).Using a similar procedure as describedIfdwith 3c (40 mg, 0.13 mmol) andrj-1-
phenylethanamine (16 mg, 0.13 mmol), white soli#lifdg, 81%)H NMR (300 MHz, DMSO-
d6) 6 11.56 (s, 1H), 9.94 (s, 1H), 7.41-7.29 (m, 4H397% 7.19 (m, 1H), 4.57 (s, 2H), 3.81t,

= 5.5 Hz, 2H), 2.75 () = 5.0 Hz, 2H), 1.56 (s, 9H), 1.48 @ 6.9 Hz, 3H). LC-MS (ESln/z
419.1 [M + HI. *C NMR (101 MHz, DMSO) 176.93, 165.62, 151.38, 144.00, 128.77, 127.94,
127.36, 126.78, 123.23, 112.00, 81.91, 64.79, 64308, 28.44, 27.38, 22.2Burity 100.0%.
6-((9H-Fluoren-9-yl)methyl)  3-tert-butyl 2-amino®4dihydrothieno[2,3-c]pyridine-3,6(7H)-
dicarboxylate (4).To a solution of 2| (93 mg, 0.37 mmol) andJ8&; (105 mg, 0.99 mmol) in
dioxane (4 mL) and $O (0.4 mL) was added 9-fluorenylmethoxycarbonybcide (86 mg, 0.33
mmol). The mixture was stirred at room temperatvernight. The mixture was diluted by
EtOAc and water, and the organic layer was washé#dlwine, dried over N&O;, filtered and
concentrated. The residue was purified with sitbaomatography (10% EtOAc in hexane) to
give 4 as a white solid (100 mg, 57%H NMR (300 MHz, CDCJ) § 7.78 (t,J = 6.8 Hz, 4H),
7.67-7.54 (m, 2H), 7.42 (s, 2H), 7.33J& 7.2 Hz, 2H), 6.00 (s, 2H), 4.52—-4.38 (m, 4HBOA(s,
1H), 3.69 (tJ = 5.9 Hz, 2H), 2.80 (f] = 5.8 Hz, 2H), 1.58 (d] = 3.7 Hz, 9H). LC-MS (ESln/z
477.1 [M + HT.

tert-Butyl 2-(3-phenylthioureido)-4,5,6,7-tetrahptliieno[2,3-c]pyridine-3-carboxylate (41A
mixture of4 (100 mg, 0.21 mmol) and phenyl isothiocyanater(@p 0.21 mmol) were heated in
pyridine (3 mL) at 68C for . The solvent was removed by evaporation. MeOH added to

the residue and white solid was generated. Theumrgxtas filtered, and the solid was washed by
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MeOH to give 6-((®-fluoren-9-yl)methyl) 3-tert-butyl 2-(3-phenylthioeido)-4,5-
dihydrothieno[2,3¢]pyridine-3,6(H)-dicarboxylate as a whie solid. It was dissolvadDMF
(0.8 mL), and piperidine (0.2 mL) was added dropwi¥he mixture was stirred at room
temperature for 4 h and concentrated under vacuuma. residue obtained was purified with
prep-HPLC to givetl as a white solid (20mg, 24981 NMR (300 MHz, CDC}) 6 12.41 (s, 1H),
7.97 (s, 1H), 7.55 — 7.45 (m, 2H), 7.39 (dds 14.6, 7.3 Hz, 3H), 4.27 (s, 2H), 3.42Jt 6.6
Hz, 2H), 3.14 — 3.06 (m, 2H), 1.45 (s, 9H). LC-MSS() m/z431.2 [M + CHCN + HJ". Purity
97.2%.

Ethyl 2-((tert-butoxycarbonyl)amino)-4-methyl-4,5@etrahydrobenzol[b]thiophene-3-
carboxylate (5). To a solution of2a (1.00 g, 4.18 mmol) and DMAP (51 mg, 0.42 mmol) in
dioxane (15 mL) was added (Bg®) (1.82 g, 8.37 mmol). The mixture was stirred at/'4
overnight and concentrated. The residue was pdrhiesilica chromatography (10% EtOAc in
hexane) to give a colorless gel (1.32 g, 93%)NMR (300 MHz, CDCJ) & 4.32—4.13 (m, 2H),
3.45-3.30 (M, 1H), 2.78-2.54 (m, 2H), 1.96—1.574kt), 1.41 (s, 9H), 1.30 (8= 7.1 Hz, 3H),
1.14 (d,J = 6.6 Hz, 3H).

2-((tert-Butoxycarbonyl)amino)-4-methyl-4,5,6, 7radtydrobenzo[b]thiophene-3-carboxylic
acid (6).To a solution ob (1.30 g, 3.83 mmol) in a mixed solvent of THF (5)nMeOH (5 mL)
and HO (2.5 mL) was added NaOH (767 mg, 19.2 mmol). irgure was stirred at 80 for 2

h, and the organic solvent was removed by evamoralihe resulting suspension was diluted by
H.O, and neutralized by 1N HCI aqueous solution. ¥isiblid precipitated and was filtered,
washed by KO to give the product (700 mg, 59% ) NMR (300 MHz, MeOD) 3.44-3.32 (m,

1H), 2.73-2.52 (m, 2H), 1.99-1.65 (m, 4H), 1.54), 1.19 (d,) = 6.7 Hz, 3H).
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tert-Butyl  (4-methyl-3-(methylcarbamoyl)-4,5,6, -ddydrobenzo[b]thiophen-2-yl)carbamate
(7a). To a solution of6 (300 mg, 1.40 mmol), methylamine hydrochloride (18§, 2.80 mmol)
and HATU (640 mg, 1.70 mmol) in DMF (15 mL) was addDIEA (540 mg, 4.20 mmol) and
stirred at room temperature overnight. The mixtwes diluted with EtOAc, washed with,@&

for 2 times, and washed by brine. The solution iobthwas dried over anhydrous JS&, and
purified by silica chromatography (10% EtOAc in har) to givefaas a white solid (200 mg,
44%).*H NMR (300 MHz, CDCY) 6 10.69 (s, 1H), 5.99 (s, 1H), 2.97 (b= 4.8 Hz, 3H), 2.96—
2.86 (m, 1H), 2.72-2.54 (m, 2H), 2.00-1.59 (m, 4H30 (s, 9H), 1.21 (d} = 6.9 Hz, 3H).
N,4-Dimethyl-2-(3-phenylthioureido)-4,5,6,7-tetrangbenzo[b]thiophene-3-carboxamide (33).
7a (23 mg, 0.071 mmolyas dissolved in a solution of HCI in dioxane (4045 mL) and the
mixture was stirred at room temperature for 3 he.White precipitates generated were filtered
and washed by HED to give 2-amindN,4-dimethyl-4,5,6,7-tetrahydrobenbithiophene-3-
carboxamide as a HCI salt. It was dissolved ingga (0.5 mL) and phenyl isothiocyanate was
added. The mixture was heated at 16fbr 40 min and then concentrated. The residue was
purified by silica chromatography (30% EtOAc in har) to give33 as a white solid (16 mg,
62%).'H NMR (300 MHz, MeOD) 7.49-7.36 (m, 4H), 7.33—7.21 (m, 1H), 3.21-3.06 k),
2.83 (s, 3H), 2.66 (g} = 5.7 Hz, 2H), 2.04-1.74 (m, 3H), 1.65-1.53 (m),1H10 (d,J = 6.8 Hz,
3H). LC-MS (ESI)m/z360.1 [M + HT. Purity 94.6%.

tert-Butyl  (3-(benzylcarbamoyl)-4-methyl-4,5,6,%dbydrobenzo[b]thiophen-2-yl)carbamate
(7b). To a solution of6 (60 mg, 0.19 mmol), benzylamine (24 mg, 0.23 mnaol) HATU (87
mg, 0.23 mmol) in DMF (2 mL) was added DIEA (74 nfg57 mmol) and stirred at room
temperature overnight. The mixture was diluted Vidt®Ac, washed with O for 2 times, and

washed by brine. The solution obtained was driegl enhydrous N&O, and purified by silica
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chromatography (20% EtOAc in hexane) to gReas a white solid (52 mg, 68%H NMR
(300 MHz, CDC4) 6 10.79 (s, 1H), 7.41-7.27 (m, 5H), 6.29 (s, 1H$34(qd,J = 14.8, 5.5 Hz,
2H), 2.95-2.82 (m, 1H), 2.73—2.50 (m, 2H), 2.0091(B, 4H), 1.52 (s, 9H), 1.18 (d= 6.9 Hz,
3H). LC-MS (ESI)m/z401.1 [M + HJ.
N-Benzyl-4-methyl-2-(3-phenylthioureido)-4,5,6,#akydrobenzo[b]thiophene-3-carboxamide
(35). 7b (52 mg, 0.13 mmoljvas dissolved in a solution of HCI in dioxane (46 mL) and the
mixture was stirred at room temperature for 3 he Pprecipitates generated was then filtered and
washed by dioxane to give 2-amihsbenzyl-4-methyl-4,5,6,7-tetrahydrobenzjphiophene-3-
carboxamide as a HCI salt. It was dissolved ingigd (1.0 mL) and phenyl isothiocyanate was
added. The mixture was heated at/&@0r 40 min and concentrated. The residue was ipdrify
silica chromatography (33% EtOAc in hexane) to gd%eas a white solid (25 mg, 45%H
NMR (300 MHz, CDC4) 6 7.48—7.29 (m, 8H), 7.24 (d,= 7.3 Hz, 2H), 4.63-4.34 (m, 2H), 2.97
(s, 1H), 2.77-2.48 (m, 2H), 1.98-1.53 (m, 4H), 1(d.3 = 6.9 Hz, 3H). LC-MS (ESIin/z436.2
[M + H]". Purity 95.8%.

2-Cyano-N-phenylacetamide (8Jo a solution of2-cyanoacetic acid200 mg, 2.35 mmol),
EDCI (544 mg, 2.82 mmol) and HOBt (381 mg, 2.82 Mmoo DMF (2 mL) was added Bl
(712 mg, 7.05 mmol) and stirred at room temperatwernight. The mixture was diluted with
EtOAc, washed with kD and brine. The solution obtained was dried ovdrydrous NaSO,
and purified by silica chromatography (10% EtOAdexane) to give as a white solid (172
mg, 46%).XH NMR (300 MHz, CDC}) 5 7.71 (s, 1H), 7.53 (d] = 8.0 Hz, 2H), 7.40 (§ = 7.7
Hz, 2H), 7.22 (s, 1H), 3.59 (s, 2H).
2-Cyano-2-(2-methylcyclohexylidene)-N-phenylacetaniba). To a solution of8 (86 mg, 0.54

mmol) and 2-methylcyclohexanone (60 mg, 0.54 mrirotpluene (2 mL) was added NBIAC
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(21 mg, 0.27 mmol) and AcOH (26 mg, 0.43 mmol) atided at 80! for 5 h. The mixture was
diluted with EtOAc, washed with 4@ and brine. The solution obtained was dried over
anhydrous Nz50O, and purified by silica chromatography (20% EtOAtexane) to giveaas a
white solid (31 mg, 23%), which was directly usedhe next step.
2-Cyano-N-phenyl-2-(tetrahydro-4H-pyran-4-ylidensgtamide (9b)Using a similar procedure
as described fo®a with 8 (560 mg, 3.50 mmol) and tetrahydrbet-pyran-4-one (350 mg, 3.50
mmol) and purified with silica chromatography (2@#Ac in hexane) to giveb as a yellow
solid (355 mg, 42%), which was directly used in miest step.
2-Amino-4-methyl-N-phenyl-4,5,6,7-tetrahydrobenbjbphene-3-carboxamide  (10a). A
solution of sulfur (4 mg, 0.12 mmoBa (31 mg, 0.12 mmol) and morpholine (11 mg, 0.12 fhmo
in EtOH was heated at 70for 20 h and concentrated. The residue was pdrifwgh silica
chromatography (20% EtOAc in hexane) to giM@as a white solid (10 mg, 28%6H NMR
(300 MHz, CDC4) § 7.73 (s, 1H), 7.59-7.52 (m, 2H), 7.42-7.32 (m,,2H13 (t,J = 7.4 Hz,
1H), 3.14-2.99 (m, 1H), 2.58 (,= 6.0 Hz, 2H), 2.07-1.61 (m, 4H), 1.30 (d= 6.9 Hz, 3H).
LC-MS (ESI)m/z287.0 [M + HT .
2-Amino-N-phenyl-4,7-dihydro-5H-thieno[2,3-c]pyr@carboxamide (10b).Using a similar
procedure as described fdOa with 9b (317 mg, 1.31 mmol) and purified with silica
chromatography (20% EtOAc in hexane ) to glas a light yellow solid (147 mg, 41%H
NMR (300 MHz, CDC}) 5 7.54 (d,J = 8.3 Hz, 2H), 7.37 (] = 7.7 Hz, 2H), 7.14 () = 7.3 Hz,
1H), 4.65 (s, 2H), 4.01 (§,= 5.4 Hz, 2H), 2.91 (] = 5.5 Hz, 2H). LC-MS (ESIn/z275.2 [M +
H]".

4-Methyl-N-phenyl-2-(3-phenylthioureido)-4,5,6, Trédydrobenzo[b]thiophene-3-carboxamide

(34). A mixture of 10a (10 mg, 0.035 mol) and phenyl isothiocyanate (g, 0.035 mol) were
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heated in pyridine (0.5 mL) at 60for 5 h. The solvent was removed by evaporatidme T
residue was purified with prep-HPLC to gi8d as a white solid. (4 mg, 27%fH NMR (300
MHz, CDCh) 6 11.11 (s, 1H), 8.21 (s, 1H), 7.98 (s, 1H), 7.48, (U= 12.7, 7.7 Hz, 4H), 7.42—
7.30 (m, 5H), 7.18 (d] = 7.3 Hz, 1H), 3.17-3.01 (m, 1H), 2.81-2.63 (m),2H99-1.62 (m, 4H),
1.26 (d,J = 6.9 Hz, 3H). LC-MS (ESI)n/z422.1 [M + HJ. Purity 100.0%.
2-(3-(4-Fluorophenyl)thioureido)-N-phenyl-4,7-dilngebH-thieno[2,3-c]pyran-3-carboxamide
(51). Using a similar procedure as described 3drwith 10b (50 mg, 0.18 mmol) and 4-
fluorophenyl isothiocyanate (28 mg, 0.18 mmol) gnadified with flash chromatography (30%
EtOAc in hexane) to give1 as a light brown solid (10 mg, 13%H NMR (400 MHz, DMSO)
5 11.04 (s, 1H), 10.79 (s, 1H), 9.72 (s, 1H), 7.66)(= 7.4 Hz, 2H), 7.49 (dd] = 9.0, 5.0 Hz,
2H), 7.41-7.31 (m, 2H), 7.20 @,= 8.8 Hz, 2H), 7.12 () = 7.4 Hz, 1H), 4.70 (d] = 1.8 Hz,
2H), 3.86 (tJ = 5.4 Hz, 2H), 2.84 (1] = 4.6 Hz, 2H). LC-MS (ESI)N/z428.0 [M + H[. Purity

100.0%.
Cell culture

Tango ™ CXCR2-bla and CXCR4-bla U20S cells were purchaseth flnvitrogen (Carlsbad,
CA, USA) and grown in McCoy5A supplemented with 108i@lyzed FBS, zeocin (200
ug-mL-1), hygromycin (5Qug-mL-1), geneticin (10Qg-mL-1), 1 mM sodium pyruvate, 0.1
mM non-essential amino acids and 25 mM HEPES. OVEA&lls were cultured in RPMI 1640
medium (Gibco) supplemented with 10% FBS (Gibcd).tl#e cells were grown at 37 °C in a
humidified atmosphere of 5% GQAIl of the cell lines used were maintained intaté under 35
passages and tested regularly for Mycoplasma camddion using Plasmo Test (InvivoGen, San
Diego, CA).

CXCR2/4 Tango assay
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The inhibition of stimulus mediated CXCR2p4arrestin recruitment was assayed by TaMgo
assay (Thermo Fisher) as described previolfsigXCR2/4-bla (beta-lactamase) U20S cells
were genetically modified to stably overexpress ®2Cr CXCR4 linked to a TEV protease
site and a GAL4-VP16 transcription factor, via aader-gene system. These cells also stably
express ap-arrestin/TEV protease fusion protein andfdactamase reporter gene. Upon
corresponding stimulus (CXCL8 or SDk)-binding and resulting CXCR2 or CXCR4 activation,
the B-arrestin/TEV fusion protein is recruited to theeptor and cleaves the peptide linker that
links CXCR2/4 to the GAL4-VP16 transcription fact@AL4-VP16 now can enter the nucleus
and promote the transcription of tidactamase gen@-Lactamase activity is detected using a
FRET-based fluorescence assay with CCF4-AM;lactamase FRET substrate. CCF4-AM is
cleaved in the presence [pfactamase. The cleaved substrate excites at 408ndnemits at 460
nm. In the absence @flactamase, CCF4-AM will not be cleaved and excéae€09 nm and
emits at 540 nm. Thus, the activation of CXCR2/4diiectly correlated with the amount of

cleaveds-lactamase substrate.

In each assay, CXCR2 or CXCR4-bla U20S cells weesled (11000/well) in 384-well tissue
culture plates for 24 h in DMEM supplemented with dialysis FBS. Cells were pretreated with
various concentrations of inhibitors for 30 mingorto the addition of 12 nM of CXCL8 or 60
nM of SDF1lea and incubated for 5 h at 37 °C. ThHghactamase substrate (CCF4-AM dye) was
loaded for 2 h, and plates were read on Clario ®iaroplate reader at 409 nm excitation and
464/530 nm emissions. Percent inhibition was cateal using the following formulas:

Ratio = cleaved (405/464)/uncleaved (409/530)

% inhibition = [1-((compound treated-unstimulatednirol)/(CXCL8/SDF stimulated-

unstimulated control))] x100%
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Calcium Flux

293T-CXCR2-GFP cells were seeded at 30000 cellsimeB84-well black plates with clear
bottom plates in growth medium. The next day, tefscwere loaded with Fluo-4 NW and
probenecid according to the manufacturer's protd¢ovitrogen). Briefly, the dye mixture
included in the kit was diluted with 10 mL of asdayffer and 10QuL of probenecid (25 mM
final concentration). The growth medium was reptbegth 25ul of the dye mixture, and the
cells were incubated at 37 °C for 30 min and atmdemperature for 30 min (protected from
light). To detect the calcium flux induced by thgTIP compounds or SB265610, 5x compound
was added to each well, and the fluorescence swasldetected immediately on the Clario Star
plate reader with 490 nm excitation and 535 nm simisfilters. To detect CXCL8-stimulated
calcium flux, 5xTUTP compounds and 5x CXCL8 |b) were added to each well, and the
fluorescence signal was detected immediately onGlaio Star plate reader with 490 nm
excitation and 535 nm emission filters. The fluomge signal was normalized to the baseline
signal prior to any stimulation.

Wound-Healing Assay

CXCR2-bla U20S Tango cells were seeded in 96-wigitep (35000 cells/well) in DMEM
supplemented with 1% FBS overnight. The followirayda single scratch was introduced using
a 200 pL sterile pipet tip. Cells were subsequentgated with compounds at various
concentrations and recombinant CXCL8 (100 nM) fdr I2 Cells were fixed with 100%
methanol for 15 min and stained with Giemsa stainif h. Each well was imaged on BD
Pathway 435 bioimager with transmitted light. Thetadreported is a representative of at least
two independent experiments.

Cyclic AMP Assay
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293T-CXCR2-GFP-p22F cells were seeded at 3000G/egll in CQ-independent media
(Invitrogen) supplemented with 10% FBS overnightvimte 384-well plates. The following day,
cells were incubated with 1% cAMP reagent (Promdgap h at 37 °C. Cells were pretreated
with various concentrations of compounds or SB265&it 10 min, then CXCL8 (50 nM) for
another 10 min prior to forskolin (5@M) stimulation until max signal was reached.
Luminescence signals were detected using the Claraw microplate reader (PerkinElmer,
Waltham, MA).

Immunoblot

293T-CXCR2-GFP cells were seeded into 6-well mitzoplates for 5 x 10cells per well, and
allowed to attach overnight before treated with rappgate compounds at indicated
concentrations for appropriate time. Then, cellsedgsated with RIPA buffer in the presence of
protease and phosphatase inhibitors. The cells waiected, centrifuged and the pellet was
discarded. Protein concentration of whole-cell tgga the supernatant was determined by BCA
protein assay kit (Thermo Scientific). Proteins averesolved on 10% SDS/PAGE and
electrotransferred to transfer membrane (Immobildil® After incubating in blocking buffer
(5% nonfat dry milk in TBST) at room temperaturg fb h, membranes were probed with
primary antibody (1:500-1:1000) in blocking bufi@rernight at 4 °C, and then washed 3 times
for 5 min with TBST, followed by incubation in asibbit or anti-mouse secondary antibody in
blocking buffer (Dylight 800 4x PEG conjugated; Tine Scientific; 1:75000) at room
temperature for 1 h. The membranes were imaged dys€@y® CLx Imaging System after
washing 3 times with TBST. Antibodies to the foliog targets were used: p-ERK1/2 (Cell
signaling 4370S), p-JNK (Cell signaling 9251), pJbl(Santa Cruz Biotechnology, sc-53182),

p-p38 (Santa Cruz Biotechnology, sc-166182).
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Colony formation assay

Cells were seeded in 96-well tissue culture plates density of 300 cells per well. After
overnight attachment, cells were treated with commpls at appropriate concentrations. After 7-
10 days, when colonies had formed in the DMSO-¢katells, cells were stained with a 0.05%
crystal violet solution for 30 min, and then washeith ddHO to remove excess stain. Plates

were imaged using Odyssey Imaging Systems (LI-C@Rdnces) after overnight drying.
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(Boc)kO, ditert-butyl dicarbonate; CaCfcalcium carbonate; cAMP, cyclic adenosine
monophosphate; COPD, chronic obstructive pulmodagrder; CXCL8, chemokine (C-X-C
motif) ligand 8; CXCR2, chemokine (C-X-C motif) egator 2; DCM, dichloromethane; DIEA,
diisopropylethylamine; DMAP, 4-Dimethylaminopyri¢inDMF, N,N-dimethylformamide;
ERK, extracellular signal-regulated kinase; EtOthaeaol; EtOAc, ethyl acetate; EDCI,1-ethyl-
3-(3-(dimethylamino)propyl)-carbodiimide; Fmoc-Eluorenylmethyloxycarbonyl chloride;
HATU, (1-[Bis(dimethylamino)methylene]H-1,2,3-triazolo[4,3]pyridinium 3-oxid
hexafluorophosphate; HCI, hydrogen chloride; hER®,human ether-a-go-go-related gene;
HOBLt, hydroxybenzotriazole; kO3, potassium carbonate; LCMS, liquid chromatograpiass
spectrometry; MAPK, mitogen-activated protein kiegsMgSQ, magnesium sulfate; NaGs;,
sodium carbonate; NaOH, sodium hydroxide; SAR cstme-activity relationship, SDF-1,
stromal cell-derived factor 1; TFA, trifluoracetcid; THF, tetrahydrofuran; TUTP, 2-

thioureidothiophene-3-carboxylate.
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Highlights

TUTP compounds were identified as novel CXCR2 antagonists through scaffol d-hopping
Strategy

TUTP compounds are selective for CXCR2 among over 50 other GPCRs

TUTP compounds inhibited CXCL8-mediated 3-arrestin recruitment and the
phosphorylation of ERK1/2

Combination of TUTP compounds (56, 52 or 37) with doxorubicin show synergistic
cytotoxicity in human SKOV 3 ovarian cancer cells
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