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Abstract: The reactions of N-acetonylbenzimidazolium chlorides with various activated alkynes, in the 

presence of bases, led under mild conditions to a mixture of pyrrolo[1,2-a]benzimidazoles (3), 4-

methylene-pyrrolo[1,2-a]quinoxaline derivatives (4) and pyrrolo[1,2-a]quinoxalin-4-one derivatives 

(5). The exocyclic enamine derivatives 4 have been fully characterized by multinuclear NMR 

spectroscopy and X-ray crystallography. A mechanism rationalizing the formation of the enamine 

derivatives is proposed. 
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1.Introduction  
Pyrrolo[1,2-a]benzimidazole and pyrrolo[1,2-a]quinoxaline cores are extensively investigated 

mainly due to their presence in numerous bioactive compounds. Thus, pyrrolo[1,2-a]benzimidazole 

scaffold is present in a range of DNA cross-linkers mimicking the mitomycin antitumor activity against 

a range of human cell lines [1-4], and many pyrrolo[1,2-a]benzimidazole derivatives showed beneficial 

properties on central nervous system disorders [5]. Pyrrolo[1,2-a]quinoxaline skeleton is present in 

numerous compounds that proved potent inhibitors of the human protein kinase CK2 [6]. Many 

pyrrolo[1,2-a]quinoxaline derivatives showed anti-tuberculosis [7], antiparasitic [8], antiallergic [9], and 

central dopamine antagonist activities [10]. Several pyrrolo[1,2-a]quinoxaline derivatives showed 

effectiveness in the treatment of cancer and disorders associated with angiogenesis function [11], and 

proved highly selective agonist affinity for the serotonin receptors [12]. 

Synthetic routes towards pyrrolo[1,2-a]benzimidazole and pyrrolo[1,2-a]quinoxaline derivatives, as 

well as their chemical and biological properties, have been reviewed [13-15]. Many pyrrolo[1,2-

a]benzimidazole and pyrrolo[1,2-a]quinoxaline compounds have been synthesized based on the classical 

1,3-dipolar cycloaddition reaction of benzimidazolium ylides, generated in situ from the corresponding 

benzimidazolium salts in the presence of organic or inorganic bases, with electron-deficient alkynes or 

alkenes[16-22]. Other synthetic approaches have been recently employed in a growing interest for these 

compounds [23-25]. 

Our group investigated the reactivity of benzimidazolium ylides towards various dipolarophiles in 

1,3-dipolar cycloadditions and developed novel approaches towards pyrrolo[1,2-a]benzimidazole and 

pyrrolo[1,2-a]quinoxaline compounds [26-30]. We found that depending on the reaction conditions, 

either pyrrolo[1,2-a]benzimidazole derivatives or pyrrolo[1,2-a]quinoxaline derivatives can be obtained  
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as major products in these cycloadditions[26-30]. Moreover, the structures of obtained pyrrolo[1,2-

a]quinoxalines depend on the structures of the ylide carbon substituents. For instance, pyrrolo[1,2-

a]quinoxalin-4-ones are always the major reaction products when 1-benzyl-3-alkoxy-

carbonylmethylbenzimidazolium ylides are intermediate 1,3-dipoles [20, 27]. 4-Phenyl-pyrrolo[1,2-

a]quinoxaline derivatives are the major reaction products when starting from 1-alkyl-3-

phenacylbenzimidazolium bromides and activated alkynes in the presence of epoxides, while in the 

presence of tertiary amines, 4-hydroxy-4,5-dihydropyrrolo[1,2-a]quinoxaline derivatives and 

pyrrolo[1,2-a]quinoxalinium quaternary salts are the major reaction products [29]. In the same reactions, 

pyrrolo[1,2-a]benzimidazole derivatives are obtained in good yields when tertiary amines and an oxidant 

are used together [29, 30]. 

The continuing interest in pyrrolo[1,2-a]benzimidazole and pyrrolo[1,2-a]quinoxaline chemistry 

prompted us to investigate 1,3-dipolar cycloaddition reactions of benzimidazolium ylides, generated 

from the corresponding N-acetonyl-benzimidazolium salts, with various acetylenic dipolarophiles. 

 

2.Materials and methods 
General 

Melting points were measured on a Boëtius hot plate microscope and are uncorrected. IR spectra 

were recorded on a Nicolet Impact 410 spectrometer, in KBr pellets. The high performance liquid 

chromatography (HPLC) analyses were performed with an Agilent Chromatograph 1200 Series at room 

temperature by isocratic elution of acetonitrile on an Agilent Zorbax SB-C18 (250x4.6) column with 

flow rate 1.0 mL/min. 

Most of the NMR spectra have been recorded on a Bruker Avance III 400 instrument operating at 

400.1, 100.6 and 40.6 MHz for 1H, 13C, and 15N nuclei respectively. Samples were transferred in 5 mm 

Wilmad 507 NMR tubes and recorded with either a 5 mm multinuclear inverse detection z-gradient 

probe (1H spectra and all H-C/H-N 2D experiments) or with a 5 mm four nuclei direct detection z-

gradient probe (1H and 13C spectra). Chemical shifts are reported in δ units (ppm) and were referenced 

to internal TMS for 1H chemical shifts, to the internal deuterated solvent for 13C chemical shifts (CDCl3 

referenced at 77.0 ppm and DMSO referenced at 39.4 ppm), and referenced to liquid ammonia (0.0 ppm) 

using nitromethane (380.2 ppm) as external standard for 15N chemical shifts. Unambiguous 1D NMR 

signal assignments were made based on 2D NMR homo- and heterocorrelation. H,H-COSY, H,C-

HSQC, H,C-HMBC and H,H-ROESY experiments were recorded using standard pulse sequences in the 

version with z-gradients, as delivered by Bruker with TopSpin 2.1 PL6 spectrometer control and 

processing software. The individual chemical shifts, multiplicities and coupling constants for 

overlapping signals have been obtained from undecoupled H,C-HSQC experiments recorded using the 

pulse sequence described by S. Simova [31]. The 15N chemical shifts were obtained as projections from 

the 2D indirectly detected H,N-HMBC spectra, employing a standard pulse sequence in the version with 

z-gradients as delivered by Bruker (TopSpin 2.1 PL6). Some reaction controls have been performed 

using a Varian Gemini 300 NMR spectrometer operating at 300 and 75 MHz for 1H and 13C nuclei 

respectively. 

X-ray crystallography for structure 4e was performed by direct methods from intensity data measured 

on a Nonius KappaCCD four-circle diffractometer with the crystal cooled to 173(2) K. Crystallographic 

data for 4e have been deposited at the Cambridge Crystallographic Data Centre (CCDC 1527017). 

Copies of the data can be obtained free of charge on application to the CCDC, 12 Union Road, 

Cambridge CB2 IEZ, UK. Fax: +44-(0)1223-336033 or e-mail: deposit@ccdc.cam.ac.uk. 

Elemental analyses for C, H and N were obtained using a COSTECH Instruments EAS32. 

Satisfactory microanalyses for all new compounds were obtained. 

Benzimidazole, 1-methylbenzimidazole, ethyl propiolate, dimethyl acetylenedicarboxylate, 3-butyn-

2-one, chloroacetone and triethylamine were purchased from Aldrich and used without further 

purification. 1-Benzylbenzimidazole, respectively 1-p-methylbenzylbenzimidazole, was obtained from 
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benzimidazole and benzyl chloride, respectively p-methylbenzyl chloride. N-acetonylbenzimidazolium 

chlorides (1) were obtained from 1-substituted benzimidazole and chloroacetone (2) in acetone, 

according to previously reported methods [32]. Tetrapyridinecobalt(II)dichromate (TPCD) was obtained 

according to the previously reported method [33]. Chloroform used was stored on anhydrous K2CO3.  

 

General procedure for the reaction of N-acetonylbenzimidazolium chlorides (1) with activated 

alkynes (2) in the presence of triethyl amine in acetonitrile 

To a mixture of 3-acetonylbenzimidazolium chloride 1 (3 mmol) in 25 mL of acetonitrile, an alkyne 

dipolarophile 2 (3.3 mmol) and 0.63 mL (4.5 mmol) of triethylamine were added under stirring. The 

reaction mixture was heated at reflux for 3 h, cooled and poured under stirring into 60 mL of water and 

extracted with CHCl3 (2 x 60 mL). The combined extracts were dried on Na2SO4 anh., the solvent was 

partly removed in vacuo and the residue chromatographed on a SiO2 packed column by eluting with 

EtOAc:hexane (1:4 v/v).  

 

General procedure for the reaction of N-acetonylbenzimidazolium chlorides (1) with activated 

alkynes (2) in the presence of triethyl amine and TPCD in DMF 

To a mixture of 3-acetonylbenzimidazolium chloride 1 (3 mmol) in 25 mL of DMF, an alkyne 

dipolarophile 2 (3.3 mmol) 0.75g (1.22 mmol) TPCD and 0.63 mL (4.5 mmol) triethylamine were added. 

The reaction mixture was heated at 90 ºC for 3 h, then cooled and poured under stirring into 40 mL of 

HCl (5% in water) and extracted with CHCl3 (2 x 60 mL). The combined extracts were dried on Na2SO4 

anh., the solvent was partly removed in vacuo and the residue chromatographed on a SiO2 packed column 

by eluting with EtOAc:hexane (1:4 v/v). 

 

Ethyl 1-acetyl-4-methyl-4H-pyrrolo[1,2-a]benzimidazole-3-carboxylate (3a) 

Pale yellow crystals, mp 173-174 ºC. FT-IR (KBr, cm-1): 2979, 1688, 1628, 1579, 1505, 1487, 1386, 

1203, 1151, 1087, 1060. 1H NMR (CDCl3, 400 MHz) δ ppm: 1.40 (t, 3H, J 7.1 Hz, CH3-Et), 2.46 (s, 3H, 

CH3CO), 4.12 (s, 3H, CH3-N), 4.29 (q, 2H, J 7.2 Hz, CH2-Et), 7.19 (d, 1H, J 8.0 Hz, H-5), 7.20 (t, 1H, 

J 8.0 Hz, H-7), 7.31 (t, 1H, J 7.3 Hz, H-6), 7.54 (s, 1H, H-2), 8.85 (d, 1H, J 8.2 Hz, H-8). 13C NMR 

(CDCl3, 100 MHz) δ ppm: 14.5 (CH3-Et), 25.7 (CH3CO), 31.6 (CH3-N), 59.9 (CH2-Et), 92.0 (C-3), 

108.8 (CH-5), 117.0 (CH-8), 121.0 (CH-7), 121.6 (C-1), 124.0 (CH-6), 126.8 (C-8a), 127.0 (CH-2), 

136.6 (C-4a), 143.3 (C-3a), 163.3 (COO), 184.7 (CO). 15N NMR (CDCl3, 40 MHz) δ ppm: 106.8 (N-4), 

172.2 (N-9). Anal. Calcd. for C16H16N2O3 (284.31): C, 67.59; H, 5.67; N, 9.85%. Found: C, 67.70; H, 

5.72; N, 9.80%. 

 

1-Acetyl-4-benzoyl-4-methyl-4H-pyrrolo[1,2-a]benzimidazole (3b) 

Pale yellow crystals, mp 151-153 ºC. FT-IR (KBr, cm-1): 2961, 2920, 1648, 1619, 1558, 1506, 1450, 

1340, 1260, 1160, 1018. 1H NMR (CDCl3, 400 MHz) δ ppm: 2.47 (s, 3H, CH3CO), 4.32 (s, 3H, CH3-

N), 7.35 (t, 1H, J 7.1 Hz, H-7), 7.41 (d, 1H, J 7.3 Hz, H-5), 7.43 (s, 1H, H-2), 7.46 (t, 1H, J 7.3 Hz, H-

6), 7.53 (t, 2H, J 7.6 Hz, H-3”), 7.60 (t, 1H, J 7.3 Hz, H-4”), 7.87 (d, 2H, J 8.3 Hz, H-2”), 9.00 (d, 1H, 

J 8.3 Hz, H-8). 13C NMR (CDCl3, 100 MHz) δ ppm: 25.8 (CH3CO), 32.4 (CH3-N), 101.9 (C-3), 109.4 

(CH-5), 117.5 (CH-8), 121.8 (CH-7), 122.1 (C-1), 124.6 (CH-6), 127.0 (C-8a), 128.4 (CH-3”), 128.9 

(CH-2), 129.1 (CH-2”), 131.5 (CH-4”), 137.0 (C-4a), 140.1 (C-1”), 144.8 (C-3a), 185.2 (COCH3), 188.7 

(COPh). 15N NMR (CDCl3, 40 MHz) δ ppm: 109.6 (N-4), 172.6 (N-9). Anal. Calcd. for C20H16N2O2 

(316.35): C, 75.93; H, 5.10; N, 8.85%. Found: C, 78.88; H, 5.04; N, 8.92%. 

 

Ethyl 1-acetyl-4-benzyl-4H-pyrrolo[1,2-a]benzimidazole-3-carboxylate (3c) 

Orange crystals, mp 168-169 ºC. FT-IR (KBr, cm-1): 2979, 1688, 1629, 1572, 1501, 1475, 1391, 

1367, 1305, 1236, 1182, 1146, 1092, 1062. 1H NMR (CDCl3, 400 MHz) δ ppm: 1.34 (t, 3H, J = 7.1 Hz, 

CH3-Et), 2.55 (s, 3H, CH3CO), 4.30 (q, 2H, J 7.1 Hz, CH2-Et), 6.08 (s, 2H, CH2-N), 7.20-7.32 (m, 8H, 
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benzene rings), 7.74 (s, 1H, H-2), 8.98 (d, 1H, J 8.1 Hz, H-8). The individual chemical shifts, 

multiplicities and coupling constants for the 7.20-7.32 multiplet were obtained from undecoupled HSQC 

as follows: 7.20 (d, 2H, J 7.3 Hz, H-2’), 7.220 (d, 1H, J 8.0 Hz, H-5), 7.222 (t, 1H, J 7.2 Hz, H-4’), 

7.260 (t, 1H, J 8.1 Hz, H-7), 7.263 (t, 2H, J 7.5 Hz, H-3’), 7.29 (t, 1H, J 8.1 Hz, H-6). 13C NMR (CDCl3, 

100 MHz) δ ppm: 14.5 (CH3-Et), 25.8 (CH3CO), 48.5 (CH2-N), 60.1 (CH2-Et), 92.5 (C-3), 110.1 (CH-

5), 117.3 (CH-8), 121.5 (CH-7), 122.0 (C-1), 124.3 (CH-6), 126.7 (CH-2’), 127.4 (CH-2 and C-8a), 

127.6 (CH-4’), 128.8 (CH-3’), 136.2 (C-4a), 136.7 (C-1’), 143.5 (C-3a), 163.4 (COO), 185.1 (CO). 15N 

NMR (CDCl3, 40 MHz) δ ppm: 116.7 (N-4), 171.5 (N-9). Anal. Calcd. for C22H20N2O3 (360.41): C, 

73.31; H, 5.59; N, 7.77%. Found: C, 73.39; H, 5.66; N, 7.69%. 

 

1-Acetyl-3-benzoyl-4-benzyl-4H-pyrrolo[1,2-a]benzimidazole (3d) 

Pale yellow crystals, mp 182-184 ºC. FT-IR (KBr, cm-1): 3030, 1648, 1618, 1544, 1503, 1448, 1390, 

1367, 1289, 1195, 1158, 1066. 1H NMR (CDCl3, 400 MHz) δ ppm: 2.48 (s, 3H, CH3CO), 6.19 (s, 2H, 

CH2-N), 7.18-7.37 (m, 8H, benzene rings), 7.46 (s, 1H, H-2), 7.51 (t, 2H, J 7.4 Hz, H-3”), 7.58 (t, 1H, J 

7.3 Hz, H-4”), 7.84 (d, 2H, J 7.1 Hz, H-2”), 9.02 (d, 1H, J 7.8 Hz, H-8). The individual chemical shifts, 

multiplicities and coupling constants for the 7.18-7.41 multiplet were obtained from undecoupled HSQC 

as follows: 7.23 (t, 1H, J 7.1 Hz, H-4’), 7.24 (d, 2H, J 8.0 Hz, H-2’), 7.26 (d, 2H, J 8.0 Hz, H-3’), 7.35 

(t, 1H, J 8.1 Hz, H-7), 7.39 (t, 1H, J 8.0 Hz, H-6), 7.40 (d, 1H, J 8.1 Hz, H-5). 13C NMR (CDCl3, 100 

MHz) δ ppm: 25.8 (CH3), 48.9 (CH2-N), 102.1 (C-3), 110.5 (CH-5), 117.6 (CH-8), 121.9 (CH-7), 122.2 

(C-1), 124.7 (CH-6), 126.9 (CH-2’), 127.3 (C-8a), 127.6 (CH-4’), 128.3 (CH-3”), 128.7 (CH-3’), 129.0 

(CH-2), 129.1 (CH-2”), 131.5 (CH-4”), 136.3 (C-4a), 136.5 (C-1’), 140.1 (C-1”), 144.4 (C-3a), 185.3 

(COCH3), 188.8 (CO-Ph). 15N NMR (CDCl3, 40 MHz) δ ppm: 122.6 (N-4), 172.9 (N-9). Anal. Calcd. 

for C26H20N2O2 (392.45): C, 79.57; H, 5.14; N, 7.14%. Found: C, 79.66; H, 5.21; N, 7.09%. 

 

Dimethyl 1-acetyl-4-benzyl-4H-pyrrolo[1,2-a]benzimidazole-2,3-dicarboxylate (3e) 

Pink crystals, mp 179-181 ºC. FT-IR (KBr, cm-1): 2951, 1732, 1701, 1636, 1573, 1500, 1464, 1380, 

1332, 1263, 1218, 1171, 1095. 1H NMR (CDCl3, 400 MHz) δ ppm: 2.49 (s, 3H, CH3CO), 3.76 (s, 3H, 

CH3COO-3), 4.02 (s, 3H, CH3COO-2), 6.06 (s, 2H, CH2-N), 7.17 (d, 2H, J 7.9 Hz, H-2’), 7.21-7.29 (m, 

5H, benzene rings), 7.33 (td, 1H, J 7.6 Hz, 0.3 Hz, H-6), 8.93 (d, 1H, J 7.8 Hz, H-8). The individual 

chemical shifts, multiplicities and coupling constants for the 7.21-7.29 multiplet were obtained from 

undecoupled HSQC as follows: 7.24 (t, 1H, J 7.6 Hz, H-4’), 7.26 (d, 1H, J 8.3 Hz, H-5), 7.280 (t, 1H, J 

8.0 Hz, H-7), 7.282 (t, 2H, J 7.6 Hz, H-3’). 13C NMR (CDCl3, 100 MHz) δ ppm: 27.2 (CH3CO), 48.5 

(CH2-N), 51.7 (CH3COO-3), 53.1 (CH3COO-2), 90.6 (C-3), 110.0 (CH-5), 117.9 (CH-8), 119.4 (C-1), 

121.7 (CH-7), 124.9 (CH-6), 126.5 (CH-2’), 127.1 (C-8a), 127.7 (CH-4’), 128.8 (CH-3’), 130.9 (C-2), 

136.4 (C-1’), 136.5 (C-4a), 141.8 (C-3a), 162.6 (COO-3), 166.9 (COO-2), 185.3 (CO). 15N NMR 

(CDCl3, 40 MHz) δ ppm: 116.6 (N-4), 170.6 (N-9). Anal. Calcd. for C23H20N2O5 (404.41): C, 68.31; H, 

4.98; N, 6.93%. Found: C, 68.25; H, 5.04; N, 7.01%. 

 

Dimethyl 1-acetyl-4-(4-methylbenzyl)-4H-pyrrolo[1,2-a]benzimidazole-2,3-dicarboxylate (3f) 

Light yellow crystals, mp 143-145 ºC. FT-IR (KBr, cm-1): 1733, 1703, 1636, 1577, 1501, 1466, 1379, 

1333, 1218, 1172, 1094. 1H NMR (CDCl3, 400 MHz) δ ppm: 2.32 (s, 3H, CH3-4’), 2.53 (s, 3H, CH3CO), 

3.82 (s, 3H, CH3COO-3), 4.05 (s, 3H, CH3COO-2), 6.02 (s, 2H, CH2-N), 7.11 (bs, 4H, H-2’ and H-3’), 

7.29-7.32 (m, 2H, benzene ring), 7.37 (td, 1H, J 7.6 Hz, 1.0 Hz, H-6), 8.97 (dd, 1H, J 8.0 Hz, 1.1 Hz, H-

8).The individual chemical shifts, multiplicities and coupling constants for the broad singlet at 7.11 ppm 

and 7.21-7.29 multiplet were obtained from undecoupled HSQC as follows: 7.09 (d, 2H, J 8.4 Hz, H-

2’), 7.10 (d, 2H, J 8.4 Hz, H-3’), 7.29 (d, 1H, J 8.3 Hz, H-5), 7.30 (t, 1H, J 8.0 Hz, H-7).13C NMR 

(CDCl3, 100 MHz) δ ppm: 21.0 (CH3-4’), 27.2 (CH3CO), 48.3 (CH2-N), 51.7 (CH3COO-3), 53.1 

(CH3COO-2), 90.6 (C-3), 110.1 (CH-5), 117.9 (CH-8), 119.4 (C-1), 121.7 (CH-7), 124.9 (CH-6), 126.5 

(CH-2’), 127.1 (C-8a), 129.4 (CH-3’), 130.9 (C-2), 133.4 (C-1’), 136.5 (C-4a), 137.4 (C-4’), 141.8 (C-
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3a), 162.6 (COO-3), 166.9 (COO-2), 185.2 (CO).15N NMR (CDCl3, 40 MHz) δ ppm: 117.7 (N-4), 170.9 

(N-9). Anal. Calcd. for C24H22N2O5 (418.44): C, 68.89; H, 5.30; N, 6.69%. Found: C, 68.96; H, 5.35; N, 

6.62%. 

 

Ethyl 4-methylene-5-benzyl-4,5-dihydropyrrolo[1,2-a]quinoxalin-2-carboxylate (4c) 

Yellow crystals, mp 156-158 ºC. FT-IR (KBr, cm-1): 3137, 2980, 1697, 1618, 1557, 1528, 1472, 

1365, 1307, 1270, 1227, 1205, 1158, 1029. 1H NMR (CDCl3, 400 MHz) δ ppm: 1.39 (t, 3H, J 7.1 Hz, 

CH3-Et), 3.96 (d, 1H, J 2.0 Hz, =CH2 A-cis to N-5), 4.35 (d, 2H, J 7.2 Hz, CH2-Et), 4.55 (d, 1H, J 2.1 

Hz, =CH2 B-trans to N-5), 5.02 (s, 2H, CH2-N), 6.77 (d, 1H, J 8.3 Hz, H-6), 6.92 (t, 1H, J 7.3 Hz, H-8), 

6.95 (d, 1H, J 1.4 Hz, H-3), 7.06 (t, 1H, J 7.3 Hz, H-7), 7.25 (d, 2H, J 8.4 Hz, H-2’, partially overlapped 

with CDCl3), 7.27 (t, 1H, J 7.1 Hz, H-4’), 7.35 (t, 2H, J 7.5 Hz, H-3’), 7.50 (d, 1H, J 7.9 Hz, H-9), 7.97 

(d, 1H, J 1.2 Hz, H-1). 13C NMR (CDCl3, 100 MHz) δ ppm: 14.5 (CH3-Et), 51.0 (CH2-N), 60.2 (CH2-

Et), 80.0 (=CH2), 105.7 (CH-3), 113.9 (CH-6), 114.5 (CH-9), 117.7 (CH-1), 119.2 (C-2), 119.8 (CH-8), 

122.9 (C-9a), 126.1 (CH-2’), 126.5 (CH-7), 126.6 (C-3a), 127.1 (CH-4’), 128.9 (CH-3’), 132.7 (C-5a), 

135.9 (C-1’), 137.0 (C-4), 164.5 (COO). 15N NMR (CDCl3, 40 MHz) δ ppm: 91.4 (N-5), 166.2 (N-10). 

Anal. Calcd. for C22H20N2O2 (344.41): C, 76.72; H, 5.85; N, 8.13%. Found: C, 76.65; H, 5.81; N, 8.11%. 

 

Dimethyl 4-methylene-5-benzyl-4,5-dihydropyrrolo[1,2-a]quinoxalin-2,3-dicarboxylate (4e) 

Beige crystals, mp 173-174 ºC. FT-IR (KBr, cm-1): 3141, 1725, 1705, 1613, 1273, 1247, 1197. 1H-

NMR (300 MHz, CDCl3) δ ppm: 3.86, 3.94 (2s, 6H, 2xCH3O), 4.13 (d, 1H, J=3.1 Hz, =CH2 A-cis to N-

5), 4.25 (d, 1H, J 3.1 Hz, =CH2 B-trans to N-5), 4.99 (s, 2H, CH2-N), 6.74 (d, 1H, H-6), 6.92 (t, 1H, H-

8), 7.07 (t, 1H, H-7), 7.21 (d, 2H, H-2’), 7.27 (t, 1H, H-4’ partially overlapped with CDCl3), 7.32 (t, 2H, 

H-3’), 7.47 (d, 1H, H-9), 7.92 (s, 1H, H-1). 13C-NMR (75 MHz, CDCl3) δ ppm: 51.2 (CH2-N), 51.8, 

52.9 (2xCH3O), 84.9 (=CH2), 114.0 (C-3), 114.2 (CH-6), 114.7 (CH-9), 117.3 (C-2), 117.7 (CH-1), 

119.9 (CH-8), 122.4 (C-9a), 124.0 (C-3a), 126.1 (CH-2’), 127.1 (CH-7), 127.2 (CH-4’), 128.9 (CH-3’), 

132.8 (C-5a), 135.6 (C-1’), 135.8 (C-4), 163.5, 167.2 (2xCOO). Anal. Calcd. for C23H20N2O4 (388.42): 

C, 71.12; H, 5.19; N, 7.21%. Found: C, 71.20; H, 5.22; N, 7.16%. 

 

Dimethyl 4-methylene-5-(4-methylbenzyl)-4,5-dihydropyrrolo[1,2-a]quinoxalin-2,3-dicarboxylate 

(4f) 

Beige crystals, mp 163-165 ºC. FT-IR (KBr, cm-1): 3141, 2949, 1710, 1616, 1532, 1437, 1406,  1362, 

1275, 1198, 1164, 1063. 1H NMR (CDCl3, 400 MHz) δ ppm: 2.33 (s, 3H, CH3-4’), 3.86 (s, 3H, CH3-

2),3.94 (s, 3H, CH3-3), 4.14 (d, 1H, J 3.0 Hz, =CH2A-cis to N-5), 4.54 (d, 1H, J 3.0 Hz, =CH2B-trans to 

N-5),4.96 (bs, 2H, CH2-N), 6.74 (d, 1H, J 8.1 Hz, H-6), 6.92 (t, 1H, J 7.4 Hz, H-8),7.07 (t, 1H, J 7.3 Hz, 

H-7),7.10 (d, 2H, J 8.1 Hz, H-2’), 7.15 (d, 2H, J 8.0 Hz, H-3’), 7.47 (d, 1H, J 7.2 Hz, H-6), 7.92 (s, 1H, 

H-1).13C NMR (CDCl3, 100 MHz) δ ppm: 21.0 (CH3-4’), 51.5 (CH2-N), 51.7 (CH3-2), 52.9 (CH3-3), 

84.8 (=CH2), 113.9 (C-3), 114.2 (CH-6), 114.7 (CH-9), 117.3 (C-2), 117.6 (CH-1), 119.8 (CH-8), 122.2 

(C-9a), 124.0 (C-3a),  126.0 (CH-2’), 127.1 (CH-7), 129.6 (CH-3’), 132.4 (C-1’), 132.9 (C-5a), 135.7 

(C-4), 136.8 (C-4’), 163.5 (COO-2), 167.2 (COO-3).15N NMR (CDCl3, 40 MHz) δ ppm: 93.4 (N-5), 

167.1 (N-10). Anal. Calcd. for C24H22N2O4 (402.44): C, 71.63; H, 5.51; N, 6.96%. Found: C, 71.59; H, 

5.44; N, 7.01%. 

 

Ethyl 4-oxo-5-methyl-5H-pyrrolo[1,2-a]quinoxalin-2-carboxylate (5a) 

Pale yellow crystals, mp 191-193 ºC. FT-IR (KBr, cm-1): 2976, 2897, 1706, 1653, 1555, 1520, 1476, 

1362, 1341, 1306, 1269, 1190, 1083, 1028. 1H NMR (CDCl3, 400 MHz) δ ppm: 1.39 (t, 3H, J 7.2 Hz, 

CH3-Et), 3.64 (s, 3H, CH3), 4.35 (q, 2H, J 7.1 Hz, CH2-Et), 7.26 (t, 1H, J 7.6 Hz, H-8), 7.32 (d, 1H, J 

7.2 Hz, H-6), 7.39 (t, 1H, J 7.2 Hz, H-7), 7.57 (d, 1H, J 1.5 Hz, H-3), 7.71 (d, 1H, J 7.1 Hz, H-9), 8.17 

(d, 1H, J 1.5 Hz, H-1). 13C NMR (CDCl3, 100 MHz) δ ppm: 14.4 (CH3-Et), 28.5 (CH3), 60.5 (CH2-Et), 

113.4 (CH-3), 114.8 (CH-9), 115.9 (CH-6), 119.2 (CH-1), 120.2 (C-2), 123.1 (CH-8), 123.2 (C-9a), 
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123.8 (C-3a), 126.8 (CH-7), 130.8 (C-5a), 155.2 (C-4), 163.8 (COO). 15N NMR (CDCl3, 40 MHz) δ 

ppm: 126.1 (N-5), 173.2 (N-10). Anal. Calcd. for C15H14N2O3 (270.28): C, 66.66; H, 5.22; N, 10.36%. 

Found: C, 66.73; H, 5.27; N, 10.29%. 

 

2-Benzoyl-4-oxo-5-methyl-5H-pyrrolo[1,2-a]quinoxaline (5b) 

Orange crystals, mp 211-213 ºC. FT-IR (KBr, cm-1): 3121, 3054, 1641, 1627, 1544, 1518, 1476, 

1346, 1308, 1282, 1146. 1H NMR (CDCl3, 400 MHz) δ ppm: 3.67 (s, 3H, CH3), 7.28 (t, 1H, J 8.2 Hz, 

H-8), 7.35 (d, 1H, J 7.5 Hz, H-6), 7.41 (t, 1H, J 8.3 Hz, H-7), 7.51 (t, 2H, J 7.7 Hz, H-3’), 7.57 (d, 1H, 

J 1.4 Hz, H-3), 7.60 (t, 1H, J 7.4 Hz, H-4’), 7.76 (d, 1H, J 7.5 Hz, H-9), 7.92 (d, 2H, J 7.2 Hz, H-2’), 

8.25 (d, 1H, J 1.5 Hz, H-1). 13C NMR (CDCl3, 100 MHz) δ ppm: 28.6 (CH3), 114.4 (CH-3), 115.0 (CH-

9), 116.0 (CH-6), 120.0 (CH-1), 123.1 (C-9a), 123.3 (CH-8), 123.9 (C-3a), 127.0 (C-2), 127.1 (CH-7), 

128.5 (CH-3’) 129.2 (CH-2’), 130.9 (C-5a), 132.3 (CH-4’), 138.5 (C-1’), 155.3 (C-4), 190.4 (CO). 15N 

NMR (CDCl3, 40 MHz) δ ppm: 126.3 (N-5), 174.5 (N-10). Anal. Calcd. for C19H14N2O2 (302.33): C, 

75.48; H, 4.67; N, 9.26%. Found: C, 75.56; H, 4.70; N, 9.18%. 

 

Ethyl 4-oxo-5-benzyl-5H-pyrrolo[1,2-a]quinoxalin-2-carboxylate (5c) 

It was synthesized directly in the NMR tube by slow transformation when keeping a solution of 4c 

in CDCl3 for two weeks. 
1H NMR (CDCl3, 400 MHz) δ ppm: 1.41 (t, 3H, J 7.2 Hz, CH3-Et), 4.48 (q, 2H, J 7.2 Hz, CH2-Et), 

5.51 (s, 2H, CH2-N), 7.21-7.36 (m, 8H, H-6, 7, 8, aromatic rings), 7.68 (d, 1H, J 1.3 Hz, H-3), 7.73-7.75 

(m, 1H, H-9), 8.25 (d, 1H, J 1.3 Hz, H-1). The individual chemical shifts, multiplicities and coupling 

constants for the 7.21-7.29 multiplet were obtained from undecoupled HSQC as follows: 7.22 (t, 1H, J 

8.4 Hz, H-8), 7.241 (t, 1H, J 8.0 Hz, H-7), 7.242 (d, 1H, J 8.1 Hz, H-6), 7.25 (t, 1H, J 7.3 Hz, H-4’), 

7.28 (d, 2H, J 7.6 Hz, H-2’), 7.31 (d, 2H, J 7.8 Hz, H-3’). 13C NMR (CDCl3, 100 MHz) δ ppm: 14.4 

(CH3-Et), 45.2 (CH2-N), 60.6 (CH2-Et), 114.0 (CH-3), 115.0 (CH-9), 116.9 (CH-6), 119.4 (CH-1), 120.5 

(C-2), 123.3 (CH-8), 123.5 (C-9a), 123.7 (C-3a), 126.6 (CH-2’), 126.8 (CH-7), 127.5 (CH-4’), 128.9 

(CH-3’), 130.1 (C-5a), 136.1 (C-1’), 155.5 (C-4), 163.8 (COO). 15N NMR (CDCl3, 40 MHz) δ ppm: 

175.5 (N-10). The NMR data are consistent with the structure of 5c which was isolated and fully 

characterized from another reaction [27].  

 

2-Benzoyl-4-oxo-5-benzyl-5H-pyrrolo[1,2-a]quinoxaline (5d) 

White crystals, mp 222-223 ºC. FT-IR (KBr, cm-1): 3122, 1662, 1633, 1610, 1542, 1517, 1472, 1382, 

1358, 1279, 1220, 1178, 1132. 1H NMR (CDCl3, 400 MHz) δ ppm: 5.52 (s, 2H, CH2-N), 7.20-7.37 (m, 

8H, H-6, 7, 8, aromatic rings), 7.52 (t, 2H, J 7.2 Hz, H-3’), 7.61 (t, 1H, J 7.4 Hz, H-4’), 7.68 (d, 1H, J 

1.6 Hz, H-3), 7.77 (d, 1H, J 6.6 Hz, H-9), 7.95 (d, 2H, J 7.1 Hz, H-2’), 8.31 (d, 1H, J 1.6 Hz, H-1). The 

individual chemical shifts, multiplicities and coupling constants for the 7.20-7.37 multiplet were 

obtained from undecoupled HSQC as follows: 7.24 (t, 1H, J 8.4 Hz, H-8), 7.26 (t, 1H, J 7.3 Hz, H-4”), 

7.264 (t, 1H, J 8.0 Hz, H-7), 7.27 (d, 1H, J 8.4 Hz, H-6), 7.30 (d, 2H, J 7.7 Hz, H-2”), 7.33 (t, 2H, J 7.9 

Hz, H-3”). 13C NMR (CDCl3, 100 MHz) δ ppm: 45.2 (CH2-N), 114.9 (CH-3), 115.2 (CH-9), 116.9 (CH-

6), 120.2 (CH-1), 123.2 (C-9a), 123.4 (CH-8), 123.6 (C-3a), 126.6 (CH-2”), 127.1 (CH-7), 127.2 (C-2), 

127.5 (CH-4”), 128.5 (CH-3’), 128.9 (CH-3”), 129.3 (CH-2’), 130.0 (C-5a), 132.4 (CH-4’), 135.9 (C-

1”), 138.5 (C-1’), 155.7 (C-4), 190.4 (CO). 15N NMR (CDCl3, 40 MHz) δ ppm: 137.9 (N-5), 175.7 (N-

10). Anal. Calcd. for C25H18N2O2 (378.42): C, 79.35; H, 4.79; N, 7.40%. Found: C, 79.44; H, 4.83; N, 

7.31%. 

 

Dimethyl 4-oxo-5-(4-methylbenzyl)pyrrolo[1,2-a]quinoxalin-2,3-dicarboxylate (5f) 

Beige crystals, mp 244-246 ºC. FT-IR (KBr, cm-1): 1748, 1716, 1661, 1614, 1522, 1438, 1371, 1270, 

1245, 1152, 1075. 1H NMR (CDCl3, 400 MHz) δ ppm: 2.29 (s, 3H, CH3-4’), 3.90 (s, 3H, CH3-2),4.04 

(s, 3H, CH3-3), 5.42 (bs, 2H, CH2-N), 7.10 (d, 2H, J 8.1 Hz, H-3’), 7.15 (d, 2H, J 8.1 Hz, H-3’), 7.21-
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7.27 (m, 3H, aromatic ring), 7.72 (d, 1H, J 7.6 Hz, H-9), 8.18 (s, 1H, H-1). The individual chemical 

shifts, multiplicities and coupling constants for the 7.21-7.27 multiplet were obtained from undecoupled 

HSQC as follows: 7.23 (t, 1H, J 8.3 Hz, H-8), 7.26 (d, 1H, J 8.3 Hz, H-6), 7.27 (t, 1H, J 8.1 Hz, H-7). 
13C NMR (CDCl3, 100 MHz) δ ppm: 21.1 (CH3-4’), 45.0 (CH2-N), 52.1 (CH3-2), 53.1 (CH3-3), 115.1 

(CH-9), 117.1 (CH-6), 117.8 (C-2), 118.8 (CH-1), 121.1 (C-3a), 122.7 (C-9a), 123.5 (CH-8), 126.5(C-

3), 126.6 (CH-2’), 127.4 (CH-7), 129.6 (CH-3’), 129.9 (C-5a), 132.5 (C-1’), 137.2 (C-1’), 154.4 (C-4), 

162.9 (COO-2), 165.5 (COO-3). 15N NMR (CDCl3, 40 MHz) δ ppm: 139.2 (N-5), 173.3 (N-10). Anal. 

Calcd. for C23H20N2O5 (404.41): C, 68.31; H, 4.98; N, 6.93%. Found: C, 68.40; H, 5.04; N, 6.86%. 

 

4-(2-Carbethoxy-5-methyl-5H-pyrrolo[1,2-a]quinoxalin-4-ylidene)-but-2-enoic acid ethyl ester 

(6a) 

Orange crystals, mp 160-162 ºC. FT-IR (KBr, cm-1): 3134, 2977, 1697, 1575, 1550, 1527, 1471, 

1443, 1409, 1335, 1272, 1180, 1151, 1033. 1H NMR (DMSO-d6, 400 MHz) δ ppm: 1.25 (t, 3H, J 7.1 

Hz, CH3-14), 1.35 (t, 3H, J 7.0 Hz, CH3-2), 3.44 (3H, s, CH3-N), 4.16 (q, 2H, J 7.1 Hz, CH2-14), 4.32 

(q, 2H, J 7.1 Hz, CH2-2), 5.50 (d, 1H, J 11 Hz, H-13 trans to H-12), 7.02 (d, 1H, J 12 Hz, H-11 cis to 

N-5), 7.08 (d, 1H, J 1.2 Hz, H-3), 7.09-7.12 (m, 1H, H-8), 7.32-7.34 (m, 2H, H-6 and H-7), 7.44 (t, 1H, 

J 11.4 Hz, H-12 trans to H-11), 8.01 (d, 1H, J 8.2 Hz, H-9), 8.46 (d, 1H, J 1.3 Hz, H-1). 13C NMR 

(DMSO-d6, 100 MHz) δ ppm: 14.3 (2xCH3-Et), 34.7 (CH3-N), 58.7 (CH2-14), 59.9 (CH2-2), 99.9 (CH-

11), 109.7 (CH-13), 111.0 (CH-3), 115.0 (CH-6), 115.8 (CH-9), 119.0 (C-2), 120.4 (CH-1), 121.3 (CH-

8), 123.0 (C-9a), 123.4 (C-3a), 127.0 (CH-7), 131.9 (C-5a), 138.9 (C-4), 141.6 (CH-12), 163.0 (COO-

2), 166.8 (COO-14). 15N NMR (CDCl3, 40 MHz) δ ppm: 91.1 (N-5), 169.7 (N-10). Anal. Calcd. for 

C21H22N2O4 (366.41): C, 68.84; H, 6.05; N, 7.65%. Found: C, 68.92; H, 6.10; N, 7.61%. 

 

4-(2-Benzoyl-5-methyl-5H-pyrrolo[1,2-a]quinoxalin-4-ylidene)-1-phenyl-but-2-en-1-one (6b) 

Red crystals, mp 219-221 ºC. FT-IR (KBr, cm-1): 1628, 1513, 1473, 1392, 1352, 1267, 1196, 1107, 

1019. 1H NMR (DMSO-d6, 400 MHz) δ ppm: 3.54 (3H, s, CH3), 6.21 (d, 1H, J 12.2 Hz, H-13), 7.14 (t, 

1H, J 8.0 Hz, H-8), 7.18 (d, 1H, J 14.3 Hz, H-11), 7.24 (s, 1H, H-3), 7.36 (t, 1H, J 7.7 Hz, H-7), 7.40 (d, 

1H, J 6.9 Hz, H-6), 7.52 (t, 2H, J 7.5 Hz, H-3”), 7.59 (t, 1H, J 7.1 Hz, H-4”), 7.61 (t, 2H, J 7.6 Hz, H-

3’), 7.71 (t, 1H, J 7.4 Hz, H-4’), 7.95 (d, 2H, J 7.7 Hz, H-2’), 7.98 (d, 2H, J 7.7 Hz, H-2”), 8.16 (d, 1H, 

J 7.9 Hz, H-9), 8.29 (t, 1H, J 12.6 Hz, H-12), 8.59 (s, 1H, H-1). 13C NMR (DMSO-d6, 100 MHz) δ ppm: 

34.9 (CH3-N), 101.9 (CH-13), 111.9 (CH-3), 115.2 (CH-6), 116.0 (CH-9), 119.1 (CH-11), 121.6 (CH-

8), 121.7 (CH-1), 123.1 (C-9a), 123.9 (C-3a), 126.3 (C-2), 127.2 (CH-7), 127.6 (CH-2”), 128.5 (CH-

3”), 128.6 (CH-3’), 128.9 (CH-2’), 131.7 (C-5a), 131.9 (CH-4”), 132.2 (CH-4’), 138.4 (C-1’), 138.7 (C-

1”), 139.9 (C-4), 142.4 (CH-12), 188.1 (CO-14), 188.9 (CO-2). 15N NMR (DMSO-d6, 40 MHz) δ ppm: 

97.3 (N-5), 171.6 (N-10). Anal. Calcd. for C29H22N2O2 (430.50): C, 80.91; H, 5.15; N, 6.51%. Found: 

C, 80.97; H, 5.19; N, 6.47%. 

 

4-(2-Benzoyl-5-benzyl-5H-pyrrolo[1,2-a]quinoxalin-4-ylidene)-1-phenyl-but-2-en-1-one (6d) 

Red crystals, mp 198-200 ºC. FT-IR (KBr, cm-1): 3119, 1633, 1546, 1516, 1470, 1380, 1268, 1197, 

1175, 1118, 1018. 1H NMR (DMSO-d6, 400 MHz) δ ppm: 5.34 (2H, s, CH2-N), 6.05 (d, 1H, J 12.1 Hz, 

H-13), 7.01 (d, 1H, J 14.0 Hz, H-11), 7.07 (d, 1H, J 8.2 Hz, H-6), 7.13 (t, 1H, J 7.7 Hz, H-8), 7.25 (t, 

1H, J 7.7 Hz, H-7), 7.32 (s, 1H, H-3), 7.28-7.31 (m, 3H, H-2’” and H-4’”), 7.41 (t, 2H, J 7.5 Hz, H-3’”), 

7.47 (t, 2H, J 7.5 Hz, H-3”), 7.56 (t, 1H, J 7.4 Hz, H-4”), 7.63 (t, 2H, J 7.4 Hz, H-3’), 7.72 (t, 1H, J 7.4 

Hz, H-4’), 7.94 (d, 2H, J 7.4 Hz, H-2”), 7.98 (d, 2H, J 7.4 Hz, H-2’), 8.24 (d, 1H, J 7.9 Hz, H-9), 8.32 

(t, 1H, J 12.4 Hz, H-12), 8.69 (s, 1H, H-1). 13C NMR (DMSO-d6, 100 MHz) δ ppm: 50.8 (CH2-N), 101.0 

(CH-13), 112.7 (CH-3), 115.5 (CH-6), 116.1 (CH-9), 118.8 (CH-11), 121.9 (CH-8), 122.0 (CH-1), 123.1 

(C-9a), 123.5 (C-3a), 126.1 (CH-2”’), 126.5 (C-2), 127.1 (CH-4”’), 127.2 (CH-7), 127.7 (CH-2”), 128.4 

(CH-3”), 128.7 (CH-3’), 128.9 (CH-3”’), 129.0 (CH-2’), 130.8 (C-5a), 132.0 (CH-4”), 132.3 (CH-4’), 

135.5 (C-1”’), 138.3 (C-1’), 138.5 (C-1”), 139.5 (C-4), 142.5 (CH-12), 187.9 (CO-14), 188.9 (CO-2). 
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15N NMR (DMSO-d6, 40 MHz) δ ppm: 104.7 (N-5), 171.3 (N-10). Anal. Calcd. for C35H26N2O2 

(506.59): C, 82.98; H, 5.17; N, 5.57%. Found: C, 83.05; H, 5.13; N, 5.50%. 

 

3. Results and discussions  
The reactions of N-acetonylbenzimidazolium chlorides 1, easily obtained from 1-substituted 

benzimidazoles and chloroacetone, with various activated alkynes 2 such as ethyl propiolate, 1-

phenylpropynone and dimethyl acetylenedicarboxylate, in the presence of bases, led to a mixture of 

pyrrolo[1,2-a]benzimidazoles 3, 4-methylene-pyrrolo[1,2-a]quinoxaline derivatives 4 and pyrrolo[1,2-

a]quinoxalin-4-one derivatives 5 (Scheme 1).  
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b: R = CH3; R1 = C6H5; R2 = H

c: R = CH2C6H5; R1 = OC2H5; R2 = H

d: R = CH2C6H5; R1 = C6H5; R2 = H

e: R = CH2C6H5; R1 = OCH3; R2 = CO2CH3

f: R = CH2C6H4-CH3(p); R1 = OCH3; R2 = CO2CH3

g: R = CH2C6H5; R1 = CH3; R2 = H  
Scheme 1. The reaction scheme for the 1,3-dipolar cycloaddition 

 

Mild reaction conditions are required, implying the mixing of N-acetonylbenzimidazolium chlorides 

1 with activated alkynes 2 in acetonitrile, in the presence of triethylamine, followed by heating of the 

reaction mixture at reflux temperature for 3 hours. The cold reaction mixtures were poured into water 

under stirring, extracted with CHCl3, dried and, after the removal of the solvent, the crude reaction 

products were chromatographed on a SiO2 packed column by eluting with EtOAc:hexane (1:4 v/v). 

Numbering of atoms of the parent skeletons and substituents is exemplified in Figure 1. 
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Figure 1. Numbering of atoms in 3c, 4c, and 6d. 

  

Samples of all crude reaction products were concentrated and analyzed by HPLC and the major 

components were identified. As pyrrolo[1,2-a]quinoxaline compounds of type 4 are very reactive, only 

4c, 4e and 4f were isolated from the reaction mixture and completely characterized. These enamine-type 

compounds 4 are easily transformed into pyrrolo[1,2-a]quinoxalin-4-one compounds 5, or react with a 

molecule of activated alkynes 2 to give addition reaction products 6 (Figure 2). 
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Compounds isolated and characterized from all these reactions are presented in Table 1. 

The yields of pyrrolo[1,2-a]benzimidazoles 3, pyrrolo[1,2-a]quinoxaline derivatives 4-6 are 

influenced by the reaction conditions as well as the nature of the reagents (Table 2). 
 

Table 1. The isolated reaction products with their characteristic melting points 
Isolated compounds 

Compd. mp (°C) Compd. mp (°C) Compd. mp (°C) Compd. mp (°C) 

3a 173-174 - - 5a 191-193 6a 160-162 

3b 151-153 - - 5b 211-213 6b 219-221 

3c 168-169 4c 156-158 5c 178-180 [27] - - 

3d 182-184 - - 5d 222-223 6d 200-202 

3e 179-181 4e 173-174 5e 259-260 [27] - - 

3f 143-145 4f 163-165 5f 244-246 - - 

3g - - - 5g 225-227 [27] - - 

 

Table 2. The influence of reaction conditions on the 

yields of reaction products 
Compd. 

Index 

Reaction conditions Reaction products 

yields (%)* 

3  4,5,6 

a NEt3 in acetonitrile, 

3 h, reflux temperature 

8 80 

b 6 85 

c 11 74 

d 8 81 

e 7 89 

a NEt3 in acetonitrile, 

4 days, rt 

20 73 

b 15 75 

c 14 71 

d 10 83 

f 14 64 

   * Calculated from HPLC chromatograms. 

 

In the reactions of benzimidazolium N-ylides generated from N-acetonyl-benzimidazolium chloride 

1 with activated alkynes, the ratio of pyrrolo[1,2-a]benzimidazoles (3) to pyrrolo[1,2-a]quinoxaline 

derivatives (4-6) decreases by increasing the reaction temperature. We observed that the amount of 

pyrrolo[1,2-a]quinoxaline of type 4 or 6 decreases, while the amount of pyrrolo[1,2-a]quinoxalin-4-one 

5 increases when the reaction temperature is increased. When ester-activated alkyne dipolarophiles are 

used, the ratio of pyrrolo[1,2-a]benzimidazoles 3 to pyrrolo[1,2-a]quinoxaline derivatives 4-6 is higher 

than in cases when ketone-activated alkyne dipolarophiles are used, as we reported earlier [27, 29]. In 

the reaction of 1-benzyl-3-acetonylbenzimidazolium chloride with 3-butyn-2-one in acetonitrile, in the 

presence of triethylamine, only pyrrolo[1,2-a]quinoxalin-4-one 5g was obtained (92 % yield at reflux 

temperature and 88% yield at room temperature) among traces of pyrrolo[1,2-a]benzimidazole 3g. 

Only pyrrolo[1,2-a]benzimidazoles 3 and pyrrolo[1,2-a]quinoxalin-4-ones 5 are obtained when these 

reactions were carried out in the presence of oxidants, such as tetrapyridinecobalt(II)dichromate (TPCD) 

or CrO3 in DMF at 90°C (Table 3). The ratio between these two compounds is determined by the 

activated alkyne structure. Thus, starting from benzimidazolium N-ylides generated from N-acetonyl-

Figure 2. General formula 

for addition products 6 
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benzimidazolium chloride 1 with ester-activated alkyne dipolarophiles, such as ethyl propiolate or 

dimethyl acetylenedicarboxylate (DMAD), in the presence of triethylamine and tetrapyridine-

cobalt(II)dichromate (TPCD), the major reaction products are pyrrolo[1,2-a]benzimidazoles 3 (50-70%) 

and the minor reaction products are pyrrolo[1,2-a]quinoxalin-4-ones 5 (20-40%). Using a ketone-

activated alkyne, such as 1-phenylpropynone, under the same reaction conditions, the major reaction 

products are pyrrolo[1,2-a]quinoxalin-4-ones 5 (70-80%) and the minor reaction products are 

pyrrolo[1,2-a]benzimidazoles 3 (20-30%). Easily separable pyrrolo[1,2-a]benzimidazoles 3 and 

pyrrolo[1,2-a]quinoxalin-4-ones 5 could be obtained in moderate to good yields in this way. Tuning the 

course of synthesis towards either pyrrolo[1,2-a]benzimidazole 3 or pyrrolo[1,2-a]quinoxalin-4-one 5 

could be achieved by using the appropriate dipolarophile. 

 

Table 3. The influence of the tpcd on the  

yields of reaction products 
Compd. 

index 

Reaction conditions Reaction products 

yields (%)* 

3  5,6 

a NEt3 + TPCD 

in DMF, 

2 h, 90 °C 

51 48 

b 21 77 

c 55 44 

d 26 68 

e 68 26 

f 62 26 

* Calculated from HPLC chromatograms. 

In order to explain the experimental data we proposed a reaction mechanism (Scheme 2) involving 

the initial formation of cycloadducts A which further undergo either an aromatization leading to 

pyrrolo[1,2-a]benzimidazole derivatives 3 or an imidazole ring opening giving pyrrole intermediates B 

depending on their stability. The presence of an ester group in position 3 of the primary cycloadducts A 

contributes to better stabilization of the intermediate structure A and to increased amounts of 

pyrrolo[1,2-a]benzimidazoles in comparison with compounds having a keto group in the same position 

3 [29]. The formation of the pyrrole intermediates B involves the imidazole ring opening assisted by the 

abstraction of the acidic hydrogen from the C-1 position of the primary cycloadduct A. The nucleophilic 

addition of the secondary amino group to the keto group attached to the pyrrole ring in B gives cyclic 

carbinolamines with a pyrrolo[1,2-a]quinoxaline skeleton C. Under the reaction conditions the 

carbinolamines C eliminate a molecule of water to form 4-methylene-pyrrolo[1,2-a]quinoxaline 

derivatives 4. The separation and characterization of the open intermediates B has been reported as proof 

for the pathway to formation of pyrrolo[1,2-a]quinoxaline derivatives [28, 34]. 
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Scheme 2. The reaction mechanism for the formation of  

4-methylene-pyrrolo[1,2-a]quinoxalines 4 
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Due to their high reactivity, enamine compounds 4 could be transformed into pyrrolo[1,2-

a]quinoxalin-4-ones 5 in aqueous medium. In order to prove this type of transformation, we followed 

the conversion of 4c into 5c in CDCl3 solution. The experiment was performed in the NMR tube 

revealing the slow transformation of 4c into 5c in the CDCl3 solution under the influence of existing 

traces of water. This transformation was completed in about two weeks (Figure 3). 

 
Figure 3. 1H NMR spectrum of derivative 4c dissolved 

 in CDCl3, recorded at different time intervals until its complete  

transformation into derivative 5c was achieved 

 

The multinuclear NMR data recorded after 17 days for the resulting pyrrolo[1,2-a]quinoxalin-4-one 

5c fully matched our previously reported data for this compound which we had isolated as a product of 

a different cycloaddition reaction [27].  

We are reporting full, unambiguous assignments for all 1H, 13C, and 15N NMR chemical shifts of all 

described compounds, including the parent skeleton pyrrolo[1,2-a]quinoxaline enamines 4 and 6 (see 

Experimental section). The assignments are based on additional extensive 1D and 2D NMR experiments. 

Figure 4 shows a detail of the H,H-ROESY experiment which proves the through-space NOE interaction 

between HA in the terminal =CH2 enamine (3.96 ppm) and CH2-N (5.02 ppm) groups in 4c. Another 

NOE interaction supporting the stereochemistry is that between HB in the terminal =CH2 enamine (4.64 

ppm) and the H-3 proton (7.00 ppm) from the five membered ring. The NMR assignments provided here 

should facilitate future identification of stereochemical isomers of pyrrolo[1,2-a]quinoxaline enamines 

4 (i.e. HA cis to N-5 and HB trans to N-5). Similar ROESY experiments allowed us to assign the 

stereochemistry of conjugated double bonds in compounds 6. 

 

 

Figure 4. Detail of the H,H-ROESY 

experiment for 4c in 

 DMSO-d6 indicating the HA/HB through-

space correlation in the =CH2  

group (3.96/4.55 ppm), HA/CH2-N 

(3.96/5.02 ppm) through-space 

correlation, as well as HB/H-3 (4.64/7.00 

ppm) through-space correlation 
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The enamine structure of dimethyl 4-methylene-5-benzyl-4,5-dihydropyrrolo[1,2-a]quinoxalin-2,3-

dicarboxylate (4e) was also clearly confirmed for the first time by single crystal X-ray analysis (Figure 

5). 

 

 

4.Conclusions 
The formation of a mixture of pyrrolo[1,2-a]benzimidazoles 3, 4-methylene-pyrrolo[1,2-

a]quinoxalines 4 and pyrrolo[1,2-a]quinoxalin-4-ones 5 in 1,3-dipolar cycloaddition reactions of N-

benzimidazolium ylides, generated in situ from N-acetonyl-benzimidazolium chlorides, with activated 

alkyne dipolarophiles was substantiated. We presented for the first time complete NMR and X-ray data 

for exocyclic enamine compounds of type 4. A mechanism explaining the formation of 4-methylene-

pyrrolo[1,2-a]quinoxalines 4 among pyrrolo[1,2-a]benzimidazoles 3 was also presented. Pyrrolo[1,2-

a]benzimidazoles 3 and pyrrolo[1,2-a]quinoxalin-4-ones 5 could be obtained in moderate to good yields 

by the direct 1,3-dipolar cycloaddition reactions of N-acetonyl-benzimidazolium chlorides with 

activated alkyne dipolarophiles in the presence of a strong base and oxidizing agents. The ratio between 

these two compounds is determined by the dipolarophile structures. 
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