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Abstract:

Previous high throughput virtual screening of 10liori-compound and following
cell based validation led to the discovery of aelpwnonlipopeptide-like chemotype
ZINC 6662436, as toll-like receptor 2 (TLR2) agasisin this report, compounds
belonging to four areas of structural modificatairiZINC6662436 were evaluated for
biological activity using human HEK-Blue TLR2 repar cells, and human THP-1
monocytic cells, yield SMU-C13 as an optimizededirand high potent (Eg=160
nM) agonist of human TLR2. Moreover, preliminaryahanism studies indicated that
SMU-C13 through activates TLR1 and TLR2 then states the NReB activation to
trigger the downstream cytokines, such as TN&ad secreted alkaline phosphatase

(SEAP).

Keywords: Toll-like receptor 2 (TLRZ2); Small molecule antegst; Inflammatory;

Tumor immunity.



1. Introduction

Toll-like receptors (TLRs), which are expressed \uayious cells of the immune
system, such as macrophages, dendritic cells amicekal cells, can recognize and
respond to molecules derived from bacterial, viaald fungal pathogens [1-5].
Generally, TLRs, particularly TLR2, are the majongponents of innate or adaptive
immunity by recognizing conserved patterns in dieemicrobial molecules, and
TLR2 cooperation with TLR1 or TLR6 broads the ramfeecognition ligands [6-8].
In terms of function, recent evidence suggests a2 is essential for sensing
Gram-positive bacteria including peptidoglycangoleichoic acid and bacterial
lipoproteins. When activated, it can convey sigraldranscription factors that can
influence the nature of the adaptive T- or B-cel$ponse [9-11]. Because TLRs
specifically respond to the infection of microbiaigin’s products and direct the
adaptive immune responses against antigens of biédrorigin, just like other TLRs,
TLR2 also has become a desirable target for vaamiljgvants and cancer treatment
in recent years. TLR2 agonists have been tastedro andin vivofor their ability to
activate an antitumor immune response against aeveancers [12-14]. The
combination of TLR1/2 agonist (Diprovocim, E£110 pM in THP-1 cells) and
PD-L1 antibody showed great synergistic effect fomor inhibition, and form
long-term antitumor memory effect [15, 16].

These potential tumor immune effects have spurrgdeathusiasm for discovering
and developing new TLR2 selective agonists. Whil&Z recognizes a wide range of

ligands, many of which are from Gram-positive beateand it signals as a



heterodimer with either TLR1 or TLR6 [9], raisingestions about the specificity of
small molecule agents. Besides, until today, ndnihe TLR2 agonists in clinical or
preclinical development are small molecules, andes@ontain mixtures with more
than one active ingredient. Our group has focusednoall molecules that target the
TLR2 heterodimer protein-protein interaction [18],1specifically modulating the
TLR1/2 response [19, 20].

Recently, 10 million-compound (10,519,614) from ZIMrug database was screened
against the Pag@ SK,-binding domain of TLR1/2 (crystal structure PDEZ7X) [9]
using the Glide 7.4 program and yield compound 8862436 as potent TLR2
small molecule agonist probe [21]. In the currentdyg, we report the results of
structure-activity relationship (SAR) study in gthy
2-(4-methylpiperazine-1-carboxamido)-5,6-dihydro-dytlopenta[b]thiophene-3-car
boxylate scaffold with the goal of improving thetgacy of compound ZINC6662436.
Four categories of modification of ZINC6662436 (SMRT) ring system were
explored, while independently keeping all otheructinral features of the lead
compound constant as depictedFigure 1: (I) Changing the piperazine ring with
bioisostere, such as piperidine, morpholine, orothicing different electron effect
substitutions on the piperazine ring; (lI) Modificas of the urea moiety with
replacement of the oxygen by sulfur; (lll) Modifieans of the ethyl ester portion,
including changing other alkyl groups, or replacihg ethyl group with carboxyl
group; (IV) Ring enlargement derivatives in whidte tcyclopentyl ring portion was

either replaced by cyclohexyl, substituted cyclghear cycloheptyl.



2. RESULTS AND DISCUSSION

2.1 Chemistry and SAR studies

The lead compound ZINC6662436 (SMU127) was synteesifrom ethyl
2-isocyanato-5,6-dihydroHkcyclopentap]thiophene-3-carboxylate Al and
1-methylpiperazineB1 as previously reported [21]. Moietgl was obtained by
mixture cyclopentanone, ethyl 2-cyanoacetate, salfid diethylamine at the sonicate
condition following the Gewald procedure. To explanore SAR studies, moiety
C2-12 were synthesized in the similar conditions by gsassorted of ketone and
cyanoacetic este6theme L

The synthesis of target analogues bearing substitat the N-position of piperazine
(Figure 1, 1) was undertaken as follows. Intermediatél reacts with
bis(trichloromethyl)carbonate in dimethyl carbonat€0 °C to afford compounill
without further purification, theiN-substituted piperazine was added and stirred at
room temperature to yield target compoufBlels (Scheme 2. Synthesis of piperidine
or morpholine analogues was undertaken in simgdaction conditions only replacing

theN-substituted piperazine with piperidine or morphel(compound& and2).

HEK-Blue hTLR2 cellswere obtained by co-transfection of the human Tl
secreted embryonic alkaline phosphatase (SEAP)sgete HEK293 cells and were
employed to test the compounds’ TLR2 activities. #wown in Table 1, when
piperizine was replaced by piperiding) (or morpholine 2), the TLR2 activation

activity was lost. The results suggested that piper scaffold was necessary for the



activity, next we performed a minor modification tve N of piperizine position and
investigated the substituent effects in the iniB&AIR study Figure 1, part I). It was
found that electro-donating substituents on pipeeizyroup had very positive effect
on TLR2 activity, while electro-withdraw substitusrshowed negative effect on the
TLR2 activation (Table 1, compour8i5). The best substituent on®Mf piperizine

was methyl.

As the modification of position lIHigure 1), we replaced the oxygen with the
electronic isostere sulfur together with differenbstituents on piperizine. The sulfur
atom was generated from isothiocyand&tewhich obtained by reacting intermediates
C with thiophosgen and triethylamine in dichloromata at 0 °C. Next,
isothiocyanates react witiN-substituted piperazine to yield the target thiaure
compounds $cheme 3 The SAR studies showed that the agonist actiwgs
decreased about 6 folds when oxygen atom replagesilbur atom (SMU127 v§).
As similar as the previous results, the TLR2 attivias disappeared when' 1f
piperizine was substituted by electro-withdraw gr¢lable 1, compoundg, 8).

With these results in hand, we turn our attentommbdify the third regionKigure 1,

llI) and keep 1-methyl piperizine substituent and/gen constant. We introduced
varying lengths of substituents from various alighachains at the Rposition.
Compounds9-11 were prepared by reacting 1-methyl piperazine wahousA in
similar reaction conditionsScheme 2 Hydrolyzing compound® with LiOH in

methanol/THF/HO solvent system provided the high yield hydrolyzgdduct12



(Table 1). The SAR for serie8-12 showed that methyl was the favorable substitution.
The activity sequence was methyl > ethyl > isoptoppropyl. When the number of
carbon atoms was larger than 2 in the substitutibresscompounds showed less or no
activities. The activity was disappeared when tberewas hydrolyzed to carboxyl

group (Table 1, compoundL?2).

The varied size of the ring has been studied m ISt(Figure 1, Scheme 2 It was
found that six member ring fusdiifhiophene was the most favorable scaffold, and
5-membered rings caused 5 times reduction of &g{¥B vs SMU127). The activity
of compoundl4 was decreased 10 folds than that of compol®dvhen the six
member ring switched to seven. The size of sulestituon 6-position of
4,5,6,7-tetrahydrobenzathiophene was also crucial for the activity and #ctivity
decreased or disappeared with the size of subst#uecreasing Table 1,
compoundsl5, 16. To further investigate the SAR results, compaubd-28 were
synthesized Scheme 2 3). When the substituent of “Natom of piperizine was
replaced by phenyl or acetyl group, the activityaghpearedT@ble 1, compound£0,

22, 24). Thiourea compounds, the oxygen replaced witfugushowed less potency
than that of ureaTé@ble 1, compoundsl7 vs 25, 18 vs 26). The methyl ester was
proved to be the favorable substituent arpBsition, and the activities of compounds
17 and18 decreased 2 to 30 folds compared with compdiB(EMU-C13). Over all,
with four positions of SAR studies, we obtained ponnd SMU-C13 possessed the

highest agonist TLR2 activity and was selectedfouturther evaluation.



2.2. Biological activity.

2.2.1 Specificity validation of SMU-C13.

As we know, the TLR family contains both intracé&luand extracellular members.
Here we selected the respective extracellular mangrprotein (TLR4) and
intracellular member (TLR3) to verify the specificiof SMU-C13. As shown in
Figure 2A, the compound SMU-C13 can effectively active thé&R? triggered SEAP
signaling in HEK-Blue hTLR2 cells with no activatioto the TLR4 and TLRS3
signaling in other HEK-Blue hTLRd({g. 2B). The Poly IC and LPS used as positive
controls which can significantly activate the silgnaf TLR4 and TLR3, respectively.
The experiment results showed that SMU-C13 has geoyl specificity to TLR2. We
also evaluated whether SMU-C13 binds to TLR2 on dék surface and induces
TLR2 expression in the whole-cell environment. HBKie hTLR2 cells, which
overexpress the human TLR2, were stimulated withUSBA3. Cell lysates were
subjected to immunoprecipitation and immuno-detéaising TLR2 antibody. As
shown inFigure 2C, with the dose of SMU-C13 increased, the expressiolLR2
was gradually increased. The TLR2 protein upregdlamore than 5-fold when
treated with 0.1uM SMU-C13 vs the blank control, and the highest PLékpression
level was achieved about 8-fold with the additidn16 uM SMU-C13 Fig. 2D).
These results indicate that SMU-C13 is a specimnét of TLR2 and is capable of

binding to TLR2 on the cell surface to promote egsion of TLR2 protein.

2.2.2 Antibody specificity studies.



TLR2 itself is unable to initiate an immune respgnsnd it needs to form a
dimerization with another protein, TLR1 or TLR6, arder to function normally.

TLR1 and TLR6 are endogenously expressed in HEKBIULR2 cells, and whether
SMU-C13 is an activator of TLR1/2 or an activatérTaR2/6 is unclear. Here we
validate this result through antibodies experimemhen adding SMU-C13 to

HEK-Blue hTLR2, we added different antibodies, utihg anti-TLR1, anti-TLR2 or

anti-TLR6, to see which one or which TLRs were Int&id. The results showed that
anti-TLR1 and anti-TLR2 antibodies had a very digant inhibition on the SEAP

signal produced by SMU-C13, while anti-TLR6 antigdthd no effectKig. 3). This

experiment confirmed that SMU-C13 was an activaforLR1/2 but not TLR2/6.

2.2.3 Downstream signaling evaluation.

Tumor necrosis facton (TNF-o) is an important inflammatory cytokine produced
after TLR2 promoted NkB activation, also one of the most active bioactaetors
found to kill tumors so far. In this paper, the T™Fwas tested in phorbol
12-myristate 13-acetate (PMA)-differentiated huntaonocytic (THP-1) myeloid
cells [15]. As show inFigure 4A, SMU-C13 induced dose-dependent T&F-
production after treat with the THP-1 cells for duhs. Meanwhile, SEAP assay data
in human HEK-Blue TLR2 cells showed that SMU-C13 cgtrongly trigger the
alkaline phosphatase secretion after ®--activation, and this activation can be
suppressed by the classical NB- inhibitor triptolide €ig. 4B). In summary,

preliminary cytokine and protein levels studies énghown that SMU-C13 activates



TLR1/2, which initiates NReB signaling pathways to activate downstream sigigali

factors such as TNF and SEAP.

2.2.41n vitro cytotoxicity studies

The toxicity of the compound was evaluated by a 8@ikdlorimetric method. From
the cell viability dataKig. 5 we can confirm that SMU-C13 had no cytotoxicity a
concentration up to 104M. Considering compound SMU-C13 having the highest
TLR2 activation activity (EG =160+£10 nM), low toxicity, as well as appropriate

molecular weight, it might own the higher drug-ligetential ability.

2.2.5 Molecular docking studies of SMU-C13.

The TLR1/2 agonist Pam3CSK4 binding to TLR1/TLR2 mgpbex causes
hetrodimerization of the extracellular domains tonf a TLR1/TLR2/Pam3CSK4
complex, a human complex crystal structure which l@en solved by Lest al [9].
Previous experiments have demonstrated that SMU-€B trigger downstream
cytokines, as well as directly active hTLR1 and REL protein directly in the
antibody assay. To examine possible explanatiomsthe significantly TLR1/2
activation potency in human cells, we explored pmedicted binding mode(s) of
compound SMU-C13 with the TLR1/TLR2 complex by coating molecular
docking experiments in the human protein crystahglex (PDB 2Z7X). We selected
the most favorable energy configuration of SMU-G4Bown in green)Kig. 6A) and
compared the binding of Pam3CSK4 (shown in rednddo the complexHig. 6B).

10



Of particular interest is that SMU-C13 is well bingl to the interface of TLR1
(purple) and TLR2 (yellow), tightly fit into the hding site of Pam3CSK4 and TLR1
and TLR2 (Fig. 6B), and shows significant interastwith the important residues,
such as Gly313, GIn316 on TLR1 and Phe349 on TIER? 6C). The six-membered
cyclohexane group and the methyl ester group aratéd on the moderately active
pocket of the protein, which explains why enlargihg size of the ring or extending
the ester chain results in a decrease in acti@Gtyanges in K position on the
piperidine ring causing the interaction betweendtmall molecule and the protein are
influenced, so the activity is also varying. Fradme tomputer simulation, we can see
that the small molecule well fit in the surfacediiner interface and greatly influence

the potency of SMU-C13 in the TLR1/2 activity.

3. Conclusion

In this study, a series of ZINC 6662436 derivatjwesre designed and synthesized,
and their potential TLR2 activity was evaluated HiEK-Blue hTLR2 cells, and
human THP-1 cells. The SAR results indicated thatdiperidine ring, rather than the
piperazine ring or the morpholine ring, contributesthe activity of TLR2; further
studies have confirmed that the H at th& piperidine ring is substituted with a
methyl group as the optimal substituent. When tresa wgroup in ZINC6662436 is
substituted by thiourea, its activity almost conglle disappears. Meanwhile, when
the five-membered ring is expanded to a six-membenmgg in the structure, the
activity is increased, while the activity is de@ed when the six-member ring switch

11



to seven. Considering the steric hindrance, eleetyativity and electron effects of
various substituent groups, we obtained an optooalpound SMU-C13 with Ef at
160+10 nM.

Following specificity assays in various HEK-Blue lIRs indicated SMU-C13 only
active TLR2 signaling with no influence to TLR3 amddR4. Notably, SMU-C13 can
also effectively up-regulate the TLR2 expressiomp to 8 times. Antibodies
experiments showed that SMU-C13 active TLR2 throitghssociate with TLR1, not
TLR6. Elisa assays results indicated SMU-C13 cdrufgher the TNFe. expression
after NF«B activation, and the NkB activation can be suppressed by the &
inhibitor triptolide. Computer simulation indicate8MU-C13 tightly fit into the
binding site of Pam3CSK4 and TLR1/2, and form int@or small molecule-protein
interactions. Taken together, our work enriched #ituation of lacking of
small-molecule of TLR1/2 agonist family, and pripan vitro assays explores the
working mechanism of SMU-C13 and provides an novelecule probe for potential
therapeutic applications, including vaccine adjusamevelopment and tumor

immunity therapies.

4. Experimental section

4.1. Chemistry

General procedure for synthesis of intermediate

CompoundC was synthesized following to the procedure of Qdved al. [22], as
already reportediith some minor modifications [21]. The mixture kétoneD (1

12



mmol), alkyl cyanoacetaté (1.1 mmol), sulfur (1.1 mmol), and diethylamine1(1
mmol) in ethanol/methanol (10 mL) was kept at rommperature in an ultrasonic
cleaner for 1-3 hours. After completion of the teat the solvent was evaporated to
dryness under reduced pressure. The crude prodagtpwrified by flash column
chromatography on silica gel (petroleum ether/ethgttate elute) to provide the

productC.

methyl 2-amino-5,6-dihydroH-cyclopentabp]thiophene-3-carboxylateC@)
Yield: 96%.*H NMR (400 MHz, CDCY) ¢ 5.89 (s, 2H), 3.80 (s, 3H), 2.80-2.85 (m,

2H), 2.71-2.76 (m, 2H), 2.91-2.36 (m, 24)C NMR (101 MHz, DMSOdg) J 168.5,

165.5, 141.8, 119.5, 99.6, 50.7, 30.8, 28.8, H:-MS: m/z 198.1 ([M+H]).

propyl 2-amino-5,6-dihydro#-cyclopentabp]thiophene-3-carboxylateCQl)

Yield: 90%.*H NMR (400 MHz, CDCY) 6 5.74 (s, 2H), 4.18 (th = 6.4 Hz,J, = 12.8
Hz, 2H), 2.83-2.87 (m, 2H), 2.71-2.75 (m, 2H), 2337 (m, 2H), 1.71-1.77 (m, 2H),
1.02 (t,J; = 7.2 Hz,J, = 14.4 Hz, 3H)**C NMR (101 MHz, CDGJ) J 166.8, 166.0,

142.5,121.1, 102.5, 65.1, 30.9, 28.9, 27.2, 20AB. ESI-MS: m/z 226.1 ((M+H].

isopropyl 2-amino-5,6-dihydroHkcyclopentab]thiophene-3-carboxylateCd)
Yield: 91%.*H NMR (400 MHz, CDCY) § 5.77 (s, 2H), 5.12-5.18 (m, 1H), 5.82-5.86
(m, 2H), 2.72-2.75 (m, 2H), 2.31-2.36 (m, 2H), 1(82J = 6.4 Hz, 6H).**C NMR

(101 MHz, CDC}) ¢ 166.4, 165.3, 142.6, 121.0, 102.9, 66.5, 30.8,,28/8L, 22.1.

13



ESI-MS: m/z 226.2 ([M+H]).

methyl 2-amino-4,5,6,7-tetrahydrobenizjphiophene-3-carboxylateCh)
Yield: 95%.*H NMR (400 MHz, CDCY) ¢ 5.97 (s, 2H), 3.80 (s, 3H), 2.69-2.72 (m,
2H), 2.50-2.53 (m, 2H), 1.75-1.79 (m, 4HfC NMR (101 MHz, CDG)) 6 166.4,

162.0, 132.3, 117.4, 105.3, 50.5, 26.8, 24.5, Z27. ESI-MS: m/z 212.1 ([M+H].

methyl 2-amino-5,6,7,8-tetrahydrdd4cycloheptap]thiophene-3-carboxylateCE)
Yield: 90%.*H NMR (400 MHz, CDCY) ¢ 5.51 (s, 2H), 3.83 (s, 3H), 2.96-2.99 (m,

2H), 2.58-2.61 (m, 2H), 1.82-1.85 (m, 2H), 1.618L(f, 4H).3C NMR (101 MHz,
CDCl) ¢ 166.4, 160.2, 137.8, 121.2, 107.2, 50.7, 32.1,, 286, 27.8, 27.0. ESI-MS;

m/z 226.1 ([M+H]).

ethyl 2-amino-4,5,6,7-tetrahydrobenifthiophene-3-carboxylateC(7)

Yield: 94%.*H NMR (400 MHz, CDCY) 6 5.96 (s, 2H), 4.28 (q, 2H), 2.71-2.74 (m,
2H), 2.51-2.54 (m, 2H), 1.75-1.81 (m, 4H), 1.35)}(t= 7.2 Hz,J, = 14.4 Hz, 3H)*°C
NMR (101 MHz, CDCJ) ¢ 166.1, 162.0, 132.3, 117.4, 105.4, 59.3, 26.9,,2282,

22.8, 14.4. ESI-MS: m/z 226.1 (M+5]

propyl 2-amino-4,5,6,7-tetrahydrobenbfthiophene-3-carboxylateC)
Yield: 91%."H NMR (400 MHz, CDCJ) 6 5.84 (s, 2H), 4.19 (th = 6.4 Hz,J, = 12.8
Hz, 2H), 2.72-2.74 (m, 2H), 2.51-2.54 (m, 2H), 2781 (m, 6H), 1.02 (}; = 7.2 Hz,

J, = 14.4 Hz, 3H)*C NMR (101 MHz, CDGJ)) 6 166.3, 162.1, 132.3, 117.4, 105.5,
14



65.2, 27.0, 24.5, 23.3, 22.9, 22.2, 10.8. ESI-M& 240.1 ([M+HT).

isopropyl 2-amino-4,5,6,7-tetrahydrobenajtiiiophene-3-carboxylateCQ)

Yield: 90%.'H NMR (400 MHz, CDCJ) 6 5.67 (s, 2H), 5.15-5.21 (m, 1H), 2.71-2.74
(m, 2H), 2.50-2.54 (m, 2H), 1.74-1.81 (m, 4H), 1(84J = 7.2 Hz, 6H).**C NMR
(101 MHz, CDC}) ¢ 165.6, 162.1, 132.2, 117.2, 105.4, 66.5, 27.0,,223%2, 22.9,

22.1. ESI-MS: m/z 240.2 ((M+H).

isopropyl 2-amino-5,6,7,8-tetrahydréi4cycloheptap]thiophene-3-carboxylate
(C10

Yield: 89%.'H NMR (400 MHz, CDCJ) 6 5.76 (s, 2H), 5.16-5.23 (m, 1H), 2.98-3.00
(m, 2H), 2.50-2.53 (m, 2H), 1.63-1.83 (m, 6H), 1(84J = 6.4 Hz, 6H).*°C NMR
(101 MHz, CDC}) ¢ 165.3, 160.0, 137.7, 120.7, 107.3, 66.7, 32.0,,30(3, 26.7,

24.2,22.0. ESI-MS: m/z 254.1 ((M+5]

methyl 2-amino-6-methyl-4,5,6,7-tetrahydrobergth{iophene-3-carboxylateC(1)
Yield: 93%.*H NMR (400 MHz, CDCY) ¢ 5.96 (s, 2H), 3.80 (s, 3H), 2.84-2.90 (m,

1H), 2.55-2.59 (m, 2H), 2.11-2.18 (m, 1H), 1.819L@n, 2H), 1.33-1.38 (m, 1H),
1.06 (d,J = 6.4 Hz, 3H).XC NMR (101 MHz, CDGJ) § 166.5, 162.3, 131.9, 117.0,

105.1, 50.6, 32.6, 31.1, 29.5, 26.7, 21.5. ESI-M& 226.1 ([M+H]).

methyl 2-amino-6-pentyl-4,5,6,7-tetrahydroberst{iophene-3-carboxylateC(12)
Yield: 90%.*H NMR (400 MHz, CDCY) ¢ 5.93 (s, 2H), 3.80 (s, 3H), 2.84-2.90 (m,

15



1H), 2.57-2.62 (m, 2H), 2.13-2.19 (m, 1H), 1.7311@n, 2H), 1.31-1.38 (m, 9H),
0.92 (t,J; = 6.4 Hz,J, = 12.8 Hz, 3H)}*C NMR (101 MHz, CDCJ) 5 166.5, 162.2,
132.2, 117.2, 105.2,50.5, 36.0, 34.5, 32.1, 3009,26.7, 22.7, 14.1. ESI-MS: m/z

282.1 ([M+H]).

General procedure for synthesis of urea compowuatagoundd.-5, 9-20)

The mixture of intermediat€ (1 mmol) and triphosgene (0.35 mmol) in dimethyl
carbonate was kept at 90°C for 8h. After completbrthe reaction, without further
purification, substituted piperizin& (1.1 mmol) was added and stirred at room
temperature [21]. After completion of the reactitihe solvent was evaporated to
dryness under reduced pressure. The crude prodagtpwrified by flash column
chromatography on silica gel (petroleum ether/etitdtate elute) to provide the urea

product.

General procedure for synthesis of thiourea comgsicompound§-8, 21-29

The mixture ofC (1 mmol) and triethylamine ( 1.1 mmol) in dichlarethane was
stirred at 0 °C. Thiophosgen (1.5 mmol) was dropped the mixture to keep the
temperature lower than 5 °C. After completion oé treaction, the solvent was
evaporated to dryness under reduced pressure. B@emL dichloromethane was
added and washed with water (5 mL) 2 times [23]e Holvent was dried with
magnesium sulfate and evaporated to 10 mL, thestisuted piperizind3 (1.1 mmol)
was added and stirred at room temperature. Aftenpbetion of the reaction, the

solvent was evaporated to dryness under reducessypee The crude product was
16



purified by flash column chromatography on silie ¢petroleum ether/ethyl acetate

elute) to provide the thiourea product.

ethyl
2-(piperidine-1-carboxamido)-5,6-dihydrad4cyclopentap]thiophene-3-carboxylate
1)

Yield: 82%.H NMR (400 MHz, CDCJ) § 10.78 (s, 1H), 4.31 (g, 2H), 3.52-3.53 (m,
4H), 2.81-2.88 (m, 4H), 2.36-2.38 (m, 2H), 1.666(d), 1.37 (tJ, = 6.4 Hz,J, = 12.8
Hz, 3H). 3C NMR (101 MHz, CDGJ) ¢ 166.3, 155.6, 152.4, 140.5, 129.6, 105.4,
59.8, 44.7, 30.1, 28.6, 27.5, 25.4, 24.1, 14.0. HRMSI): calcd for @H2,N203S

(M+H)" = 323.1429, found 323.1433.

ethyl
2-(morpholine-4-carboxamido)-5,6-dihydrét4yclopentap]thiophene-3-carboxylat
e

Yield: 85%.H NMR (400 MHz, CDCJ) § 10.85 (s, 1H), 4.30 (q, 2H), 3.76-3.78 (m,
4H), 3.54-3.57 (m, 4H), 2.82-2.91 (m, 4H), 2.362(f, 2H), 1.38 (tJ); = 7.2 Hz,J

= 14.4 Hz, 3H).13C NMR (101 MHz, CDG) ¢ 166.4, 155.0, 152.7, 140.6, 130.0,
105.8, 66.1, 60.0, 43.7, 30.1, 28.6, 275, 14.1. KR(ESI): calcd for gH2oN204S

(M+H)" = 325.1222, found 325.1226.

ethyl

17



2-(4-ethylpiperazine-1-carboxamido)-5,6-dihydid-dyclopentap]thiophene-3-carb
oxylate @)

Yield: 90%.H NMR (400 MHz, CDCJ) 5 10.82 (s, 1H), 4.30 (g, 2H), 3.59-3.61 (m,
4H), 2.81-2.90 (m, 4H), 2.35-2.53 (m, 8H), 1.37J{t= 7.2 Hz,J, = 14.4 Hz, 3H),
1.12 (t,J; = 7.2 Hz,J, = 14.4 Hz, 3H)**C NMR (101 MHz, CDGJ) J 166.5, 155.3,
152.5, 140.6, 129.9, 105.7, 59.9, 52.0, 52.0, 43062, 28.6, 27.5, 14.4, 11.7. HRMS

(ESI): calcd for GH25N305S (M+H)" = 352.1695, found 352.16909.

ethyl
2-(4-(2-hydroxyethyl)piperazine-1-carboxamido)-8lj6ydro-4-cyclopentap]thiop
hene-3-carboxylated]

Yield: 80%.*H NMR (400 MHz, CDC}) 6 10.84 (s, 1H), 4.30 (g, 2H), 359-3.68 (m,
6H), 2.81-2.90 (m, 4H), 2.59-2.63 (m, 7H), 2.358(f, 2H), 1.37 (t). = 7.2 Hz,J,

= 14.4 Hz, 3H).13C NMR (101 MHz, CDG) ¢ 166.6, 155.2, 152.7, 140.7, 130.1,
106.0, 60.1, 59.5, 58.0, 525, 43.6, 30.2, 28.76,274.2. HRMS (ESI): calcd for

C17H25N30,S (M+H)" = 368.1644, found 368.1648.

ethyl
2-(4-acetylpiperazine-1-carboxamido)-5,6-dihydid-dyclopentap]thiophene-3-carb
oxylate 6)

Yield: 86%. 'H NMR (400 MHz, CDCJ) 6 10.75 (s, 1H), 4.18-4.19 (m, 2H),
3.45-3.62 (m, 8H), 2.71-2.77 (m, 4H), 2.25-2.27 @hl), 2.05 (s, 3H), 1.27 (tl, =
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7.2 Hz,J, = 14.4 Hz, 3H)*C NMR (101 MHz, CDGCJ) § 168.9, 166.2, 154.6, 152.3,
140.6, 129.9, 105.9, 60.0, 45.4, 43.1, 40.4, 318, 27.4, 21.0, 14.0. HRMS (ESI):

calcd for GH2aN304S (M+H)" = 366.1488, found 366.1492.

ethyl
2-(4-methylpiperazine-1-carbothioamido)-5,6-dihydid-cyclopentap]thiophene-3-
carboxylate §)

Yield: 91%.H NMR (400 MHz, CDCY) ¢ 12.11 (s, 1H), 4.33 (g, 2H), 4.12 (s, 4H),
2.82-2.93 (m, 4H), 2.68 (s, 4H), 2.45 (s, 3H), 22389 (m, 2H), 1.38 (t), = 7.2 Hz,
J> = 14.4 Hz, 3H).13C NMR (101 MHz, CDQ) ¢ 175.7, 167.1, 155.8, 140.7, 131.4,
108.3, 60.5, 54.3, 47.6, 45.6, 30.4, 28.8, 27.62.14RMS (ESI): calcd for

C16H2aN30,S, (M+H)" = 354.1310, found 354.1315.

ethyl
2-(4-acetylpiperazine-1-carbothioamido)-5,6-dihydkb-cyclopentap]thiophene-3-c
arboxylate 7)

Yield: 88%.H NMR (400 MHz, CDCJ) 6 12.12 (s, 1H), 4.32 (g, 2H), 4.14-4.15 (m,
2H), 3.99-4.01 (m, 2H), 3.81-3.84 (m, 2H), 3.66B6n, 2H), 2.82-2.93 (m, 4H),
2.35-2.39 (m, 2H), 2.15 (s, 3H), 1.38 §,= 7.2 Hz,J, = 14.4 Hz, 3H)C NMR
(101 MHz, CDC4) ¢ 176.3, 139.2, 166.7, 155.1, 140.6, 131.1, 108.2,65.7, 44.8,
40.0, 30.2, 28.7, 27.4, 21.2, 14.1. HRMS (ESI)cddor G7H3N30:S, (M+H)" =

382.1259, found 382.1263.
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ethyl
2-(4-phenylpiperazine-1-carbothioamido)-5,6-dihydkd-cyclopentap]thiophene-3-
carboxylate )

Yield: 83%. 'H NMR (400 MHz, CDCJ) 6 12.14 (s, 1H), 7.31-7.34 (m, 2H),
6.94-6.98 (m, 3H), 4.32-4.37 (m, 2H), 4.20-4.23 (AH), 3.39-3.41 (m, 4H),
2.84-2.95 (m, 4H), 2.36-2.40 (m, 2H), 1.40Jt,= 7.2 Hz,J, = 14.4 Hz, 3H)**C
NMR (101 MHz, CDC}) ¢ 175.8, 167.2, 155.9, 150.2, 140.8, 131.6, 129.8,112
115.9, 108.4, 60.6, 48.3, 47.5, 30.5, 28.9, 274 3.1HRMS (ESI): calcd for

C21H2sN30,S, (M+H)" = 416.1466, found 416.1471.

methyl
2-(4-methylpiperazine-1-carboxamido)-5,6-dihydid-dyclopentap]thiophene-3-car
boxylate Q)

Yield: 92%.H NMR (400 MHz, CDCY) 6 10.81 (s, 1H), 3.85 (s, 3H), 3.57-3.60 (m,
4H), 2.82-2.84 (m, 4H), 2.46-2.49 (m, 4H), 2.34&(8, 5H).*C NMR (101 MHz,
CDCl) 0 166.8, 155.4, 152.4, 140.4, 129.9, 105.4, 54.31,515.8, 43.4, 30.0, 28.6,

27.5. HRMS (ESI): calcd for £H21N30sS (M+H)" = 324.1382, found 324.1386.

propyl
2-(4-methylpiperazine-1-carboxamido)-5,6-dihydid-dyclopentap]thiophene-3-car
boxylate (L0)

Yield: 81%.H NMR (400 MHz, CDC}) 6 10.86 (s, 1H), 4.22 (t,= 6.4 Hz,J, =
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12.8 Hz, 2H), 3.58-3.62 (m, 4H), 2.82-2.92 (m, 4BI¥7-2.52 (m, 4H), 2.35-2.40 (m,
5H), 1.75-1.80 (m, 2H), 1.04 (= 7.2 Hz,J; = 14.4 Hz, 3H)}3C NMR (101 MHz,

CDCly) ¢ 166.8, 155.5, 152.7, 140.7, 130.1, 105.9, 65.8},55.9, 43.6, 30.3, 28.7,
27.6, 22.0, 10.5. HRMS (ESI): calcd forA,sN30sS (M+H)" = 352.1695, found

352.1698.

isopropyl
2-(4-methylpiperazine-1-carboxamido)-5,6-dihydid-dyclopentap]thiophene-3-car
boxylate (1)

Yield: 82%. 'H NMR (400 MHz, CDCJ) § 10.85 (s, 1H), 5.14-5.20 (m, 1H),
3.59-3.61 (M, 4H), 2.81-2.88 (m, 4H), 2.48-2.51 4H), 2.35-2.38 (m, 5H), 1.35 (d,
J=7.2 Hz, 6H).13C NMR (101 MHz, CDdJ) ¢ 166.1, 155.1, 152.6, 140.8, 130.0,
106.2, 67.5, 54.4, 45.9, 43.5, 30.3, 28.7, 27.69.2HRMS (ESI): calcd for

C17H25N305S (M+H)" = 352.1695, found 352.1699.

2-(4-methylpiperazine-1-carboxamido)-5,6-dihydid-dyclopentap]thiophene-3-car
boxylic acid (L2)

Yield: 78%.'H NMR (400 MHz, DMSO-¢) 6 10.92 (s, 1H), 3.35-3.81 (m, 9H),
2.74-2.82 (m, 7H), 2.78-2.33 (m, 2H5C NMR (101 MHz, DMSO-¢) § 167.7, 154.3,
152.3, 141.5, 130.0, 107.2, 51.9, 42.4, 40.9, 383, 27.7. HRMS (ESI): calcd for

C14H19N303S (M-H) = 308.1069, found 308.1065.
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methyl
2-(4-methylpiperazine-1-carboxamido)-4,5,6,7-teydrbbenzop]thiophene-3-carbox
ylate (L3

Yield: 92%.*H NMR (400 MHz, CDCY) § 11.12 (s, 1H), 3.84 (s, 3H), 3.57-3.60 (m,
4H), 260-2.72 (m, 4H), 2.46-2.49 (m, 4H), 2.333H), 1.77-1.78 (m, 4H):*C NMR
(101 MHz, CDC}) ¢ 167.8, 152.9, 151.7, 130.2, 125.0, 109.0, 54.£4,515.9, 43.6,
26.2, 24.2, 22.9, 22.8. HRMS (ESI): calcd forg3Ns0sS (M+H)" = 338.1538,

found 338.1542.

methyl
2-(4-methylpiperazine-1-carboxamido)-5,6,7,8-teyb-4H-cycloheptap]thiophene
-3-carboxylate 14)

Yield: 88%.H NMR (400 MHz, CDGJ) § 11.08 (s, 1H), 3.85 (s, 3H), 3.56-3.58 (m,
4H), 2.98-2.99 (m, 2H), 2.67-2.68 (m, 2H), 2.45&(t, 4H), 2.33 (s, 3H), 1.81-1.83
(m, 2H), 1.61-1.64 (m, 4H)*C NMR (101 MHz, CDGJ) 6 167.9, 153.0, 149.9,
135.7, 129.1, 110.3, 54.4, 51.3, 45.9, 43.6, 384, 28.2, 27.7, 27.0. HRMS (ESI):

calcd for GsH2iN30sS (M+H)" = 324.1382, found 324.1386.

methyl
6-methyl-2-(4-methylpiperazine-1-carboxamido)-4,;tetrahydrobenzb]thiophen

e-3-carboxylatel(b)
Yield: 87%.H NMR (400 MHz, CDC}) 6 11.30 (d,J = 6.4 Hz, 1H), 4.19-4.23 (m,

2H), 3.83-3.88 (m, 5H), 3.57-3.60 (m, 2H), 2.852@n, 6H), 2.64-2.69 (m, 2H),
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2.21-2.23 (m, 1H), 1.82-1.88 (m, 2H), 133-1.36 (i), 1.05 (d,J = 6.4 Hz, 3H)°C
NMR (101 MHz, DMSOe€k) ¢ 166.8, 152.4, 150.0, 130.1, 124.8, 109.5, 52.09,51.
42.3, 40.9, 32.1, 30.9, 29.1, 26.0, 21.6. HRMS YE&lcd for G7H2sN30:S (M+H)"

= 352.1695, found 352.1698.

methyl
2-(4-methylpiperazine-1-carboxamido)-6-pentyl-4,%;ttrahydrobenzbjthiophene
-3-carboxylate 16)

Yield: 80%. 'H NMR (400 MHz, CDCJ) 6 11.29 (s, 1H), 3.57-4.02 (m, 11H),
2.85-2.89 (m, 5H), 2.59-2.73 (m, 2H), 2.22-2.25 {H), 1.88-1.92 (m, 1H), 1.71 (s,
1H), 1.29-1.37 (m, 8H), 0.87-0.91 (m, 3*C NMR (101 MHz, DMSOds) & 166.8,
152.4, 150.3, 130.4, 124.9, 109.6, 52.1, 51.9,,48)9, 35.8, 34.1, 31.9, 30.4, 29.0,
26.4, 26.0, 22.5, 14.3. HRMS (ESI): calcd fosM33N30:S (M+H)" = 408.2321,

found 408.2326.

ethyl
2-(4-methylpiperazine-1-carboxamido)-4,5,6,7-teydrbbenzop]thiophene-3-carbox
ylate L7)

Yield: 88%.H NMR (400 MHz, CDCJ) 6 11.16 (s, 1H), 4.32 (g, 2H), 3.59-3.61 (m,
4H), 2.62-2.76 (m, 4H), 2.49-2.51 (m, 4H), 2.353d), 1.77-1.81 (m, 4H), 1.39 (,
=7.2 Hz,J, = 14.4 Hz, 3H).13C NMR (101 MHz, CDQJ) ¢ 167.2, 152.9, 151.5,
130.2, 124.9, 109.1, 60.1, 54.4, 459, 43.5, 26431,22.9, 22.8, 14.2. HRMS (ESI):

calcd for G7H2sN305S (M+H)" = 352.1695, found 352.1699.
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propyl

2-(4-methylpiperazine-1-carboxamido)-4,5,6,7-teydrbbenzop]thiophene-3-carbox

ylate (L)

Yield: 83%. 'H NMR (400 MHz, CDCJ) ¢ 11.17 (s, 1H), 4.20-4.23 (m, 2H),
3.56-3.58 (M, 4H), 2.62-2.75 (m, 4H), 2.45-2.48 4H), 2.33 (s, 3H), 1.74-1.80 (m,
6H), 1.02 (t,J; = 7.2 Hz,J, = 14.4 Hz, 3H)*C NMR (101 MHz, CDGJ) § 167.3,
152.8, 151.5, 130.1, 124.8, 109.0, 65.8, 54.4,,483%, 26.3, 24.1, 22.9, 22.8, 21.9,

10.6. HRMS (ESI): calcd for fgH27N30sS (M+H)" = 366.1851, found 366.1856.

isopropyl
2-(4-ethylpiperazine-1-carboxamido)-5,6-dihydrd-dyclopentap]thiophene-3-carb

oxylate (19)
Yield: 82%. 'H NMR (400 MHz, CDC}) § 10.84 (s, 1H), 5.14-5.18 (m, 1H),

3.58-3.62 (M, 4H), 2.80-2.90 (m, 4H), 2.47-2.54 @H), 2.34-2.38 (m, 2H), 1.34 (d,
J = 6.4 Hz, 6H), 1.11-1.14 (m, 3H}°C NMR (101 MHz, CDGJ) § 166.1, 155.2,
152.6, 140.8, 130.0, 1062, 67.5, 52.1, 52.0, 43063, 28.7, 27.6, 21.9, 11.7. HRMS

(ESI): calcd for GgH27N30sS (M+H)" = 366.1851, found 366.1855.

isopropyl
2-(4-phenylpiperazine-1-carboxamido)-5,6-dihydie-dyclopentap]thiophene-3-car
boxylate 20)

Yield: 81%. 'H NMR (400 MHz, CDCJ) ¢ 10.94 (s, 1H), 7.28-7.33 (m, 3H),
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6.95-7.00 (m, 2H), 5.17-5.20 (m, 1H), 3.76-3.77 (AH), 3.28-3.31 (m, 4H),
2.83-2.90 (m, 4H), 2.37-2.40 (m, 2H), 1.37 4d 6.0 Hz, 6H)1°C NMR (101 MHz,
CDCl) § 166.3, 155.2, 152.8, 150.8, 141.0, 130.2, 129.2,312116.4, 106.5, 67.7,
49.0, 43.6, 30.5, 28.8, 27.7, 22.1. HRMS (ESI)caddor GoHyNz0sS (M+H)" =

414.1851, found 414.1856.

isopropyl
2-(4-methylpiperazine-1-carbothioamido)-5,6-dihydid-cyclopentap]thiophene-3-
carboxylate 21)

Yield: 88%. 'H NMR (400 MHz, CDCJ) 6 12.13 (s, 1H), 5.16-5.22 (m, 1H),
4.09-4.12 (m, 4H), 2.91 (t, 2H), 2.84 (t, 2H), 2857 (m, 4H), 2.42 (s, 3H), 2.37 (t,
2H), 1.36 (d,J = 6.4 Hz, 6H).2*C NMR (101 MHz, CDG)) § 175.8, 166.7, 155.6,
140.8, 131.4, 108.8, 68.1, 54.2, 47.4, 45.5, 3IBR, 27.6, 22.0. HRMS (ESI): calcd

for C17H25N30.S, (M+H)" = 368.1466, found 368.1468.

isopropyl
2-(4-phenylpiperazine-1-carbothioamido)-5,6-dihydkd-cyclopentap]thiophene-3-
carboxylate 22)

Yield: 80%. 'H NMR (400 MHz, CDCJ) 6 12.18 (s, 1H), 7.31-7.35 (m, 2H),
6.95-6.99 (m, 3H), 5.18-5.24 (m, 1H), 4.21-4.24 (AH), 3.39-3.41 (m, 4H),
2.84-2.95 (m, 4H), 2.36-2.40 (m, 2H), 1.37 J& 7.2 Hz, 6H)*C NMR (101 MHz,
CDCl) 6 175.9, 166.8, 155.6, 150.2, 140.9, 131.5, 129.8,2,2115.9, 108.9, 68.1,
48.4, 47.5, 30.5, 28.8, 27.7, 22.0. HRMS (ESI)cddor GoH/N30.S, (M+H)" =

430.1623, found 430.1627.
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isopropyl
2-(piperazine-1-carbothioamido)-5,6-dihydrbyclopentap]thiophene-3-carboxyla
te @23

Yield: 77%.*H NMR (400 MHz, CDCY) 6 12.07 (s, 1H), 5.17-5.21 (m, 1H), 4.29 (s,
1H), 3.98-4.02 (m, 2H), 2.82-3.02 (m, 7H), 2.59&@n, 2H), 2.17-2.40 (m, 3H),
1.36 (d,J = 5.6 Hz, 6H)**C NMR (101 MHz, CDGCJ) 6 175.6, 166.5, 155.7, 140.7,
131.1, 108.6, 68.0, 49.0, 45.6, 30.5, 28.8, 278B0.2HRMS (ESI): calcd for

C16H2aN30,S, (M+H)" = 354.1310, found 354.1315.

isopropyl
2-(4-acetylpiperazine-1-carbothioamido)-5,6-dihydkb-cyclopentap]thiophene-3-c
arboxylate 24)

Yield: 83%. 'H NMR (400 MHz, CDCJ) 6 12.14 (s, 1H), 5.14-5.20 (m, 1H),
3.99-4.16 (m, 4H), 3.66-3.83 (M, 4H), 2.81-2.92 4H), 2.34-2.38 (m, 2H), 2.14 (s,
3H), 1.35 (d,J = 6.0 Hz, 6H).2*C NMR (101 MHz, CDGJ) ¢ 175.6, 169.2, 166.5,
155.1, 140.8, 1313, 108.8, 68.1, 46.8, 46.8, 44091, 30.4, 28.7, 27.6, 21.9, 21.3.

HRMS (ESI): calcd for @HasN30sS, (M+H)* = 396.1416, found 396.1419.

ethyl
2-(4-methylpiperazine-1-carbothioamido)-4,5,6, #abydrobenzdjjthiophene-3-car
boxylate 25)
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Yield: 89%.'H NMR (400 MHz, CDCJ) 6 12.44 (s, 1H), 4.34 (g, 2H), 4.04-4.05 (m,
4H), 2.77-2.78 (m, 2H), 2.55-2.65 (m, 6H), 2.373), 1.79 (s, 4H), 1.40 (§, = 7.2

Hz, J = 14.4 Hz, 3H)}*C NMR (101 MHz, CDGJ)) 6 176.1, 167.7, 152.2, 130.2,
125.7, 111.4, 60.5, 54.3, 47.7, 45.6, 26.3, 24229,222.9, 14.2. HRMS (ESI): calcd

for C17H25N30.S, (M+H)" = 368.1466, found 368.1469.

propyl

2-(4-methylpiperazine-1-carbothioamido)-4,5,6, #abydrobenzdjjthiophene-3-car
boxylate 26)

Yield: 84%.H NMR (400 MHz, CDC}) 6 12.46 (s, 1H), 4.24 (th = 6.4 Hz,J, =
12.8 Hz, 2H), 4.04-4.06 (m, 4H), 2.64-2.78 (m, 4B{p5-2.58 (m, 4H), 2.37 (s, 3H),
1.78-1.80 (m, 6H), 1.04 (th = 7.2 Hz,J, = 14.4 Hz, 3H).**C NMR (101 MHz,
CDCl) 0 175.9, 167.6, 152.1, 130.0, 125.3, 111.2, 66.23,541.6, 45.6, 26.2, 24.1,
22.9, 22.8, 21.9, 10.7. HRMS (ESI): calcd fofgd;N:0,S, (M+H)" = 382.1623,

found 382.1627.

isopropyl

2-(4-methylpiperazine-1-carbothioamido)-4,5,6, #abydrobenzdjjthiophene-3-car
boxylate 27)

Yield: 83%. 'H NMR (400 MHz, CDCJ) 6 12.47 (s, 1H), 5.20-5.23 (m, 1H),
4.02-4.05 (m, 4H), 2.64-2.77 (m, 4H), 2.53-2.56 4H), 2.36 (s, 3H), 1.77-1.80 (m,
4H), 1.36 (d,J = 6.0 Hz, 6H).X*C NMR (101 MHz, CDG)) J 176.2, 167.2, 152.0,
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130.3, 125.7, 111.8, 68.1, 54.4, 47.8, 45.7, 26442, 22.9, 22.0. HRMS (ESI): calcd

for C1gH27N30.S, (M+H)" = 382.1623, found 382.1628.

isopropyl
2-(4-methylpiperazine-1-carbothioamido)-5,6,7,8abkydro-4-cycloheptap]thioph
ene-3-carboxylate2g)

Yield: 80%. 'H NMR (400 MHz, CDCJ) 6 12.39 (s, 1H), 5.22-5.25 (m, 1H),
4.00-4.03 (m, 4H), 3.02-3.05 (M, 2H), 2.71-2.74 BH), 2.52-2.55 (m, 4H), 2.35 (s,
3H), 1.83-1.84 (m, 2H), 1.62-1.68 (m, 4H), 1.37Jd 6.4 Hz, 6H)°*C NMR (101
MHz, CDCk) ¢ 176.1, 167.3, 149.9, 135.8, 129.8, 113.1, 68.43,54/.7, 45.6, 32.9,
28.4, 28.2, 27.7, 26.7, 21.9. HRMS (ESI): calcd ©iHN:0,S, (M+H)* =

396.1779, found 396.1783.

4.2. Biology assays

4.2.1 QUANTI-Blue SEAP Assay.

HEK-Blue hTLR2 (or TLR3, TLR4) cells were culturéd 96-well plates (4 x 10
cells per well) of 200uL DMEM (supplemented with 10% FBS, 10 x
penicillin/streptomycin, and 10 x L-glutamine) &f °C for 24 hours before drug
treatment on the first day. In the next 24 hourdreatment, mediunwas removed
from the 96-well plate and substituted with 200 of DMEM containing indicated
concentrations of compounds, with/without differeitibodies (0 to 1Qug/mL),
including anti-hTLR1-1gG, anti-hTLR2—-IgA, or antiFhR6-IgA (InvivoGen) in the

28



antibody experiments. A sample buffer (bD) was collected and transferred from
each well of the cell culture supernatants to asparent 96-well plate (Thermo
Scientific). Each well was treated with til of QUANTI-Blue (InvivoGen) buffer

and incubated at 37 °C for 0.5-1 hour. Then meathagurple color by using a plate

reader at an absorbance of 620 nm (A620).

4.2.2 ELISA Assay

THP-1 cells at a density of 2.5 x°1€ells/mL were differentiated by treatment with
100 nM PMA (Sigma) in RPMI cell culture medium, taming 10% FBS, 1%
penicillin and streptomycin for 24 h at 37 °C iB% CQ humidified incubator. After
that, cells were washed with PBS and cultured @sHrRPMI cell culture medium
(containing 10% FBS, 1% pen/strep) for 24 h. Themgnge the medium to RPMI
only and treat with indicated concentration of counpd for 4 hours. The cell culture
supernatants were collected and froze at -80 °@ omgasurement. The level of
cytokine TNFe. were determined using recombinant cytokine statsjar
cytokine-specific capture antibodies and detectamtibodies according to the

commercially available ELISA kit (BD Biosciencesitiveach sample for duplicate.

4.2.3 Western blotting analysis.

In the first day, 3 mL of HEK-Blue hTLR2 cells weseeded in 6-well plate (Thermo
Scientific) at density of 1.5 x 2@er well in 3 mL DMEM (supplemented with 10%
FBS, 10 x penicillin/streptomycin, and 10 x L-glmiae) and incubated for 24 hours.
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In the second day, removed and replaced the meditimDMEM medium only to
3mL totally and treated the cells with differentncentration of SMU-C13 and
incubated for 24 hours. In the third day, the celdse harvested and lysed with 150
pL cell lysis buffers (PIPA mixed with PMSF at matf 50:1 before use, Boster). Cell
lysates of equal amount were denatured, separayedodium dodecyl sulfate
polycrylamide gel electrophoresis (SDS-PAGE), arahgferred to nitrocellulose
membrane. Then use PBS (containing 5% nonfat rmlkjock the membrane for 2 h,
and then incubated with the primary antibody of PL&ernight at 4 °C, followed
with incubating by a horseradish peroxidase conpdyssecondary antibody. The
immunoblots were visualized by enhanced exposurehme.During the operation,
the following primary and secondary antibodies weraployed: mouse-GAPDH
(1:2000, Solarbio, M1000110), rabbit-TLR2 (1:200Cell Signaling, 12276),
goat-anti-mouse-GAPDH-HRP (1:2500, Boster, BA1050) and

goat-anti-rabbit-TLR2-HRP (1:1000, Solarbio, SE134)

4.2.4 Cell viability.

HEK-Blue hTLR2 cells were cultured in 96-well platgt x 1dcells per well) of 200
uL DMEM (supplemented with 10% FBS, 10 x penicidititeptomycin, and 10 x
L-glutamine) at37 °C for 24 hours before drug treatment. Afteuivation, indicated
concentration compounds were add to 200DMEM totally and incubated at 3¢
for another 24h. After 10QL supernatant was removed, {iQ Cell counting kit-8
(CCK-8) (Bimake, B34304, USA) was added to eacH wafehbove 96-well plate and
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incubated at 3T for 1-4h until it turned into orange. Then thatplwas measured at

an absorbance of 450 nm through a plate reader.

4.2.5 Computer simulation.

Compound SMU-C13 was docked into the TLR1 and TlbR®ling domain (PDB:
2Z7X) using Glide 7.4. The molecule is created, appropriate, with multiple
protonation and tautomeric states. The TLR1/2 conétions were prepared using
standard Glide protocols. This includes addition bydrogens, restrained
energy-minimizations of the protein structure wite Optimized Potentials for
Liquid Simulations-All Atom (OPLS-AA) force fieldand finally setting up the Glide

grids using the Protein and Ligand Preparation Ne§Li].
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C1: n=1, R1=CH20H3; C7: n=2, R1=CH20H3;

C2: n=1, R4=CHg; C8: n=2, Ry=n-propyl;
C3: n=1, R4=n-propyl; C9: n=2, Ry= isopropyl;
C4: n=1, Ry=isopropyl; C10: n=3, Ry=isopropyl;
C5: n=2, R1=CHg; C11: R,=CHg;

C6: n=3, R;=CHj; C12: Ry=n-amyl

Scheme 1. Retrosynthesis of the lead compound anghthesis of intermediate C.
Reagents and conditions: (a) 8iethylamine, methanol/ethanol, ultrasonic, rt.

O
3-5, 9-11, 13-20

3: n=1, R{=CH,CH3, Ry,=H, R3=CH,CHj; 14: n=3, R4=CHj3, R,=H, R3=CHa;

4: n=1, R{=CH,CHs, Ry=H, R3=CH,CH,0H; 156: n=2, R4=CHj;, R,=CH3z, R3=CH3;

5: n=1, R{=CH,CH3, R,=H, Rs=acetyl; 16: n=2, R{=CHs;, Ry=n-amyl, R3=CHj,

9: n=1, R4=CHs;, R,=H, R3=CHs; 17: n=2, R1=CH,CH3, R,=H, R3=CHa;
10: n=1, Ry=n-propyl, R,=H, R3=CHj; 18: n=2, Ry=n-propyl, R,=H, R3=CHj;
11: n=1, Ry=isoprpyl, R,=H, R3=CHj; 19: n=1, Ry=isoprpyl, R,=H, R3=CH,CHj;
13: n=2, R4=CH3, Ry=H, R3=CHj; 20: n=1, Ry=isoprpyl, R,=H, Rs=phenyl;

Scheme 2. Synthesis of urea compound3eagents and conditions: (a) triphosgene,
dimethyl carbonate, 90°C, 8h; (b) dimethyl carbenat
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6: n=1, R1=CH2CH3, R3=CH3; 24
7. n=1, R4=CH,CH3, R3=acetyl; 25:
8: n=1, Ry=CH,CH3, R3=phenyl; 26:
21: n=1, Ry=isopropyl, R3=CHjs; 27:
22: n=1, Ry=isopropyl, R3=phenyl; 28:

23: n=1, Ry=isopropyl, R3=H,;

Scheme 3. Synthesis of thiourea compound®keagents and conditions:

7.

R4 R
O / / 1
0 © o}
\
| NH, — | ) N=C=S
S a S
C F

6-8, 21-28 S

n=1, Ry=isopropyl, R3z=acetyl;
n=2, R1=CH2CH3, R3=CH3;
n=2, Ry=n-propyl, R3=CHg;
n=2, Ry=isopropyl, R3=CHj
n=3, Ry=isopropyl, R3=CHg;

thiophosgen, triethylamine, dichloromethane, 01 ;dichloromethane, rt.
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Table 1. Structure-activity relation analysis in HEK-Blue hTLR2 cells

o M

Compounds n X R Rs ECs/uME
SMU127 1 0 CHCH;, CH; 0.56+0.01
o4
S [b]
1 Of:g}'/i @ NA
2 \ NA
\s :/;L@O
3 1 o] CHCH;, CH,CH; 8.55+3.46
4 1 @) CHCHjs CH,CH,OH NA
5 1 @) CHCHjs COCH; NA
6 1 S CHCH; CH; 3.46+0.22
7 1 S CHCHjs COCH; NA
8 1 S CHCH;3 phenyl NA
9 1 0] CH CH; 0.45+0.03
10 1 (@] CHCH,CHjs CH;s 14.16+2.81
11 1 o} CH(CH), CH; 4.59+0.49
12 1 (@] H CH NA
13(SMU-C13) 2 0 CH CH; 0.16+0.01
14 3 0 CH CH; 1.33+0.02
15 o, 11.82+1.92
e
s
16 % o, NA
A/\/CEEZH%ND
17 2 O CHCH; CH; 0.35+0.01
18 2 0 CHCH,CHs CH; 6.63+1.25
19 1 0 CH(CH), CH,CH; NA
20 1 (0] CH(CH), phenyl NA
21 1 S CH(CH), CH; 16.38+4.01
22 1 S CH(CH), phenyl NA
23 1 S CH(CH), H NA
24 1 S CH(CH), COCH; NA
25 2 S CHCH;, CH; 6.43+0.41
26 2 S CHCH,CH;, CH; NA
27 2 S CH(CH), CH; 45.24+24.29
28 3 S CH(CH), CH; NA

[ The numbers of EG are determined from at least three independergitsp
I NA means no activity at the tested concentratigng 200 pM.
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Rs=CHg, CHoCHs, =~ S ) M Ri=0CH,, OCH,CH,,

acetyl or phenyl e | OCH(CHg);, OCH,CH,CHs:

Figure 1. Structure of lead compound ZINC6662436 (SMU12%y areas of
modification (I, 11, 11, 1V).
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Figure 2. SMU-C13 is a specific agonist of TLR2(A) Comparison of
SMU-C13 and SMU127 activated secreted alkaline phasse (SEAP)
signals in HEK-Blue hTLR2 cells. HEK-Blue hTLR2 ==Were incubated with
SMU127 or SMU-C13 for 24 hours, and the activatwas measured by
Quanti-Blue in the culture supernatants at OD6X). KIEK-Blue Human
TLR2, TLR3 and TLR4 cells were incubated with SMW3C(0 to 100uM)
with the control of TLR-specific agonists sepanatdbr 24 hours, and
activation was evaluated by the optical density620nm. Agonist: TLR2,
Pam3CSK4 (100 ng/mL); TLR3, poly IC (4g/mL) and TLR4, LPS (40
ng/mL). (C) SMU-C13 promoted the TLR2 protein e)gsien in HEK-Blue
hTLR2 cells. Cells were treated with SMU-C13 (040d) for 24 h, and the
cell lysates were detected using Western blot aidTd R2 antibody. GAPDH
served as the cell lysates input control. Dataegresl are mean £ SD and the
figures shown are representative of three indeparelgeriments. * P< 0.01.
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Figure 3. SMU-C13 is a specific agonist of TLR1/2jot TLR2/6. HEK-Blue
hTLR2 cells were treated with Bl SMU-C13 and antibodies of anti-hTLR1,
anti-hTLR2, or anti-hTLR6 (0-1@g/mL) for 24 hours, and the inhibition was
measured by Quanti-Blue in the culture supernataats ODG620.
Anti-hTLR1-1gG and anti-hTLR2-1gA antibodies can hihit
SMU-C13-triggered SEAP signaling on a dose-depethdenanner, whereas
anti-hTLR6-IgG has no influence to the SEAP signgll Data presented are
mean £ SD and the figures shown are representativiiree independent
experiments.
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Figure 4. SMU-C13 induces TNl production and SEAP secretion.(A) The
TNF-a in the supernatants of human THP-1 cells aftetitnent with SMU-C13 for 4
h. (B) The SEAP expression after treat with SMU-G@8l with/without the classic
NF-kB inhibitor triptolide. Data presented are mean> &d the figures shown are
representative of three independent experimerfes: 6.01.
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Figure 5. Cytotoxicity of SMU-C13 by CCK8 colorimetric methodHEK-Blue
hTLR2 cells were cultured in DMEM &7 °C for 24 hours before drug treatment.
Indicated concentration compounds were added anubated at 3T for another 24h.
The cell viability was detected through Cell congtkit-8 (CCK-8) at OD450. Data
presented are mean + SD and the figures shown epeesentative of three
independent experiments.
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Figure 6. Low-energy binding conformations of SMU-G3 (green) and
Pam3CSK4 (red) bound to the TLR1-TLR2 interface (PIB 2Z7X) as generated
by virtual ligand docking. (A) Molecular docking of compound SMU-C13 (green)
in the Pam3CSK4 binding pocket of human TLR1/2 clexpPDB 3FXI). (B)
Overlay of binding geometry between compound SMWB-Qfreen) and Pam3CSK4
(red line) with TLR1 (purple) and TLR2 (yellow). JCThe interaction between
SMU-C13, and TLR1 (Chain B)/TLR2 (Chian A).
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Highlights for this paper

B A series of novel N-aryl-N'-(thiophen-2-yl)thiour@aalogues were generated to
investigate their TLR2 activation with compound SNI13 optimized.

B SMU-C13 specificity actives TLR1/2, not TLR2/6.

B SMU-C13 provides a novel molecule probe for potdritierapeutic applications,

including vaccine adjuvants and tumor immunity dpees.



