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ABSTRACT: Here, we describe the identification and synthesis of novel
indole sulfonamide derivatives that activate the three peroxisome proliferator
activated receptor (PPAR) isoforms. Starting with a PPARα activator,
compound 4, identified during a high throughput screening (HTS) of our
proprietary screening library, a systematic optimization led to the dis-
covery of lanifibranor (IVA337) 5, a moderately potent and well balanced
pan PPAR agonist with an excellent safety profile. In vitro and in vivo,
compound 5 demonstrated strong activity in models that are relevant to
nonalcoholic steatohepatitis (NASH) pathophysiology suggesting therapeutic potential for NASH patients.

■ INTRODUCTION
Nonalcoholic steatohepatitis (NASH) is a highly prevalent mul-
tifactorial and multistep disease associated with increasing risk
of cardiovascular mortality and development of severe liver
conditions such as cirrhosis and hepatocellular carcinoma.1,2

NASH is characterized by histopathological changes in the liver,
which include steatosis, inflammation, ballooning, necro-inflam-
mation, and perisinusoidal fibrosis. Fibrosis stage is the stron-
gest predictor for all-cause and disease-specific mortality in
NASH patients.3 Although the pathogenesis of NASH is not
fully understood, there is a consensus that metabolic disorders
and hepatic steatosis play a key role in the initiation of the
disease.
Peroxisome proliferator activated receptors (PPARs) are

members of the nuclear receptor family.4 They play not only an
important role in the regulation of lipid and glucose metab-
olism, but also in the regulation of inflammation and fibro-
genesis.5,6 Extensive efforts were deployed to identify potent
and selective agonists, which could potentially be pharmaco-
logically useful in metabolic diseases.7 Two chemical families,
thiazolidinediones represented by rosiglitazone 1a and pioglita-
zone 1b and fibrates represented by fenofibrate 2a and bezafibrate
2b (Figure 1), are well described in the literature as respectively
glucose and lipid regulators.8−10

All three PPAR subtypes, PPARα (NR1C1), PPARδ (NR1C2),
and PPARγ (NR1C3), are ligand-activated nuclear receptors,
which exhibit isotype specific tissue expression and cellular

function.11,12 The PPARα isoform is highly expressed in
hepatocytes, where it facilitates fatty acid transport beta-
oxidation and dampens inflammatory response.13,14 The PPARδ
isoform is found in most liver cells types (hepatocytes, hepatic
stellate cells (HSC), and Küpffer cells) and contributes to the
regulation of glucose and lipid metabolism while showing anti-
inflammatory properties especially through the promotion of
M2 stage Küpffer cells polarization.15,16 The PPARγ isoform is
highly expressed in the adipose tissue where it promotes adi-
pocyte differentiation, increases glucose uptake, promotes storage
of triglycerides, decreases plasma free fatty acids (FFA), and
induces the secretion of the anti-inflammatory cytokine
adiponectin. Activation of PPARγ increases insulin sensitivity
of several organs including the liver.17,18 Both PPARγ and
PPARδ are expressed at different extents in HSC, a primary cell
driver of liver fibrosis. It is recognized that PPARγ plays a crit-
ical role in keeping HSC in a quiescent nonfibrogenic state.19,20

It can be speculated that combining PPARα, PPARδ, and
PPARγ activation may bring an innovative and efficacious ther-
apeutic approach to prevent the development and progression
of NASH by addressing a large spectrum of parameters involved in
the disease.
Many of the PPAR agonists that were developed and dis-

continued are very potent activators of the PPARs and
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unbalanced relatively to the different isoforms targeted. This
potentially could lead to a large spectrum of undesirable side
effects as this strong potency would regulate the expression of a
wide range of genes and activate many pathways, some of which
will be associated with toxicity. Conversely, moderately potent
PPAR agonists such as 2a, 2b, and 1b demonstrated good
tolerability and safety in a large population of patients.21−23 In
our work, we chose to focus on moderately potent and well-
balanced modulators of the three PPARs isoforms to target the
NASH-related cells and pathways of interest while optimizing
the therapeutic margin.
Our initial indole hit 424 was identified from a high through-

put screening campaign of our proprietary compound collec-
tion using a human PPAR transactivation assays. This indole
derivative showed a good agonist activity on PPARα (half max-
imal effective concentration (EC50) = 260 nM, maximum efficacy
(Emax) = 101%) but an unbalanced pan PPAR profile with very
low potency and efficacy on both PPARδ (EC50 = 1912 nM,
Emax = 56%) and PPARγ (EC50 = 1558 nM, Emax = 43%).
The structure of 4 offers similarities with the existing

pharmacophoric scaffold, frequently described in PPAR agonist
literature, which consists in an acidic headgroup that is attached
to a hydrophobic tail group through a linker with various length
and flexibility. As mentioned above, there is a clear unmet medical
need in the therapeutic area of fibrotic disease like NASH. The
objective of the optimization effort was the discovery of novel
pan PPAR agonist drugs with an improved safety margin
compared to the known PPARγ and dual PPARα/γ com-
pounds. This program led to the discovery of lanifibranor
(IVA337) 5 (Figure 2),24 a moderately potent and well

balanced pan PPAR agonist with an excellent safety profile,
which is presently undergoing phase 2 clinical trials in NASH.

■ RESULTS AND DISCUSSION

Chemistry. Synthetic routes to the indole compounds
shown in Table 1−6 are outlined in Scheme 1−4. Palladium-
catalyzed Sonogashira cross coupling between substituted iodo-
nitrobenzenes and various alkynes afforded the nitroalkynes 6,
which were subsequently reduced in the presence of tin(II)
chloride (SnCl2) to provide the corresponding aminoalkynes 7
(Scheme 1). Sulfonylation of the anilines were conducted in the
presence of the desired sulfonyl chloride using pyridine as
solvent. Indoles 9 were obtained by cyclization of the alkyne
precursors 8 in the presence of copper acetate (Cu(OAc)2),

25

at reflux of dichloroethane (C2H4Cl2), or under microwave irra-
diations at 130−150 °C. Deprotection of the esters with lithium
hydroxide (LiOH), in a mixture of tetrahydrofuran (THF) and
water, yielded the desired carboxylic acid compounds 4 and 10.
When the nitro starting material was not available, the syn-

thesis was started from the corresponding commercially avail-
able iodoaniline bearing the desired substitutions (Scheme 2).
The sulfonylation reaction was carried out with various aryl
sulfonyl chlorides in pyridine. Most of the time, over reaction
was observed yielding a mixture of disulfonylated and mono-
sulfonylated compounds. Conveniently direct treatment of the
crude mixture with a 3 M potassium hydroxide (KOH) solution
allowed to convert the undesired bis-capped product back to
the wanted iodosulfonamide 11. Sonogashira cross coupling in
the presence of bis(triphenylphosphine)palladium(II) dichlor-
ide (Pd(PPh3)2Cl2), copper iodide (CuI), and diethylamine
(Et2N) in dimethylformamide (DMF) under microwave
heating led directly to the indoles 12. Final saponification pro-
vided derivatives 13 and 5.
The synthesis sequence depicted in Scheme 3 started with a

Sonogashira reaction between substituted commercially avail-
able iodoanilines and tert-butyl hex-5-ynoate. Compounds 14
were treated with Cu(OAc)2,

22 under microwave conditions at
130 °C for 40 min, to provide indoles 15. Deprotonation with
sodium hydride (NaH) followed by addition of arylsulfonyl
chlorides gave the corresponding sulfonyle indoles, which were

Figure 1. PPARs agonists. Compound 1a, rosiglitazone, and compound 1b, pioglitazone representing Thiazolidinedione family. Compound 2a,
fenofibrate, and 2b, bezafibrate, representing Fibrate family. Compound 3a, muraglitazar, and 3b, tesaglitazar representing PPAR α/γ dual agonists.

Figure 2. From HTS hit to clinical candidate.
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subsequently deprotected with trifluoroacetic acid (TFA) to
readily afford derivatives 16.
Compound 22 was prepared according to the synthetic

pathway depicted in Scheme 4. Sulfonylation of 7b with
4-fluoro-3-nitro-benzenesulfonyl chloride in a mixture of pyri-
dine and 2-(dimethylamino)pyridine (DMAP) lead to 17, which
was cyclized in the presence of Cu(OAc)2 to the indole 18.
Nucleophilic substitution of the fluorine atom by aqueous
ammonia led to 19. The benzimidazole moiety 21 was obtained
by reduction of the nitro group with iron powder in acetic acid
followed by cyclization in the presence of formic acid. Finally,
hydrolysis with LiOH in a THF−water mixture afforded com-
pound 22.
In Vitro Structure−Activity Relationship (SAR). Com-

pounds were evaluated for human PPAR in vitro potency and

efficacy using a cell based Gal-4 transactivation assays in CV-1
simian in origin with SV40 gene (COS-7) cells transfected with
hPPARα, hPPARδ, or hPPARγ ligand binding domains (LBD).
Emax was measured relatively to fenofibric acid26 for PPARα, 1a
for PPARγ, and GW50151627 for PPARδ.

Investigating the Chain Linker. To establish basic SAR
information, we started the optimization with analogs bearing
different types of linker between the indole moiety and the
acidic headgroup (Table 1). Modification of the linker led to
noticeable changes in the PPAR subtype activity. As already
mentioned, the two carbon atom unit linker, compound 4,
imparted potent PPARα transactivation activity, but weak PPARδ
and γ ones. Extending to a three carbon atom chain, 10b, led to
a decreased PPARα activity and increased both PPAR δ and γ
ones. The lengthening to a four carbon atom unit chain, 10c, or

Scheme 1. Synthesis of Indole Derivatives via Nitroalkyne Intermediatesa

aReagents and conditions: (a) alkyne, Pd(PPh3)4, CuI, TEA, DMF; (b) SnCl2, AcOEt, EtOH; (c) ArSO2Cl, pyridine; (d) Cu(OAc)2,
1,2-dichloroethane reflux or microwave (130−150 °C); (e) LiOH.H2O, THF/H2O.
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the introduction of a heteroatom in the chain, 13a, led to a total
loss of activity. As could be expected from previously described
PPARα selective compounds, the addition of a substituent at
the α position of the carbonyl group, indeed, resulted in a selec-
tive PPARα agonist 13b. Finally, compound 10b with a three
carbon atom chain demonstrated the best balanced pan PPAR
profile in terms of potency, with partial efficacy (Emax in the
range of 50%).
Investigating the Substitution of the Indole. To further

explore the activity and pan PPAR profile of this series, the
investigation focused on the substitution of the indole ring
(Table 2). First, the 5-position was investigated. Only hydro-
phobic substituents, such as 5-chloro 10b, 5-trifluoromethyl 16a,
and 5-methyl 13c led to active compounds. The trifluoromethyl
(CF3) substitution 16a yielded a dual PPARα/γ agonist com-
pound, very close in terms of potency and efficacy to the parent
compound 4 but still with a less balanced pan PPAR profile
compared to compound 10b, which remained the best profile at
this stage. On the contrary, the 5-methoxy 10d was totally inactive.
Additionally, a series of more hindered alkoxy chains (data

not shown) were prepared, but unfortunately, these modifications
were completely detrimental for pan PPAR activity.

The other positions of the indole scaffold were also inves-
tigated (data not shown). The 6-position turned out to be unfa-
vorable for PPAR activity, while the 4-position led to a com-
pletely misbalanced profile.

Investigating the Nature of the Aryl Sulfonamide. Our
efforts were first focused on the phenyl sulfonamide substi-
tutions (Table 3). Substitutions in the ortho position (16d, 16g)
tend mostly to drastically reduce the agonistic activity against
all three subtypes. The meta and para positions of the phenyl
were explored using electron-donating and electron-withdrawing
groups and led to active compounds leaning toward PPARγ
activity. Furthermore, no difference was observed between
electron-donating 16b and electron-withdrawing 16e groups in
the meta position. The same tendency is observed for para
substituted compounds 16c, 16f, and 16i.
It was therefore concluded that meta and para substituted

compounds were quite similar in terms of profile, and no
electronic effect could be observed on this part of the molecule.
As described in Table 1, the three carbon atom spacer chain led

to moderately potent compounds presenting, however, the desired
balanced pan PPAR agonist activity. Similar profiles are obtained
when the C5 indole position is substituted by CF3 or chloro.

Scheme 2. Synthesis of Indole Derivatives via Halogenosulfonamide Intermediatesa

aReagents and conditions: (a) (i) ArSO2Cl, pyridine; (ii) KOH, dioxane, reflux; (b) alkyne, Pd(PPh3)2Cl2, CuI, diethylamine, DMF, microwave
130 °C; (c) LiOH·H2O, THF/H2O.

Scheme 3. Synthesis of Indole Derivatives via Indole NH Intermediatesa

aReagents and conditions: (a) tert-butyl hex-5-ynoate, Pd(PPh3)2Cl2, CuI, diethylamine, DMF, microwave 130 °C; (b) Cu(OAc)2,
1,2-dichloroethane, reflux or microwave (150 °C); (c) (i) NaH, ArSO2Cl, DMF; (ii) TFA, CH2Cl2.
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Finally, it clearly appears that meta and para substitutions
were the best options toward the wanted balanced profile.
The role of the phenyl group (south part of the molecule)

was further investigated by exploring fused ring systems (Table 4).
As expected, a fused ring mimicking the ortho substitution led

to a drastic decrease in PPAR activity. For example, 1-naphtyl
sulfonamide derivative 10g showed a significantly reduced effi-
cacy on PPARγ and no activity at all on PPARδ. Efforts were
then focused on other fused rings mimicking meta or para
substitutions that were shown to be more in line with our

Scheme 4. Synthesis of Compound 22a

aReagents and conditions: (a) 4-fluoro-3-nitro-benzenesulfonyl chloride, pyridine, DMAP, CH2Cl2; (b) Cu(OAc)2, 1,2-dichloroethane microwave
(150 °C); (c) NH4OH, dioxane; (d) Fe, AcOH 60 °C; (e) HCOOH, 100 °C; (f) LiOH·H2O, THF/H2O.

Table 1. Transactivation Activity: Analogues of Compound 4 with Modification of the Y Linkera

hPPARα hPPARδ hPPARγ

compd Y EC50 (nM) Emax (%) EC50 (nM) Emax (%) EC50 (nM) Emax (%)

4 (CH2)2 260 ± 34 101 ± 14 1912 ± 75 56 ± 18 1558 ± 1 43 ± 3
10b (CH2)3 956 ± 290 51 ± 19 645 ± 21 46 ± 10 284 ± 97 46 ± 10
10c (CH2)4 nd <20 nd <20 nd <20
13a CH2OCH2 nd <20 nd <20 nd <20
13b (CH2)2C(CH3)2 160 ± 24 90 ± 39 nd <20 910 ± 135 32 ± 13

aEmax = maximum activation in percent of control. compd = compound. nd = not determined. All EC50 were mean of at least two independent
experiments performed in triplicate.

Table 2. Transactivation Activity: Analogues of Compound 4 with Modification of the R1 Substituenta

hPPARα hPPARδ hPPARγ

compd R1 EC50 (nM) Emax (%) EC50 (nM) Emax (%) EC50 (nM) Emax (%)

10b Cl 956 ± 290 51 ± 19 645 ± 21 46 ± 10 284 ± 97 46 ± 10
16a CF3 1198 ± 406 48 ± 12 >5000 49 ± 15 417 ± 195 50 ± 9
13c CH3 1300 ± 28 46 ± 29 >5000 45 ± 20 284 ± 80 38 ± 22
10d OCH3 nd <20 nd <20 nd <20

aEmax = maximum activation in percent of control. compd = compound. nd = not determined. All EC50 were mean of at least two independent
experiments performed in triplicate.
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objectives to reach a pan PPAR balanced profile. Surprisingly
2-naphtyl 10f showed very low potency on all three PPARs. It
was observed, at this stage, that nonconjugated fused rings like
benzo[1,3]dioxole 10e and N-methyl benzomorpholine 13d led
to very active compounds but with misbalanced potency in
favor of the PPARγ. The conjugated fused ring benzothiazole
analogue 5 displayed high efficacy on all PPARs subtypes and
the best balanced profile in terms of potency.
At this stage, it was decided to investigate more in depth the

potential of the benzothiazole moiety, by introducing a series of
different heteroaromatic rings (Table 5). Unfortunately, the
5-sulfonylbenzothiazole, isomer 4-[1-(1,3-benzothiazol-5-ylsul-
fonyl)-5-chloro-indol-2-yl]butanoic acid, of compound 5 was

not prepared due to chemical stability issues of the corre-
sponding sulfonyl chloride intermediate. In order to investigate
the influence of substitution at position 2 of the benzothiazole,
we decided to prepare the methylated derivatives of both ben-
zothiazole isomers, compound 10i (1,3-benzothiazol-5-ylsul-
fonyl) and compound 10h, 1,3-benzothiazol-6-ylsulfonyl. These
derivatives ended to be much less efficient than 5 on both
PPARα (Emax(10h) < 20%, Emax(10i) = 22%, Emax(5) = 106%)
and PPARδ (Emax(10h) = 27%, Emax(10i) = 20%, Emax(5) =
105%) while keeping some efficacy against PPARγ (Emax(10h) =
36%, Emax(10i) = 39%, Emax(5) = 79%). At last, it became
clear that there was no advantage to use the other isomer of
the benzothiazole, as the final picture of PPAR activity was

Table 3. Transactivation Activity: Analogues of Compound 4 with Modification of the R1 and Ar Substituentsa

hPPARα hPPARδ hPPARγ

compd R1 Ar EC50 (nM) Emax (%) EC50 (nM) Emax (%) EC50 (nM) Emax (%)

10b Cl Ph 956 ± 290 51 ± 19 645 ± 21 46 ± 10 284 ± 97 46 ± 10

16b CF3 m-OMe-Ph 1164 ± 352 37 ± 23 1607 ± 453 28 ± 12 65 ± 34 46 ± 14

16c CF3 p-OMe-Ph 764 ± 218 55 ± 2 1259 ± 393 24 ± 4 82 ± 19 38 ± 8

16d CF3 o-OMe-Ph >5000 35 ± 23 nd <20 1248 ± 447 35 ± 14

16e CF3 m-Cl-Ph 2421 ± 229 70 ± 5 2026 ± 149 21 ± 3 256 ± 171 49 ± 12

16f CF3 p-Cl-Ph 2824 ± 326 45 ± 27 1650 ± 636 38 ± 13 629 ± 359 36 ± 13

16g CF3 o-Cl-Ph >5000 104 ± 8 nd <20 >5000 45 ± 1

16h CF3 m-OCF3-Ph 2756 ± 287 50 ± 19 1140 ± 26 23 ± 11 201 ± 141 39 ± 6

16i CF3 p-OCF3-Ph 1963 ± 1425 40 ± 18 2100 ± 1273 28 ± 11 573 ± 292 32 ± 14

16j Cl m-OMe-Ph 305 ± 35 40 ± 19 1230 ± 449 43 ± 7 55 ± 18 48 ± 10

16k Cl p-OMe-Ph 419 ± 122 26 ± 10 nd <20 72 ± 59 25 ± 4

16l Cl m-Me-Ph 1250 ± 281 59 ± 22 1347 ± 251 42 ± 6 75 ± 25 46 ± 10

16m Cl p-Me-Ph >5000 36 ± 10 1085 ± 78 29 ± 3 277 ± 117 30 ± 9
aEmax = maximum activation in percent of control. compd = compound. nd = not determined. All EC50 were mean of at least two independent
experiments performed in triplicate.

Table 4. Transactivation Activity: Analogues of Compound 4 with Modifications of the Ar Substituent,a Part 1

aEmax = maximum activation in percent of control. compd = compound. nd = not determined. All experiments were performed in triplicate in at least
two independent experiments.
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completely unbalanced. Replacing the methyl group on the
position 2 of the benzothiazole with an amino group compound
10j allowed to regain activity on PPARα and PPARδ but also
increased the unbalance toward PPARγ with EC50 of 41 nM.
Moving to the corresponding benzoxazole 10k allowed to obtain
a compound well balanced for PPARδ and PPARγ but less
potent on PPARα. To conclude on this part, all the tested
substitutions on the 2-position (10h, 10i, 10j, and 10k) led to
an unbalanced profile, and the naked compound 5 remained
the best regarding the wanted profile.
Alternative 5,6-heteroaromatic rings containing compounds,

like the benzimidazole 22 and benzothiadiazole 10l, display low
potency or unbalanced profile.
Finally, all the produced derivatives demonstrated lower

efficacy, potency, or unbalanced profile in comparison to com-
pound 5. These findings prompted us to retain the benzo-
thiazole substituent on the south part of the molecule as the
most preferred option for the desired pan PPAR profile.
Reverting to the core ring investigation, the 5-CF3 substi-

tution on the indole, which was favorable on the earlier phenyl
series (16a, Table 2), surprisingly turned out to be similar in

terms of potency but less efficient in this more evolved
benzothiazole series (10m, Table 6), and only the 5-chloro
analog 5 retained the desired balanced pan PPAR profile.

Physicochemical Properties and Pharmacokinetic Profil-
ing. The promising in vitro human results obtained with this
novel indolsulfonamides series have motivated further inves-
tigation to demonstrate their potential to become preclinical
development compounds.
The drug-like properties of the most promising compound 5

were examined to determine its suitability for further investigation.
Aqueous solubility and permeability are two major players

that determine oral bioavailability. Despite its low solubility,
compound 5, as well as the original hit 4, showed a very strong
permeability profile compared to Warfarin (Table 7).

Functional Activity: Beta-Oxidation in Human Hep-
atocytes and Mouse Myoblast Cell Line. Functional PPAR
activity for all three subtypes was determined in a panel of in
vitro assays. Fatty acid beta-oxidation was used as a marker of
PPARα and PPARδ activation. They were respectively
evaluated in human hepatoma cell line (HuH7) and in
mouse myoblast cell line (C2C12). The PPARγ functional

Table 5. Transactivation Activity: Analogues of Compound 4 with Modification of the Ar Substituent,a Part 2

aEmax = maximum activation in percent of control. compd = compound. nd = not determined. All EC50 were mean of at least two independent
experiments performed in triplicate. Values based on single experiment run in triplicate are indicated in italics.

Table 6. Transactivation Activity: Exploring the R1 Substituent of Compound 5a

hPPARα hPPARδ hPPARγ

compd R1 EC50 (nM) Emax (%) EC50 (nM) Emax (%) EC50 (nM) Emax (%)

5 Cl 1537 ± 278 106 ± 30 866 ± 180 105 ± 16 206 ± 71 79 ± 15
10m CF3 1620 ± 430 82 ± 14 1120 ± 161 79 ± 13 147 ± 12 70 ± 7

aEmax = maximum activation in percent of control. compd = compound. All EC50 were mean of at least two independent experiments performed in
triplicate.
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activity was measured in human adipocytes through the
expression of adiponectin and adipocyte protein 2 (aP2)
genes, using 1a at 1 μM as reference.
As can be observed in Table 8, compound 5 demonstrated

significant activation of PPARα and PPARδ as indicated by
increasing levels of beta-oxidation on HuH7 and C2C12 consis-
tent with the observed transactivation data. Compound 5 induced
45% beta-oxidation at 1 μM in HuH7 and a significant effect in
C2C12 at 3 μM, while compound 4 showed beta-oxidation
activation on HuH7 only at 10 μM and no effect on C2C12.
The best dose response profile on beta-oxidation in both human
hepatocytes and mouse myoblasts was observed with
compound 5 in comparison to compound 4. Similar conclusion
can be drawn from the induction of PPARγ target genes
adiponectin and aP2 expression (Table 9). A clear dose response
effect is observed, despite a slight decrease at the highest con-
centration, i.e., 30 μM, which could be attributed to partial
compound precipitation.
In Vivo Pharmacokinetic Studies. Encouraged by the

promising in vitro results, the pharmacokinetic parameters of
the best candidate, compound 5, were determined in common
a strain of laboratory mouse (C57Bl6) (Table 10). Eight ani-
mals were dosed orally with 5 (10 mg/kg), and plasma samples
were collected over a 24 h period. The preliminary data sug-
gested a once daily dose.
Interestingly, compound 5 was detected in plasma in the

microgram range (maximum serum concentration that a drug
achieves in a specific compartment (Cmax) = 10.7 μg/mL), well
above the EC50 value, which aligns well with the measured solu-
bility, human Caucasian colon adenocarcinoma (Caco-2) per-
meability, and absorption data. This overall satisfactory
profile provided solid evidence that this new generation of
pan PPAR derivatives were well suited for evaluation in animal
disease models.
In Vivo Pharmacological Studies. db/db Mouse Model.

Before moving to the in vivo models, it was established that
compound 5 exhibited similar potency and efficacy for human
and mouse PPARs as measured in chimeric galactose-responsive

transcription factor (Gal-4) human or mouse PPAR-mediated
reporter gene assays (Table 11).
The antidiabetic effect of compound 5 was evaluated in db/db

mice, an obese rodent model28 of type 2 diabetes character-
ized by severe insulin resistance, hypertriglyceridemia and marked
hyperglycemia.
Compounds were administered orally once daily for 5 days

for 5 and 10 days for 4, to homozygous C57BL/Ks-db male
mice (db/db mice). A blood sample was taken from the retro-
orbital sinus before treatment and 4 h after the last gavage.
Triglycerides and glucose levels were measured after plasma
collection. The results are expressed in % variation on the final
day relative to the control group (Figure 3).
As would be expected from a pan PPAR agonist, treatment of

db/db mouse with compound 5 induced a dose-dependent and
significant decrease of circulating glucose levels: 40% at 10 mg/kg
and 58% at 30 mg/kg. In the same study, abnormal plasma tri-
glyceride levels observed in this disease model were markedly cor-
rected following treatment with compound 5: 33% at 10 mg/kg
and 45% at 30 mg/kg (Figure 3). On the contrary, compound 4,
the initial hit, had nonsignificant effect on triglycerides levels
and moderate decrease of circulating glucose at 10 mg/kg,
which was improved at 30 mg/kg.

Carbon Tetrachloride (CCl4)-Induced Liver Fibrosis in
Mice.29 Liver fibrosis is a critical hallmark of NASH, being
associated with long-term overall mortality in patients. Fibrosis
is characterized by an excessive synthesis of extra-cellular matrix
composed of collagen and fibronectin. CCl4 induced liver
fibrosis is a well-documented model to investigate potential
antifibrotic properties of pharmacological agents, the evaluation
of antifibrotic activity being determined by the measurement of
collagen deposition in the liver.
Collagen deposition measured by picrosirius red (PSR)

staining on liver histological sections was significantly higher in
CCl4-vehicle treated mice than in saline injected mice. Treat-
ment with compound 5 at 10 and 30 mg/kg, orally once a day,
produced a dose-dependent and significant reduction of

Table 8. Cellular Activities: Beta-Oxidation in HuH7 and C2C12 at Different Concentrationsa

HuH7 (% beta-oxidation) C2C12 (% beta-oxidation)

compd 1 μM 3 μM 10 μM 30 μM 1 μM 3 μM 10 μM 30 μM

5 44 ± 10 79 113 ± 23 120 ± 9 12 ± 9 37 67 ± 9 55 ± 8
4 5 ± 12 45 ± 2 96 ± 19 −6 ± 4 12 ± 12 27 ± 7

aAll values are mean of at least two independent experiments run in triplicate. Values based on single experiment run in triplicate are indicated in
italics. compd = compound.

Table 7. In Vitro Permeability of Selected Analogs

Caco-2 mean Papp (× 10−6 cm/s)
neat/FASSIF

compd A → B B → A efflux ratio solubility (μM)

5 24 0.2 0.1 8.7
4 61 14.4 0.2 9
Warfarin 39.8 0.7 0.02 56

Table 9. Cellular Activities: Gene Expression of aP2 and Adiponectine in Adipocytes at Different Concentrations of 5a

compd 5 0.1 μM 0.3 μM 1 μM 3 μM 10 μM 30 μM

aP2 6 ± 1 18 ± 4 47 ± 1 78 ± 18 97 ± 3 70 ± 12
adiponectine 7 ± 1 16 ± 1 42 ± 8 62 ± 6 80 ± 6 56 ± 3

aPercent expression vs 1a @ 1 μM accounting for 100%. All values are means of three independent experiments run in triplicate. compd =
compound.

Table 10. Compound 5 Plasma Pharmacokinetic Parameters
Following Single Oral Dose (10 mg/kg in Methyl Cellulose
as Vehicle) in C57Bl6 Mice

compd Cmax (ng/mL)a Tmax (h)
a AUCinfa (h·(ng/mL))

5 10710 1 29367
4 14590 1 37286
10b 11850 1 51082

aSingle measurement.
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collagen deposition. In parallel, and consistently with panPPAR
activation, compound 5 produced a significant reduction in
plasma triglycerides levels, a maker of PPARα/δ engagement,
and a significant elevation of plasma adiponectin levels, a
marker of PPARγ engagement (Figure 4).
Hemodilution, Plasma Volume Expansion, and Heart Weight

Increase in Rats. Contrasting with first generation PPARγ
agonists like 3a, 3b, or 1a, compound 5 had no effect on
hematocrit, plasma volume or heart weight. All the three other
PPARγ agonists mentioned above that were evaluated in this
study induced a significant reduction in hematocrit levels and a
significant increase in plasma volume after 4 weeks of treatment
at the highest dose. These compounds, but not compound 5,

showed marked increase in heart weight after 6 weeks of
treatment (Figure 5).

Xray PPARγ Structure with Compound 5 in Compar-
ison to 1a. Numerous PPARγ structures have been described
in the protein database (PDB). PPAR’s ligand binging domain
classically consists of 12 α-helices and 4 beta-stranded sheets.
PPARγ’s ligand binding pocket (LBP) is large (1300 Å3) with
Y- or T-shape. Different binding modes of ligands are observed
in PPARγ’s LBP. Ligands may bind in different locations in the
LBP (3K8S,30 3GBK,31 and 4PWL32), and on some occasions,
two ligands can be accommodated at the same time (4BCR33).
Compound 1a (dark green) (Figure 6B) is a potent PPARγ
agonist. It binds in a U-shape conformation, wrapping itself

Figure 3. Compounds 4 and 5: Percentage reduction of plasma glucose and triglycerides in db/db mice. Mice were dosed qd with 10 or 30 mg/kg
for 5 days with 5 and 10 days with 4. *P < 0.05, ***P < 0.001 versus control (one-way analysis of variance followed by Dunnett’s test).

Figure 4. Effects of compound 5 at 3, 10, and 30 mg/kg on collagen deposition, plasma triglycerides, and adiponectin in CCl4-induced liver fibrosis
in mice after 3 weeks of treatment. **P < 0.01, ***P < 0.001 versus vehicle CCl4 ;

###P < 0.001 versus vehicle oil (one-way analysis of variance
followed by Dunnett’s test).

Figure 5. Effects of compound 5 at 100 and 1000 mg/kg on hematocrit, plasma volume, and heart weight after 4 and 6 weeks of treatment in
Sprague−Dawley rats, comparison with the PPARγ and dual PPARα/γ agonists 3a, 3b, and 1a. *P < 0.05, ***P < 0.001 versus control (one-way
analysis of variance followed by Dunnett’s test).

Table 11. Agonistic Effect of Compound 5 on Human and Mouse PPARs Isoformsa

PPARα PPARδ PPARγ

EC50 (nM) Emax (%) EC50 (nM) Emax (%) EC50 (nM) Emax (%)

human 1537 ± 278 106 ± 30 866 ± 180 105 ± 16 206 ± 71 79 ± 15
mouse 366 ± 71 72 ± 14 1560 ± 279 131 ± 30 202 ± 48 73 ± 17

aEmax = maximum activation in percent of control. All experiments were performed in triplicate in at least three independent experiments.
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around Helix3 (1FM634). The thiazolidinedione headgroup,
which mimics the usually encountered carboxylic acid moiety
present in PPAR’s natural ligands such as fatty acids (e.g.,
2VV235), interacts directly with Helix12 via multiple hydrogen
bonds. The thiazolidinedione’s nitrogen atom binds to Y473
and its two carbonyl groups to H323 and H449. Differently
from 1a (dark green), compound 5 (purple) (Figure 6A) does
not interact directly with Helix12 even if it stabilizes a confor-
mationally active form of PPARγ. It adopts a T-shape confor-
mation partially overlapping with the U-shape of 1a (Figure 6C)
and filling an additional subpocket with specific hydrogen bond
interactions between its carboxylic acid and both E343 and
R288.
Cofactors Recruitment by Compound 5 vs 1a. It is now

known from genetic and pharmacological studies that moder-
ately activating compound can lead to better therapeutic out-
comes compared to full activation.36 These observations have
been translated into the concept of PPAR partial agonists and
selective PPAR modulators (SPPARMs),37,38 leading to differ-
ential cofactor recruitment profiles, and finally different gene
expression patterns.39 The cofactor recruitment profiles induced
by compounds 5 and 1a were evaluated in a time-resolved fluo-
rescence energy transfer (TR-FRET) assay using a panel of
coactivators and corepressors, for the determination and com-
parison of their respective potency and efficacy on PPARγ.
Comparatively to 1a, compound 5 displayed significant dif-

ferences in cofactor recruitment both in terms of potency
(Figure 7B) and efficacy (Figure 7A). For example, the nuclear
receptor corepressor 1 (NCoR-ID1) and silencing mediator of
retinoic acid and thyroid hormone receptor (SMRT) were both

“derecruited” by compounds 5 and 1a, but with a 10-fold lower
potency for compound 5. EC50 respectively were 4097 nM vs
326 nM for NCoR-ID1 and 1140 nM vs 95 nM for SMRT
(Table 12).
Major differences in potency were also noticed for nuclear

receptor coactivator 3 (NCoA3), steroid receptor coactivator
1 (SRC-1), PPARγ coactivator-1α (PGC1α), receptor interact-
ing protein 140 (RIP140), and proline-rich nuclear receptor
coactivator 1 (PNRC1) recruitment. When considering effi-
cacy, compound 5 showed a partial agonist activity for PGC1α
and ligand-dependent corepressor (LCOR), and a greater effi-
cacy for PNRC1 in comparison to 1a.
Collectively with the transactivation data (Table 4), these

results demonstrated that compound 5 could be considered as a
moderately potent and partial agonist on PPARγ, leading to
differential gene expression as shown on aP2 and adiponectin
(Table 9).
Altogether, the moderate potency of compound 5, its differ-

ent coregulator recruitment profile, and its balanced activity for
the three PPAR isoforms may well explain its good safety pro-
file relatively to other PPARγ agonists.40,41

■ CONCLUSION

In summary, we have described the synthesis and optimization
of a new indole series. These compounds are characterized by
their balanced activity on all PPAR subtypes. Compound 5
demonstrated excellent antihyperglycemic and hypolipidemic
efficacy in the db/db mouse model and a significant antifibrotic
activity in the mouse CCl4-induced liver fibrosis model.
Contrasting with other PPARγ agonists, compound 5 had no

Figure 6. (A) Cocrystal structure of compound 5 (purple) with PPARγ LBD (6ENQ). (B) Cocrystal structure of compound 1a (dark green) with
PPARγ LBD (1FM6). (C) Superposition of compound 5 (purple) and 1a (dark green) in PPARγ LBD.
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effect on hematocrit, plasma volume, or heart weight in rats.
These encouraging results prompted us to further develop
lanifibranor 5 for the treatment of NASH.

■ EXPERIMENTAL SECTION
Chemistry. General Methods. Reagents and solvents obtained

from commercial suppliers are used without further purification unless
otherwise stated. All compounds are >95% pure by LC/MS analysis.
All final compounds were characterized by 1H NMR and 13C NMR
using a Bruker Avance 300, 400, or 500 MHz spectrometer. Chemical
shifts are reported in ppm (δ) and were calibrated using the undeuterated
solvent resonance as internal standard. Melting points were deter-
mined on a hot stage apparatus and are uncorrected. The liquid
chromatography mass spectrum (LC/MS) analysis were carried out on
a Waters ZQ mass spectrometer hyphenated to a chromatography
system Agilent 1100 series including a photodiode array UV detector
or on a Waters UPLC Acquity system including a photodiode array
UV detector, an ELSD, and a mass spectrometer SQD. Method a: The
gradient was 0−9 min, 5% B to 90% B; 9−11 min, 90% B; 11−12 min,
90% B to 10% B; 12−15 min, 10% B (0.6 m mL/min flow rate).
Mobile Phase A: 0.05% CF3COOH in water. Mobile Phase B: 0.05%
CF3COOH in acetonitrile. Column: Uptispher OBD (Dimensions:
50 × 2 mm x 3 μm). Column temperature: 45 °C. UV detection: DAD

210−260 nm. MS detection (ESI positive and negative). Method
b: The gradient was 0−0.1 min, 5% B; 0.1−2.3 min: 5% B to 95% B;
2.3−2.5 min, 95% B; 2.51−3 min, 5% B (0.8 m mL/min flow rate).
Mobile Phase A: 0.1% CH3COOH in water. Mobile Phase B: 0.1%
CH3COOH in acetonitrile. Column: ACQUITY UPLC BEH C18
(Dimensions: 50 × 2.1 mm × 1.7 μm). Column temperature: 45 °C. UV
detection: DAD 210−260 nm. MS detection (ESI positive and negative).

3-[1-(Benzenesulfonyl)-5-chloro-indol-2-yl]propanoic Acid (4).
Compound 9a (180 mg, 0.46 mmol; 1 equiv) was mixed with 16 mL
of THF and 4 mL of water, and 20 mg (0.48 mmol; 1.05 equiv) of
lithium hydroxide (LiOH·H2O) was added. The mixture was stirred
for 3 h at room temperature and then concentrated under reduced
pressure. Water was added, and the solution was acidified with 1 N
hydrochloric acid solution. The white precipitate was extracted with
ethyl acetate, and the organic phase was dried over magnesium sulfate
and concentrated under reduced pressure to give 160 mg of the
expected product as a yellow solid (yield = 93%). mp = 165−168 °C.
LC/MS (method a): Rt = 5.35 min. MS m/z: 362 [M − H]−. 1H
NMR (400 MHz, DMSO-d6) δ 2.72 (t, J = 7.3 Hz, 2H), 3.24 (t, J =
6.8 Hz, 2H), 6.59 (s, 1H), 7.31 (dd, J = 8.8, 2.2 Hz, 1H), 7.59 (m, 3H),
7.70 (m, 1H), 7.83 (m, 2H), 8.02 (d, J = 9.0 Hz, 1H), 12.35 (br. s, 1H).
13C NMR (126 MHz, DMSO-d6) δ 173.3, 142.4, 137.4, 134.8, 134.7,
130.8, 130.0, 128.3, 126.1, 124.0, 120.0, 115.6, 108.4, 32.4, 24.0.

Table 12. Cofactors Recruitment Comparison Compound 5 vs 1a

1a 5

peptide EC50 (nM) Emin/max (FI) Emax (%) EC50 (nM) Emin/max (FI) Emax (%)

SMRT-ID1 (2339−2363) 95 0.06 100 1140 0.06 100
NCoR-ID1 (2253−2277) 326 0.1 100 4097 0.1 100
LCOR (39−63) 52 15.5 100 727 10.6 68
NCoA3 (607−631) 114 12.2 100 1484 12.4 102
NCoA3 (671−695) 117 14.2 100 1917 13.3 93
PGC1α (196−221) 332 2.3 100 3208 1.5 64
PNRC1 (302−327) NC 1.9 100 4111 2.7 142
RIP140 (922−946) NC 1.95 100 3274 1.7 88
SRC-1 (619−643) 316 2.3 100 3408 2.6 111

Figure 7. Dendograms of cofactor recruitment profiles for compounds 5 and 1a. (A) Efficacy, scale: red, FI < 1 derecruitment; gray, FI = 1 no
activity; green, FI > 1 recruitment. (B) Potency, scale: red, 10 nM; gray, 500 nM; green, 5000 nM.
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4-[1-(1,3-Benzothiazol-6-ylsulfonyl)-5-chloro-indol-2-yl]butanoic
Acid (5). This compound was prepared as described in the case of
4, starting from 12e, giving a 57% yield. White solid. mp = 182−185 °C.
LC/MS (method a): Rt = 5.67 min. MS m/z: 433 [M − H]−. 1H NMR
(500 MHz, DMSO-d6) δ 1.95 (m, 2H), 2.36 (t, J = 7.3 Hz, 2H), 3.09
(t, J = 7.5 Hz, 2H), 6.62 (s, 1H), 7.32 (dd, J = 8.9, 2.1 Hz, 1H),
7.57 (d, J = 2.1 Hz, 1H), 7.85 (dd, J = 8.6, 1.85 Hz, 1H), 8.10 (d, J =
8.9 Hz, 1H), 8.20 (d, J = 8.6 Hz, 1H), 8.98 (d, J = 1.9 Hz, 1H),
9.66 (s, 1H), 12.14 (br. s, 1H). 13C NMR (75 MHz, DMSO-d6) shift
174.1, 162.5, 156.1, 143.0, 134.7, 134.6, 133.9, 130.9, 128.3, 124.2,
123.9, 123.4, 122.8, 119.9, 115.7, 108.7, 32.9, 27.7, 23.6.
Methyl 5-(2-Amino-5-chloro-phenyl)pent-4-ynoate (7a).

4-Chloro-2-iodo-nitrobenzene (35.5 g, 125 mmol; 1 equiv), 510 mL
of triethylamine, 2.88 g (2.5 mmol; 0.02 equiv) of tetrakis-
(triphenylphosphine)palladium, 0.72 g (3.75 mmol; 0.03 equiv) of
cuprous iodide, and 50 mL of dimethylformamide were mixed. Four-
teen grams (125 mmol; 1 equiv) of methyl pent-4-ynoate were then
added at room temperature, and the reaction mixture was stirred for
24 h at room temperature. Toluene (100 mL) was added, and the
solvents were evaporated. The residue was taken up with ethyl acetate
and 1 N hydrochloric acid. The organic layer was washed with water,
dried over magnesium sulfate, and concentrated under reduced
pressure. Methyl 5-(5-chloro-2-nitro-phenyl)pent-4-ynoate 6a was
used crude in the next step. Stannous chloride (90.6 g, 400 mmol;
5 equiv), 70 mL of ethyl acetate, and 22 mL of ethanol were intro-
duced into a round bottomed flask. This mixture was stirred for 15 min
at room temperature, and a solution of 21.5 g (80 mmol; 1 equiv) of
6a in 120 mL of ethyl acetate was then added slowly. The reaction
mixture was stirred for 24 h at room temperature and then poured into
a mixture of 200 g of ice and 200 mL of 1 N sodium hydroxide
solution. The mixture was extracted twice with ethyl acetate; the
combined organic phases were washed with water, dried over magne-
sium sulfate, and concentrated under reduced pressure. The oil
obtained was purified by chromatography on silica gel using a
cyclohexane/ethyl acetate mixture (80/20; v/v) as the eluent to give
9.1 g of the expected compound as a yellow solid (yield = 30%). mp =
67 °C. LC/MS (method b): Rt = 1.59 min. MS m/z: 238 [M + H]+.
1H NMR (300 MHz, DMSO-d6) δ 2.68 (m, 4H), 3.63 (s, 3H),
5.45 (s, 2H), 6.67 (dd, J = 8.3, 1.2 Hz, 1H), 7.02 (m, 2H).
Compounds 7b−d were synthesized in a similar manner.
Methyl 6-(2-Amino-5-chloro-phenyl)hex-5-ynoate (7b). As described

for 7a, 4-chloro-2-iodo-nitrobenzene and methyl hex-5-ynoate were
transformed to 6b, which was reduced to 7b, giving 41% yield. LC/MS
(method b): Rt = 1.67 min. MS m/z: 252 [M + H]+. 1H NMR
(250 MHz, DMSO-d6) δ l.83 (m, 2H), 2.48 (m, 4H), 3.59 (s, 3H),
5.40 (s, 2H), 6.67 (d, J = 8.6 Hz, 1H), 7.03 (dd, J = 8.6, 2.4 Hz, 1H),
7.08 (d, J = 2.4 Hz, 1H).
Methyl 7-(2-Amino-5-chloro-phenyl)hept-6-ynoate (7c). As

described for 7a, 4-chloro-2-iodo-nitrobenzene and methyl hept-6-ynoate
were transformed to 6c, which was reduced to 7c, giving a 68% yield.
Yellow solid: mp = 66 °C. LC/MS (method b): Rt = 1.76 min. MS m/z:
264 [M − H]−. 1H NMR (400 MHz, DMSO-d6) δ 1.55 (m, 2H),
1.68 (m, 2H), 2.36 (t, J = 7.4 Hz, 2H), 2.47 (t, J = 7.0 Hz, 2H),
3.59 (s, 3H), 5.40 (s, 2H), 6.67 (d, J = 8.6 Hz, 1H), 7.03 (dd, J = 8.6,
2.6 Hz, 1H), 7.07 (d, J = 2.6 Hz, 1H).
Methyl 6-(2-Amino-5-methoxy-phenyl)hex-5-ynoate (7d). As

described for 7a, 2-iodo-4-methoxy-1-nitro-benzene and methyl
hex-5-ynoate was transformed to 6d, which was reduced to 7d, giving
a 40% yield. Brown oil. 1H NMR (300 MHz, DMSO-d6) δ 1.81 (m, 2H),
2.47 (t, J = 7.5 Hz, 2H), 2.48 (m, 2H), 3.60 (s, 3H), 3.62 (s, 3H),
4.80 (s, 2H), 6.62 (m, 1H), 6.68 (m, 2H).
Methyl 6-[2-Amino-5-(trifluoromethyl)phenyl]hex-5-ynoate (7e).

As described for 7a, 2-iodo-1-nitro-4-(trifluoromethyl)benzene and
methyl hex-5-ynoate were transformed to 6e, which was reduced to 7e,
giving a 50% yield. Brown oil. 1H NMR (300 MHz, DMSO-d6)
δ 1.81 (m, 2H), 2.47 (t, J = 7.5 Hz, 2H), 2.48 (m, 2H), 3.60 (s, 3H),
5.98 (s, 2H), 6.78 (d, 1H), 7.31 (m, 2H).
Methyl 5-[2-(Benzenesulfonamido)-5-chloro-phenyl]pent-4-

ynoate (8a). A solution of 1.2 g (5 mmol; 1 equiv) of 7a in 15 mL
of pyridine is prepared, and 0.77 mL (6 mmol; 1.2 equiv) of

benzenesulfonyl chloride was added. The mixture was stirred for 1 h at
room temperature and then concentrated under reduced pressure. The
residual oil was purified by chromatography on silica gel using a
cyclohexane/ethyl acetate mixture (8/2; v/v) as the eluent to give 1.8 g
of the expected compound as a beige solid (yield = 95%). LC/MS
(method b): Rt = 1.82 min. MS m/z: 378 [M + H]+. 1H NMR (300 MHz,
DMSO-d6): δ 2.56 (s, 4H), 3.65 (s, 3H), 7.28−7.36 (m, 3H),
7.54−7.72 (m, 5H), 9.69 (s, IH).

Compounds 8b−m were synthesized in a similar manner.
Methyl 6-[2-(Benzenesulfonamido)-5-chloro-phenyl]hex-5-

ynoate (8b). Starting from 7b, giving a 66% yield. Orange solid: mp =
90 °C. LC/MS (method b): Rt = 1.87 min. MS m/z: 390 [M − H]−.
1H NMR (400 MHz, DMSO-d6) δ 1.72 (m, 2H), 2.34 (t, J =
7.1 Hz, 2H), 2.43 (t, J = 7.4 Hz, 2H), 3.62 (s, 3H), 7.26 (d, J =
8.4 Hz, 1H), 7.36 (m, 2H), 7.54 (m, 2H), 7.63 (m, 1H), 7.69 (m, 2H).

Methyl 7-[2-(Benzenesulfonamido)-5-chloro-phenyl]hept-6-
ynoate (8c). Starting from 7c, giving a 54% yield. Colorless oil. 1H
NMR (250 MHz, DMSO-d6) δ l.55 (m, 4H), 2.33 (m, 4H), 3.60 (s, 3H),
7.22 (m, 3H), 7.61 (m, 5H), 9.75 (s, 1H).

Methyl 6-[2-(Benzenesulfonamido)-5-methoxy-phenyl]hex-5-
ynoate (8d). Starting from 7d, giving a 66% yield. Orange solid.
LC/MS (method b): Rt = 1.66 min. MS m/z: 388 [M + H]+. 1H NMR
(300 MHz, DMSO-d6) δ 1.70 (m, 2H), 2.29 (t, J = 7.1 Hz, 2H),
2.43 (t, J = 7.4 Hz, 2H), 3.62 (s, 3H), 3.70 (s, 3H), 6.78 (d, J =
2.9 Hz, 1H), 6.86 (dd, J = 8.9, 2.9 Hz, 1H), 7.12 (d, J = 8.9 Hz, 1H),
7.51 (m, 2H), 7.61 (m, 3H), 9.47 (s, 1H).

Methyl 6-[2-(1,3-Benzodioxol-5-ylsulfonylamino)-5-chloro-
phenyl]hex-5-ynoate (8e). Starting from 7b and 1,3-benzodioxole-
5-sulfonyl chloride, giving a 89% yield. Brown oil. LC/MS (method a):
Rt = 6.19 min. MS m/z: 436 [M + H]+. 1H NMR (300 MHz,
DMSO-d6) δ 1.76 (m, 2H), 2.40 (t, J = 7.1 Hz, 2H), 2.44 (t, J =
7.3 Hz, 2H), 3.61 (s, 3H), 6.15 (s, 2H), 7.01 (m, 1H), 7.19 (m, 2H),
7.26 (m, 1H), 7.36 (m, 2H), 9.66 (s, 1H).

Methyl 6-[5-Chloro-2-[(2-methyl-1,3-benzothiazol-6-yl)-
sulfonylamino]phenyl]hex-5-ynoate (8h). Starting from 7b and
2-methyl-1,3-benzothiazole-6-sulfonyl chloride, giving a 68% yield. White
solid. mp = 103−106 °C. LC/MS (method a): Rt = 6.17 min. MS m/z:
463 [M + H]+. 1H NMR (250 MHz, DMSO-d6) δ 1.63 (m, 2H),
2.26 (t, J = 7.8 Hz, 2H), 2.37 (t, J = 7.4 Hz, 2H), 2.83 (s, 3H),
3.61 (s, 3H), 7.29 (m, 3H), 7.73 (dd, J = 8.6, 1.8 Hz, 1H), 8.01 (d, J =
8.6 Hz, 1H), 8.42 (d, J = 1.8 Hz, 1H), 9.89 (s, 1H).

Methyl 6-[5-Chloro-2-[(2-methyl-1,3-benzothiazol-5-yl)-
sulfonylamino]phenyl]hex-5-ynoate (8i). Starting from 7b and
2-methyl-1,3-benzothiazole-5-sulfonyl chloride, giving a 42% yield. Yellow
solid. mp = 68−72 °C. LC/MS (method a): Rt = 6.25 min. MS m/z:
463 [M + H]+. 1H NMR (250 MHz, DMSO-d6) δ 1.60 (m, 2H),
2.22 (t, J = 7.1 Hz, 2H), 2.35 (t, J = 7.4 Hz, 2H), 2.83 (s, 3H),
3.61 (s, 3H), 7.33 (m, 3H), 7.63 (dd, J = 8.5, 1.8 Hz, 1H), 8.15 (d, J =
1.6 Hz, 1H), 8.21 (d, J = 8.5 Hz, 1H), 9.94 (s, 1H).

Methyl 6-[2-[(2-Amino-1,3-benzothiazol-6-yl)sulfonylamino]-5-
chloro-phenyl]hex-5-ynoate (8j). Starting from 7b and 2-amino-1,
3-benzothiazole-6-sulfonyl chloride, giving a 96% yield. Orange solid.
mp = 60−65 °C. LC/MS (method a): Rt = 5.37 min. MS m/z:
464 [M + H]+. 1H NMR (250 MHz, DMSO-d6) δ 1.70 (m, 2H),
2.33 (t, J = 7.1 Hz, 2H), 2.42 (t, J = 7.4 Hz, 2H), 3.61 (m, 3H),
7.33 (m, 4H), 7.48 (dd, J = 8.8, 1.9 Hz 1H), 7.96 (br. s, 2H), 8.04
(d, J = 1.9 Hz, 1H), 9.60 (s, 1H).

Methyl 6-[2-[(2-Amino-1,3-benzoxazol-6-yl)sulfonylamino]-5-
chloro-phenyl]hex-5-ynoate (8k). Starting from 7b and 2-amino-
1,3-benzoxazole-6-sulfonyl chloride, giving a 9% yield. White solid.
mp = 135 °C. LC/MS (method a): Rt = 5.22 min. MS m/z: 448 [M +
H]+. 1H NMR (250 MHz, DMSO-d6) δ 1.70 (m, 2H), 2.33 (t, J =
7.1 Hz, 2H), 2.42 (t, J = 7.4 Hz, 2H), 3.61 (s, 3H), 7.29 (m, 4H),
7.45 (dd, J = 8.2, 1.8 Hz, 1H), 7.59 (d, J = 1.8 Hz, 1H), 7.86 (br. s, 2H),
9.57 (br. s, 1H).

Methyl 6-[2-(2,1,3-Benzothiadiazol-5-ylsulfonylamino)-5-chloro-
phenyl]hex-5-ynoate (8l). Starting from 7b and 2,1,3-benzothiadia-
zole-5-sulfonyl chloride, giving a 24% yield. Yellow oil. LC/MS
(method a): Rt = 6.57 min. MS m/z: 450 [M + H]+. 1H NMR
(300 MHz, DMSO-d6) δ 1.58 (m, 2H), 2.20 (t, J = 7.1 Hz, 2H),
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2.33 (t, J = 7.4 Hz, 2H), 3.60 (s, 3H), 7.35 (m, 3H), 7.92 (dd, J = 9.1,
1.8 Hz, 1H), 8.31 (d, J = 9.3 Hz, 1H), 8.37 (m, 1H), 10.30 (s, 1H).
Methyl 6-[2-(1 ,3-Benzothiazol-6-y lsu l fonylamino)-5-

(trifluoromethyl)phenyl]hex-5-ynoate (8m). Starting from 7e and
1,3-benzothiazole-6-sulfonyl chloride, giving a 59% yield. Orange gum.
LC/MS (method a): Rt = 6.15 min. MS m/z: 483 [M + H]+. 1H NMR
(250 MHz, DMSO-d6) δ 1.68 (m, 2H), 2.33 (t, J = 7.2 Hz, 2H),
2.38 (d, J = 7.4 Hz, 2H), 3.61 (s, 3H), 7.58 (m, 3H), 7.89 (dd, J =
8.6, 1.9 Hz, 1H), 8.24 (d, J = 8.6 Hz, 1H), 8.69 (d, J = 1.9 Hz, 1H),
9.62 (s, 1H), 10.22 (br. s, 1H).
Methyl 3-[1-(Benzenesulfonyl)-5-chloro-indol-2-yl]propanoate

(9a). A solution of 300 mg (0.79 mmol; 1 equiv) of 8a in 35 mL of
1,2-dichloroethane was prepared, 15 mg (0.08 mmol; 0.1 equiv) of
copper acetate was added, and the mixture was refluxed for 24 h, with
stirring. The solvent was then driven off under reduced pressure, and
the residual viscous solid was purified by chromatography on silica gel
using a toluene/ethyl acetate mixture (9/1; v/v) as the eluent to give
230 mg of the compound obtained as a yellow solid (yield = 77%).
mp = 93−96 °C. LC/MS (method b): Rt = 1.92 min. no ionization.
1H NMR (500 MHz, DMSO-d6) δ 2.81 (t, J = 7.4 Hz, 2H), 3.28 (t, J =
7.1 Hz, 2H), 3.61 (s, 3H), 6.60 (s, 1H), 7.32 (dd, J = 8.9, 2.2 Hz, 1H),
7.58 (m, 3H), 7.71 (m, 1H), 7.82 (d, J = 8.5 Hz, 2H), 8.02 (d, J =
8.9 Hz, 1H).
Compounds 9b−c were synthesized in a similar manner.
Methyl 4-[1-(Benzenesulfonyl)-5-chloro-indol-2-yl]butanoate

(9b). Starting from 8b, giving an 81% yield. White solid: mp =
109−112 °C. LC/MS (method b): Rt = 2.01 min. MS m/z: 390
[M − H]−. 1H NMR (400 MHz, DMSO-d6) δ 1.96 (m, 2H), 2.43 (t, J =
7.4 Hz, 2H), 3.02 (t, J = 7.1 Hz, 2H), 3.59 (s, 3H), 6.62 (s, 1H),
7.32 (dd, J = 8.8, 2.2 Hz, 1H), 7.58 (m, 3H), 7.70 (m, 1H), 7.80 (m, 2H),
8.04 (d, J = 9.0 Hz, 1H).
Methyl 5-[1-(Benzenesulfonyl)-5-chloro-indol-2-yl]pentanoate

(9c). Starting from 8c, giving a 75% yield. Beige solid: mp = 95−98 °C.
LC/MS (method b): Rt = 2.09 min. MS m/z: 406 [M + H]+. 1H NMR
(400 MHz, DMSO-d6) δ 1.63 (m, 2H), 1.70 (m, 2H), 2.36 (t, J =
7.3 Hz, 2H), 2.99 (t, J = 6.9 Hz, 2H), 3.59 (s, 3H), 6.61 (s, 1H),
7.31 (dd, J = 9.0, 2.2 Hz, 1H), 7.57 (m, 3H), 7.70 (m, 1H), 7.81 (d, J =
8.6 Hz, 2H), 8.04 (d, J = 9.0 Hz, 1H).
Methyl 4-[1-(Benzenesulfonyl)-5-methoxy-indol-2-yl]butanoate

(9d). A solution of 1.14 g (2.95 mmol; 1 equiv) of 8d in 10 mL of
1,2-dichloroethane was prepared, 540 mg (2.98 mmol; 1.01 equivuiv)
of copper acetate was added, and the mixture was heated at 150 °C
under microwave for 30 min, with stirring. The reaction mixture was
filtered, and the residue was evaporated to give 1.06 g of a brown solid
(yield = 93%). Brown solid: mp = 80−82 °C. LC/MS (method a):
Rt = 6.15 min. MS m/z: 388 [M + H]+. 1H NMR (300 MHz, DMSO-d6)
δ 1.96 (m, 2H), 2.42 (t, J = 7.4 Hz, 2H), 3.00 (t, J = 7.5 Hz, 2H),
3.59 (s, 3H), 3.74 (s, 3H), 6.55 (s, 1H), 6.88 (dd, J = 9.1, 2.7 Hz, 1H),
7.00 (d, J = 2.7 Hz, 1H), 7.54 (m, 2H), 7.65 (m, 1H), 7.74 (m, 2H),
7.91 (d, J = 9.1 Hz, 1H).
Compounds 9e−m were synthesized in a similar manner.
Methyl 4-[1-(1,3-Benzodioxol-5-ylsulfonyl)-5-chloro-indol-2-yl]-

butanoate (9e). Starting from 8e, giving a 97% yield. White solid.
mp = 97−103 °C. LC/MS (method a): Rt = 6.71 min. MS m/z: 436
[M + H]+. 1H NMR (300 MHz, DMSO-d6) δ 1.96 (m, 2H), 2.44 (t, J =
7.4 Hz, 2H), 3.02 (t, J = 7.3 Hz, 2H), 3.59 (s, 3H), 6.14 (s, 2H),
6.60 (s, 1H), 7.04 (d, J = 8.3 Hz, 1H), 7.27 (d, J = 2.1 Hz, 1H),
7.30 (dd, J = 9.0, 2.2 Hz, 1H), 7.42 (dd, J = 8.3, 2.1 Hz, 1H), 7.58 (d, J =
2.2 Hz, 1H), 8.03 (d, J = 9.0 Hz, 1H).
Methyl 4-[5-Chloro-1-(2-naphthylsulfonyl)indol-2-yl]butanoate

(9f). As described for 8a, naphthalene-2-sulfonyl chloride was reacted
with 7b to give 8f, which was used crude in the next step. Compound
9f was then obtained with a 71% yield. White solid. mp = 116−118 °C.
LC/MS (method b): Rt = 2.19 min. MS m/z: 440 [M − H]−. 1H NMR
(400 MHz, DMSO-d6) δ 1.98 (m, 2H), 2.45 (t, J = 7.4 Hz, 2H),
3.10 (t, J = 7.4 Hz, 2H), 3.57 (s, 3H), 6.62 (m, 1H), 7.31 (dd, J = 9.0,
2.2 Hz, 1H), 7.57 (d, J = 2.0 Hz, 1H), 7.63 (dd, J = 8.8, 2.0 Hz, 1H),
7.72 (m, 2H), 8.00 (d, J = 9.0 Hz, 1H), 8.06 (d, J = 9.0 Hz, 1H),
8.12 (d, J = 9.0 Hz, 1H), 8.23 (d, J = 9.0 Hz, 1H), 8.72 (d, J =
2.0 Hz, 1H).

Methyl 4-[5-Chloro-1-(1-naphthylsulfonyl)indol-2-yl]butanoate
(9g). As described for 8a, naphthalene-1-sulfonyl chloride was reacted
with 7b to give 8g, which was used crude in the next step. Compound
9g was then obtained with a 44% yield. White solid. mp = 94−97 °C.
LC/MS (method b): Rt = 2.17 min. MS m/z: 440 [M − H]−.
1H NMR (400 MHz, DMSO-d6) δ 1.86 (m, 2H), 2.35 (t, J =
7.4 Hz, 2H), 2.89 (t, J = 7.4 Hz, 2H), 3.53 (s, 3H), 6.70 (s, 1H),
7.30 (dd, J = 8.8, 2.2 Hz, 1H), 7.65 (m, 5H), 7.94 (d, J = 9.2 Hz, 1H),
8.13 (m, 1H), 8.34 (m, 2H).

Methyl 4-[5-Chloro-1-[(2-methyl-1,3-benzothiazol-6-yl)sulfonyl]-
indol-2-yl]butanoate (9h). Starting from 8h, giving a 74% yield.
White solid. mp = 151−153 °C. LC/MS (method a): Rt = 6.95 min.
MS m/z: 463 [M + H]+. 1H NMR (300 MHz, DMSO-d6) δ 1.96
(m, 2H), 2.44 (t, J = 7.4 Hz, 2H), 2.83 (s, 3H), 3.07 (t, J =
7.3 Hz, 2H), 3.58 (s, 3H), 6.61 (s, 1H), 7.31 (dd, J = 9.0, 2.2 Hz, 1H),
7.57 (d, J = 2.2 Hz, 1H), 7.78 (dd, J = 8.8, 2.0 Hz, 1H), 8.01 (d, J =
8.8 Hz, 1H), 8.08 (d, J = 8.8 Hz, 1H), 8.81 (d, J = 2.0 Hz, 1H).

Methyl 4-[5-Chloro-1-[(2-methyl-1,3-benzothiazol-5-yl)sulfonyl]-
indol-2-yl]butanoate (9i). Starting from 8i, giving a 77% yield. Beige
solid. mp = 136−138 °C. LC/MS (method a): Rt = 6.92 min. MS m/z:
463 [M + H]+. 1H NMR (250 MHz, DMSO-d6) δ 1.98 (m, 2H),
2.45 (t, J = 7.3 Hz, 2H), 2.81 (s, 3H), 3.08 (t, J = 7.5 Hz, 2H), 3.59
(s, 3H), 6.62 (s, 1H), 7.32 (dd, J = 8.9, 2.2 Hz, 1H), 7.57 (d, J =
1.9 Hz, 1H), 7.75 (dd, J = 8.5, 1.9 Hz, 1H), 8.11 (d, J = 8.9 Hz, 1H),
8.26 (m, 2H).

Methyl 4-[1-[(2-Amino-1,3-benzothiazol-6-yl)sulfonyl]-5-chloro-
indol-2-yl]butanoate (9j). Starting from 8j, giving a 43% yield.
Yellow solid. mp = 235−239 °C. LC/MS (method b): Rt = 1.80 min.
MS m/z: 464 [M + H]+. 1H NMR (250 MHz, DMSO-d6) δ 1.96
(m, 2H), 2.44 (t, J = 7.4 Hz, 2H), 3.05 (t, J = 7.5 Hz, 2H), 3.59
(s, 3H), 6.58 (s, 1H), 7.31 (m, 2H), 7.60 (m, 2H), 8.06 (m, 3H), 8.31
(m, 1H).

Methyl 4-[1-[(2-Amino-1,3-benzoxazol-6-yl)sulfonyl]-5-chloro-
indol-2-yl]butanoate (9k). Starting from 8k, giving a 46% yield.
Yellow solid. mp = 238 °C. LC/MS (method a): Rt = 5.79 min. MS
m/z: 448 [M + H]+. 1H NMR (250 MHz, DMSO-d6) δ 1.97 (m, 2H),
2.44 (t, J = 7.5 Hz, 2H), 3.05 (t, J = 7.4 Hz, 2H), 3.59 (s, 3H), 6.58
(s, 1H), 7.27 (m, 2H), 7.55 (m, 2H), 7.83 (s, 1H), 8.06 (m, 3H).

Methyl 4-[1-(2,1,3-Benzothiadiazol-5-ylsulfonyl)-5-chloro-indol-
2-yl]butanoate (9l). Starting from 8l, giving an 83% yield. Yellow
solid. mp = 103−106 °C. LC/MS (method a): Rt = 6.97 min. MS m/z:
450 [M + H]+. 1H NMR (300 MHz, DMSO-d6) δ 1.98 (m, 2H), 2.46
(t, J = 7.4 Hz, 2H), 3.10 (t, J = 7.3 Hz, 2H), 3.58 (s, 3H), 6.67 (s, 1H),
7.34 (dd, J = 8.9, 2.2 Hz, 1H), 7.59 (d, J = 1.9 Hz, 1H), 7.81 (dd, J =
9.2, 1.9 Hz, 1H), 8.13 (d, J = 8.9 Hz, 1H), 8.25 (d, J = 9.2 Hz, 1H),
8.81 (m, 1H).

Methyl 4-[1-(1,3-Benzothiazol-6-ylsulfonyl)-5-(trifluoromethyl)-
indol-2-yl]butanoate (9m). Starting from 8m, giving a 49% yield.
White solid. mp = 116−121 °C. 1H NMR (300 MHz, DMSO-d6)
δ 1.99 (m, 2H), 2.47 (t, J = 7.7 Hz, 2H), 3.11 (t, J = 7.4 Hz, 2H), 3.58
(s, 3H), 6.78 (s, 1H), 7.63 (d, J = 8.8 Hz, 1H), 7.89 (dd, J = 8.8,
2.1 Hz, 1H), 7.93 (s, 1H), 8.22 (d, J = 8.8 Hz, 1H), 8.30 (d, J =
8.8 Hz, 1H), 9.02 (d, J = 2.1 Hz, 1H), 9.66 (s, 1H).

Compounds 10b−m were synthesized in a similar manner as
compound 4.

4-[1-(Benzenesulfonyl)-5-chloro-indol-2-yl]butanoic Acid (10b).
Starting from 9b, giving a 92% yield. Pale pink solid: mp = 198−202 °C.
LC/MS (method b): Rt = 1.77 min. MS m/z: 376 [M − H]−. 1H NMR
(400 MHz, DMSO-d6) δ 1.93 (m, 2H), 2.33 (t, J = 7.2 Hz, 2H), 3.03
(t, J = 7.5 Hz, 2H), 6.62 (s, 1H), 7.31 (dd, J = 9.0, 2.0 Hz, 1H), 7.57
(m, 3H), 7.70 (m, 1H), 7.81 (d, J = 7.5 Hz, 2H), 8.04 (d, J =
9.0 Hz, 1H), 12.10 (br. s, 1H). 13C NMR (126 MHz, DMSO-d6)
δ 174.1, 143.1, 137.4, 134.8, 134.7, 131.0, 129.9, 128.3, 126.1, 123.9,
120.0, 115.7, 108.7, 33.0, 27.6, 23.5.

5-[1-(Benzenesulfonyl)-5-chloro-indol-2-yl]pentanoic Acid (10c).
Starting from 9c, giving a 79% yield. White solid: mp = 144−148 °C.
LC/MS (method b): Rt = 1.80 min. MS m/z: 390 [M − H]−.
1H NMR (400 MHz, DMSO-d6) δ 1.60 (m, 2H), 1.70 (m, 2H), 2.27
(t, J = 7.3 Hz, 2H), 2.99 (t, J = 7.1 Hz, 2H), 6.61 (s, 1H), 7.31 (dd, J =
8.9, 2.3 Hz, 1H), 7.58 (m, 3H), 7.70 (m, 1H), 7.81 (m, 2H), 8.04
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(d, J = 9.0 Hz, 1H), 12.03 (br. s, 1H). 13C NMR (101 MHz,
DMSO-d6) δ 174.3, 143.4, 137.4, 134.8, 134.7, 131.0, 129.9, 128.2,
126.1, 123.9, 119.9, 115.7, 108.6, 33.3, 28.0, 27.8, 24.1.
4-[1-(Benzenesulfonyl)-5-methoxy-indol-2-yl]butanoic Acid

(10d). Starting from 9d, giving a 94% yield. White solid. LC/MS
(method a): Rt = 5.26 min. MS m/z: 374 [M + H]+. 1H NMR
(250 MHz, DMSO-d6) δ 1.94 (m, 2H), 2.32 (t, J = 7.1 Hz, 2H), 3.00
(t, J = 7.2 Hz, 2H), 3.74 (s, 3H), 6.54 (s, 1H), 6.88 (dd, J = 9.1,
2.7 Hz, 1H), 7.00 (d, J = 2.7 Hz, 1H), 7.54 (m, 2H), 7.65 (m, 1H),
7.75 (m, 2H), 7.91 (d, J = 9.1 Hz, 1H), 12.06 (br s, 1H). 13C NMR
(75 MHz, DMSO-d6) δ 174.1, 156.2, 141.9, 137.5, 134.4, 130.7, 130.6,
129.7, 126.0, 115.1, 112.5, 109.8, 103.2, 55.2, 32.9, 27.7, 23.7.
4-[1-(1,3-Benzodioxol-5-ylsulfonyl)-5-chloro-indol-2-yl]butanoic

Acid (10e). Starting from 9e, giving a 96% yield. White solid. mp =
154−156 °C. LC/MS (method a): Rt = 5.87 min. MS m/z: 420
[M − H]−. 1H NMR (250 MHz, DMSO-d6) δ 1.93 (m, 2H), 2.35 (t, J =
6.6 Hz, 2H), 3.03 (t, J = 7.6 Hz, 2H), 6.14 (s, 2H), 6.60 (s, 1H), 7.04
(d, J = 8.2 Hz, 1H), 7.29 (m, 2H), 7.43 (dd, J = 8.2, 2.1 Hz, 1H), 7.58
(d, J = 1.9 Hz, 1H), 8.03 (d, J = 8.9 Hz, 1H), 12.11 (br. s, 1H).
13C NMR (75 MHz, DMSO-d6) δ 174.1, 152.6, 148.2, 143.0, 134.6,
130.9, 130.2, 128.1, 123.8, 122.7, 119.8, 115.7, 108.7, 108.4, 105.8,
103.0, 32.9, 27.6, 23.5.
4-[5-Chloro-1-(2-naphthylsulfonyl)indol-2-yl]butanoic Acid (10f).

Starting from 9f, giving a 90% yield. White solid. mp = 166−169 °C.
LC/MS (method b): Rt = 1.96 min. MS m/z: 426 [M − H]−. 1H
NMR (400 MHz, DMSO-d6) δ 1.95 (m, 2H), 2.36 (t, J = 7.4 Hz, 2H),
3.11 (t, J = 7.5 Hz, 2H), 6.61 (s, 1H), 7.31 (dd, J = 9.0, 2.2 Hz, 1H),
7.56 (d, J = 2.0 Hz, 1H), 7.72 (m, 3H), 8.00 (d, J = 7.9 Hz, 1H), 8.06
(d, J = 9.02 Hz, 1H), 8.12 (d, J = 9.02 Hz, 1H), 8.23 (d, J =
7.9 Hz, 1H), 8.72 (d, J = 1.8 Hz, 1H), 12.19 (s, 1H). 13C NMR
(101 MHz, DMSO-d6) δ 174.2, 143.1, 134.8, 134.7, 134.3, 131.4,
130.9, 130.2, 129.9, 129.7, 128.2, 128.2, 128.1, 127.9, 123.9, 120.6,
119.9, 115.7, 108.6, 33.0, 27.7, 23.6.
4-[5-Chloro-1-(1-naphthylsulfonyl)indol-2-yl]butanoic Acid

(10g). Starting from 9g, giving an 89% yield. White solid. mp =
206−210 °C. LC/MS (method b): Rt = 1.94 min. MS m/z: 426
[M − H]−. 1H NMR (500 MHz, DMSO-d6) δ 1.84 (m, 2H), 2.26 (t, J =
7.3 Hz, 2H), 2.90 (t, J = 7.5 Hz, 2H), 6.70 (s, 1H), 7.30 (dd, J =
8.9, 2.2 Hz, 1H), 7.61 (m, 2H), 7.69 (m, 3H), 7.93 (d, J = 8.9 Hz, 1H),
8.13 (m, 1H), 8.35 (m, 2H), 12.09 (br. s, 1H). 13C NMR (101 MHz,
DMSO-d6) δ 174.0, 143.4, 135.7, 135.2, 134.0, 133.8, 130.3, 129.5,
129.0, 128.1, 127.8, 127.6, 127.0, 124.7, 123.9, 122.7, 120.2, 115.4,
107.8, 32.9, 27.3, 23.2.
4-[5-Chloro-1-[(2-methyl-1,3-benzothiazol-6-yl)sulfonyl]indol-2-

yl]butanoic Acid (10h). Starting from 9h, giving an 85% yield. White
solid. mp = 163−165 °C. LC/MS (method b): Rt = 1.78 min. MS m/z:
447 [M − H]−. 1H NMR (300 MHz, DMSO-d6) δ 1.94 (m, 2H), 2.35
(t, J = 7.3 Hz, 2H), 2.82 (s, 3H), 3.08 (t, J = 7.2 Hz, 2H), 6.61 (s, 1H),
7.31 (dd, J = 9.0, 2.2 Hz, 1H), 7.57 (d, J = 2.2 Hz, 1H), 7.78 (dd, J =
8.7, 2.1 Hz, 1H), 8.01 (d, J = 8.7 Hz, 1H), 8.08 (d, J = 9.0 Hz, 1H),
8.82 (d, J = 2.1 Hz, 1H), 12.11 (s, 1H). 13C NMR (101 MHz,
DMSO-d6) δ 174.1, 173.9, 156.2, 143.0, 136.2, 134.7, 133.1, 130.9,
128.2, 123.9, 123.5, 122.9, 122.2, 119.9, 115.7, 108.6, 32.9, 27.7, 23.6,
20.1.
4-[5-Chloro-1-[(2-methyl-1,3-benzothiazol-5-yl)sulfonyl]indol-2-

yl]butanoic Acid (10i). Starting from 9i, giving a 98% yield. White
solid. mp = 164 °C. LC/MS (method a): Rt = 6.01 min. MS m/z: 447
[M − H]−. 1H NMR (300 MHz, DMSO-d6) δ 1.94 (m, 2H), 2.35 (t, J =
7.3 Hz, 2H), 2.81 (s, 3H), 3.08 (t, J = 7.5 Hz, 2H), 6.62 (s, 1H), 7.32
(dd, J = 8.8, 2.0 Hz, 1H), 7.57 (d, J = 2.0 Hz, 1H), 7.75 (dd, J = 8.8,
2.0 Hz, 1H), 8.10 (d, J = 8.8 Hz, 1H), 8.25 (d, J = 8.8 Hz, 1H), 8.28
(d, J = 2.0 Hz, 1H), 12.14 (br. s, 1H). 13C NMR (101 MHz, DMSO-d6)
δ 174.1, 171.6, 152.2, 143.1, 141.8, 135.1, 134.8, 131.0, 128.3, 124.0,
124.0, 121.2, 120.0, 119.5, 115.8, 108.9, 32.9, 27.7, 23.6, 19.9.
4-[1-[(2-Amino-1,3-benzothiazol-6-yl)sulfonyl]-5-chloro-indol-2-

yl]butanoic Acid (10j). Starting from 9j, giving a 49% yield. White
solid. mp = 155−162 °C. LC/MS (method b): Rt = 1.55 min. MS m/z:
448 [M − H]−. 1H NMR (250 MHz, DMSO-d6) δ 1.93 (m, 2H), 2.35
(t, J = 6.7 Hz, 2H), 3.06 (t, J = 7.4 Hz, 2H), 4.28 (br. s, 2H), 6.58
(s, 1H), 7.29 (dd, J = 8.9, 2.0 Hz, 1H), 7.36 (d, J = 8.6 Hz, 1H), 7.56

(d, J = 2.0 Hz, 1H), 7.62 (dd, J = 8.6, 2.0 Hz, 1H), 8.05 (d, J =
8.9 Hz, 1H), 8.27 (br. s, 1H), 8.33 (d, J = 2.0 Hz, 1H). 13C NMR
(101 MHz, DMSO-d6) δ 174.2, 171.1, 154,0 (broad), 143.1, 134.7,
131.0, 130,5 (broad), 129.4, 128.1, 124.7, 123.8, 121.0, 119.9, 116.7,
115.8, 108.3, 33.1, 27.7, 23.6.

4-[1-[(2-Amino-1,3-benzoxazol-6-yl)sulfonyl]-5-chloro-indol-
2-yl]butanoic Acid (10k). Starting from 9k, giving a 76% yield. Yellow
solid. mp = 220 °C. LC/MS (method a): Rt = 5.03 min. MS m/z: 432
[M − H]−. 1H NMR (250 MHz, DMSO-d6) δ 1.93 (m, 2H), 2.35 (t, J =
7.0 Hz, 2H), 3.05 (t, J = 8.4 Hz, 2H), 6.57 (s, 1H), 7.26 (d, J =
9.0 Hz, 1H), 7.30 (dd, J = 9.0, 2.2 Hz, 1H), 7.55 (m, 2H), 7.83 (d, J =
2.2 Hz, 1H), 8.03 (s, 2H), 8.07 (d, J = 9.0 Hz, 1H), 12.09 (s, 1H).

4-[1-(2,1,3-Benzothiadiazol-5-ylsulfonyl)-5-chloro-indol-2-yl]-
butanoic Acid (10l). Starting from 9l, giving a 92% yield. Brown solid.
mp = 172−175 °C. LC/MS (method a): Rt = 6.03 min. MS m/z: 434
[M − H]−. 1H NMR (300 MHz, DMSO-d6) δ 1.95 (m, 2H),
2.28−2.41 (t, J = 7.7 Hz, 2H), 3.10 (t, J = 7.4 Hz, 2H), 6.67 (s, 1H),
7.33 (dd, J = 8.9, 2.2 Hz, 1H), 7.59 (d, J = 2.2 Hz, 1H), 7.81 (dd, J =
9.3, 2.0 Hz, 1H), 8.13 (d, J = 8.9 Hz, 1H), 8.20−8.29 (m, 1H), 8.82
(d, J = 2.0 Hz, 1H), 12.10 (br. s, 1H). 13C NMR (101 MHz, DMSO-d6)
δ 174.2, 155.4, 152.4, 143.1, 137.9, 134.7, 131.0, 128.5, 124.2, 124.1,
123.9, 121.8, 120.1, 115.8, 109.1, 32.9, 27.7, 23.6.

4-[1-(1,3-Benzothiazol-6-ylsulfonyl)-5-(trifluoromethyl)indol-2-
yl]butanoic Acid (10m). Starting from 9m, giving a 97% yield. Yellow
solid. mp = 173−181 °C. LC/MS (method a): Rt = 5.79 min. MS m/z:
467 [M − H]−. 1H NMR (250 MHz, DMSO-d6) δ 1.96 (m, 2H), 2.38
(t, J = 7.3 Hz, 2H), 3.12 (t, J = 7.4 Hz, 2H), 6.78 (s, 1H), 7.62 (dd, J =
8.8, 1.6 Hz, 1H), 7.91 (m, 2H), 8.22 (d, J = 8.8 Hz, 1H), 8.30 (d, J =
8.8 Hz, 1H), 9.02 (d, J = 1.6 Hz, 1H), 9.66 (s, 1H), 12.12 (br. s, 1H).
13C NMR (126 MHz, DMSO-d6) δ 174.1, 162.7, 156.2, 143.4, 137.9,
134.8, 133.9, 129.4, 124.6 (q, JC,F= 272.2 Hz), 124.4(q, JC,F= 31.7 Hz),
124.3, 123.5, 123.1, 120.6 (q, JC,F = 2.7 Hz), 117.9 (q, JC,F = 2.7 Hz),
114.9, 109.0, 32.9, 27.6, 23.5.

N-(4-Chloro-2-iodo-phenyl)benzenesulfonamide (11a). A solu-
tion of 2 g (7.89 mmol; 1 equiv) of 4-chloro-2-iodoaniline in 30 mL of
pyridine was prepared, and 1.21 mL (9.5 mmol; 1.2 equiv) of ben-
zenesulfonyl chloride was added at 0 °C, with stirring. The reaction
mixture was subsequently stirred at room temperature for 16 h and
then concentrated under reduced pressure. The residual oil was taken
up with 50 mL of ethyl acetate, and the solution obtained was washed
with water and then dried over magnesium sulfate and concentrated
under reduced pressure. The crude product was therefore taken up in
solution in 60 mL of dioxane and treated with 19 mL of 3 M
potassium hydroxide solution under gentle reflux for 8 h. The solvent
was driven off under reduced pressure, and the residue was taken up
with water and acidified to pH 2 with dilute hydrochloric acid solution.
The precipitate was filtered off, washed with water, and dried to give
2.79 g of the expected product as a white solid (yield = 90%). mp =
126−128 °C. LC/MS (method b): Rt = 1.75 min. MS m/z: 392
[M − H]−. 1H NMR (300 MHz, DMSO-d6) δ 7.00 (d, J = 8.6 Hz, 1H),
7.40 (dd, J = 8.6, 2.5 Hz, 1H), 7.59 (m, 2H), 7.68 (m, 3H), 7.89 (d, J =
2.5 Hz, 1H), 9.88 (s, 1H).

N-(2-Iodo-4-methyl-phenyl)benzenesulfonamide (11c). This
compound was prepared as described in the case of 11a, starting
from 2-bromo-4-methyl-aniline and benzenesulfonyl chloride, giving a
95% yield. Beige solid: LC/MS (method a): Rt = 5.46 min. MS m/z:
326 [M + H]+. 1H NMR (250 MHz, DMSO-d6) δ 2.25 (s, 3H), 7.03
(d, J = 8.2 Hz, 1H), 7.13 (m, 1H), 7.41 (d, J = 1.4 Hz, 1H), 7.58 (m, 2H),
7.69 (m, 3H), 9.77 (s, 1H).

N-(4-Chloro-2-iodo-phenyl)-4-methyl-2,3-dihydro-1,4-benzoxa-
zine-6-sulfonamide (11d). This compound was prepared as described
in the case of 8a, starting from 4-chloro-2-iodo-aniline and 4-methyl-
2,3-dihydro-1,4-benzoxazine-6-sulfonyl chloride, giving a 80% yield.
Beige solid. mp = 159 °C. LC/MS (method b): Rt = 1.81 min. MS m/z:
465 [M + H]+. 1H NMR (300 MHz, DMSO-d6) δ 2.80 (s, 3H), 3.28
(m, 2H), 4.29 (m, 2H), 6.79 (d, J = 9.5 Hz, 1H), 6.92 (m, 2H), 7.03
(d, J = 8.8 Hz, 1H), 7.41 (dd, J = 8.8, 2.6 Hz, 1H), 7.89 (d, J =
2.6 Hz, 1H), 9.50 (s, 1H).

N-(4-Chloro-2-iodo-phenyl)-1,3-benzothiazole-6-sulfonamide
(11e). This compound was prepared as described in the case of 8a,
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starting from 4-chloro-2-iodo-aniline and 1,3-benzothiazole-6-sulfonyl
chloride, giving a 60% yield. Yellow solid. mp = 184 °C. LC/MS
(method a): Rt = 5.47 min. MS m/z: 450 [M + H]+. 1H NMR
(300 MHz, DMSO-d6) δ 7.03 (d, J = 8.4 Hz, 1H), 7.31 (dd, J = 8.8,
2.6 Hz, 1H), 7.82 (m, 2H), 8.22 (d, J = 8.8 Hz, 1H), 8.58 (d, J =
1.8 Hz, 1H), 9.59 (s, 1H), 9.95 (br. s, 1H).
Methyl 2-[[1-(Benzenesulfonyl)-5-chloro-indol-2-yl]methoxy]-

acetate (12a). A mixture of 600 mg (1.52 mmol; 1 equiv) of 11a
and 0.5 mL of dimethylformamide was prepared in a microwave reac-
tion tube, and 14 mg (0.02 mmol; 0.013 equiv) of cuprous iodide,
27 mg (0.04 mmol; 0.026 equiv) of bis(triphenylphosphine)-
dichloropalladium, 293 mg (2.29 mmol; 1.5 equiv) of the methyl
ester of (2-propynyloxy)acetic acid, and, finally, 0.5 mL of diethyl-
amine were added. The mixture was heated by microwave at 130 °C
for 15 min and then cooled and hydrolyzed with water. The mixture
was extracted three times with ethyl acetate, and the combined organic
phases were washed with water and then dried over magnesium sulfate
and concentrated under reduced pressure. The residue was purified by
chromatography on silica gel using a cyclohexane/ethyl acetate mixture
(90/10; v/v) as the eluent to give 0.42 g of the expected compound as
a yellow solid (yield = 71%). mp = 98−100 °C. LC/MS (method a):
Rt = 6.36 min. MS m/z: 416 [MNa]+. 1H NMR (250 MHz, DMSO-d6)
δ 3.68 (s, 3H), 4.25 (s, 2H), 4.97 (s, 2H), 6.88 (s, 1H), 7.37 (dd, J =
8.9, 2.2 Hz, 1H), 7.57 (m, 2H), 7.70 (m, 2H), 8.00 (m, 3H).
Compounds 12c−e were synthesized in a similar manner.
Methyl 4-[1-(Benzenesulfonyl)-5-methyl-indol-2-yl]butanoate

(12c). Starting from 11c and methyl hex-5-ynoate, giving a 36%
yield. LC/MS (method a): Rt = 6.64 min. MS m/z: 372 [M + H]+.
1H NMR (250 MHz, DMSO-d6) δ 1.98 (m, 2H), 2.35 (s, 3H), 2.43
(m, 2H), 3.02 (t, J = 7.4 Hz, 2H), 3.61 (s, 3H), 6.55 (s, 1H), 7.11
(dd, J = 8.5, 1.4 Hz, 1H), 7.28 (s, 1H), 7.55 (m, 2H), 7.66 (m, 1H),
7.76 (m, 2H), 7.91 (d, J = 8.5 Hz, 1H).
Methyl 4-[5-Chloro-1-[(4-methyl-2,3-dihydro-1,4-benzoxazin-6-

yl)sulfonyl]indol-2-yl]butanoate (12d). Starting from 11d and methyl
hex-5-ynoate, giving a 90% yield. White solid. mp = 139−140 °C. LC/MS
(method b): Rt = 2.08 min. MS m/z: 463 [M + H]+. 1H NMR
(300 MHz, DMSO-d6) δ 1.96 (m, 2H), 2.43 (t, J = 7.3 Hz, 2H), 2.77
(s, 3H), 3.02 (t, J = 7.5 Hz, 2H), 3.24 (m, 2H), 3.59 (s, 3H), 4.23
(m, 2H), 6.58 (s, 1H), 6.76 (d, J = 8.4 Hz, 1H), 6.87 (d, J = 2.2 Hz, 1H),
7.00 (dd, J = 8.4, 2.2 Hz, 1H), 7.30 (dd, J = 8.8, 2.2 Hz, 1H), 7.57
(d, J = 2.2 Hz, 1H), 8.06 (d, J = 8.8 Hz, 1H).
Methyl 4-[1-(1,3-Benzothiazol-6-ylsulfonyl)-5-chloro-indol-2-yl]-

butanoate (12e). Starting from 11e and methyl hex-5-ynoate, giving
a quantitative yield. White solid. LC/MS (method a): Rt = 6.52 min.
MS m/z: 449 [M + H]+. 1H NMR (500 MHz, DMSO-d6) δ 1.97
(m, 2H), 2.51 (t, J = 7.3 Hz, 2H), 3.08 (t, J = 7.4 Hz, 2H), 3.58
(s, 3H), 6.63 (s, 1H), 7.32 (dd, J = 8.9, 2.2 Hz, 1H), 7.58 (d, J =
2.2 Hz, 1H), 7.84 (dd, J = 8.8, 2.0 Hz, 1H), 8.09 (d, J = 8.9 Hz, 1H),
8.20 (d, J = 8.8 Hz, 1H), 8.97 (d, J = 2.0 Hz, 1H), 9.65 (s, 1H).
2-[[1-(Benzenesulfonyl)-5-chloro-indol-2-yl]methoxy]acetic Acid

(13a). This compound was prepared as described in the case of 4,
starting from 12a, giving a 98% yield. White solid: mp = 140−142 °C.
LC/MS (method a): Rt = 5.61 min. MS m/z: 378 [M − H]−. 1H NMR
(300 MHz, DMSO-d6) δ 4.14 (s, 2H), 4.96 (s, 2H), 6.87 (s, 1H), 7.36
(dd, J = 9.0, 2.2 Hz, 1H), 7.57 (m, 2H), 7.70 (m, 2H), 8.01 (m, 3H),
12.79 (br. s, 1H). 13C NMR (75 MHz, DMSO-d6) δ 171.2, 138.7,
137.1, 134.8, 134.5, 130.2, 129.7, 128.3, 126.7, 124.7, 120.7, 115.5,
110.8, 67.0, 65.2.
4-[1-(Benzenesulfonyl)-5-chloro-indol-2-yl]-2,2-dimethyl-buta-

noic Acid (13b). This compound was prepared as described in the case
of 12a, starting from 11a and 2,2-dimethyl-5-hexynoic acid, giving a
32% yield. Brown solid: mp = 242 °C. LC/MS (method a): Rt = 6.52 min.
MS m/z: 404 [M − H]−. 1H NMR (250 MHz, DMSO-d6) δ 1.20
(s, 6H), 1.90 (m, 2H), 2.95 (m, 2H), 6.63 (s, 1H), 7.33 (dd, J = 8.8,
2.2 Hz, 1H), 7.59 (m, 3H), 7.76 (m, 3H), 8.06 (d, J = 8.8 Hz, 1H),
12.26 (s, 1H). 13C NMR (101 MHz, DMSO-d6) δ 178.4, 143.5, 137.4,
134.8, 134.7, 131.0, 130.0, 128.2, 126.0, 123.9, 119.9, 115.7, 108.4,
41.2, 38.7, 24.9, 24.2.
4-[1-(Benzenesulfonyl)-5-methyl-indol-2-yl]butanoic Acid (13c).

This compound was prepared as described in the case of 4, starting from

12c, giving a 7% yield. Beige solid. LC/MS (method a): Rt = 5.67 min.
MS m/z: 356 [M − H]−. 1H NMR (500 MHz, DMSO-d6) δ 2.04
(m, 2H), 2.34 (s, 3H), 2.51 (m, 2H), 3.01 (m, 2H), 6.52 (s, 1H),
7.10 (d, J = 8.5 Hz, 1H), 7.27 (s, 1H), 7.56 (m, 2H), 7.67 (s, 1H), 7.76
(m, 2H), 7.90 (d, J = 8.5 Hz, 1H), 12.12 (s, 1H).

4-[5-Chloro-1-[(4-methyl-2,3-dihydro-1,4-benzoxazin-6-yl)-
sulfonyl]indol-2-yl]butanoic Acid (13d). This compound was pre-
pared as described in the case of 4, starting from 12d, giving an 80% yield.
White solid. mp = 164−166 °C. LC/MS (method b): Rt = 1.84 min.
MS m/z: 447 [M − H]−. 1H NMR (300 MHz, DMSO-d6) δ 1.93
(m, 2H), 2.33 (t, J = 7.1 Hz, 2H), 2.78 (s, 3H), 3.02 (t, J =
7.5 Hz, 2H), 3.24 (m, 2H), 4.23 (m, 2H), 6.57 (s, 1H), 6.76 (d, J =
8.4 Hz, 1H), 6.88 (d, J = 2.2 Hz, 1H), 7.01 (dd, J = 8.4, 2.2 Hz, 1H),
7.30 (dd, J = 8.8, 2.2 Hz, 1H), 7.57 (d, J = 2.2 Hz, 1H), 8.06 (d, J =
8.8 Hz, 1H), 12.41 (br. s, 1H). 13C NMR (101 MHz, DMSO-d6) δ
174.1, 148.5, 143.1, 137.1, 134.9, 130.9, 129.6, 127.9, 123.6, 119.8,
115.9, 115.8, 115.7, 108.3, 108.1, 64.7, 47.1, 37.8, 33.0, 27.6, 23.5.

tert-Butyl 6-[2-Amino-5-(trifluoromethyl)phenyl]hex-5-ynoate
(14a). This compound was prepared as described in the case of 12a,
starting from 2-iodo-4-(trifluoromethyl)aniline and tert-butyl hex-
5-ynoate, giving a 64% yield. Brown solid. LC/MS (method a): Rt =
6.92 min. MS m/z: 328 [M + H]+. 1H NMR (250 MHz, DMSO-d6)
δ 1.40 (s, 9H), 1.78 (t, J = 7.3 Hz, 2H), 2.36 (t, J = 7.3 Hz, 2H), 2.50
(m, 2H), 5.98 (s, 2H), 6.78 (d, J = 8.5 Hz, 1H), 7.31 (dd, J = 8.7,
2.0 Hz, 1H), 7.36 (d, J = 2.0 Hz, 1H).

tert-Butyl 6-(2-Amino-5-chloro-phenyl)hex-5-ynoate (14b). This
compound was prepared as described in the case of 12a, starting from
4-chloro-2-iodo-aniline and tert-butyl hex-5-ynoate, giving a 95% yield.
Brown oil. LC/MS (method a): Rt = 6.93 min. MS m/z: 294 [M + H]+.
1H NMR (250 MHz, DMSO-d6) δ 1.40 (s, 9H), 1.77 (m, 2H), 2.35
(t, J = 7.3 Hz, 2H), 2.49 (t, J = 7.7 Hz, 2H), 5.40 (s, 2H), 6.68 (d, J =
8.6 Hz, 1H), 7.04 (dd, J = 8.6, 2.3 Hz, 1H), 7.09 (d, J = 2.3 Hz, 1H).

tert-Butyl 4-[5-(Trifluoromethyl)-1H-indol-2-yl]butanoate (15a).
This compound was prepared as described in the case of 9d, starting
from 14a, giving a 68% yield. Brown solid. LC/MS (method b): Rt =
2.05 min. MS m/z: 326 [M − H]−. 1H NMR (300 MHz, DMSO-d6)
δ 1.39 (s, 9H), 1.91 (m, 2H), 2.25 (t, J = 7.5 Hz, 2H), 2.76 (t, J =
7.5 Hz, 2H), 6.32 (s, 1H), 7.29 (d, J = 8.6 Hz, 1H), 7.45 (d, J =
8.6 Hz, 1H), 7.80 (s, 1H), 11.39 (s, 1H).

tert-Butyl 4-(5-Chloro-1H-indol-2-yl)butanoate (15b). This com-
pound was prepared as described in the case of 9a, starting from 14b,
giving a 64% yield. Brown solid. LC/MS (method b): Rt = 2.02 min.
MS m/z: 292 [M − H]−. 1H NMR (250 MHz, DMSO-d6) δ 1.39
(s, 9H), 1.89 (m, 2H), 2.24 (t, J = 7.4 Hz, 2H), 2.72 (t, J = 7.5 Hz, 2H),
6.13 (d, J = 1.4 Hz, 1H), 6.98 (dd, J = 8.6, 2.1 Hz, 1H), 7.27 (d, J =
8.6 Hz, 1H), 7.44 (d, J = 2.1 Hz, 1H), 11.11 (br. s, 1H).

4-[1-(Benzenesulfonyl)-5-(trifluoromethyl)indol-2-yl]butanoic
Acid (16a). To a solution of 115 mg (0.35 mmol; 1 equiv) of 15a in
0.5 mL of dimethylformamide was added at 0 °C 28 mg (0.7 mmol;
2 equiv) of sodium hydride, and the reaction mixture was stirred 2 min
at room temperature. Benzenesulfonyl chloride (123 mg, 0.7 mmol;
2 equiv) in solution in 0.7 mL of dimethylformamide was added, and
the reaction mixture was stirred 24 h at room temperature and then
poured into a mixture of ice and saturated NH4Cl solution. The mix-
ture obtained was extracted with ethyl acetate; the combined organic
phases were dried over magnesium sulfate and concentrated under
reduced pressure. The residue was dissolved in 0.8 mL of dichloromethane
and 0.2 mL of trifluoroacetic acid and stirred at room temperature for
5 h. The solvents were evaporated, and the residue was purified by
HPLC using an acetonitrile/water gradient mixture as the eluent to
give the expected compound as a beige solid (yield = 43%). mp = 209 °C.
LC/MS (method b): Rt = 1.81 min. MS m/z: 410 [M − H]−. 1H NMR
(400 MHz, DMSO-d6) δ 1.95 (m, 2H), 2.35 (t, J = 7.4 Hz, 2H), 3.06
(t, J = 7.3 Hz, 2H), 6.77 (s, 1H), 7.60 (m, 3H), 7.71 (m, 1H), 7.86
(d, J = 8.5 Hz, 2H), 7.94 (m, 1H), 8.25 (d, J = 8.8 Hz, 1H), 12.17
(br. s, 1H). 13C NMR (126 MHz, DMSO-d6) δ 174.1, 143.4, 138.0,
137.4, 134.9, 130.1, 129.4, 126.2, 124.5 (q, JCF = 272.8 Hz), 124.4
(q, JCF = 31.6 Hz), 120.6 (q, JCF = 3.5 Hz), 117.9 (q, JCF = 4.0 Hz),
114.9, 109.0, 32.9, 27.6, 23.5.

Compounds 16b−j were synthesized in a similar manner.
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4-[1-(3-Methoxyphenyl)sulfonyl-5-(trifluoromethyl)indol-2-yl]-
butanoic Acid (16b). Starting from 15a and 3-methoxybenzenesul-
fonyl chloride, giving a 46% yield. White solid. LC/MS (method b):
Rt = 1.85 min. MS m/z: 440 [M − H]−. 1H NMR (500 MHz, DMSO-d6)
δ 1.95 (m, 2H), 2.36 (t, J = 7.3 Hz, 2H), 3.06 (t, J = 7.4 Hz, 2H), 3.77
(s, 3H), 6.78 (s, 1H), 7.28 (m, 2H), 7.38 (m, 1H), 7.50 (m, 1H), 7.63
(dd, J = 8.9, 1.6 Hz, 1H), 7.94 (s, 1H), 8.25 (d, J = 9.2 Hz, 1H), 12.15
(br. s, 1H). 13C NMR (126 MHz, DMSO-d6) δ 174.1, 159.6, 143.5,
138.5, 138.0, 131.4, 129.4, 124.6 (q, JCF = 271.8 Hz), 124.4 (q, JCF =
31.8 Hz), 120.6 (q, JCF = 3.3 Hz), 120.5, 118.1, 117.9 (q, JCF =
4,0 Hz), 114.9, 111.1, 109.1, 55.7, 32.9, 27.5, 23.5.
4-[1-(4-Methoxyphenyl)sulfonyl-5-(trifluoromethyl)indol-2-yl]-

butanoic Acid (16c). Starting from 15a and 4-methoxybenzenesul-
fonyl chloride, giving a 48% yield. White solid. LC/MS (method b):
Rt = 1.83 min. MS m/z: 440 [M − H]−. 1H NMR (500 MHz, DMSO-d6)
δ 1.94 (m, 2H), 2.35 (t, J = 7.3 Hz, 2H), 3.06 (t, J = 7.4 Hz, 2H), 3.79
(s, 3H), 6.74 (s, 1H), 7.07 (d, J = 8.9 Hz, 2H), 7.61 (dd, J = 8.9,
1.7 Hz, 1H), 7.81 (d, J = 8.9 Hz, 2H), 7.93 (m, 1H), 8.25 (d, J = 8.9
Hz, 1H), 12.17 (br. s, 1H). 13C NMR (126 MHz, DMSO-d6) δ 174.1,
163.9, 143.4, 137.9, 129.3, 128.8, 128.7, 124.6 (q, JCF = 271.8 Hz),
124.2 (q, JCF = 31.4 Hz), 120.4 (q, JCF = 3.3 Hz), 117.8 (q, JCF =
3.9 Hz), 115.1, 114.9, 108.7, 55.8, 32.9, 27.6, 23.5.
4-[1-(2-Methoxyphenyl)sulfonyl-5-(trifluoromethyl)indol-2-yl]-

butanoic Acid (16d). Starting from 15a and 2-methoxybenzenesul-
fonyl chloride, giving a 3% yield. White solid. LC/MS (method b): Rt =
1.78 min. MS m/z: 440 [M − H]−. 1H NMR (500 MHz, DMSO-d6) δ
1.93 (m, 2H), 2.32 (m, 2H), 2.98 (m, 2H), 3.52 (s, 3H), 6.69 (s, 1H),
7.14 (d, J = 8.2 Hz, 1H), 7.19 (m, 1H), 7.52 (dd, J = 8.7, 1.5 Hz, 1H), 7.68
(m, 1H), 7.93 (m, 2H), 8.07 (dd, J = 8.0, 1.5 Hz, 1H), 12.13 (br. s, 1H).
4-[1-(3-Chlorophenyl)sulfonyl-5-(trifluoromethyl)indol-2-yl]-

butanoic Acid (16e). Starting from 15a and 3-chlorobenzenesulfonyl
chloride, giving a 16% yield. White solid. LC/MS (method b): Rt =
1.91 min. MS m/z: 444 [M − H]−. 1H NMR (500 MHz, DMSO-d6) δ
1.95 (m, 2H), 2.36 (t, J = 7.3 Hz, 2H), 3.07 (t, J = 7.3 Hz, 2H), 6.81
(s, 1H), 7.62 (m, 2H), 7.80 (m, 2H), 7.93 (t, J = 1.9 Hz, 1H), 7.95
(m, 1H), 8.24 (d, J = 8.8 Hz, 1H), 12.17 (br. s, 1H). 13C NMR
(126 MHz, DMSO-d6) δ 174.1, 143.5, 139.0, 137.9, 135.0, 134.5,
132.1, 129.5, 125.7, 125.0, 124.6 (q, JCF = 31.7 Hz), 124.5 (q, JCF =
272.0 Hz), 120.8 (q, JCF = 3.1 Hz), 118.0 (q, JCF = 3.8 Hz), 114.9,
109.4, 32.9, 27.5, 23.5.
4-[1-(4-Chlorophenyl)sulfonyl-5-(trifluoromethyl)indol-2-yl]-

butanoic Acid (16f). Starting from 15a and 4-chlorobenzenesulfonyl
chloride, giving a 36% yield. White solid. LC/MS (method a): Rt =
6.45 min. MS m/z: 446 [M + H]+. 1H NMR (500 MHz, DMSO-d6) δ
1.94 (m, 2H), 2.35 (t, J = 7.3 Hz, 2H), 3.04 (t, J = 7.3 Hz, 2H), 6.79
(s, 1H), 7.64 (m, 3H), 7.87 (m, 2H), 7.95 (s, 1H), 8.23 (d, J =
8.8 Hz, 1H), 12.19 (br. s, 1H). 13C NMR (75 MHz, DMSO-d6)
δ 174.1, 143.3, 139.9, 137.9, 136.1, 130.2, 129.4, 128.2, 124.6 (q, JC,
F= 32.0 Hz), 124.5 (q, JC,F= 271.4 Hz), 120.7, 118.0, 114.8, 109.3,
32.9, 27.5, 23.5.
4-[1-(2-Chlorophenyl)sulfonyl-5-(trifluoromethyl)indol-2-yl]-

butanoic Acid (16g). Starting from 15a and 2-chlorobenzenesulfonyl
chloride, giving a 9% yield. White solid. LC/MS (method b): Rt =
1.86 min. MS m/z: 444 [M − H]−. 1H NMR (500 MHz, DMSO-d6) δ
1.86 (m, 2H), 2.29 (t, J = 7.1 Hz, 2H), 2.92 (t, J = 7.5 Hz, 2H), 6.82
(s, 1H), 7.56 (dd, J = 8.9, 1.3 Hz, 1H), 7.64 (m, 1H), 7.70 (dd, J = 8.5,
1.5 Hz, 1H), 7.76 (m, 1H), 7.94 (d, J = 8.8 Hz, 1H), 8.02 (m, 2H),
12.10 (br. s, 1H). 13C NMR (126 MHz, DMSO-d6) δ 173.9, 144.3,
138.1, 136.4, 135.7, 132.6, 131.2, 130.9, 128.8, 128.5, 124.6 (q, JCF =
272.6 Hz), 124.2 (q, JCF = 32.2 Hz), 120.4 (q, JCF = 3.4 Hz), 118.1
(q, JCF = 3.8 Hz), 114.5, 107.9, 32.9, 27.3, 23.2.
4-[1-[3-(Trifluoromethoxy)phenyl]sulfonyl-5-(trifluoromethyl)-

indol-2-yl]butanoic Acid (16h). Starting from 15a and
3-(trifluoromethoxy)benzenesulfonyl chloride, giving a 21% yield. White
solid. LC/MS (method b): Rt = 1.98 min. MS m/z: 494 [M − H]−. 1H
NMR (500 MHz, DMSO-d6) δ 1.94 (m, 2H), 2.34 (t, J = 7.3 Hz, 2H),
3.06 (t, J = 7.4 Hz, 2H), 6.80 (s, 1H), 7.63 (dd, J = 8.8, 1.7 Hz, 1H),
7.74 (m, 2H), 7.84 (s, 1H), 7.88 (dt, J = 7.2, 1.8 Hz, 1H), 7.94 (s, 1H),
8.26 (d, J = 8.8 Hz, 1H), 12.21 (br. s, 1H). 13C NMR (126 MHz,
DMSO-d6) δ 174.1, 148.3, 143.5, 138.9, 138.0, 132.7, 129.6, 127.6,

125.4, 124.8 (q, JCF = 31.9 Hz), 124.5 (q, JCF = 272.2 Hz),
120.8 (q, JCF = 3.3 Hz), 119.7 (q, JCF = 258.9 Hz), 119.0, 118.0
(q, JCF = 3.9 Hz), 115.0, 109.7, 32.9, 27.6, 23.5.

4-[1-[4-(Trifluoromethoxy)phenyl]sulfonyl-5-(trifluoromethyl)-
indol-2-yl]butanoic Acid (16i). Starting from 15a and
4-(trifluoromethoxy)benzenesulfonyl chloride, giving a 16% yield.
White solid. LC/MS (method b): Rt = 1.99 min. MS m/z: 494
[M − H]−. 1H NMR (500 MHz, DMSO-d6) δ 1.94 (m, 2H), 2.34 (t, J =
7.3 Hz, 2H), 3.05 (t, J = 7.3 Hz, 2H), 6.80 (s, 1H), 7.57 (d, J =
9.0 Hz, 2H), 7.64 (dd, J = 8.9, 1.65 Hz, 1H), 7.96 (s, 1H), 8.02 (d, J =
9.0 Hz, 2H), 8.24 (d, J = 8.9 Hz, 1H), 12.13 (br. s, 1H). 13C NMR
(126 MHz, DMSO-d6) δ 174.1, 152.3, 143.3, 137.9, 136.0, 129.5,
129.2, 124.6 (q, JCF = 31.7 Hz), 124.5 (q, JCF = 271.7 Hz), 121.9,
120.8 (q, JCF = 3.3 Hz), 119.6 (q, JCF = 259.4 Hz), 118.0 (q, JCF =
4.0 Hz), 114.8, 109.3, 32.9, 27.5, 23.5.

4-[5-Chloro-1-(3-methoxyphenyl)sulfonyl-indol-2-yl]butanoic
Acid (16j). Starting from 15b and 3-methoxybenzenesulfonyl chloride,
giving a 25% yield. White solid. LC/MS (method b): Rt = 1.81 min.
MS m/z: 406 [M − H]−. 1H NMR (400 MHz, DMSO-d6) δ 1.93
(m, 2H), 2.34 (t, J = 7.4 Hz, 2H), 3.02 (t, J = 7.4 Hz, 2H), 3.76
(s, 3H), 6.63 (s, 1H), 7.22 (m, 1H), 7.26 (m, 1H), 7.33 (m, 2H), 7.49
(t, J = 9.5 Hz, 1H), 7.59 (d, J = 2.2 Hz, 1H), 8.04 (d, J = 10.1 Hz, 1H),
12.12 (br. s, 1H). 13C NMR (75 MHz, DMSO-d6) δ 174.1, 159.5,
143.1, 138.5, 134.8, 131.3, 131.0, 128.3, 123.9, 120.3, 119.9, 118.0,
115.7, 111.0, 108.7, 55.7, 32.9, 27.6, 23.5.

4-[5-Chloro-1-(4-methoxyphenyl)sulfonyl-indol-2-yl]butanoic
Acid (16k). Starting from 15b and 4-methoxybenzenesulfonyl chloride,
giving a 26% yield. White solid.LC/MS (method b): Rt = 1.80 min.
MS m/z: 406 [M − H]−. 1H NMR (400 MHz, DMSO-d6) δ 1.93
(m, 2H), 2.34 (t, J = 7.3 Hz, 2H), 3.02 (t, J = 7.3 Hz, 2H), 3.79
(s, 3H), 6.59 (s, 1H), 7.06 (d, J = 9.0 Hz, 2H), 7.30 (dd, J = 8.9,
2.3 Hz, 1H), 7.57 (d, J = 2.3 Hz, 1H), 7.76 (d, J = 9.0 Hz, 2H), 8.04
(d, J = 8.9 Hz, 1H), 12.14 (br. s, 1H). 13C NMR (75 MHz, DMSO-d6)
δ 174.1, 163.7, 143.0, 134.7, 130.9, 128.8, 128.6, 128.1, 123.8, 119.8,
115.7, 115.0, 108.4, 55.8, 32.9, 27.6, 23.5.

4-[5-Chloro-1-(m-tolylsulfonyl)indol-2-yl]butanoic Acid (16l).
Starting from 15b and 3-methylbenzenesulfonyl chloride, giving a
25% yield. White solid. LC/MS (method a): Rt = 5.53 min. MS m/z:
392 [M + H]+. 1H NMR (500 MHz, DMSO-d6) δ 1.93 (m, 2H), 2.33
(m, 5H), 3.03 (t, J = 7.4 Hz, 2H), 6.61 (s, 1H), 7.31 (dd, J = 8.9,
2.2 Hz, 1H), 7.44 (m, 1H), 7.50 (m, 1H), 7.57 (m, 2H), 7.67 (s, 1H),
8.03 (d, J = 8.9 Hz, 1H), 12.20 (br. s, 1H). 13C NMR (101 MHz,
DMSO-d6) δ 174.1, 143.1, 140.0, 137.4, 135.4, 134.7, 130.9, 129.7,
128.2, 126.2, 123.9, 123.3, 119.9, 115.7, 108.5, 33.0, 27.6, 23.5, 20.7.

4-[5-Chloro-1-(p-tolylsulfonyl)indol-2-yl]butanoic Acid (16m).
Starting from 15b and 4-methylbenzenesulfonyl chloride, giving an
11% yield. White solid. LC/MS (method a): Rt = 5.53 min. MS m/z:
392 [M + H]+. 1H NMR (500 MHz, DMSO-d6) δ 1.92 (m, 2H), 2.32
(s, 3H), 2.33 (t, J = 7.7 Hz, 2H), 3.02 (t, J = 7.4 Hz, 2H), 6.59 (s, 1H),
7.30 (dd, J = 8.9, 2.2 Hz, 1H), 7.36 (d, J = 8.5 Hz, 2H), 7.57 (d, J =
2.2 Hz, 1H), 7.70 (d, J = 8.5 Hz, 2H), 8.03 (d, J = 8.9 Hz, 1H), 12.18
(br. s, 1H).

Methyl 6-[5-Chloro-2-[(4-fluoro-3-nitro-phenyl)sulfonylamino]-
phenyl]hex-5-ynoate (17). To a solution of 1.4 g of 4-fluoro-3-
nitro-benzenesulfonyl chloride (5.9 mmol; 1.48 equiv) in 10 mL of
dichloromethane was added 0.5 mL of pyridine (5.9 mmol; 1.48 equiv)
and 49 mg of dimethylaminopyridine (0.37 mmol; 0.09 equiv), and
the reaction mixture was cooled to 0 °C. Then, 1 g of 7b (3.97 mmol;
1 equiv) was added slowly, and the reaction mixture was stirred at
room temperature for 18 h. Dichloromethane was added, and the
mixture was washed successively with 1 N solution of HCl, water, and
saturated solution of NaCl. The organic layer was dried on magnesium
sulfate and evaporated. The residue was purified by chromatography
on silica gel using a toluene/ethyl acetate mixture (95/5; v/v) as the
eluent to give 1.8 g of expected compound (quantitative yield). LC/MS
(method a): Rt = 6.32 min. MS m/z: 455 [M + H]+. 1H NMR
(300 MHz, DMSO-d6) δ 1.70 (m, 2H), 2.32 (t, J = 7.7 Hz, 2H), 2.41
(t, J = 7.3 Hz, 2H), 3.60 (s, 3H), 7.26 (m, 1H), 7.40 (m, 2H), 7.80
(m, 1H), 8.03 (m, 1H), 8.38 (m, 1H), 10.31 (s, 1H).
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Methyl 4-[5-Chloro-1-(4-fluoro-3-nitro-phenyl)sulfonyl-indol-2-
yl]butanoate (18). This compound was prepared as described in
the case of 9d, starting from 17, giving a 96% yield. Yellow solid. mp =
93 °C. LC/MS (method a): Rt = 6.76 min. MS m/z: 455 [M + H]+.
1H NMR (300 MHz, DMSO-d6) δ 1.97 (m, 2H), 2.45 (t, J =
7.3 Hz, 2H), 3.03 (t, J = 7.5 Hz, 2H), 3.59 (s, 3H), 6.70 (s, 1H), 7.36
(m, 1H), 7.63 (m, 1H), 7.78 (m, 1H), 8.06 (d, J = 9.1 Hz, 1H), 8.19
(m, 1H), 8.47 (m, 1H).
Methyl 4-[1-(4-Amino-3-nitro-phenyl)sulfonyl-5-chloro-indol-

2-yl]butanoate (19). To a solution of 100 mg of 18 in (0.220 mmol;
1 equiv) in 1 mL of dioxane was added 0.77 mL of a 30% aqueous
ammonia solution, and the reaction mixture was stirred 30 min at
room temperature. Ethyl acetate was added, and the mixture was
washed successively with water and a saturated solution of NaCl. The
organic layer was dried on magnesium sulfate and evaporated to give
100 mg of the expected compound as a yellow solid (quantitative
yield). LC/MS (method b): Rt = 1.91 min. MS m/z: 450 [M − H]−.
1H NMR (250 MHz, DMSO-d6) δ 1.96 (m, 2H), 2.44 (t, J =
7.4 Hz, 2H), 3.01 (t, J = 7.4 Hz, 2H), 3.60 (s, 3H), 6.63 (s, 1H), 7.05
(d, J = 9.0 Hz, 1H), 7.34 (dd, J = 8.8, 2.2 Hz, 1H), 7.62 (m, 2H), 8.02
(d, J = 8.8 Hz, 1H), 8.16 (br. s, 2H), 8.37 (d, J = 2.2 Hz, 1H).
Methyl 4-[5-Chloro-1-(3,4-diaminophenyl)sulfonyl-indol-2-yl]-

butanoate (20). To a suspension of 604 mg of 19 (1.33 mmol;
1 equiv) in 8 mL of acetic acid was added 394 mg of iron (6.65 mmol;
5 equiv), and the reaction mixture was stirred at 60 °C for 2 h. The
reaction mixture was filtered, and the solid was rinsed with water. The
solution was extracted with ethyl acetate. The obtained organic layer
was washed with a saturated NaCl solution, dried on magnesium sul-
fate, and evaporated to give 566 mg of the expected compound as a pale
yellow solid. (Quantitative yield). LC/MS (method a): Rt = 5.74 min.
MS m/z: 422 [M + H]+. 1H NMR (250 MHz, DMSO-d6) δ 1.96
(m, 2H), 2.44 (t, J = 7.3 Hz, 2H), 3.01 (t, J = 7.4 Hz, 2H), 3.61
(s, 3H), 4.94 (s, 2H), 5.58 (s, 2H), 6.48 (d, J = 8.2 Hz, 1H), 6.53
(s, 1H), 6.90 (m, 2H), 7.27 (dd, J = 8.8, 2.0 Hz, 1H), 7.56 (d, J =
2.0 Hz, 1H), 8.01 (d, J = 8.8 Hz, 1H).
Methyl 4-[1-(1H-Benzimidazol-5-ylsulfonyl)-5-chloro-indol-2-yl]-

butanoate (21). A suspension of 87 mg of 20 (0.20 mmol; 1 equiv)
in 0.21 mL of formic acid was stirred 2 h at 100 °C for 2 h. At room
temperature, a 1 N NaOH solution was added, and the mixture was
extracted twice with ethyl acetate. The combined organic layers were
washed successively with water and a saturated NaCl solution, then
dried on magnesium sulfate and evaporated to give 73 mg of the expected
compound as a yellow oil (yield: 82%). LC/MS (method a): Rt =
5.68 min. MS m/z: 432 [M + H]+. 1H NMR (300 MHz, DMSO-d6) δ
1.97 (m, 2H), 2.44 (t, J = 7.3 Hz, 2H), 3.06 (t, J = 7.3 Hz, 2H), 3.59
(s, 3H), 6.59 (s, 1H), 7.20 (m, 1H), 7.32 (dd, J = 8.9, 2.4 Hz, 1H),
7.58 (m, 2H), 7.72 (d, J = 8.0 Hz, 1H), 8.11 (m, 2H), 8.47 (s, 1H).
4-[1-(1H-Benzimidazol-5-ylsulfonyl)-5-chloro-indol-2-yl]butanoic

Acid (22). This compound was prepared as described in the case of 4,
starting from 21, giving a 66% yield. White solid. mp = 212 °C. LC/MS
(method a): Rt = 5.02 min. MS m/z: 416 [M − H]−. 1H NMR
(250 MHz, DMSO-d6) δ 1.95 (m, 2H), 2.34 (t, J = 7.9 Hz, 2H), 3.08
(t, J = 7.4 Hz, 2H), 6.59 (s, 1H), 7.32 (dd, J = 8.8, 2.2 Hz, 1H), 7.59
(m, 2H), 7.73 (d, J = 8.8 Hz, 1H), 8.11 (m, 2H), 8.47 (s, 1H), 12.61
(br. s, 1H). 13C NMR (101 MHz, DMSO-d6) δ 174.5, 146.1, 143.2,
134.9, 131.0, 130.5, 129.8, 128.1, 128.0, 123.8, 119.9, 119.6, 115.8,
108.4, 33.3, 27.8, 23.7, 1 unobserved carbon.
PPAR Transactivation Assays. These cell-based assays were

carried out using Cos-7 cells transfected with a chimeric human or
murine PPARα-Gal4 receptor expression plasmid (or PPARδ-Gal4, or
PPARγ-Gal4) and a 5Gal4 pGL3 TK Luc reporter plasmid. Transfec-
tions were performed by a chemical agent (Jet PEI). Transfected cells
were distributed in 384-well plates and were allowed to recover for 24 h.
The culture medium was then removed and replaced by fresh medium
containing the compounds to be tested (variable concentration in 0.5%
DMSO). After an overnight incubation, luciferase expression was mea-
sured by adding SteadyGlo according to the manufacturer’s instruc-
tions (Promega). Fenofibric acid at 10−5 M (PPARα), GW501516 at
10−8 M (PPARδ), and rosiglitazone at 10−6 M (PPARγ) were used as
references. Results were expressed as fold induction compared to basal

level or as percentage activity compared to references taken as 100%.
Calculation and plate validation from run to run were done using the
software Assay Explorer (MDL). Serial dilutions of compounds (final
concentration ranging from 30 to 0.001 μM) were tested in triplicate
on an automated screening core-system from Beckman or Caliper. The
EC50 calculation was done using Assay Explorer (MDL) and was
determined simultaneously on human and mouse PPARα/δ/γ.

In Vitro Caco2 Permeability Assessment. Compounds were
tested at 10 μM in a 96-well permeable plate seeded with Caco-2 cells.
The medium was the same in apical and basolateral sides: Hanks’ Bal-
anced Salt Solution (HBSS) + 5 mM Hepes + bovine serum albumin
1%, pH 7.4. The assay was performed with a robotic platform (Caliper-
PerkinElmer system). After incubation for 2 h, the concentrations of
tested compound was measured in both sides by LC/MS/MS
(API4000 Qtrap, AB Sciex). Permeability in both directions (apical
to basolateral and basolateral to apical) was assessed to determine the
efflux ratio.

Beta-Oxidation Assays. The functional PPARα and PPARδ activ-
ity was determined in two cell lines, HuH7 (human liver hepatoma
cells, JCRB 0403) and C2C12 (mouse muscle cells differentiated into
myotubes, ATCC CRL-1772) as a measurement of oleate beta-oxidation.

Cells were seeded into Petri dishes with a central well and incubated
in DMEM medium at 37 °C. Compounds were added in DMSO
(0.1% final concentration) at, at least, three different concentrations
for 48 h. Two hours before the end of the incubation period, albumin-
bound 14C-oleate was added in the cell medium culture. The reaction
was stopped by addition of a 40% perchloric acid solution to remove
excess 14C-oleate in the medium.

Given off CO2 was trapped by KOH in the central well after sealing
of the dishes, for 90 min, at room temperature and then counted.

Compounds were tested in triplicate for each concentration. Data
are expressed as % of variation vs GW501516 used as reference com-
pound at 0.1 μM.

Gene Expression Analysis. After thawing, human preadipocytes
(Biopredic) were amplified for 7 days in medium supplemented with
growth factors (DMEM/F12 + SupplementPack/Preadipocyte C-39427
from PromoCell). Then, differentiation was induced by incubation in
adipocyte medium (AM-1, ZenBio) supplemented with 0.2 mM of
IBMX for 3 days with or without compound. In each culture plate,
rosiglitazone at 10−6 M was used as reference, and DMSO 0.1% as
control.

Serial dilutions of compounds in the culture medium were tested in
triplicate (0.1% DMSO final concentration). After 3 days, cells were
rinsed three times in PBS and then immediately lysed.

Total RNA was extracted, quantified, and reverse transcribed. An
aliquot of cDNA was used to perform a Sybr green real Time PCR.
The specific primer sets were designed using the RefSeq sequence
(NCBI http://www.ncbi.nlm.nih.gov/RefSeq/) on Beacon Designer 4
software (Premier Biosoft). The primer sequences of the analyzed
different genes were as follows: aP2 (NM_001442), forward 5′-
ACAGGAAAGTCAAGAGCACCAT-3′ , reverse 5′-GCATT-
CCACCACCAGTTTATC-3′; Adiponectin (NM_004797), forward
5′-GGCTATGCTCTTCACCTATG-3′, reverse 5′-ACGCTCTCCT-
TCCCCATAC-3′; RPLP0 (NM_001002), forward 5′- GCCAATAA-
GGTGCCAGCTGCT-3′, reverse 5′-ATGGTGCCCCTGGAGATT-
TT-3′. aP2 and Adiponectin mRNA relative amounts were obtained
from a standard curve done with increasing amount of cDNA and
normalized from those of RPLP0 used as the housekeeping gene.
Quantifications were done in triplicate. Results were expressed as per-
centages of the rosiglitazone (10−6 M) response. Means and standard
deviations were calculated.

In Vivo Studies. The animals were housed in groups of 3−10 in
polypropylene cages (floor area = 1032 cm2) under standard con-
ditions: room temperature (22 ± 2 °C), hygrometry (55 ± 10%),
light/dark cycle (12 h/12 h), air replacement (15−20 volumes/h), and
water and food (SDS, RM1) ad libitum. Mice were allowed to
habituate for at least 5 days prior to experimentation. Mice were
numbered by marking their tail using indelible markers

The study was conducted under EU animal welfare regulation for
animal use in experimentation (European Directive 2010/63/EEC).
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This experimental protocol was submitted for approval by the Inventiva
Ethical Committee “Comite ́ de reflexion Ethique en Expeŕimentation
Animale” (CR2EA) (registered by the “Minister̀e de l’Enseignement
Supeŕieur et de la Recherche” under No. 104). All the procedures
described below were reviewed and approved by the Inventiva ethics
committee. Inventiva is a company that is AAALAC fully accredited.
In Vivo Pharmacokinetic Studies. The dosing was single q.d., as

a suspension in methylcellulose 400 cps 1%/poloxamer 188 0.1%/water.
Blood was collected up to 72 h after administration with no predose
sampling. Three animals per sampling time were used (sparse sam-
pling). Blood was collected in tubes containing evaporated lithium
heparinate and centrifuged without delay at about 4 °C for ca. 10 min
to obtain plasma. Plasma was then acidified with 4 N HCOOH (4%; v/v),
i.e., 4 μL of the acidic solution for 96 μL of plasma, mixed, and then
divided in two aliquots of 70 μL when possible. All samples were
stored at −20 °C until bioanalysis. Pharmacokinetic parameters were
estimated by noncompartmental analysis.
In Vivo Animal Model of Diabetic Dyslipidemia: db/db Mice.

Homozygous C57BL/Ks-db male mice (db/db mice), 11 to 13 weeks
old at the start of the studies, are divided up into groups of 9−10
animals. The compounds are administered orally once a day for 5 or
10 days. One group of mice receives the vehicle only (0.5 or 1% methyl
cellulose solution). A blood sample is taken from the retro-orbital sinus
before treatment and 4 h after the last gavage. After centrifugation, the
serum is collected, and the triglycerides and glucose levels are
measured using a multiparameter analyzer with commercial kits. The
results are expressed in % variation on the final day relative to the
control group.
In Vivo Animal Model of Fibrosis: CCl4 C57Bl6/J Mice.

C57Bl6/J mice (6 weeks of age; ∼25 g) received twice a week during
3 weeks 100 μL i.p. of either sunflower seed oil or carbon tetrachlorure
(CCl4) at a dose of 3.5 mL/kg diluted in sunflower seed oil. Com-
pound 5 (3, 10, or 30 mg/kg) was administered per os once daily on
top of CCl4 during 3 weeks (n = 8 per group). Blood and liver were
collected for RNA, protein, and histological analysis. Triglycerides and
adiponectin level were evaluated in the plasma. Liver collagen was
evaluated by PicroSirius Red (PSR) staining. For analysis of the PSR
stained sections, the NIS-Elements software from Nikon was used.

The sections were scanned and a threshold defined by a certain inten-
sity of PSR staining was applied on the liver section. The numerical
values corresponding to the area of stained tissue define by the thresh-
old were analyzed. This analysis gave rise to a percentage of collagen
deposition within the cortex area. This analysis was performed in
blinded manner.

In Vivo Safety Model: Sprague−Dawley Rats. Sprague−Dawley
rats (6 weeks of age) were fed with a standard pellet diet or a diet
supplemented with compounds at a low or a high dose. Tested
compounds were 5 (100 and 1000 mg/kg), 1a (3 and 30 mg/kg), 3a
(10 and 100 mg/kg), and 3b (1 and 10 mg/kg). Plasma volume was
measured by Evans blue dye dilution. Briefly, conscious animals were
briefly restrained in a commercial restrainer for tail vein injection of
1 mg of Evans blue dye (200 μL in saline). After 10 min, 0.5 mL of
blood was withdrawn from orbital sinus under light anesthesia. A small
amount was withdrawn into two hematocrit capillaries and centrifuged
for 5 min at 12,000g to measure hematocrit. The remainder of the
sample was centrifuged for 10 min at 3500g, and dye concentration
was determined in the plasma. The absorbance measured at 620 nm
was compared with a standard curve generated by using a pool of
blood from three untreated rats.

Cofactor Recruitment Assays. Recombinant GST-tagged PPARγ
protein was expressed in E. coli and purified via affinity chromatog-
raphy. N-Terminal biotinylated peptide (see Table 1) was chemically
synthesized, and Lumi4-Tb Cryptate conjugated anti GST Ab serves as
fluorescent donor and comes from CisBio (61GSTTLA/B). Streptavi-
din-XL665 serves as fluorescent acceptor and is purchased from CisBio
(610SAXLA/B).

These four main reagents were mixed in a Tris buffer, together with
different compound concentrations and after 1 h incubation at room
temperature, the time-resolved FRET signal is measured in a
VictorWallac4 with 320 nm as excitation and 665 and 615 nm as
emission wavelengths.

The GST-tagged PPARγ fragment (aa 202−505 of P37231) protein
binds to the antiGST-Tb antibody. The biotinylated peptide binds to
the SA-XL665 complex.

The nuclear receptor-Tb complex and the peptide-APC complex do
bind to each other to a different extent. The titration of an agonistic

Peptide name ID Sequence
CBP (58−80) NP_004371 NH2 - NLVPDAASKHKQLSELLRGGSGS - COOH
D22 peptide artificial NH2 - LPYEGSLLLKLLRAPVEEV - COOH
DAX1 (132−156) NP_000466 NH2 - CCFCGEDHPRQGSILYSLLTSSKQT - COOH
LCOR (39−63) NP_115816 NH2 - VTTSPTAATTQNPVLSKLLMADQDS - COOH
NCoA3 (607−631) NP_858045 NH2 - ENQRGPLESKGHKKLLQLLTCSSDD - COOH
NCoA3 (671−695) NP_858045 NH2 - SNMHGSLLQEKHRILHKLLQNGNSP - COOH
NCoA3 (724−748) NP_858045 NH2 - QEQLSPKKKENNALLRYLLDRDDPS - COOH
PERC NR1 (145−168) NP_573570 NH2 - APAPEVDELSLLQKLLLATSYPTS - COOH
PERC NR2 (332−354) NP_573570 NH2 - HSKASWAEFSILRELLAQDVLCD - COOH
PGC1 (196−221) NP_037393 NH2 - CQQQKPQRRPCSELLKYLTTNDDPP - COOH
PNRC1 (302−327) NP_006804 NH2 - GSTVENSNQNRELMAVHLKTLLKVQT - COOH
RAP250 (873−897) NP_054790 NH2 - GFPVNKDVTLTSPLLVNLLQSDISA - COOH
RIP140 (118−143) P48552 NH2 - MVDSVPKGKQDSTLLASLLQSFSSR - COOH
RIP140 (366−390) P48552 NH2 - LERNNIKQAANNSLLLHLLKSQTIP - COOH
RIP140 (805−829) P48552 NH2 - PVSPQDFSFSKNGLLSRLLRQNQDS - COOH
RIP140 (922−946) P48552 NH2 - EHRSWARESKSFNVLKQLLLSENCV - COOH
SHP (7−31) NP_068804 NH2 - GACFCQGAASRPAILYALLSSSLKA - COOH
SRC1 (104−128) NP_068804 NH2 - AVTFEVAEAPVPSILKKILLEEPSS - COOH
SRC1 (619−643) NP_003734 NH2 - RLSDGDSKYSQTSHKLVQLLTTTAEQ - COOH
SRC1 (676−700) NP_003734 NH2 - CPSSHSSLTERHKILHRLLQEGSPS - COOH
SRC1 (735−759) NP_003734 NH2 - LDASKKKESKDHQLLRYLLDKDEKD - COOH
TIF2 (628−651) NP_006531 NH2 - GQSRLHDSKGQTKLLQLLTTKSDQ - COOH
TIF2 (676−700) NP_006531 NH2 - GSTHGTSLKEKHKILHRLLQDSSSP - COOH
TIF2 (731−755) Q15596 NH2 - KQEPVSPKKKENALLRYLLDKDDTK - COOH
TRAP220 (590−614) NP_004765 NH2 - GHGEDFSKVSQNPILTSLLQITGNG - COOH
NCOR-ID1 (2253−2277) NP_006302 NH2 - SFADPASNLGLEDIIRKALMGSFDD - COOH
SMRT-ID1 (2339−2363) NP_006303 NH2 - VQEHASTNMGLEAIIRKALMGKYDQ - COOH
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ligand (see Table 2) and its binding to the respective nuclear receptor
leads to an increased binding of the nuclear receptor to the coactivator
peptide (all used peptides, except for NCOR-ID1 and SMRT-ID1
derived peptides), resulting in an increasing FRET signal. The two
corepressor peptides (NCOR-ID1, SMRT-ID1) are displaced for the
nuclear receptor upon binding of an agonist.
Assays were done in a final volume of 25 μL in a 384-well plate. The

compounds were dissolved in DMSO as vehicle. The final DMSO
concentration in all experiments is 1%. All test compounds were
diluted in 3 -fold steps. All experiments were done in duplicate.
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African green monkey) in origin, and carrying the SV40 genetic
material; db/db mouse model, mice used as spontaneous type 2
diabetic animal model; DMAP, dimethylaminopyridine; DMF,
dimethylformamide; EC50, half maximal effective concentration;
Emax, maximum efficacy; FFA, free fatty acids; Et2N, diethyl-
amine; Gal-4, galactose-responsive transcription factor (Saccha-
romyces cerevisiae S288C); HSC, hepatic stellate cells; HTS,
high throughput screening; HuH7, human hepatoma cell line;
KOH, potassium hydroxide; LBD, ligand binding domain; LBP,
ligand binding pockets; LCOR, ligand-dependent corepressor;
LiOH, lithium hydroxide; NCoA3, nuclear receptor coactivator
3; NCoR-ID1, nuclear receptor corepressor 1; NaH, sodium
hydride; NASH, nonalcoholic steatohepatitis; PDB, protein
database; Pd(PPh3)2Cl2, bis(triphenylphosphine)palladium(II)
dichloride; PGC1α, PPARγ coactivator-1α; PNRC1, proline-
rich nuclear receptor coactivator 1; PPAR, peroxisome

proliferator-activated receptor; PSR, picrosirius red; RIP140,
receptor interacting protein 140; SAR, in vitro structure−
activity relationship; SMRT, silencing mediator of retinoic acid
and thyroid hormone receptor; SPPARM, selective peroxisome
proliferator activated receptor modulator; SRC-1, steroid
receptor coactivator 1; TFA, trifluoroacetic acid; THF,
tetrahydrofuran; Tmax, amount of time that a drug is present
at the maximum concentration in serum; TR-FRET, time-
resolved fluorescence energy transfer
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■ NOTE ADDED AFTER ASAP PUBLICATION
After this paper was published ASAP February 27, 2018, a
change was made to the table in the Experimental Section.
The revised version was reposted March 1, 2018.
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