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Abstract

:

1-Phenyl-8-[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyl]methyl]-1,3,8-triazaspiro[4.5]decan-4-one has been successfully synthesized via a multi-step pathway starting from 2-nitroaniline. Structure characterization of this original pyrrolo[1,2-a]quinoxaline derivative was achieved by FT-IR, 1H-NMR, 13C-NMR, X-Ray and HRMS spectral analysis. This title compound shows interesting cytotoxic potential against several human leukemia cell lines (K562, HL60, and U937 cells).
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1. Introduction


Heterocyclic derivatives have attracted a lot of attention, due to their wide spread biological activities. Among them, the pyrrolo[1,2-a]quinoxaline heterocyclic moiety has been characterized with respect to a broad range of pharmacological properties [1,2]. Derivatives of this tricyclic system have been previously described as antiprotozoal agents (antimalarial, antitrypanosomal, and antileishmanial), antipsychotic agents, antiviral agents, adenosine receptor modulators, and anticancer agents [3,4,5,6,7,8,9,10,11,12]. The discovery of new anti-cancer molecules is one of the most important goals in pharmaceutical chemistry. Thus, we recently published a few series of new pyrrolo[1,2-a]quinoxaline derivatives endowed with promising biological activity towards the human leukemia cells [13,14,15,16]. These antileukemial pyrroloquinoxaline derivatives were previously reported as new structural analogues of derivative A6730 (Figure 1), a reference Protein kinase B (PKB, also known as Akt) inhibitor that presents antiproliferative activity against various human leukemia cell lines [13,14,15,16]. In this context, and as an extension of our work on the development of new anticancer heterocyclic drugs, we decided to further modulate and substitute our pyrrolo[1,2-a]quinoxaline heterocyclic pharmacophore. Thus, taking into account the experience of our group in the field of the synthesis of new bioactive heterocyclic derivatives based on this pyrrolo[1,2-a]quinoxaline heterocyclic core [6,7,8,9,10,11,12,13,14], we use our previously described anti-leukemic JG454 pyrrolo[1,2-a]quinoxaline moiety (Figure 1) [15] as a template for the design of a new derivative in which the 4-(2-ketobenzimidazolin-1-yl)piperidine was replaced by the 1-phenyl-1,3,8-triazaspiro[4.5]decan-4-one, a new piperidyl structural analogue. We report herein on the synthesis and structural identification of the 1-phenyl-8-[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyl]methyl]-1,3,8-triazaspiro[4.5]decan-4-one 7. This new substituted pyrrolo[1,2-a]quinoxaline derivative 7 is then tested against three leukemia cell lines, namely: K562, U937, and HL60. The cytotoxicity of this new synthesized compound is also tested on activated human peripheral blood mononuclear cells (PBMNC + PHA).




2. Results and Discussion


2.1. 1-Phenyl-8-[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyl]methyl]-1,3,8-triazaspiro[4.5]decan-4-one


The synthesis of the 1-Phenyl-8-[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyl]methyl]-1,3,8-triazaspiro[4.5]decan-4-one 7 has been accomplished in six steps starting from commercially available 2-nitroaniline 1 according to the sequence depicted in Scheme 1. The Clauson–Kaas reaction of 2-nitroaniline 1 with 2,5-dimethoxytetrahydrofuran (DMTHF) in acetic acid gave the pyrrolic derivative 2, which was then reduced using a NaBH4-CuSO4 system to provide the attempted 1-(2-aminophenyl)pyrrole 3. The reaction of 3 with triphosgene in refluxing toluene gave the lactam 4, which was subsequently chlorodehydroxylated with phosphorous oxychloride (POCl3), leading to the 4-chloroquinoxaline 5 [6,7,8,11]. This methodology in the access to this pyrrolo[1,2-a]quinoxaline three-cycle skeleton 4 was found more efficient than those previously described [17,18,19]. The Suzuki–Miyaura cross-coupling reaction of 4-chloropyrroloquinoxaline 5 with 4-formylphenylboronic acid performed in the presence of Pd(PPh3)4 as a catalyst, and in the presence of sodium carbonate used as the base gave the 4-(pyrrolo[1,2-a]quinoxalin-4-yl)benzaldehyde 6. Aldehyde 6 was finally engaged in a reductive amination with NaBH3CN and 1-phenyl-1,3,8-triazaspiro[4.5]decan-4-one to give the pyrroloquinoxaline 7 [13,14]. The structure of this new synthesized derivative 7 was then confirmed by FTIR, 1H/13C-NMR, X-ray, and ESI-MS analysis (see Supplementary Materials, Figures S1–S4). The 3D structural determination of pyrrolo[1,2-a]quinoxaline 7 was established by X-ray crystallography (Figure 2) [20] and confirmed the structure in the solid state as anticipated on the basis of NMR data.




2.2. Cytotoxic Activity


The cytotoxic activity of the 1-phenyl-8-[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyl]methyl]-1,3,8-triazaspiro[4.5]decan-4-one 7 was evaluated against K562, U937, and HL60 cell lines with the MTS assay using compounds A6730 and JG454 as the reference standard drugs [14,15]. As listed in Table 1, the IC50 values of 1-phenyl-8-[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyl]methyl]-1,3,8-triazaspiro[4.5]decan-4-one 7 was found in the same range as those observed for the reference drug A6730. Firstly, the antiproliferative potencies of this new derivative 7 was examined towards the human myeloid leukemia cell lines K562 and HL60. Against the human K562 chronic myeloid leukemia cell line, this substituted pyrroloquinoxaline 7 showed significant antiproliferative activity with an IC50 of 3.5 μM, similar to that of our compound JG454 (IC50 = 4.5 μM), but better than that of the reference compound A6730 (IC50 = 17 μM). On the contrary, against the HL60 human acute myeloblastic leukemia cell line, our tested derivative was found less active than the reference quinoxaline A6730; i.e., IC50 = 15 μM for 7 versus 5.5 μM for A6730. This activity for derivative 7 against HL60 was also found to be in the same order as the one observed for JG454 (IC50 = 14 μM). Nevertheless, our pyrrolo[1,2-a]quinoxaline 7 was found to be inactive against the human myeloblastic U937 cell line (IC50 >20 μM), whereas A6730 showed an antiproliferative activity of 8.0 μM against this leukemia cell line.



Compound 7 was also tested on normal human peripheral blood mononuclear cells activated with phytohemagglutinin (PBMNC + PHA) to evaluate its cytotoxicity on normal cells (Table 1). Pyrroloquinoxaline 7 demonstrated lower level of cytotoxicity against T-lymphocytes with an IC50 over 35.0 μM. This preliminary result was used to determine its range of toxic concentration. Index of selectivity (IS) was defined as the ratio of the IC50 value on T-lymphocytes to the IC50 value on the various leukemia cell lines. Compounds that demonstrated high selectivity (high index of selectivity) should offer a potential of safer therapy. In our case, we could note that our compound 7 showed an interesting selectivity towards K562 cell line (SI = 10).





3. Materials and Methods


Commercial reagents were used as received without additional purification. Melting points were determined with an SM-LUX-POL Leitz hot-stage microscope (Leitz GMBH, Midland, ON, USA) and are uncorrected. IR spectra were recorded on an NICOLET 380FT-IR spectrophotometer (Thermo Electron Scientific Instruments LLC, Madison, WI, USA). NMR spectra were recorded with tetramethylsilane as an internal standard using a BRUKER AVANCE 300 spectrometer (Bruker BioSpin, Wissembourg, France). Splitting patterns have been reported as follows: s = singlet; bs = broad singlet; d = doublet; t = triplet; q = quartet; dd = double doublet; ddd = double double doublet; dt = double triplet; m = multiplet. 2D-NMR experiments have been used for resonance assignments. Analytical TLC were carried out on 0.25 precoated silica gel plates (POLYGRAM SIL G/UV254) and visualization of compounds after UV light irradiation. Silica gel 60 (70–230 mesh) was used for column chromatography. High resolution mass spectra (electrospray in positive mode, ESI+) were recorded on a Waters Q-TOF Ultima apparatus (Bruker Daltonics, Bremen, Germany) [13,14].



3.1. 1-Phenyl-8-[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyl]methyl]-1,3,8-triazaspiro[4.5]decan-4-one (7)


The pH of a solution of the aldehyde 6 (1.83 mmol) and 1-phenyl-1,3,8-triazaspiro[4.5]decan-4-one (2.2 mmol) in 35 mL methanol was adjusted to 6 by the dropwise addition of glacial acetic acid. Powered sodium cyanoborohydride (5.05 mmol) was then added to the previous solution, and the resultant mixture was refluxed for 5 h. After the removal of the methanol by rotary evaporation, the residue was triturated in water and extracted with dichloromethane. The organic layer was washed with water, dried over magnesium sulfate, and evaporated to dryness. The obtained solid was then triturated with isopropanol, filtered, washed with diethyl ether, and dried under reduced pressure to the crude product. Column chromatography of this precipitate on silica gel using ethyl acetate-cyclohexane (1/1) then chloroform-methanol (9/1) as eluents gave the pure product 7 (47%). White crystals, m.p. 214–216 °C; IR (KBr) 3191 (NH), 1707 (CO). 1H-NMR (δ, ppm, DMSO-d6, 300 MHz): 8.63 (s, 1H, NH imid.), 8.56 (dd, 1H, J = 2.70 and 1.20 Hz, H-1”), 8.33 (dd, 1H, J = 8.20 and 1.20 Hz, H-9”), 8.00 (d, 2H, J = 8.10 Hz, H-3′ and H-5′), 7.94 (dd, 1H, J = 8.20 and 1.20 Hz, H-6”), 7.62–7.51 (m, 4H, H-7”, H-8”, H-2′ and H-6′), 7.28 (dd, 2H, J = 8.30 and 7.30 Hz, H-3 phenyl and H-5 phenyl), 7.08 (dd, 1H, J = 4.20 and 1.20 Hz, H-3”), 6.99 (dd, 1H, J = 4.20 and 2.70 Hz, H-2”), 6.91 (d, 2H, J = 8.30 Hz, H-2 phenyl and H-6 phenyl), 6.78 (t, 1H, J = 7.30 Hz, H-4 phenyl), 4.59 (s, 2H, NCH2N), 3.66 (s, 2H, NCH2), 2.82–2.77 (m, 4H, NCH2 pip.), 2.60–2.54 (m, 2H, CH2 pip.), 1.65–1.59 (m, 2H, CH2 pip.). 13C-NMR (CDCl3) δ: 178.1 (C=O imid.), 154.78 (C-4”), 145.17 (C-1 phenyl), 142.74 (C-5a”), 138.30 (C-1′), 137.34 (C-4′), 131.31 (C-8”), 130.90 (C-2′ and C-6′), 130.62 (C-3 phenyl and C-5 phenyl), 130.19 (C-3′ and C-5′), 129.62 (C-7”), 128.51 (C-9a”), 127.31 (C-9”), 126.00 (C-3a”), 119.49 (C-6”), 118.30 (C-4 phenyl), 116.53 (C-1”), 116.12 (C-2”, C-2 phenyl and C-6 phenyl), 110.24 (C-3”), 63.73 (NCH2), 60.51 (CH pip.), 59.98 (2NCH2 pip.), 51.22 (NCH2N), 30.34 (2CH2 pip.). HR-MS m/z [M + H]+ Calcd for C31H30N5O: 488.2450, Found: 488.2427.




3.2. X-ray Data


The structure of compound 7 was established by X-ray crystallography (Figure 1). The colorless single crystal of 7 was obtained by slow evaporation from a methanol/chloroform solution (v/v: 20/80): triclinic, space group P-1, a = 6.6189(2) Å, b = 10.0399(4) Å, c = 18.8507(7) Å, α = 83.114(3)°, β = 80.511(3)°, γ = 81.261(3)°, V = 1215.40(8)Å3, Z = 2, δ(calcd) = 1.332 Mg.m−3, FW = 487.59 for C31H29N5O, F(000) = 516. Full crystallographic results have been deposited at the Cambridge Crystallographic Data Centre (CCDC-1964256), UK, as supplementary material [20]. The data were corrected for Lorentz and polarization effects and for empirical absorption correction [21]. The structure was solved by direct methods Shelx 2013 [22] and refined using Shelx 2013 [22] suite of programs.




3.3. Cytotoxic Activity


The MTS proliferation tests on the human leukemic cell lines U937, K562, and HL60 were performed as previously described by our team [13,14,23].





4. Conclusions


Taking into account our previous studies using the pyrrolo[1,2-a]quinoxaline framework, we designed and synthesized a new 1-phenyl-8-[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyl]methyl]-1,3,8-triazaspiro[4.5]decan-4-one 7 and then assessed its antileukemic effect on the human leukemic cell lines U937, K562 and HL60. These pharmacological results demonstrate that pyrrolo[1,2-a]quinoxaline 7 could be hopeful, due to its high cytotoxic activity against some leukemia cells (IC50 ranging from 3.5 to 15 μM) and its lower toxicity against normal white blood cells (estimated IC50 = 35 μM). This inhibitor exhibiting attractive antileukemia properties may become a relevant candidate for further pharmacomodulations and biological investigations.








Supplementary Materials


FTIR, 1H-NMR, 13C-NMR, and HRMS spectra of title compound 7 are available online. Figure S1: 1H-NMR spectrum of compound 7. Figure S2: 13C-NMR spectrum of compound 7. Figure S3: FT-IR spectrum of compound 7. Figure S4: HRMS data for compound 7.
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Figure 1. Chemical structures of compounds A6730 and JG454. 
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Scheme 1. Synthesis of 1-phenyl-8-[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyl]methyl]-1,3,8-triazaspiro[4.5]decan-4-one (7). 
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Figure 2. The ORTEP (Oak Ridge Thermal Ellipsoid Plot) drawing of the 1-phenyl-8-[[4-(pyrrolo[1,2-a]quinoxalin-4-yl)phenyl]methyl]-1,3,8-triazaspiro[4.5]decan-4-one (7) with thermal ellipsoids at 30% level. 
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Table 1. In vitro activity of compounds 7, JG454 and A6730 on K562, HL60, and U937 cells, and cytotoxicity on human peripheral blood mononuclear cells PBMNC + PHA.
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Compound

	
IC50 Values (μM) (a)




	
K562

	
HL60

	
U937

	
PBMNC + PHA






	
7

	
3.5 ± 0.2

	
15.0 ± 0.4

	
>20

	
35.0 ± 0.5




	
JG454

	
4.5 ± 0.2

	
14.0 ± 0.4

	
>20

	
10.0 ± 0.5




	
A6730

	
17.0 ± 0.3

	
5.5 ± 0.2

	
8.0 ± 0.2

	
>50








(a) The IC50 (µM) values correspond to the mean +/− standard deviation from 3 independent experiments.
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