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Abstract

A series of achiral indole analogs of the selectuuin inhibitor EX-527 (a racemic,
substituted 1,2,3,4 tetrahydrocarbazole) was dedign stabilize the bioactive conformation,
and synthesized. These new indoles were evaluajathst the isolated sirtuin enzymes
SIRT1 and SIRTZ2, and against a panel of nine huredrines. Structure-activity relationship
studies demonstrated the influence of the substitae position 3 of the indole. The most
potent SIRT1 inhibitor3h, bearing an isopropyl substituent, was as potenEX-527, and
more selective for SIRT1 over SIRT2. Compoldwl bearing a benzyl substituent, inhibited
both sirtuins at micromolar concentration and wawarcytotoxic than EX-527 on several
cancer cell lines.

1. Introduction

Histone deacetylases (HDACs) are enzymes involve@pigenetic regulation, and their
inhibition has been successfully employed to dgvedancer therapeutics [1]. Sirtuins are
NAD"-dependent enzymes belonging to the class Ill oABB, and they regulate the activity



and fate of a variety of protein substrates, inicigchistones and transcription factors [2].
There are seven known members in the human sifanmly of enzymes, SIRT1-7. Due to
their broad biological activities, they constityatential therapeutic targets, and several small
molecules able to increase or inhibit their acyinave been developed [3, 4]. SIRT1 is the
deacetylase that has attracted the most attergider sin particular for the potential treatment
of diseases of aging, including cancer and neurmaagtive disorders [5, 6]. One of the most
described potent and selective SIRT1 inhibitorshis 1,2,3,4 tetrahydrocarbazole EX-527
(Selisistat) [7, 8]. Following encouraging animaldies [9], this inhibitor was evaluated in a
clinical trial to treat Huntington disease (HD) [10he efficacy was not found sufficient to
encourage further development of this compoundin pbssibly due to the slow onset of the
disease and the comparatively short length (2 weakthe clinical trial. Interestingly, in a
clinical trial with healthy volunteers, EX-527 ekited a high bioavailability and good
tolerability [11].

The role of SIRT1 inhibitors in cancer is complexdalepends on the cancer type and phase
[12, 13]. The overexpression of SIRT1 was correlateth metastasis in pancreatic ductal
adenocarcinoma [14]. SIRT1 is also overexpressduepatocellular carcinoma (HCC), and
has been shown to promote tumorigenicity, metastasid chemoresistance [15]. These
results suggested testing SIRT1 inhibitors agaunsior cell-lines. Some of them are shown
in figure 1.

Tenovin-6 4bb Sirtinol

Fig 1. EX-527 and other SIRT1 inhibitors that wiasted in various cancer models.

The sirtuin inhibitor nicotinamide has been showrréduce the proliferation of pancreatic
cancer cells, to induce the apoptosis in breasteratells, and to enhance their sensibility to
cytotoxic agents [16, 17]. The inhibitor 4bb dig@d a cytotoxic activity against colon
cancer HCT-116 cells, and a mechanism involving 3 substrate of SIRT1 was proposed
[18]. A prostaglandin derivative, J11-Cl exhibitedtiproliferative activity against SKOV
cells through activation of apoptotic or autophagetl death pathways [19]. Sirtinol and
cambinol arep-naphthol containing inhibitors of SIRT1. Sirtinelas shown to induce



senescence-like growth arrest in breast cancer Wi@Rd lung cancer H1299 cells. This
effect was accompanied by a reduction of the Ras?Klpathway activity [20]. Tenovin-6 is
another example of sirtuin inhibitor displaying i@y on mammalian cancer cells, and able
to decrease the growth of tumor xenograft in mi@d].[ For some compounds like
nicotinamide, sirtinol, and tenovin-6, non-specifibibition and/or dual inhibition of SIRT1
and SIRT2 may explain in part the observed cytat@gtivities. Indeed, SIRT2 is also a
potential therapeutic target in several diseasetyding cancer [22].

SIRT1 overexpression in several kinds of tumorgatates strongly with attenuated p53
transcription dependent apoptosis upon DNA damangk axidative stress. p53 can be the
target of several covalent modifications includipgosphorylation and acetylation, and
acetylated p53 is activated and stable. SIRT1 @vaots p53-mediated apoptotic pathways
by deacetylating it and decreasing its DNA bind[28]. For example, in HCC cell lines
(HepG2 and Huh7), treating by EX-527 caused a @seref sirtuins activity, a significant
increase in the acetyl-p53/p53 ratio, and a deergaBICC cells survival and migration [24].
Therefore, sirtuins activity blockage could be Hema to HCC treatment. In this study, the
data on p53 acetylation status is consistent wiid apoptotic behavior of this tumor
suppressor protein [24]. In breast cancer cells MCEX-527, which is more specific for
SIRT1 than SIRT2, induced;(®hase cell cycle arrest, but no increase in p&8ykation and
cytotoxic effects only at high concentration (> EM). However, sirtinol, which is not
specific, induced acetylation of p53 and cytotogitect. Because SIRT2 is also able to
deacetylate p53, the Authors concluded that inbiiof both SIRT1 and SIRT2 is required
to induce p53 acetylation and cell death in breasicer cells [25]. We note here that the
doses of EX-527 employed in different studies aeltllmes have to be compared carefully,
because at high concentration it inhibits SIRT2.a@ta et al. found that SIRT1 was
overexpressed in several melanoma cell lines [d®f use of anti SIRT1 siRNA in
melanoma cells increased the level of p53 acetyladind induced §5G; cell cycle arrest.
Treatment with EX-527 exhibited similar results,igfhled to cellular senescence rather than
a temporary growth arrest [27].

Treatment of two glioma cell lines (U87MG and LN@%vith EX-527 increased the number
of apoptotic cells through the induction of caspg8}. As p53 is a substrate of SIRT1, the
Authors proposed that inhibition of SIRT1 by EX-5@i¢reased the activity of p53 [28h
vivo, EX-527 decreased the tumor growth of xenografitece with human endometrial and
lung cancer cells [29, 30]. EX-527 and one of italagues $-35 were described as selective
SIRT1 inhibitors, with IG values in the range of 100 nM for SIRT1 and 2-R0far SIRT2,
and no activity against a panel of other HDAC andDN-glycohydrolase [7]. They are
mixed-type inhibitors against both NARnd acetylated peptide, therefore the nature ef th
peptide substrates and the concentrations are texpar have a large influence on thelC
values [7, 31]. A crystal structure dd{35 in the active site of SIRT1 has been described
(PDB: 4151) [32]. It represents a useful tool foetdesign of new inhibitors of SIRT1.

Based on these results, we now report the desigmhesis and assay of new indole
compounds derived from EX-527. Envisioned strudtoradifications involved the removal
of the asymmetric carbon and the introduction afrbphobic substituents of increasing steric



bulk at positon 3 of the indole. This position veé®sen because a suitable small hydrophobic
pocket is present in the active site of SIRT1. & compounds were tested against isolated
enzymes SIRT1 and SIRT2, with the objective to fdgrcompounds with better activity
and/or selectivity for one of the enzymes. Finalhgir cytotoxic activities were determined
on a panel of nine cell lines, including cancet lieés.

2. Results and discussion

2.1. Design and synthesis of new EX-527 indole deatives

The parent indoles EX-527 and analog®e35 possess an asymmetric carbon. Therefore,
they have to be used as racemic mixtures or pdrifiean additional chiral phase preparative
chromatography [7]. We designed new indole denveatiin which the aliphatic cycle is
opened, consequently removing the asymmetric cafban 2). The primary carboxamide
group was kept, because it establishes key hydrbged interactions with SIRT1. In our
new compounds, hydrophobic substituents of variedcshindrance were added in position 3
of the indole (R groups, Fig. 2). This was intendeptimize the non-bonding interactions
with a small hydrophobic pocket of the enzyme, itesyin potential gains in binding energy.
The removal of the cycle induces an increase irfczorational flexibility of the substituents
in position 2 and 3 of the indole. The carboxamiyeup may therefore not be positioned
correctly for optimum hydrogen bond contact witlR®B1 residues, which may decrease the
affinity due to an entropy penalty. However, thegance of the substituents in position 3 of
the indole (R# H) should partially block the free rotation of tharboxamide in position 2.
Consequently, we expected that our design would time entropy penalty and that some of
the new indole derivatives would maintain a goattimg affinity.

n R
Cl Cl 3
N N8
5
N NH2 N NH;
0] H O
Known inhibitors This work
of SIRT1/2 Removal of the C*
n=1EX-527 SAR studies on SIRT1/2
n=2(S)-35 R =H, Me, Et, Bn etc.

Fig. 2. Design of new indole derivatives.

The new inhibitors were obtained in three stepshé8e 1). In the first step, 5-halo-3-
alkylindoles that were not commercially availableresobtained from 4-halophenylhydrazine
and suitable aldehydes via Fischer indole synthd@sis acetate in position 2 was introduced



by the alkylation process developed by Bach’'s gr¢d® 34], following an optimized
procedure [35]. This method is based on the Pdyzaich C-H activation of position 2 of the
indole via an intermediate norbornene adduct. It was fourfecciefit with all 3-alkyl
substituted indoles, with the exception2of bearing a sterically hindereert-butyl group. In
the case of 5-chloroindoléa, a mixture of mono alkylate@a and bis alkylated 2a’ was
formed. Attempts to introduce a substituted broretate failed, in agreement with previous
results [34]. In the third step, the conversiontlod ester group into an amide group was
performed with anhydrous ammonia in methanol anrdemperature, giving the desired
products in yields ranging from about 40 to 70%e Blructures of the prepared prodiBag
were determined biH and™*C NMR. In deuterated DMSO, the Nigrotons of the amides
often appeared as two distinct signals. Little etdhces in chemical shifts were observed
between carbonyl esters (170 ppm) and amides (@if).g~inal compound3a-j were further
characterized by HRMS and HPLC.

4 3

Cl Cl.s
N b 2
N OEt ——— 6 N1 NH,
H o 7 H

(o]
C|® 2a, 42% 3a, 52%
a
.
1a
Cl OEt cl NH,
AN b N
N OEt — N NH;,
H o H o
2a', 14% 3a’, 40%
L
R1 R‘I R1
.NH 4 3
N P e X\Cfg a X N b Xe W2
+ 21-60% N 8-83% N OEt 39-74% 6 Ny NH,
o~ R H H o 7 H o
o/
1b-j 2b+ 3bij

X =Cland R" = Me (b), Et (c) , n-Pr (d), n-Bu (e), n-Pentyl (f), Benzy! (g), i-Pr (h), t-Bu (i)

X =Brand R' =i-Pr (j)
Scheme 1. Synthesis of 2-acetamide indole deresBeéj. Reagents and conditions: (a)
PdCL(PhCNY) (10 mol %), norbornene (2 eq.), NaH¢g @thylbromoacetate, DMF, 1%,8,
70°C; (b) NK 7M in MeOH, r.t.; (c) AcOH, PhMe, Zng1120°C.

2.2. Enzymatic assays of the indoles 3a-j on SIREhd SIRT2

For the enzymatic assay of SIRT1, we used an atet/lpeptide substrate derived from the
sequence of p53 RHKK(Ac) with an added tryptophaatheC-terminal end. The product of
the reaction catalyzed by SIRT1 in the presencdAD” is the corresponding deacetylated



peptide. The integration of the areas of the peaksesponding to these two peptides in a
HPLC chromatogram gives directly the percentagéezfcetylation and thus the activity of
the enzyme. In the presence of inhibitor, the aremsured for the deacetylated peptide
decreases. This method is not amenable to highighput screening but is very reliable.
Indeed, as we already reported, it is not susdeptiopotential false positive results that can
occur with the more widely employed fluorescencedohassay, and it gives a complete
readout of all components in the reaction mixtuyeHPLC [36]. The same substrate and
reaction conditions were chosen for SIRT2 assaypdimental section).

EX-527 was originally described as a very selectnrebitor of SIRT1 over SIRT2 (I§ =
0.098 nM for SIRT1 and I§ = 19.6 uM for SIRT2) [7], but several subsequesyorts
indicated that the 165 values and the selectivity were highly dependenassay conditions,
particularly the choice of substrate. For examplisch et al reported the following values:
ICs0 = 0.26 uM for SIRT1 and 2.9 uM for SIRT2 [37], ahlkerrien et al.: 16 = 0.5 uM for
SIRT1 and 6.5 uM for SIRT2 [38]. Under our assagditions, the 1G, values were 0.69 uM
for SIRT1 and 1.5 uM for SIRTZ2, giving only appronately 2-fold selectivity.

Table 1. Inhibition of SIRT1 and SIRT2 by the inedl@ompound8aj.

R1

X 5 3
N2
6 z Hr g NH,
3a+
1 a | % inhibition at 10 uM
Compound | X R IC50 SIRTL (UM) / ICsy SIRT2 (UM)®
EX-527 - - 0.69[0.53-0.90] | 84+4/15[1.2.8]
3a Cl 90 [65 - 124] 1.7+5
NH,
3a’ Cl o >100 1442
™0
3b Cl g 5.5[3.8-7.9] 0.34+1
3c o BN 14 [10 - 20] 55+3
3d o 2N 6.8 [4.9 - 9.4] 22+2
3e o 2NN 6.0 [4.0 - 8.8] 42+1
3f o 2N | 55[3.8-7.9] 68 + 1
3g ol :1“\@ 4.9[3.8 - 6.3] 84+1/0.93[0.62 - 1.4
3h ol EJ\ 1.6[1.2-2.3] 39 + 4 (54% at 100 pM
3i ol EJ< 7.6[5.9-9.7] 74+1
3 Br %J\ 4.2[3.2-5.3] 38+3




®The 95% confidence interval is given in bracketstfe 1G, values, and the SD is given for the % inhibition.
Mean values of at least duplicate experiments.

The 1Gso values of the new inhibitors were determined amamared to the 1§ value of EX-
527, which has been tested in the laboratory utldersame assay conditions (Table 1).
Against SIRT1, none of the tested molecules shoavedhhibitory capacity greater than that
of EX-527, but indole8h, having an isopropyl group at the 3-position, hadGso only twice

as high (1.6uM versus 0.6uM for EX-527). Indole3a, which is unsubstituted at the 3-
position of the indole, was almost inactive {J& 90uM). These results validate the strategy
employed here, demonstrating that the opening ®f8K-527 cycle (and thus removing the
asymmetric carbon) is possible without significkogs of activity, as long as an aliphatic
substituent is present in position 3 of the indoleestrain the free rotation of the amide in
position 2. The binding mode of compouBt is shown in figure 3 and discussed in the
docking section (2.4.). g values in the same range were obtained for thhatic series
spanning methyl through pentgb-f (except3c, which appeared somewhat less potent) and
even for a benzyl substituent By, indicating that there is some space availabletlier
introduction of bulkier groups without loss of aitiy.

In order to evaluate the selectivity of the new pommds for SIRT1 over SIRT2, they were
screened at 10 uM against SIRT2 (Table 1). Theeavelear correlation between the steric
size of the substituents in position 3 of the iedahd the inhibitory potency on SIRT2. Small
substituents irBa-c gave no inhibition at 10 uM. The percentage offiition then increased
steadily from3d to 3f following the increase in chain length, and lasgstituents irBg
(benzyl) and3i (tert-butyl) gave more than 74% inhibition. Beca®tewas the most active
compound against SIRT1, we tried to determineGtg Value for SIRT2, but it did not reach
full inhibition even at 100 puM, preventing accurateasurement. Therefordh was more
selective for SIRT1 over SIRT2 than EX-527, under assay procedure. Moreover, the most
potent compoun8g was slightly more active than EX-527 on SIRT2.dleBa’ gave a small
but reproducible activation of SIRT2 at 10 uM.

To verify that the compoun8h was not prone to aggregation, which could leachdo-
specific inhibition of the enzymes, we carried auNMR based aggregation assay [39, 40].
An absence of unusual NMR signals upon dilutionegxpents confirmed the absence of
aggregation under the assay conditions (suppartiogmation).

2.3. Cytotoxic activities of the indoles 3a-

Cytotoxic activities of prepared compounds werdeton nine cell lines, including seven
cancer cell lines, the immortalized embryonic kid@83T cell line, and HUVEC. Results are
shown in table 2. Compounda and 3a’ did not show any activity up to 100 pM, in
agreement with their absence of inhibitory activoty isolated SIRT1/2. Compourdb was

also inactive, indicating that a small methyl sithsent in position 3 of the indole was not
sufficient to confer a cytotoxic activity. The adty increased with increasing the length of



the alkyl substituent at position 3, froBt to 3f. The most active compound and 3g
displayed stronger cytotoxic effects than EX-527 many of the cell lines tested, and in
particular on the colon cancer cell line HT-29. iFH€so values were mostly in the range 20-
40 uM. This observation could be correlated wita tgh inhibitory activity on SIRT2 of
these two compounds bearing a bulky substituepbsition 3 of the indole. 1§ values for
the indole3h were comparable to those of EX-527 on cancerliceds. Moreover3h was
significantly less cytotoxic than EX-527 on 293Ti€and HUVEC.



Table 2. Cytotoxicity of EX-527 derivatives on nioell lines. IGo values are given inM =
SD. Camptothecin (CPT) was used as positive conk®b62: myelogenous leukemic cells,
HCT-116: colon cancer cell line, H460: human lacgd- lung carcinoma, HepG2:
hepatocellular carcinoma (HCC), A549: adenocarcicohuman alveolar basal epithelial
cells, HT-29: colon cancer cell line, MCF-7: breasincer cell line, 293T: immortalized
embryonic kidney cell line, HUVEC: Human Umbilicééin Endothelial Cells.

HT-

Compound | K562 HCT-116 | H460 HepG2 A549 29 MCEF-7 293T HUVEC
CPT 0.32+0.13| 0.05+0.02 0.12+0.02 0.04+0.01 1.56+0.43100> | 1.67+0.41) 5.65+0.62 <0.01
EX-527 60+2 37x1 48+3 44+2 2943 >100 37+3 51+2 15+2
3a >100 >100 >100 >100 >100 >10d >100 >100 >100
3a’ >100 >100 >100 >100 >100 >100 >100 >100 >100
3b >100 >100 >100 >100 >100 >100 >100 >100 >100
3c 87+2 5243 70x7 >100 >100 >100 >100 77+5 58+3
3d 31+1 32x1 40+2 5815 35+1 92+4| 55%2 43+3 24+3
3e 35+4 31+2 32+1 42+2 30+2 9243 19+1 53+2 20+£3
3f >100 28+2 30+1 45%1 20+3 2742  29+3 25+1 10+2
39 36+3 17+1 3414 26+2 22+1 35+1 42+1 36+2 28+1
3h 51+1 37+1 >100 401 48+2 >100 48+3 >100 45+3
3j 47+1 41+3 66+3 93+5 52+3 >100 64+4 4915 45+3

2.4. Docking studies of indoles 3a-j with SIRT1

The docking analysis was performed using CDOCKEBR@Discovery Studio package [41].
The reference compound EX-527 was first dockechendctive site of SIRT1 to check the
validity of the docking protocol. Indeed, it adopi@n identical position than its analdg-85

in the reported crystal structure of tH§-85/ NAD" / SIRT1 complex [32]. Experimental
ICs0 values obtained for the inhibitors were then comg@do interaction energies determined
by CDOCKER (Supporting information). The correlativas generally qualitatively correct:
the strongest inhibitors lik8h gave the highest interaction energies, whereasviekest
inhibitors like 3a gave the lowest interaction energies. An exceptras diamide2a’, which
was a very weak inhibitor despite a high interactenergy. It is possible that adverse
interactions in the hydrophobic pocket of the eneysith the hydrophilic amide at position 3
have been underestimated by the docking softwadnlé 3g, bearing the most rigid and
bulky substituent of the series, failed to fit imetactive site, whereas it actually inhibited
SIRT1. This may be because a rigid docking protaeas employed here, not accounting



correctly for the flexibility of the NAD binding loop of SIRT1. This loop may move and
create a larger cavity, allowing the accommodatibbulkier substituents.

The binding mode of the most potent indole compadsimdocked with SIRT1 is depicted in
Fig. 3. All the non-covalent interactions betweka inhibitor and the active site amino acids
of SIRT1 identified in the crystal structure &-35 are also present in the docked structure of
3h.
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Fig. 3. Indole 3h docked in the active site of SIRT1 (415Tjop: Two different views of the amino
acids of the active site in interaction with thaibitor 3h are drawn (thin lines), and the hydrophobic
surface of the enzyme pocket is computgattom left: Amino acids of the active site in interaction
with 3h are drawn (thin lines), and the interactions aspldyed with dashed lines, color-coded.
Bottomright: Corresponding 2D map.

2.5. Crystal structure of indole 3j

Key hydrogen bonds involving the carboxamide groipompound §-35 were present in its
crystal structure with SIRT1 [32]. Hydrogen bonds directional, and their strength is very
sensitive to the alignment of the atoms involveldergfore, we supposed that the preferred
orientation of the carboxamide relative to the iedoore in the unbound inhibitors could be
important for the affinity. The rotation along teenple bond C2-C8 dictates the orientation
of the carboxamide. Our new series of compoundsninai® potential degrees of freedom
along this bond than the parent cyclized compouhal. determine the lowest energy
conformation in the solid state (which may diffesrh that in solution), we obtained a crystal
structure of compoungj. The dihedral angle between atoms N1, C2, C8 &hthCompound

11



(9-35 (O) in interaction with SIRT1 was 92.5° (and it wak® in the docked conformation
of 3j). The corresponding angle in the crystal structfréhe compoundj alone ©’) was
77.5°. They differed from only 15°, indicating thitae most stable conformation of compound
3) is very similar to the bioactive (SIRT1 bound) fammation of §-35 (Fig. 4). It must be
noted that the conformation & with an opposite dihedral angl®’ = -77.5° was, as
expected, equally present in the crystal strudisee the supporting information for additional
graphical representations of both conformationsjeéd, both conformations have the same
energy because the indole ring is planar.

(S)-35 -0=925° 3j-©'=775°

Fig. 4. Left: conformation of boundg-35 in the crystal structure with SIRT1 (4151) [32]idRt:
conformation of3j in its crystal structure (not bound to SIRT1), GD@eposition number: 1983558.

3. Conclusion

During the course of this work, a series of inddlesigned from EX-527 was prepared in
three steps from easily accessible commercial ptsd&ischer indole synthesis was followed
by functionalization at position 2 via palladiumtalgzed C-H activation, and amide
formation. The prepared products were first tesigainst SIRT1. Several molecules prepared
have inhibitory activities close to that of theenehce molecule. This result validates the
strategy employed, which makes it possible to resrtbe asymmetric carbon present in EX-
527, and to readily explore the hydrophobic poaktehe active site of SIRT1 with a variety
of hydrophobic substituents at the 3-position & tholecule indole. The docking data were
generally in agreement with the results of enzymiahibitions, which makes it possible to
design of new series of inhibitory molecules of 1Ry using this method.

The selectivity for SIRT1 was determined by testimg series of inhibitors on SIRT2. Under
our assay conditions, compourigly 3j and3h (our most SIRT1-active compound) appeared
to be more selective for SIRT1 over SIRT2 than EX-5However, the role of SIRT2 as a
potential therapeutic target in cancer and othseakes is also the subject of recent studies
[22]. Interestingly, compounds bearing bulky suostnts in the position 3 of the indole like
3f and3g, displaying significant inhibition of SIRT2 comlad with cytotoxic activity, could
constitute starting point for further SAR studigsRJIRT2 inhibitors.

The next step is the determination of effects daséhinhibitors on tumor cell lines, in
combination with added cytotoxic agents. Moreouwde expression of biomarkers will
provide guidance on the signaling pathways affebtethe products. Among the markers that
could be studied, the expression and rate of p5&ylation will be evaluated. The
characterization of markers modulated by the eftédhe drug candidate is a key element.

12



Indeed, the presence of this marker in a tumorgtatie the therapeutic use in the context of
precision medicine. Precision medicine in oncolbgg led to the arrival of new antitumor
agents that may be effective for a limited numbepatients. The use of SIRT1 inhibitors

could be part of this type of approach.
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4. Experimental section
4.1. Chemistry

Melting points were determined on a Stuart SMP3rimsent and are uncorrectéti NMR and**C
NMR spectra were recorded on 400 MHE (100 MHz *C) BRUKER spectrometer in
deuterochloroform (with residual chloroform as ateinal reference, calibrated at 7.26 ppm*fér
and 77.00 ppm fof®C) or in deuterated dimethylsulfoxide with dimesufoxide as an internal
reference (calibrated at 2.50 ppm ferand 40.00 ppm fol°C). Chemical shift values are reported in
ppm ©). Coupling constant valuekare reported in Hz. HRMS spectra were recorddteatinstitut
de Chimie Organique et Analytique” in Orleans, E&non a Q-TOF maXis instrument by ESI in
positive mode. Analytical TLC was performed on fiescent silica gel plates. Visualization was
accomplished with UV light. Column flash chromatagjny was performed using 32-63 um silica gel.
Solvents for extraction and chromatography wergeertgrade. Indolesa and1b are commercially
available. The purity of compoun®sj was greater than 96%, as demonstrated by HPLC'lnd
NMR.

4.2. HPLC chromatograms

Volumes of 5 pL of 1 mM solutions of compounds diged in HO with 10% DMSO were injected.
Analytical HPLC (Shimadzu Prominence) was carriatl wsing a Phenomenex Luna C18 column (5
um, 4.6 mm x 250 mm). Solvent A was water with 0.I%A, and solvent B was 70% acetonitrile
aqueous solution with 0.09% TFA. The products wagtected at 220 nm. The indol8aj were
separated with a linear gradient from 10 to 100% B0 min, at a flow rate of 1 mL/min.

4.3. General procedure for the preparation of 3-aligl-indoles

Phenylhydrazine hydrochlorides (5 mmol), aldehyfesnmol), and AcOH (25 mL) were added in
PhMe (250 mL) and the mixture was refluxed for 3PtMe and unreacted aldehyde were then
removed by distillation under vacuum. The remairongnge oil was used without purification for the
next step. Anhydrous Zng{2.5 mmol) was added and this mixture was heatkecaB100 °C. At the
end of the reaction, a black-colored gel was okthirThis gel was extracted by adding water and
CH.Cl,. The organic layer was washed with water, drieéroMgSQ, and concentrated under
vacuum. The residue was purified with AcOEt/CyclaHeixture, on a silica gel column
chromatography, yielding yellow to brown 3-alkyHimieslc.

4.3.15-Chloro-3-ethyl-H-indole 1c [42]

The compound was obtained in 28% yiéld. NMR (400 MHz, CDCJ) &, 1.34 (3H, t,J = 7.6 Hz,
CHy), 2.76 (2H, 9, = 7.6 Hz, CH), 7.01 (1H, s, H2), 7.15 (1H, dd= 8.6, 2.0 Hz, H6), 7.27 (1H, d,
J = 8.6 Hz, H7), 7.59 (1H, dl = 2.0 Hz, H4), 7.95 (1H, br s, HIYC NMR (100 MHz, CDG)) 3¢
14.37, 18.20, 112.01, 118.49, 118.64, 121.89, B2424.81, 128.58, 134.74.

4.3.2.5-Chloro-3-propyl-H-indole 1d [43]

The compound was obtained in 21% yield.NMR (400 MHz, CDCYJ) &, 1.02 (3H, t,J = 7.4 Hz,
CHy), 1.74 (2H, sext) = 7.4 Hz, CH), 2.71 (2H, tJ = 7.4 Hz, CH), 7.01 (1H, s, H2), 7.15 (1H, dd,
= 8.6, 1.8 Hz, H6), 7.27 (1H, d,= 8.4 Hz, H7), 7.59 (1H, d,= 1.7 Hz, H4), 7.99 (1H, br s, HEYC
NMR (100 MHz, CDC})) 6¢ 14.12, 23.28, 27.13, 112.01, 116.78, 118.56, £22122.58, 124.80,
128.81, 134.69.
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4.3.3.3-Butyl-5-chloro-H-indole 1e[42]

The compound was obtained in 41% yiéid. NMR (400 MHz, CDCJ) 4 0.97 (3H, t,J = 7.4 Hz,
CHy), 1.42 (2H, sext) = 7.4 Hz, CH), 1.68 (2H, quint] = 7.4 Hz, CH), 2.71 (2H, tJ = 7.4 Hz,
CH,), 6.99 (1H, s, H2), 7.13 (1H, dd = 8.6, 1.6 Hz, H6), 7.25 (1H, d= 9.0 Hz, H7), 7.58 (1H, d,

= 1.5 Hz, H4), 7.96 (1H, br s, HIC NMR (100 MHz, CDG)) ¢ 13.93, 22.58, 24.64, 32.22, 111.96,
116.93, 118.49, 121.99, 122.42, 124.73, 128.74.6P34

4.3.4.5-Chloro-3-pentyl-H-indole 1f [44]

The compound was obtained in 30% yiéld. NMR (400 MHz, CDCJ) &, 0.92 (3H, t,J = 7.0 Hz,
CHy), 1.38 (4H, m, 2 x C}), 1.70 (2H, quint) = 7.4 Hz, CH), 2.70 (2H, tJ = 7.4 Hz, CH), 6.99
(1H, s, H2), 7.13 (1H, dd, = 8.5, 1.8 Hz, H6), 7.25 (1H, d,= 8.5 Hz, H7), 7.58 (1H, dl = 1.7 Hz,
H4), 7.90 (1H, br s, H1)*C NMR (100 MHz, CDGJ) 8¢ 14.07, 22.52, 24.93, 29.75, 31.76, 111.94,
117.03, 118.52, 122.04, 122.39, 124.77, 128.75,6P34

4.3.5.3-Benzyl-5-chloro-H-indole 1g [45]

The compound was obtained in 60% yiéld. NMR (400 MHz, CDCJ) &, 4.10 (2H, s, CH), 6.96
(1H, s, H2), 7.17 (1H, dd, = 8.6, 1.9 Hz, H6), 7.23-7.35 (6H, mpkhyand H7), 7.52 (1H, d1 = 1.7
Hz, H4), 8.00 (1H, br s, H1}°C NMR (100 MHz, CDG)) 8¢ 31.36, 112.04, 115.60, 118.59, 122.32,
123.70, 125.08, 126.02, 128.40 (2C), 128.53, 12@56%, 134.74, 140.66.

4.3.6.5-Chloro-3-isopropyl-#H-indole 1h [46]

The compound was obtained in 40% yiéld.NMR (400 MHz, CDCY)) &, 1.35 (6H, dJ = 7.0 Hz, 2
x CHg), 3.15 (1H, hept) = 7.0 Hz, CH), 6.98 (1H, s, H2), 7.13 (1H, dds 8.6, 1.9 Hz, H6), 7.26
(1H, d,J = 8.6 Hz, H7), 7.61 (1H, d] = 1.9 Hz, H4), 7.94 (1H, br s, HI¥C NMR (100 MHz,
CDCl;) 8¢ 23.25, 25.36, 112.07, 118.89, 120.69, 122.07,813.24.72, 127.89, 134.90.

4.3.7.3+ert-Butyl-5-Chloro-H-indole 1i [47]

The compound was obtained in 54% yiéld NMR (400 MHz, CDCJ) 3, 1.44 (9H, s, 3 x CH), 6.96
(1H, s, H2), 7.12 (1H, ddl = 8.6, 1.8 Hz, H6), 7.27 (1H, d,= 8.5 Hz, H7), 7.77 (1H, d, = 1.8 Hz,
H4), 7.90 (1H, br s, H1)"*C NMR (100 MHz, CDGCJ) &c 30.64, 31.46, 112.16, 120.64, 120.65,
121.71, 124.41, 126.63, 126.93, 135.50.

4.3.8.5-Bromo-3-isopropyl-#H-indole 1j [48]

The compound was obtained in 41% yiéld.NMR (400 MHz, CDC}) &, 1.34 (6H, dJ = 6.9 Hz, 2
X CHg), 3.15 (1H, hept) = 6.9 Hz, CH), 6.96 (1H, s, H2), 7.22 (1H,Jd 8.5 Hz, H7), 7.26 (1H, dd,
J=8.5,1.8 Hz, H6), 7.77 (1H, d= 1.8 Hz, H4), 7.93 (1H, br s, HEJC NMR (100 MHz, CDG)) 5.
23.26, 25.34, 112.31, 112.51, 120.50, 121.98, 123.34.62, 128.58, 135.15.

4.4. General procedure for the preparation of inda acetates

A flask equipped with a magnetic stir bar and abarbstopper was charged with bis(benzonitrile)
dichloropalladium(ll) Pd(PhCNEI, (0.2 mmol), the indole substratej (2 mmol), norbornene (4
mmol), and NaHCQ(8 mmol). The air was evacuated and the flask lidedkfwith argon and this
process was repeated three times. A mixture of miat®MF (water/DMF 1:100) was added via
syringe followed by ethyl bromoacetate (4 mmol).eThesulting mixture was stirred at room
temperature for 10 min. The reaction was then plasea preheated oil bath at 70°C for appropriate
time, typically 14 to 18 h, and vigorous stirrin@svapplied. The reaction mixture was monitored by
TLC. Upon completion, the reaction mixture was edoto room temperature, diluted with AcOEt,
washed with water (twice) and brine (once), drigdraVigSQ, and concentrated under vacuum. The
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residue was submitted to column chromatographyiquid loading to afford ethyl 2-f@-indol-2-yl)
acetate®a-j as yellow to brown oils.

4.4.1. Ethyl 2-(5-chloro-H-indol-2-yl)acetat®a [49, 50]

The compound was obtained in 42% yield.NMR (400 MHz, CDCJ) &, 1.30 (3H, t,J = 7.1 Hz,
CHy), 3.82 (2H, s, CKCO), 4.22 (2H, gJ = 7.1 Hz, OCH), 6.29 (1H, s, H3), 7.10 (1H, dd= 8.6,
2.0 Hz, H6), 7.24 (1H, dl = 8.6 Hz, H7), 7.50 (1H, d,= 2.0 Hz, H4), 8.80 (1H, br s, HEYC NMR,
DEPT (100 MHz, CDG) &c 14.15 (CH), 33.75 (CH), 61.53 (CH), 101.46 (CH), 111.78 (CH),
119.51 (CH), 121.97 (CH), 125.43 (C), 129.26 (32.12 (C), 134.63 (C), 170.50 (C=&C NMR
(100 MHz, CDC}) &¢ 14.15, 33.75, 61.53, 101.46, 111.78, 119.51, 121195.43, 129.26, 132.12,
134.63, 170.50.

4.4.2 Diethyl 2,2'-(5-chloro-H-indole-2,3-diyl)diacetat@a’
The compound was obtained in 14% yiéid. NMR (400 MHz, CDCJ) 84 1.24 (3H, tJ = 7.1 Hz,
CHy), 1.30 (3H, tJ = 7.1 Hz, CH), 3.65 (2H, s, CKCO), 3.85 (2H, s, CHO), 4.13 (2H, gJ=7.1
Hz, OCH), 4.22 (2H, qJ = 7.1 Hz, OCH), 7.10 (1H, dd,) = 8.6, 1.6 Hz, H6), 7.22 (1H, d,= 8.6
Hz, H7), 7.53 (1H, d) = 1.6 Hz, H4), 8.91 (1H, br s, H1).

4.4.3.Ethyl 2-(5-chloro-3-methyl-H-indol-2-yl)acetate?b [51]

The compound was obtained in 83% yiéld. NMR (400 MHz, CDCJ) &, 1.30 (3H, t,J = 7.1 Hz,
CHy), 2.21 (3H, s, Ch), 3.76 (2H, s, CKCO), 4.21 (2H, gJ = 7.1 Hz, OCH), 7.09 (1H, dd) = 8.6,
1.9 Hz, H6), 7.21 (1H, d1 = 8.6 Hz, H7), 7.45 (1H, d,= 2.0 Hz, H4), 8.61 (1H, br s, H1).

4.4.4.Ethyl 2-(5-chloro-3-ethyl-#i-indol-2-yl)acetat®c

The compound was obtained in 43% yiéld. NMR (400 MHz, CDCJ) &, 1.21 (3H, t,J = 7.6 Hz,
CHy), 1.29 (3H, tJ=7.1 Hz, CH), 2.68 (2H, qJ = 7.6 Hz, CH), 3.76 (2H, s, CKCO), 4.21 (2H, qJ
=7.1 Hz, OCH), 7.09 (1H, ddJ = 8.6, 1.9 Hz, H6), 7.22 (1H, d= 8.6 Hz, H7), 7.50 (1H, d,= 1.8
Hz, H4), 8.60 (1H, br s, H1)°C NMR (100 MHz, CDG)) & 14.11, 15.40, 17.16, 31.63, 61.43,
111.69, 115.41, 118.02, 121.78, 124.79, 127.38,902834.00, 170.60.

4.4.5. Ethyl 2-(5-chloro-3-propyl-#-indol-2-yl)acetate?d

The compound was obtained in 51% yiéld. NMR (400 MHz, CDCJ) & 0.93 (3H, t,J = 7.4 Hz,
CHy), 1.29 (3H, tJ = 7.1 Hz, CH), 1.63 (2H, sext) = 7.4 Hz, CH), 2.63 (2H, tJ = 7.5 Hz, CH),
3.77 (2H, s, CKLCO), 4.21 (2H, qJ = 7.1 Hz, OCH), 7.09 (1H, dd)J = 8.6, 1.4 Hz, H6), 7.22 (1H, d,

J = 8.6 Hz, H7), 7.49 (1H, dl = 1.4 Hz, H4), 8.62 (1H, br s, HI$C NMR (100 MHz, CDG)) &¢
13.97, 14.12, 23.79, 25.91, 31.70, 61.42, 111.68.6D, 118.15, 121.77, 124.80, 127.99, 129.31,
134.01, 170.62.

4.4.6.Ethyl 2-(3-butyl-5-chloro-H-indol-2-yl)acetat®e

The compound was obtained in 58% yiéld. NMR (400 MHz, CDCJ) &, 0.93 (3H, t,J = 7.4 Hz,
CHs), 1.30 (3H, tJ = 7.1 Hz, CH), 1.36 (2H, sext)J = 7.5 Hz, CH), 1.57 (2H, quintJ = 7.5 Hz,
CH,), 2.65 (2H, tJ = 7.5 Hz, CH), 3.76 (2H, s, CKCO), 4.21 (2H, qJ = 7.1 Hz, OCH), 7.09 (1H,
dd,J = 8.6, 2.0 Hz, H6), 7.22 (1H, d,= 8.6 Hz, H7), 7.48 (1H, d = 1.9 Hz, H4), 8.61 (1H, br s,
H1). **C NMR (100 MHz, CDG)) 5¢ 13.98, 14.12, 22.60, 23.67, 31.68, 32.90, 61.42,66, 113.92,
118.11, 121.76, 124.78, 127.82, 129.26, 134.00,6270

4.4.7.Ethyl 2-(5-chloro-3-pentyl-i-indol-2-yl)acetatef
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The compound was obtained in 80% yiéld. NMR (400 MHz, CDCJ) &, 0.89 (3H, t,J = 7.0 Hz,
CHs), 1.30 (3H, tJ = 7.1 Hz, CH)), 1.30-1.35 (4H, m, 2 x CH 1.59 (2H, quintJ = 7.3 Hz, CH)),
2.64 (2H, tJ = 7.5 Hz, CH), 3.76 (2H, s, CKCO), 4.21 (2H, qJ = 7.1 Hz, OCH)), 7.09 (1H, ddJ =
8.6, 1.9 Hz, H6), 7.22 (1H, d,= 8.6 Hz, H7), 7.48 (1H, dl = 1.8 Hz, H4), 8.61 (1H, br s, HIYC
NMR (100 MHz, CDC}) 8¢ 14.05, 14.12, 22.56, 23.90, 30.40, 31.70, 31.124% 111.66, 113.95,
118.10, 121.75, 124.77, 127.82, 129.24, 134.00,6870

4.4 .8.Ethyl 2-(3-benzyl-5-chloroH-indol-2-yl)acetateg

The compound was obtained in 47% yiéld. NMR (400 MHz, CDCJ) & 1.27 (3H, tJ = 7.1 Hz,
CHy), 3.77 (2H, s, CKCO), 4.05 (2H, s, Ch), 4.19 (2H, gJ = 7.1 Hz, OCH), 7.09 (1H, dd)] = 8.5,
2.0 Hz, H6), 7.16-7.19 (3H, m,gkny), 7.22-7.25 (3H, M, Klenyi+ H7), 7.38 (1H, dJ = 2.0 Hz, H4),
8.78 (1H, br s, H1)**C NMR (100 MHz, CDG)) & 14.07, 29.75, 31.70, 61.47, 111.75, 111.80,
118.22,122.04, 125.12, 125.97, 128.11 (2C), 12@€), 128.91, 129.34, 133.99, 140.50, 170.47.

4.4.9.Ethyl 2-(5-chloro-3-isopropylHi-indol-2-yl)acetateh

The compound was obtained in 51% yield.NMR (400 MHz, CDCJ) &, 1.29 (3H, t,J = 7.1 Hz,
CHy), 1.39 (6H, dJ = 7.1 Hz, 2 x CH), 3.11 (1H, hept) = 7.1 Hz, CH), 3.78 (2H, s, GBO), 4.20
(2H, g,J = 7.1 Hz, OCH), 7.08 (1H, ddJ = 8.6, 2.0 Hz, H6), 7.22 (1H, d,= 8.6 Hz, H7), 7.64 (1H,
d, J = 1.9 Hz, H4), 8.56 (1H, br s, HIYC NMR (100 MHz, CDGJ) 5c 14.12, 22.93 (2C), 25.77,
31.97, 61.43, 111.80, 119.34, 119.39, 121.57, 22426.51, 127.69, 134.24, 170.60.

4.4.10.Ethyl 2-(3-tert-butyl)-5-chloro-H-indol-2-yl)acetatei

The compound was obtained in 8% yield. NMR (400 MHz, CDCJ) &, 1.28 (3H, tJ = 7.1 Hz,
CHy), 1.52 (9H, s, 3 x C¥j, 3.99 (2H, s, CKCO), 4.20 (2H, gJ = 7.1 Hz, OCH), 7.07 (1H, dd) =
8.5, 1.6 Hz, H6), 7.19 (1H, d,= 8.5 Hz, H7), 7.80 (1H, dl = 1.3 Hz, H4), 8.63 (1H, br s, HIYC
NMR (100 MHz, CDC}) é¢ 14.11, 31.87 (3C), 33.29, 34.00, 61.41, 111.63,11P, 121.25, 121.41,
124.23, 126.14, 128.36, 134.15, 170.95.

4.4.11.Ethyl 2-(5-bromo-3-isopropylH-indol-2-yl)acetate]

The compound was obtained in 71% yiéld. NMR (400 MHz, CDCJ) & 1.29 (3H, t,J = 7.2 Hz,
CHy), 1.39 (6H, dJ = 7.2 Hz, 2 x CH), 3.12 (1H, hept) = 7.2 Hz, CH), 3.78 (2H, s, GBO), 4.20
(2H, q,J = 7.2 Hz, OCH), 7.18 (1H, dJ = 8.6 Hz, H7), 7.21 (1H, dd,= 8.6, 1.4 Hz, H6), 7.80 (1H,
d, J = 1.2 Hz, H4), 8.57 (1H, br s, HI})C NMR (100 MHz, CDG)) 5¢ 14.15, 22.98 (2C), 25.79,
31.96, 61.47, 112.13, 112.28, 119.34, 122.40, 524.26.38, 128.41, 134.51, 170.62.

4.5. General procedure for the preparation of inda acetamides

A solution of the indole acetagaj (1.5 mmol) in 7 M NH in MeOH (50 mL) was stirred at 20°C for
1-4 days. The reaction was monitored by TLC urmtihpletion. After evaporation of the solvent under
vacuum, the crude amides were purified by tritorativith ether or by column chromatography using
a gradient of ACOEt/Cyclohexane (50:50 to 100% ACHs eluent to afford the indole acetamides
3a-j.

4.5.1.2-(5-Chloro-H-indol-2-yl)acetamidea

The compound was obtained in 52% yield. MP 188RCNMR (400 MHz, d6-DMSOJ,, 3.56 (2H,
s, CHCO), 6.22 (1H, s, H3), 7.00 (1H, d#i= 8.5, 2.0 Hz, H6), 7.02 (1H, br s, MH7.32 (1H, dJ =
8.5 Hz, H7), 7.46 (1H, d] = 1.9 Hz, H4), 7.48 (1H, br s, N4 11.12 (1H, br s, H1)>C NMR (100
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MHz, d6-DMSQO)4¢ 35.62, 100.28, 112.80, 118.84, 120.60, 123.64,7129.35.07, 136.45, 171.13.
HRMS (ESI) [M + HJ, calcd: 209.0476, found: 209.0477.

4.5.2.2,2'-(5-Chloro-H-indole-2,3-diyl)diacetamidda’

The compound was obtained in 40% yiéld.NMR (400 MHz, d6-DMSOJ¥}; 3.46 (2H, s, CKCO),
3.61 (2H, s, CKCO), 6.94 (1H, br s, N}), 7.02 (1H, ddJ = 8.5, 2.1 Hz, H6), 7.05 (1H, br s, NH
7.28 (1H, dJ = 8.5 Hz, H7), 7.52 (1H, d,= 2.0 Hz, H4), 7.56 and 7.70 (2H, 2 br s,/NH.1.07 (1H,
s, H1).%*C NMR (100 MHz, d6-DMSOY. 31.77, 33.99, 107.21, 112.75, 117.85, 121.01,4&3.
129.45, 133.88, 134.41, 171.56, 173.72. HRMS (B8l H]", calcd: 266.0691, found: 266.0688.

4.5.3.2-(5-Chloro-3-methyl-#H-indol-2-yl)acetamid&b

The compound was obtained in 48% yield. MP 178RCNMR (400 MHz, d6-DMSOJ,, 2.15 (3H,
s, CH), 3.53 (2H, s, CKCO), 6.99 (1H, ddJ = 8.5, 2.1 Hz, H6), 7.01 (1H, br s, NH7.28 (1H, d,]

= 8.5 Hz, H7), 7.40 (1H, dl = 2.1 Hz, H4), 7.41 (1H, br s, NH 10.94 (1H, s, H1)**C NMR (100
MHz, d6-DMSO)éc 8.66, 33.51, 106.93, 112.62, 117.37, 120.57, 331B0.11, 132.33, 134.22,
171.14. HRMS (ESI) [M + H] calcd: 223.0633, found: 223.0631.

4.5.4.2-(5-Chloro-3-ethyl-H-indol-2-yl)acetamid&c

The compound was obtained in 48% yield. MP 189-C91 NMR (400 MHz, d6-DMSOpy, 1.12
(3H, t,J = 7.4 Hz, CH), 2.64 (2H, gJ = 7.3 Hz, CH), 3.54 (2H, s, CKCO), 6.99 (1H, ddJ = 8.5,
1.6 Hz, H6), 7.02 (1H, br s, NH 7.30 (1H, dJ = 8.5 Hz, H7), 7.44 (2H, br s, H4 and YH10.85
(1H, s, H1).*C NMR (100 MHz, d6-DMSOp. 16.10, 17.08, 33.38, 112.75, 113.75, 117.34, 120.5
123.13,129.11, 131.81, 134.33, 171.28. HRMS (B8l H]", calcd: 237.0789, found: 237.0788.

4.5.5.2-(5-Chloro-3-propyl-H-indol-2-yl)acetamide&d

The compound was obtained in 71% yield. MP 121-C239 NMR (400 MHz, d6-DMSOYy 0.88
(3H, t,J = 7.4 Hz, CH), 1.53 (2H, sext) = 7.4 Hz, CH), 2.59 (2H, tJ = 7.4 Hz, CH), 3.53 (2H, s,
CH,CO), 6.98 (1H, ddJ = 8.5, 2.1 Hz, H6), 7.01 (1H, br s, BH7.29 (1H, dJ = 8.5 Hz, H7), 7.42
(1H, d,J = 2.1 Hz, H4), 7.44 (1H, br s, N4 10.85 (1H, s, H1)**C NMR (100 MHz, d6-DMSOp.
14.36, 24.14, 25.80, 33.38, 112.00, 112.73, 117120,46, 123.12, 129.53, 132.37, 134.32, 171.27.
HRMS (ESI) [M + HJ, calcd: 251.0946, found: 251.0941.

4.5.6.2-(3-Butyl-5-chloro-H-indol-2-yl)acetamid&e

The compound was obtained in 56% yield. MP 94-98N\MR (400 MHz, d6-DMSO}p 0.89 (3H,
t,J=7.4 Hz, CH), 1.31 (2H, sext) = 7.4 Hz, CH), 1.50 (2H, quint]) = 7.5 Hz, CH), 2.61 (2H, tJ

= 7.5 Hz, CH), 3.53 (2H, s, CKCO), 6.98 (1H, ddJ = 8.5, 2.0 Hz, H6), 7.01 (1H, br s, BH7.29
(1H, d,J = 8.5 Hz, H7), 7.41 (1H, dl = 1.9 Hz, H4), 7.43 (1H, br s, N4 10.85 (1H, s, H1)**C

NMR (100 MHz, d6-DMSO). 14.41, 22.52, 23.55, 33.28, 33.36, 112.19, 112174,38, 120.45,
123.09, 129.47, 132.22, 134.32, 171.25. HRMS (B8l H]", calcd: 265.1102, found: 265.1102.

4.5.7.2-(5-Chloro-3-pentyl-#H-indol-2-yl)acetamid&f

The compound was obtained in 74% yield. MP 105-C07 NMR (400 MHz, d6-DMSOy, 0.85
(3H, t,J=6.8 Hz, CH), 1.23-1.33 (4H, m, 2 x C} 1.51 (2H, quintJ = 7.2 Hz, CH), 2.61 (2H, tJ
= 7.5 Hz, CH), 3.53 (2H, s, CKCO), 6.98 (1H, ddJ = 8.5, 1.9 Hz, H6), 7.01 (1H, br s, NH7.29
(1H, d,J = 8.5 Hz, H7), 7.41 (1H, dl = 1.8 Hz, H4), 7.43 (1H, br s, N4 10.85 (1H, s, H1)}*C
NMR (100 MHz, d6-DMSQO)5¢ 14.47, 22.55, 23.77, 30.71, 31.63, 33.36, 1121242.74, 117.37,
120.46, 123.10, 129.47, 132.22, 134.33, 171.25. BRESI) [M + HJ, calcd: 279.1259, found:
279.1256.
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4.5.8.2-(3-Benzyl-5-chloro-H-indol-2-yl)acetamide€g

The compound was obtained in 62% yield. MP 114FCNMR (400 MHz, d6-DMSOYy; 3.64 (2H,

s, CHCO), 4.00 (2H, s, C}H), 6.97 (1H, ddJ = 8.6, 2.0 Hz, H6), 7.06 (1H, br s, MH7.11-7.15 (1H,

M, Honeny), 7.22-7.26 (5H, m, 4 X Jenyand H4), 7.31 (1H, d] = 8.6 Hz, H7), 7.50 (1H, br s, NH
11.00 (1H, s, H1)**C NMR (100 MHz, d6-DMSO}p. 29.83, 33.40, 110.93, 112.84, 117.67, 120.72,
123.22, 126.10, 128.63 (2C), 128.73 (2C), 129.23,02, 134.51, 142.02, 171.19. HRMS (ESI) [M +
H]*, calcd: 299.0946, found: 299.0951.

4.5.9.2-(5-Chloro-3-isopropyl-#-indol-2-yl)acetamid&h

The compound was obtained in 48% yield. MP 194FCNMR (400 MHz, d6-DMSOYy; 1.31 (6H,
d,J=7.1Hz, 2 xCH), 3.14 (1H, hept) = 7.1 Hz, CH), 3.54 (2H, s, GBO), 6.98 (1H, ddJ = 8.6,
1.5 Hz, H6), 6.99 (1H, br s, N 7.30 (1H, dJ = 8.4 Hz, H7), 7.39 (1H, br s, NH 7.54 (1H, dJ =
1.4 Hz, H4), 10.84 (1H, s, H1’C NMR (100 MHz, d6-DMSOp. 23.39 (2C), 25.44, 33.65, 112.89,
117.66, 118.46, 120.25, 122.82, 127.76, 131.01,5634171.27. HRMS (ESI) [M + H] calcd:
251.0946, found: 251.0945.

4.5.10.2-(3-tert-Butyl)-5-chloro-H-indol-2-yl)acetamide&i

The product was obtained frogi (23 mg, 0.078 mmol) with 10 mL of a 7 M solutioh H3 in
methanol in 39% yield (8 mg). MP 145° NMR (400 MHz, d6-DMSO¥, 1.43 (9H, s, 3 x CHJ,
3.71 (2H, s, CHCO), 6.98 (1H, ddJ = 8.4, 1.8 Hz, H6), 7.00 (1H, br s, BH7.27 (1H, br s, Nb},
7.28 (1H, dJ = 8.4 Hz, H7), 7.64 (1H, d,= 1.8 Hz, H4), 10.83 (1H, s, HIJC NMR (100 MHz, d6-
DMSO) é¢ 32.00 (3C), 33.19, 35.71, 112.66, 119.49, 120128,23, 122.64, 128.53, 130.46, 134.41,
171.77. HRMS (ESI) [M + H] calcd: 265.1102, found: 265.1098.

4.5.11.2-(5-Bromo-3-isopropyl-1H-indol-2-yl)acetami@g

The compound was obtained in 48% yield. MP 183-C8%9 NMR (400 MHz, d6-DMSO¥y, 1.31
(6H, d,J = 7.0 Hz, 2 x CH), 3.14 (1H, hept) = 7.0 Hz, CH), 3.54 (2H, s, GBO), 7.00 (1H, br s,
NH,), 7.09 (1H, ddJ = 8.5, 1.4 Hz, H6), 7.26 (1H, d,= 8.5 Hz, H7), 7.40 (1H, br s, NH 7.68 (1H,
d,J = 1.0 Hz, H4), 10.86 (1H, s, HTYC NMR (100 MHz, d6-DMSOp. 23.41 (2C), 25.43, 33.63,
110.86, 113.41, 117.58, 121.42, 122.80, 128.52,8630134.78, 171.27. HRMS (ESI) [M + H]
calcd: 295.0441, found: 295.0438.

4.6. Enzyme Activity Assays

SIRT1, SIRT2 and EX-527 were purchased from SigReactions mixtures were prepared in 0.5 mL
Eppendorf vials with a final volume of 5. The reaction mixtures contained the assay bijffem

the assay Kit Sigma CS1040, pH 8.0), NAR mM), peptide substrate RHKK(Ac)W-NH250uM),

and compound inhibitor if required (added from Kt@olutions 10 times more concentrated). The
compounds were prepared as stock solutions with DGO in water so that the final DMSO
concentration was 1% in the reaction mixture. Imtod experiments without compound, the final
DMSO concentration was kept at 1% by addition ebmution of 10% DMSO in water. The reaction
was started by addition of SIRT1 (the final concatiin was approximately 200 nM, according to the
nominal concentration given by the provider) or B2R(the final concentration was approximately
100 nM, according to the nominal concentration gy the provider), without preincubation. The
reaction mixture was incubated at 37 °C. The intabaime was chosen so that the conversion was
kept between 2% and 8%, typically between 30 mohZh for SIRT1, depending on SIRT1 batches,
and 20 min for SIRT2 (single batch used). Thisvedld for accurate measurement by HPLC and
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ensured initial velocity conditions. Reactions wstepped by addition of 50L of 4% TFA in water,
and the resulting mixtures were analyzed by ar/tiPLC.

Analytical HPLC (Shimadzu Prominence) was carriatl wsing a Phenomenex Luna C18 column (5
um, 4.6 mm x 250 mm). Solvent A was water with 0.I%A, and solvent B was 70% acetonitrile
aqueous solution with 0.09% TFA. The products weeeected at 220 nm. The peptide substrate
RHKK(Ac)W-NH, and deacetylated product RHKKW-MNHvere separated with a linear gradient
from 10 to 50% B in 20 min at a flow rate of 1 mlismPeak areas were integrated to calculate the
percentage of conversion.

4.7. Cytotoxicity Assays

Using the MTT method, compounds were evaluatednaga series of human cancer cell lines
including K562, HCT-116, H460, HepG2, A549, HT-R8CF-7 and normal cell lines 293T, HUVEC.
Among them, K562, HCT-116 and MCF-7 cell lines werdtured in RPMI-1640 medium, H460,
HepG2 and 293T cell lines were cultured in Dulbé&cooodified Eagle's medium, A549, HT-29 and
HUVEC cell lines were grown in Ham's F-12 mediunil éell lines were supplemented with 10%
(V/V) fetal bovine serum, 2.05 mM glutamine and I%/V) penicillin/streptomycin, and were
incubated in a humidified atmosphere of 5%,@037 °C.

In 96 well plates, cells were seeded in growth mmedat 5 x 16 cells/mL, with aliquots of 10QL
cell suspension into each well. Prior to each oficity experiment, K562 cells were cultured in
suspension for 2 h, and other cells were maintainededium for them to adhere for 24 h. EX-527
and synthesized compounds (including the positowgtrol CPT) were dissolved in DMSO in serial
dilutions to give final concentrations of 0.01, ,011 10, 100 uM after addition of Ol /well. Then,
the cells were cultured for 48 h, and 20 MTT (5 mg/mL) were added to each well. A volunfe o
100 pL isopropanol hydrochloride was added, and OD \alere read at 570 nm and 630 nm for
HCT-116, H460, HepG2, A549, HT-29, MCF-7, 293T atldVEC, and at 490 nm and 630 nm for
K562. The IG, values were calculated from the measured OD values

4.8. Docking calculations

Docking was performed using CDOCKER with a simuagsnealing protocol and the CHARMmM
forcefield in the Discovery Studio package [41]eTBIRT1 catalytic core of the crystal structurel 415
[32] was prepared by the software’s standard “meepaotein” protocol after removal of the NAD
cofactor, the inhibitor and the water molecules.sMgearch parameters were kept default. For each
compound, 100 random conformations were generateddbecular dynamics at a target temperature
of 1000 K, and 100 orientations were refined. Timutated annealing protocol for docking had a
heating target temperature of 700 K (2000 heattegs3 and a cooling target temperature of 300 K
(5000 cooling steps). The Momany-Rone method was trs calculate the ligands partial charges. A
final energy minimization step was applied to edolking pose with 50 steps of steepest descent
algorithm followed by up to 200 steps of conjuggtaedient algorithm using an energy tolerance of
0.001 kcal.mot. Interaction energies of the best poses of eaahpoand with SIRT1 were
determined using the CHARMmM forcefield.

4.9. NMR aggregation assay
Following a published procedure, six NMR tubes wemepared by serial dilutions of the compound

3h (from 200 uM to 6 uM) in a final volume of 500 pt¢ontaining 445 pL assay buffer, 50 pL@M
and 5 pL DMSO (the final concentration of DMSO w88, identical to the enzymatic assay) [39, 40].
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'H NMR spectra were recorded on a 600 MHz BRUKER ACE spectrometer with suppression of
water peak using the esgpph pulse program [52]p&dameters, including the number of scans (2048)
and the receiver gain were kept constant for glkexnents.

4.10. Crystal structure determination of 3j

The used orange crystal of 0:2Q.10< 0.03 mm was crystallized by slow evaporation ebktion of

of 3j in methanol. Empirical formula gH;sBrN,O, M = 295.17, T = 100(2) K. Monaclinic system,
space group P21/n,Z=4, a=7.7652(13)A, W8%3)A, ¢=16.3134)Aa = 90°, B =
93.249(12)° y = 90°, V = 1260.7(5) A deae = 1.555 g crit, F(000) = 600y = 4.324 mrit, A(CuKa)

= 1.54178 A. 15387 intensity data were collectethvei VENTURE PHOTON100 CMOS Bruker
diffractometer (Cu-i& radiation) controlled by APEX2 software packag8][5yiving 2220 unique
reflections. Data integration and global cell refirtent were performed with the program SAINT [54].
Data were corrected for absorption by the multissemiempirical method implemented in SADABS
[55]. The structure was solved by direct methodeguSHELXS-97 [56]. Refinement, based of) F
was carried out by full matrix least squares WitHEEXL-2008 software [57]. All non-hydrogen
atoms were refined with anisotropic thermal paranmsetThe hydrogen atoms were located on a
difference Fourier map and placed in their georoally generated positions and allowed to ride on
their parent atoms with an isotropic thermal parn@m20 % higher to that of the atom of attachment.
Refinement of 158 parameters ohl&d to R1(F) = 0.0259 calculated with 2106 obsemaflections

as 1> 2 sigma () and wR2(F = 0.0656 considering all the 2220 data. Goodoéfis = 1.267. CCDC
deposition number: 1983558. The crystal data ciidlecand refinement parameters are given in the
supporting information. CCDC 1983558 contains thppsementary crystallographic data for this
paper. These data can be obtained free of chavgetfre Cambridge Crystallographic Data Centre via
http://www.ccdc.cam.ac.uk/Community/Requestastmactu
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Synthesis of indole inhibitors of silent information regulator 1 (SIRT1), and
their evaluation as cytotoxic agents

Hanna Laaroussi,? Ying Ding,” Teng Yuou,” Patrick Deschamps,® Michel Vidal 2 Peng Yu,

Sylvain Broussy®

- We designed and synthesized a series of new achiral indole analogues of EX-527.
- The most active compounds inhibited the activity of SIRT1 selectively over SIRT2.
- Indoles bearing bulky substituents at position 3 strongly inhibited SIRT2.

- Some compounds were more cytotoxic than EX-527 on cancer cell lines.
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