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Supplementary material. 
 

 

A/ Synthetic routes.  

 1/ First synthesis. The initial synthesis of S29434 is presented in Fig.  1. Initially, this 

compound was meant to be a tête-bêche indol dimer in our historical melatonin ligand 

program. The synthetic route is depicted in Fig. 1. 

Synthesis of [2-(5-methoxy-1H-pyrrolo[3,2-b]pyridin-3-yl)ethyl]-2-furamide, compound 

3. Compound 2 was prepared by a procedure reported in the literature starting from 

compound 1, 2-methoxy-5-nitropyridine (Mazéas et al., 1999). Under an atmosphere of 

hydrogen, a suspension of nitro-compound 2 (500 mg, 2.12 mmol) in methanol (20 mL) was 

stirred for 15 min in the presence of Raney nickel (70 mg). After filtration through celite, the 

solvent was evaporated under reduced pressure to afford the desired amine as a light brown 

oil. The crude product was reacted in the next step without purification. Under argon and in 

anhydrous medium, the crude amine was dissolved in a mixture of CH2Cl2 (15 mL) and 

triethylamine (0.325 mL, 2.3 mmol). At 0 °C, furoyl chloride (0.230 mL, 2.3 mmol) was 

slowly added. The resulting mixture was stirred for 30 min at 0 °C and then for 3 h at room 

temperature, after which it was diluted with water and extracted with dichloromethane (15 mL 

× 2). The combined organic extract was dried over MgSO4 and evaporated to dryness. The 

crude product was purified by flash chromatography over silica gel (eluent: AcOEt) to afford 

the expected compound 3 as a white solid (426 mg, 65% over two steps). 

Synthesis of {2-[1-(2-bromo-pyridin-3-yl-methyl)-5-methoxy-1H-pyrrolo[3,2-b]pyridin-

3-yl]ethyl}-2-furamide, compound 4. Under argon and in anhydrous medium, the amino-

compound 3 (340 mg, 1.25 mmol) was dissolved in DMF (10 mL). At 0 °C, 60% NaH (73 

mg, 1.5 mmol) was added slowly. The mixture was stirred for 30 min at 0 °C. Then, 2-bromo-

3-bromomethylpyridine (Rebek et al., 1985) (380 mg, 1.5 mmol) in DMF (10 mL) was added. 

The mixture was stirred 4 h at room temperature. The solvent was removed in vacuo, and the 

residue was quenched with H2O (25 mL). The aqueous mixture was extracted with ethyl 
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acetate (20 mL), and the combined organic extract was washed several times with H2O, then 

dried over MgSO4. After concentration under reduced pressure, the crude mixture was 

purified by flash chromatography over silica gel (eluent: petroleum ether, ethyl acetate, 1:1) to 

give compound 4 as a white solid (347 mg, 64%). 

Synthesis of [2-(2-methoxy-5H-1, 4b, 9-triaza(indeno[2,1-a]inden-10-yl)ethyl]-2-

furamide 5 (S29434). Under argon and in anhydrous medium, the bromo-compound 4 (340 

mg, 0.74 mmol), tetrakis (triphenylphosphine) palladium(0) (44 mg, 0.04 mmol) and 

potassium acetate (70 mg, 0.74 mmol) in N,N-dimethylacetamide (10 mL) were heated for 4 

h. The flash tube was allowed to cool to room temperature, and the mixture was quenched 

with H2O (20 mL) and extracted with ethyl acetate (15 mL × 3). The combined organic layers 

were dried over MgSO4, filtered, and concentrated in vacuo. The crude product was purified 

by flash chromatography over silica gel (eluent: methanol/ethyl acetate, 5:95) to provide 

S29434 (compound 5) as a white solid (265 mg, 96%). All the spectral and physical data on 

those 3 compounds are given as Suppl Data 1 

 2/ Alternative synthesis. The synthesis has been performed on several occasions, leading 

easily to grams of product with good industrial-type yields (see Fig. 2 for the various steps). 

The synthesis of azamelatonin 3 (three first steps) has been described by Jeanty et al. (2009) 

and Thomae et al. (2013).  
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Synthesis of compound B: (Sup. Fig. 1A). Triethylamine (25.6 mL, 185 mmol, 2 eq.) at 0 

°C was added to a solution of 4-aminobutyraldehyde diethyl acetal (15.0 g, 92.2 mmol, 1.0 

eq.) in anhydrous dichloromethane (150 mL) under nitrogen atmosphere, and the reaction 

mixture was allowed to stir for 15 min, followed by dropwise addition of acetic anhydride 

(43.9 mL, 464 mmol, 5.0 eq.) at 0 °C. The resulting reaction mixture was stirred for 2 h at 40 

°C. The resulting reaction mixture was quenched with a saturated aqueous solution of Na2CO3 

(500 mL) and extracted with dichloromethane (100 mL × 4). The combined organic extract 

was dried over anhydrous Na2SO4 and concentrated under reduced pressure, yielding the 

desired compound B, (Fig. 1A, 15.5 g, 82% yield) as colorless oil. The compound was used 

as such in the next step without further characterization and confirmation. 



5 

 

Synthesis of compound 9, Supp. Fig. 1B). An aqueous solution of sodium nitrite (8.34 g, 

120 mmol, 1.0 eq.) was added dropwise to a solution of 5-amino-2-methoxypyridine 

(Compound 1, Supp. Fig 1B, 15.0 g, 120 mmol, 1.0 eq.) in an aqueous solution of 6 M HCl 

(150 mL) at 0 °C. After 30 min, a solution of SnCl2.2H2O (275.29 g, 1,220 mmol, 10.12 eq.) 

in aqueous HCl 6 M (150 mL) was added to the above reaction mixture at 0 °C. This mixture 

was stirred for 2.5 h at 0 °C and then quenched with a saturated aqueous solution of KOH 

(40% w., until a basic pH was reached) and extracted with ethyl acetate (50 mL × 4). The 

organic extracts were combined, dried over anhydrous Na2SO4, and concentrated under 

reduced pressure, yielding the desired compound 9 (16.0 g, 95%) as a red solid. With the 

stability of this product being quite low, the synthesis was further processed at once. As in the 

previous step, the final compound was used as such in the next step without further 

characterization. 

Synthesis of compound 6: (Supp. Fig. 1C). To a solution of compound 9 (11.67 g, 83.0 

mmol, 1.1 eq.) in an aqueous solution of sulfuric acid 4% by weight (422 mL) was added N-

(4,4-diethoxybutyl)acetamide (compound B, 15.5 g, 76 mmol. 1.0 eq.) (see the description of 

this compound above, and Supp. Fig 1A). The reaction mixture was stirred at 100 °C for 2 h. 

The resulting reaction mixture was quenched with a saturated aqueous solution of Na2CO3 

(5,000 mL) and extracted with ethyl acetate (100 mL × 4). The organic layers were combined, 

washed with brine (200 mL), dried over anhydrous Na2SO4, and concentrated under reduced 

pressure. The obtained crude product was further purified by column chromatography. The 

desired product was eluted in neat ethyl acetate. The pure column fractions were concentrated 

under reduced pressure, yielding the desired compound 6 (9.0 g, 51%) as a slightly brown 

solid. The analytical data obtained are given in the supplementary material (Supplementary 

Data 2).  

Synthesis of compound 7: (Supp. Fig. 1D). NaH (1.0 g, 41.0 mmol, 1.1 eq.) was added to a 

solution of compound 6 (9.0 g, 38.0 mmol, 1.0 eq.) in DMF (50 mL) at 0 °C. After 15–20 

min of stirring, a solution of 2-bromo-3-bromomethylpyridine – compound F (see description 
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of the synthesis of this compound below and Supp. Fig. 2) (9.6 g, 38.0 mmol, 1.0 eq.) in 

DMF (60 mL) was added drop-wise, and the reaction mixture was allowed to stir at 0 °C for 

30 min. The resulting reaction mixture was quenched with ice-cold water (500 mL) and 

extracted with ethyl acetate (100 mL × 4). The organic layers were combined, washed with 

cold brine (200 mL × 3), dried over anhydrous Na2SO4, and concentrated under reduced 

pressure. The obtained crude product was further purified by column chromatography. The 

desired product was eluted in 80% ethyl acetate in hexane. The product obtained by 

concentration of the pure column fractions was further purified by trituration with n-pentane 

(30 mL), yielding the desired compound 7 (14.0 g, 90%) as a slightly brown solid. The 

analytical data can be seen in the supplementary material (Supplementary Data 3). In short, 

the retention time was 1.724 min with a corresponding mass of [M+H]
+
: 403.15 and a 

calculated liquid chromatography purity of 97%. 

Synthesis of compound 8: (Supp. Fig. 1E). Potassium acetate (1.59 g, 40.0 mmol, 1.2 eq.) 

and tetrakis (triphenylphosphine) palladium (0) (1.96 g, 1.7 mmol, 0.05 eq.) were added to a 

solution of compound 7 (14.0 g, 34.0 mmol, 1.0 eq.) in toluene (400 mL) at room 

temperature under nitrogen atmosphere. The reaction mixture was heated at 150 °C for 1 h. 

The resulting reaction mixture was quenched with water (500 mL) and extracted with ethyl 

acetate (100 mL × 4). The organic layers were combined, dried over anhydrous Na2SO4, and 

concentrated under reduced pressure. The obtained crude product was further purified by 

column chromatography. The desired product was eluted in neat ethyl acetate. The pure 

column fractions were concentrated under reduced pressure, yielding the desired compound 8 

(6.0 g, 54%) as a slightly brown solid. The analytical data can be seen in the supplementary 

material (Supplementary Data 4). In short, the retention time was 1.657 min with a 

corresponding mass of [M+H]
+
: 323.17 and a calculated liquid chromatography purity of 

91%. 

Synthesis of compound 10: (Supp. Fig. 1F). A suspension of compound 8 (0.3 g, 0.93 

mmol, 1.0 eq.) in 10% H2SO4 (10 mL) was heated at 100 °C for 8 h (note: the reaction mixture 
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turned into a clean solution upon heating). After 8 h of heating, the reaction mixture was 

allowed to cool to room temperature. The resulting reaction solution was quenched with a 

saturated aqueous solution of NaHCO3 (250 mL) and extracted with ethyl acetate (50 mL × 

4). The organic extracts were combined, dried over anhydrous Na2SO4, and concentrated 

under reduced pressure, yielding the desired compound 10 (0.24 g, 92%) as a brown solid. 

Synthesis of S29434 (compound 5): (Supp. Fig. 1G). To a solution of furan-2-carboxylic 

acid (0.105 g, 0.94 mmol, 1.1 eq.) in DMF (1.5 mL) were added HATU (0.646 g, 1.7 mmol, 

2.0 q.) and DIPEA (0.219 g, 1.7 mmol, 2.0 q.) at 0 °C. The resulting reaction mixture was 

allowed to stir at 0 °C for 15 min, and then compound 10 (0.24 g, 0.85 mmol, 1.0 q.) was 

added to the reaction mixture at 0 °C. The resulting reaction mixture was allowed to warm to 

room temperature and then stirred 2 h. The resulting reaction mixture was poured into ice-

cold water and extracted with ethyl acetate (50 mL × 3). The organic extracts were combined, 

dried over anhydrous Na2SO4, and concentrated under reduced pressure, yielding the desired 

compound 7 (0.28 g, 88%) as a green solid. Liquid chromatography coupled to mass 

spectrometry: Retention time: 2.123 min; [M+H]
+
: 375.19; LC purity 97%. The analytical 

data can be seen in the supplementary material (Supplementary Data 5). 
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Synthesis of compound D: (Supp. Fig. 2A). To a freshly prepared solution of lithium 

diisopropylamine (36.44 mL, 0.260 mmol) in 50 mL THF at -78 °C was added 150 mL of a 

1.6 M solution of n-BuLi in hexane (0.239 mmol), and the mixture was stirred 10 min at -78 

°C in dry THF (30 mL) under nitrogen. To the above reaction mixture, 2-bromopyridine, 

(compound C, 40.0 g, 0.239 mmol, 1.0 eq.) was added dropwise and the whole reaction 

mixture stirred for 1 h at -78 °C. Dry DMF (18.48 mL, 0.239 mmol, 1.0 eq.) was added to the 

above reaction mixture and further stirred for 1 h at -78 °C, indicating that the starting 

material was consumed. The reaction mixture was quenched with a 10% degassed aqueous 

solution of KH2PO4 (750 m) and extracted with ethyl acetate (200 mL × 2), and the combined 

organic layers dried over sodium sulfate and concentrated under reduced pressure yielding the 

desired compound D (20.0 g, 42%) as a brown semi-solid. The compound was used as such 

in the next step without further characterization and confirmation. 



9 

 

Synthesis of compound E: (Supp. Fig. 2B). To a solution of compound D (20.0 g, 107 

mmol, 1.0 eq.) in methanol (80 mL) was added NaBH4 (4.06 g, 107 mmol, 1.0 eq.) at 0 °C. 

The reaction mixture was stirred at room temperature for 1 h. The resulting reaction mixture 

was quenched with cold water (500 mL), and that resulting mixture was subjected to vacuum 

distillation on Buchi evaporator to remove methanol, followed by extraction with ethyl acetate 

(100 mL × 4). The organic layers were combined, washed with cold brine (200 mL × 3), dried 

over anhydrous Na2SO4, and concentrated under reduced pressure. The obtained crude 

product was further purified by column chromatography. The desired product was eluted in 

10% ethyl acetate in hexane. The pure column fractions were concentrated under reduced 

pressure, yielding the desired compound E (14.0 g, 69%) as a light yellow solid. Some 

analytical data can be found in supplementary material (Supplementary Data 6). In short, the 

retention time was 2.449 min with a corresponding mass of [M+H]
+
: 189.96 and a calculated 

liquid chromatography purity of 96%. 

Synthesis of compound F: (Supp. Fig. 2C). To a solution of compound E (14.0 g, 74.0 

mmol, 1.0 eq.) in DCM (80 mL) was added PBr3 (21.96 g, 81 mmol, 1.09 eq.) dropwise at 0 

°C. The reaction mixture was allowed to warm to room temperature and stirred for 30 min. 

The resulting reaction mixture was quenched with aqueous solution of NaHCO3 (50 mL) and 

extracted with ethyl acetate (200 mL × 3). The combined organic layers were dried over 

anhydrous Na2SO4 and concentrated under reduced pressure. The obtained crude product was 

further purified by column chromatography, and the desired product was eluted in 4% ethyl 

acetate in hexane. The pure column fractions were concentrated under reduced pressure 

yielding the desired compound F (14.0 g, 75%) as a light-brown solid. Some analytical data 

can be found in the supplementary material (Supplementary Data 7). In short, the retention 

time was 1.969 min with a corresponding mass of [M+H]
+
: 251.9 and a calculated liquid 

chromatography purity of 90%. 

Analyses of the compounds. Purification and thorough analyses were performed at every 

stage of the syntheses unless mentioned otherwise. The raw analysis sheets are attached for 
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some of the key compounds of the process (Supplementary Data 2 to 7). Most importantly, 

one should not confuse the yield (given as a percentage between parentheses, at almost all the 

chemical steps) with the final purity of S29434 which was in the >95 %. 

B/ Specificity studies:  

 1/ General specificity. The list of the target tested in the this section is as follows: : 5-

HT2A, 5-HT3, α-adrenergic A1, α-adrenergic 2, β-adrenergic receptors 1 and 2, nicotinic, 

acetylcholine uptake, AMPA, NMDA, glycine, γ-aminobutyric acid A, γ-aminobutyric acid 

B, benzodiazepine, adenosine A1, adenosine A2A, imidazoline I1, imidazoline I2, σ-opioid, 

µ-opioid, cannabinoid CB1, neuropeptide Y, neurokininNK1 and NK2, Ca2+ channels, Na+ 

channel, K+ channels, thromboxane 2, progesterone, estrogen, testosterone, bradykinin 2, 

endothelin ETA and endothelin ETB, and melatonin receptors MT1. S29434 also has 

negligible capacity to inhibit the activities of the following enzymes: c-Met kinase, human 

glucokinase, human rev-erbα, human rhoA, nrf2, ubiquitinase USP7, and monoamine oxidase 

A. 

 2/ Specificity towards Kinases. The following kinases were tested: Abl kinase, 

Akt1/PKBalpha, AurA/Aur2 kinase, CaMK2alpha, CDC2/CDK1 (h) (cycB), CDK2 (h) 

(cycA), CHK1, CHK2, c-Met kinase, EGFR kinase, EphA2 kinase, EphA3 kinase, EphB4 

kinase, ERK2 (h) (P42mapk), FGFR1 kinase, FGFR2 kinase, FGFR3 kinase, GSK3beta, 

HGK (h) (MAP4K4), IKKalpha, IRAK4, IRK (h) (InsR), JAK3, JNK1, KDR kinase (h) 

(VEGFR2), Lck kinase, MAPKAPK2, MARK1, MNK2, NEK2, p38alpha kinase, PAK2, 

PAK4, PDK1, Pim2 kinase, PKA, PKC2, PLK1, RAF-1 kinase, ROCK1, SGK1, SIK, Src 

kinase, TAOK2 (TAO1), and TRKA. 

3/ NOX study. ROS production was recorded by lucigenin enhance 

chemiluminescence after incubation of  3.105 U937 cells with PMA (1µg/mL, 180min). No 

significant effect was observed with S29434 at 1 and 10µM although superoxide dismutase 

(250U/mL) or diphenyleneiodonium (10µM) inhibit strongly superoxide anion production 

(n=3). See supplementary Figure S3. 
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C/ Autophagy: 

 Details on the experimental background of the Western blots presented as Figure 11 

are given in the following section. 
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D/Analytical reports 

 As mentioned earlier, all the crude analytical data are gathered in the following files. 

 1/ Suppl Data 1 Compounds 3 4 & 5 analyses 
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2/ Suppl Data 2 Compound 6 analyses 
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3/ Suppl Data 3 Compound 7 analyses 
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4/ Suppl Data 4 Compound 8 analyses 
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5/ Suppl Data 5 S29434 analyses 
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6/ Suppl Data 6 Compound E 
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7/ Suppl Data 7 Compound F 
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