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Abstract:



2-tert-Butyl-5,6,7,8,9,10-hexahydrocyclohepta[b]indole was synthesized by reaction of cycloheptanone and (4-tert-butylphenyl)hydrazine hydrochloride in the presence of sodium acetate and sulfuric acid in glacial acetic acid via Fischer indole synthesis.






Keywords:


Fischer indole synthesis; paullones; hydrazines; cycloheptanone








Paullones are an established class of protein kinase inhibitors based on the 7,12-dihydroindolo[3,2-d][1]benzazepin-6(5H)-one molecular scaffold. As commercially available agents paullones are widely used as biochemical tools. Among other biological properties, paullones have demonstrated antiproliferative activity on cancer cell lines on the one hand [1,2,3,4,5] and protection of insulin producing pancreatic beta cells against apoptosis on the other hand [6]. Recently paullone chalcone hybrid structures 1 were reported to inhibit the growth of Leishmania amastigotes in vitro [7]. In order to study structure-activity relationships regarding this antiparasitic activity congeners related to 1 are currently investigated. In the course of these studies we were interested in 2-tert-butyl-5,6,7,8,9,10-hexahydrocyclohepta[b]indole (2) representing the tert-butyl substituted indole fragment reminiscent of the paullone substructure in 1. A thorough survey of the literature revealed that 2 was hitherto unknown.



The synthesis of 2 was accomplished by a straightforward Fischer indole synthesis [8,9] protocol from cycloheptanone (3) and (4-tert-butylphenyl)hydrazine hydrochloride (4).
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In order to identify suitable reaction conditions an equimolar amount of the reactants 3, 4 and sodium acetate in glacial acetic acid were stirred at 70 °C in the presence of a catalytic amount of concentrated sulfuric acid yielding 64% of the desired product. Higher reaction temperatures led to a slightly increased yield but produced small amounts of unidentified side products which were cumbersome to remove. Modifications of reaction temperature and ratio of reactants led to an optimized procedure. Eventually, a protocol was established in which a 2.0 mmol: 2.4 mmol mixture of 3 and 4 was stirred for overall 4 h at 70 °C with addition of sulfuric acid after 1 h. This method yielded 75% (72–79%) as an average of two reruns.
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Experimental


General


(4-tert-Butylphenyl)hydrazine hydrochloride was purchased from Sigma-Aldrich and cycloheptanone from Acros Organics. Melting points were determined in open-glass capillaries on an electric variable heater (Electrothermal IA 9100). FT-IR absorption spectra were recorded on a Thermo Nicolet FT-IR 200 spectrometer using KBr pellets. 1H-NMR and 13C-NMR spectra were recorded on a Bruker Avance DRX-400 (NMR laboratories of the Chemical Institutes of the Technische Universität Braunschweig) using DMSO-d6 as solvent. Chemical shifts are reported as parts per million (ppm) downfield from TMS used as an internal standard. The elemental analysis was recorded on a CE Instruments FlashEA® 1112 Elemental Analyzer. The reaction was monitored by TLC (Macherey-Nagel Polygram SIL G/UV254) using toluene/ethyl acetate mixtures as eluent. The mass spectrum was recorded on a ThermoFisher Scientific LTQ-Orbitrap Velos (department of mass spectrometry of the Chemical Institutes of the Technische Universität Braunschweig). HPLC was performed on a Merck Hitachi LaChrom Elite system (pump: L-2130, DAD detector: L-2450; autosampler: L-2200; column: Merck LiChroCART 125-4, LiChrospher 100 RP-18 (5 μm); eluent: acetonitrile/water mixture (70:30), elution rate 1.000 mL/min; detection wavelength: 254 nm and 280 nm; overall run time: 15 min.); tms = total retention time, ts = dead time.




2-tert-Butyl-5,6,7,8,9,10-hexahydrocyclohepta[b]indole


A mixture of cycloheptanone (3) (0.224 g; 2.00 mmol), (4-tert-butylphenyl)hydrazine hydrochloride (4) (0.482 g; 2.40 mmol) and sodium acetate (0.197g; 2.40 mmol) was stirred in glacial acetic acid (10 mL) for 1 h at 70 °C. Subsequently, concentrated sulfuric acid (0.05 mL) was added and stirring was continued at 70 °C for 3 h. After cooling to room temperature the mixture was poured into 5% sodium acetate solution (40 mL). A solid precipitated upon standing over night at 8 °C which was filtered and dried at 60 °C for 2 h. Crystallization from water/ethanol (50:50, v/v) yielded 0.35–0.38 g (72–79%) of brownish crystals.



Mp 129–131 °C.



MS (ESI – MeOH, + Mod, rel. intensity): m/z: 242.19026 ([M+H]+, 100).



IR (KBr) cm−1: 3397 (N-H); 2963 (C-H, aliph.); 2922 (C-H, aliph.).



1H NMR (400 MHz, DMSO-d6): 1.31 (s, 9H, CH3), 1.63–1.71 (m, 4H, CH2), 1.80–1.87 (m, 2H, CH2), 2.70–2.81 (m, 4H, CH2), 7.03 (dd, 1H, J = 1.86, 8.47, C(3)-H), 7.12 (dd, 1H, J = 0.43, 8.38, C(4)-H), 7.30 (d, 1H, J = 1.79, C(1)-H), 10.46 (s, 1H, NH).



13C NMR (100 MHz, DMSO-d6) δ: 24.22 (CH2), 27.27 (CH2), 28.55 (CH2), 28.65 (CH2), 31.55 (CH2), 31.91 (CH3), 34.15 (CH), 109.81 (CH), 111.77 (C quat), 112.57 (CH), 117.59 (CH), 128.29 (C quat), 132.22 (C quat), 137.94 (C quat), 140.12 (C quat).



HPLC (AUC %): 96.6% at 254 nm; 98.3% at 280 nm, tms = 7.71 min, ts (DMSO) = 1.07 min.



Anal. calcd. for C17H23N: C, 84.59; H, 9.60; N, 5.80. Found: C, 84.36; H, 9.49; N, 5.55.
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