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Abstract


Benzimidazolinones exhibit unique biological activities and serve as building blocks in synthesizing pharmaceutical compounds. Although multiple synthetic approaches involving intermolecular cyclization reactions have been reported, intramolecular cyclization reactions are scarce, and more rational synthetic methods are required. Hypervalent iodine-catalyzed oxidative C–N coupling is a potentially effective approach for synthesizing benzimidazolinones under metal-free conditions. In this study, we present a method utilizing hypervalent iodine catalysis for the oxidative cyclization of N’-aryl urea compounds, resulting in the first metal-free synthesis of various benzimidazolinones.
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1. Introduction


Nitrogen-containing heterocyclic skeletons are commonly found in biologically active natural products [1], pharmaceuticals [2,3], and agrochemicals [4]. These skeletons are also present in the core structures of functional organic compounds and other molecules [5].



The benzimidazolinone scaffold is an important heterocyclic framework that exhibits various biological, pharmacological, and neurochemical activities, including anti-allergic activity [6], calcium channel inhibition [7], angiotensin II receptor antagonism [8], and antimicrobial activity [9] (Figure 1). Benzimidazolinones are utilized in the pharmaceutical and fine chemical industries as building blocks for the synthesis of drugs with diverse biological activities.



The representative synthetic routes to benzimidazolinones are shown in Scheme 1. Reductive carbonylation is among the methods employed for the synthesis of benzimidazolinones (Scheme 1a, top) [10,11,12,13]. During this process, 2-nitroanilines undergo catalytic reductive activation in a CO atmosphere to produce isocyanates, which are used without isolation and subjected to subsequent intramolecular cyclization to yield benzimidazolinones. Although this method is highly useful for the synthesis of benzimidazolinones, the use of flammable and toxic CO gas is inevitable and requires special care and equipment. Another strategy for preparing benzimidazolinones is based on a two-step synthesis involving the reduction of 2-nitroanilines and cyclization of 1,2-diamines (Scheme 1a, bottom). Conventionally, highly toxic and corrosive phosgenes are used to accomplish cyclization reactions, during which a stoichiometric amount of hydrogen chloride is produced [14]. Eventually, phosgene was replaced with different reagents, including triphosgene, 1,1′-carbonyldiimidazole, and dimethyl carbonate [15,16,17]. An alternative technique for the synthesis of benzimidazolinones relies on an oxidative C–N coupling reaction that enables the direct conversion of aromatic C–H bonds into C–N bonds (Scheme 1b). An earlier study reported a pioneering oxidative C–N coupling reaction that produced various benzimidazolinones in good yields [18]. One major drawback of this protocol is that highly toxic lead tetraacetate is required to trigger the reaction, rendering its practical application challenging.



In our laboratory, hypervalent iodine reagents have long been developed as alternatives to heavy metal oxidants due to their low toxicity and ease of handling without the risk of explosions or other safety concerns. Recently, we demonstrated the efficient formation of aromatic C–N bond formation reactions using hypervalent iodine [19] and diiodoarene precursor catalysts [20,21,22,23]. Furthermore, our protocol for the iodonium-salt-mediated arylation of salicylamide derivatives provides access to coupling methods that do not require metal catalysts [24]. Here, we explore the formation of C–N bonds using an environmentally friendly catalyst that does not require transition-metal catalysts, special equipment, or a catalyst with a complex structure requiring multiple process adjustments. We constructed a benzimidazolinone framework through an intramolecular cyclization reaction, which was obtained by a hypervalent iodine catalytic reaction after the conversion of commercially available phenyl isocyanate to N-methoxy-N′-phenyl urea (Scheme 2).




2. Results and Discussion


We investigated the synthesis of benzimidazolinones via intramolecular C–N coupling using oxygen-bridged hypervalent iodine catalysts with biaryl structures (Table 1). When urea derivative 1a was reacted with 5 mol% of the biaryl-type catalyst precursor 3a in the presence of trifluoroacetic acid and m-chloroperoxybenzoic acid (mCPBA) in hexafluoroisopropanol (HFIP), the formation of benzimidazolinone 2a was not observed (Entry 1). Similar results were obtained when dichloromethane or chloroform was selected as the solvent (Entries 2 and 3), and, when the reaction was performed with acetic acid instead of trifluoroacetic acid in HFIP, product 2a was not obtained (Entry 4). When dichloromethane was used as an alternative solvent, 2a was obtained in a moderate yield (Entry 5), and the yield increased when chloroform was used (Entry 6). When the reaction time was shortened, the yield of 2a decreased (Entry 7). The reaction proceeded effectively with other biaryl-type catalyst precursors 3b and 3c, giving 2a in good yields (Entries 8 and 9). Furthermore, when 10 mol% iodobenzene was used as the catalyst precursor, the reaction proceeded less effectively than with biaryl-type catalyst precursors (Entry 10).



The versatility of the substrates was examined under the reaction conditions described in Entry 6 of Table 1 using catalyst precursor 3a (Scheme 3). Ureas 1b–e, with halogen or methyl groups in the para-position of the aromatic ring, gave the corresponding benzimidazolinones 2b–e in 56–75% yields, while substrates 1f and 1g, with methoxy or trifluoromethyl groups, gave cyclization products 2f and 2g in low yields. The reaction also proceeded when substrates 1h–i, with ortho substitution of methyl or phenyl groups, 1j with meta substitution of two methyl groups, and naphthalene-type urea 1k were used, resulting in products 2h–k with 32–57% yields. Ureas 1l–n substituted on the oxygen atom were also converted to 2l–n in good yields.



Furthermore, the meta-substituted substrate 1o produced the regioisomeric cyclization products 2o and 2o’ in comparable yields (Scheme 4).



Two additional experiments were conducted to better understand the C–N coupling (Scheme 5). When N-methoxy-N-methyl-N’-phenylurea 1p was used, it was recovered with an 89% yield, indicating a lower reactivity compared to 1a (Scheme 5a). This indicates that the N-methoxy amide moiety of 1a, rather than the anilide moiety, was involved in the C–N coupling process. The second experiment demonstrated that product 2a was intact under the catalytic conditions (Scheme 5b), implying that the overoxidation of 2a was negligible during the C–N coupling reaction of 1a.



The proposed catalytic cycle is illustrated in Scheme 6. In the presence of mCPBA and AcOH, the iodine(I) precatalyst may undergo oxidation to form the reactive μ-oxo iodine(III) catalyst. Subsequently, ligand exchange can occur to replace the OAc ligand with the substrate, possibly yielding an electrophilic urea-I(III) intermediate, where the N-methoxy amide nitrogen of the substrate coordinates to iodine. According to DFT calculations by Houk and Xue, a dearomatizing spirolactonization reaction is facilitated by proton transfer from a carboxylic-acid-type substrate to a bridged oxygen of a μ-oxo catalyst [25]. Inspired by this computational study, we speculated that the urea-I(III) intermediate undergoes protonation, as depicted in Scheme 6, to form a reactive intermediate that can rapidly provide benzimidazolinone through oxidation of the urea ligand.




3. Materials and Methods


3.1. General Information


Infrared absorption (IR) spectra were measured using a Fourier transform infrared (FTIR) spectrophotometer (JASCO FT/IR-4200 type) by the KBr diffuse reflection method. Nuclear magnetic resonance (NMR; 1H NMR and 13C NMR) spectra were measured using a Fourier transform NMR instrument (JEOL JMN-EX 400 type; 400 MHz (1H NMR) and 100 MHz (13C NMR)) with chloroform (7.26 (1H NMR) and 77.0 ppm (13C NMR)) and dimethyl sulfoxide (2.50 (1H NMR) and 39.5 ppm (13C NMR)) used as internal standards. The multiplicity of each peak was abbreviated as s = singlet, d = doublet, t = triplet, q = quadruplet, or m = multiplet. High-resolution mass spectrometry (HRMS) spectra were measured by real-time direct analytical methods (DART). Merck Silica Gel 60 (230–400 mesh) was used as a sorbent for flash column chromatography. Thin-layer chromatography (TLC) was performed using Silica Gel 70 PF254 Plate-Wako, and spots and bands were determined by UV irradiation (254 nm) or by the respective TLC coloring reagents (p-anisaldehyde–ethanol solution, Phosphomolybdic acid–ethanol solution). The extracts were dried using anhydrous sodium sulfate, and various reaction reagents, additives, and organic solvents (Tokyo Kasei Corporation, Tokyo Japan, FUJIFILM Wako Pure Chemicals Corporation, Osaka, Japan, Sigma-Aldrich Japan LLC, Tokyo, Japan, Nacalai Tesque Corporation, Kyoto, Japan, BLD Pharmatech Ltd., Shanghai, China) were used without further purification using commercial products.




3.2. Synthesis of Urea Derivatives


General Procedure for Synthesis of Urea Substrate 1


Amine hydrochloride (3.0 mmol) was dissolved in a dichloromethane solution (3 mL), and N,N-diisopropylethylamine (DIPEA; 7.5 mmol, 1.3 mL, 2.5 equiv.) was subsequently added and stirred at room temperature for 5 min. Aryl isocyanate (3.0 mmol) was added and stirred at room temperature overnight, after which the product was concentrated under reduced pressure and purified by column chromatography to obtain the corresponding urea derivative 1.





3.3. Hypervalent Iodine Catalysis


3.3.1. General Procedure for Cyclization of Aryl Urea-1 Using Oxygen-Bridged Hypervalent Iodine Catalyst


The catalyst precursor 3a (6.1 mg, 0.015 mmol, 5 mol%) and acetic acid (34 µL, 0.60 mmol, 2.0 equiv.) were added to a chloroform solution (1.5 mL) containing urea 1 (0.30 mmol). Subsequently, wet mCPBA (74.0 mg, 70% purity contains ca. 30% water, 0.30 mmol, 1.0 equiv.) was added, and the mixture was stirred at room temperature for 2 h. Following completion of the reaction, ethyl acetate was added to the reaction solution, and the organic layer was washed with baking soda, a sodium thiosulfate solution, and saturated brine before drying over anhydrous sodium sulfate. The solution was filtered and concentrated under reduced pressure and purified by column chromatography to obtain the corresponding benzimidazolinone 2.




3.3.2. 1-Methoxy-1,3-dihydro-2H-benzo[d]imidazol-2-one 2a


According to the general procedure, the title compound was synthesized using N-methoxy-N′-phenylurea 1a in a 67% yield as a white solid. 1H NMR (400 MHz, CDCl3, δ/ppm): 10.48 (s, 1H), 7.17–7.08 (m, 4H), 4.14 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3, δ/ppm): 152.3, 126.8, 124.3, 122.2, 121.8, 110.5, 106.8, 64.7 ppm. IR (KBr): 3160 w, 3055 w, 2946 w, 1704 s, 1481 m, 1300 m, 1204 m cm−1. Melting Point: 157.2–157.8 °C (dec.). The spectra matched those previously reported [26].




3.3.3. 6-Bromo-1-methoxy-1,3-dihydro-2H-benzo[d]imidazol-2-one 2b


According to the general procedure, the title compound was synthesized using N-(4-bromophenyl)-N′-methoxyurea 1b in a 58% yield as a white solid. 1H NMR (400 MHz, DMSO-d6, δ/ppm): 11.22 (s, 1H), 7.36 (d, J = 2.0 Hz, 1H), 7.20 (dd, J = 8.3, 2.0 Hz, 1H), 6.98 (d, J = 8.3 Hz, 1H), 3.98 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6, δ/ppm): 150.3, 128.1, 124.1, 123.9, 112.8, 111.2, 109.0, 64.4 ppm. IR (KBr): 3276 w, 3200 w, 3157 w, 3052 w, 1701 s, 1483 m, 1376 m, 1281 m cm−1. Melting Point: 197.6–198.0 °C (dec.). The spectra matched those previously reported [26].




3.3.4. 6-Chloro-1-methoxy-1,3-dihydro-2H-benzo[d]imidazol-2-one 2c


According to the general procedure, the title compound was synthesized using N-(4-chlorophenyl)-N′-methoxyurea 1c in a 64% yield as a white solid. 1H NMR (400 MHz, DMSO-d6, δ/ppm): 11.21 (s, 1H), 7.25 (d, J = 2.0 Hz, 1H), 7.07 (dd, J = 8.3, 2.0 Hz, 1H), 7.02 (d, J = 8.3 Hz, 1H), 3.97 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6, δ/ppm): 150.5, 127.8, 125.4, 123.5, 121.3, 110.8, 106.5, 64.4 ppm. IR (KBr): 3254 w, 3222 w, 3168 w, 1747 s, 1479 m cm−1. Melting Point: 186.8–187.7 °C (dec.). The spectra matched those previously reported [26].




3.3.5. 6-Fluoro-1-methoxy-1,3-dihydro-2H-benzo[d]imidazol-2-one 2d


According to the general procedure, the title compound was synthesized using N-(4-fluorophenyl)-N′-methoxyurea 1d in a 56% yield as a white solid. 1H NMR (400 MHz, DMSO-d6, δ/ppm): 11.10 (s, 1H), 7.11 (dd, J = 8.3, 2.4 Hz, 1H), 7.01 (q, J = 4.4 Hz, 1H), 6.86 (td, J = 9.5, 2.4 Hz, 1H), 3.99 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6, δ/ppm): 157.9 (d, J = 235.8 Hz), 151.0, 127.4 (d, J = 13.2 Hz), 120.9, 110.2 (d, J = 9.1 Hz), 107.8 (d, J = 24.0 Hz), 94.9 (d, J = 29.0 Hz), 64.4 ppm. IR (KBr): 3257 w, 3214 w, 3188 w, 1772 s, 1689 s cm−1. Melting Point: 192.8–193.5 °C (dec.). The spectra matched those previously reported [26].




3.3.6. 1-Methoxy-6-methyl-1,3-dihydro-2H-benzo[d]imidazol-2-one 2e


According to the general procedure, the title compound was synthesized using N-methoxy-N′-(4-methylphenyl)urea 1e in a 75% yield as a white solid. 1H NMR (400 MHz, CDCl3, δ/ppm): 10.44 (s, 1H), 7.03 (d, J = 8.3 Hz, 1H), 6.97 (s, 1H), 6.90 (d, J = 8.3 Hz, 1H), 4.12 (s, 3H), 2.41 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3, δ/ppm): 152.5, 131.7, 126.9, 122.8, 122.1, 110.2, 107.3, 64.7, 21.4 ppm. IR (KBr): 3185 w, 3061 w, 2950 w, 2844 w, 1699 s, 1469 m, 1430 m, 1302 m cm−1. Melting Point: 159.6–160.1 °C (dec.). The spectra matched those previously reported [26].




3.3.7. 1,6-Dimethoxy-1,3-dihydro-2H-benzo[d]imidazol-2-one 2f


According to the general procedure, the title compound was synthesized using N-methoxy-N′-(4-methoxyphenyl)urea 1f in a 37% yield as a brown solid. 1H NMR (400 MHz, CDCl3, δ/ppm): 10.49 (s, 1H), 7.04 (d, J = 8.3 Hz, 1H), 6.74 (d, J = 2.0 Hz, 1H), 6.66 (dd, J = 8.3, 2.4 Hz, 1H), 4.12 (s, 3H), 3.83 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3, δ/ppm): 155.7, 152.7, 127.5, 118.1, 111.0, 108.1, 93.5, 64.7, 55.9 ppm. IR (KBr): 3247 w, 3193 w, 3108 w, 2941 w, 1721 s, 1495 m, 1226 m cm−1. Melting Point: 118.2–119.4 °C (dec.). HRMS (DART) m/z: ([M + H]+) Calcd for C9H11N2O3+ 195.0764; Found 195.0763.




3.3.8. 1-Methoxy-6-(trifluoromethyl)-1,3-dihydro-2H-benzo[d]imidazol-2-one 2g


According to the general procedure, the title compound was synthesized using N-methoxy-N′-[4-(trifluoromethyl)phenyl]urea 1g in a 34% yield as a white solid. 1H NMR (400 MHz, DMSO-d6, δ/ppm): 11.53 (s, 1H), 7.48 (s, 1H), 7.41 (d, J = 8.3 Hz, 1H), 7.22 (d, J = 7.8 Hz, 1H), 4.05 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6, δ/ppm): 150.7, 127.8, 127.0, 124.7 (q, J = 271.4Hz), 121.9 (q, J = 31.7 Hz), 118.9 (q, J = 4.1 Hz), 109.8, 103.2 (q, J = 3.9 Hz), 64.6 ppm. IR (KBr): 3318 w, 3281 w, 3191 w, 3018 w, 1732 s, 1466 m, 1314 m cm−1. Melting Point: 157.1–157.9 °C (dec.). The spectra matched those previously reported [26].




3.3.9. 1-Methoxy-4-methyl-1,3-dihydro-2H-benzo[d]imidazol-2-one 2h


According to the general procedure, the title compound was synthesized using N-methoxy-N′-(2-methylphenyl)urea 1h in a 57% yield as a white solid. 1H NMR (400 MHz, CDCl3, δ/ppm): 10.88 (s, 1H), 7.05 (t, J = 7.6 Hz, 1H), 6.99 (d, J = 7.8 Hz, 1H), 6.93 (d, J = 7.8 Hz, 1H), 4.11 (s, 3H), 2.44 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3, δ/ppm): 152.4, 126.4, 123.4, 123.3, 121.7, 120.5, 104.4, 64.6, 15.9 ppm. IR (KBr): 3185 w, 3061 w, 2950 w, 1699 s, 1469 m, 1430 m, 1302 m, 966 m cm−1. Melting Point: 186.1–186.7 °C (dec.). The spectra matched those previously reported [26].




3.3.10. 1-Methoxy-4-phenyl-1,3-dihydro-2H-benzo[d]imidazol-2-one 2i


According to the general procedure, the title compound was synthesized using N-methoxy-N′-(2-methylphenyl)urea 1i in a 32% yield as an orange solid. 1H NMR (400 MHz, DMSO-d6, δ/ppm): 11.04 (s, 1H), 7.55–7.53 (m, 2H), 7.48 (t, J = 7.6 Hz, 2H), 7.40 (tt, J = 7.3, 1.5 Hz, 1H), 7.20–7.13 (m, 2H), 7.09 (dd, J = 6.8, 1.5 Hz, 1H), 4.00 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6, δ/ppm): 150.9, 136.6, 128.9, 128.2, 127.6, 127.4, 123.8, 122.0, 121.9, 121.7, 105.4, 64.2 ppm. IR (KBr): 3162 w, 3130 w, 3108 w, 3061 w, 3038 w, 1713 s, 1421 m, 1168 m cm−1. Melting Point: 184.5–185.6 °C (dec.). HRMS (DART) m/z: ([M + H]+) Calcd for C14H13N2O2+ 241.0972; Found 241.0970.




3.3.11. 1-Methoxy-5,7-dimethyl-1,3-dihydro-2H-benzo[d]imidazol-2-one 2j


According to the general procedure, the title compound was synthesized using N-methoxy-N′-(2,5-dimethylphenyl)urea 1j in a 38% yield as a white solid. 1H NMR (400 MHz, DMSO-d6, δ/ppm): 10.88 (s, 1H), 6.64 (s, 2H), 3.92 (s, 3H), 2.41 (s, 3H), 2.26 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6, δ/ppm): 151.7, 130.9, 125.3, 124.1, 123.0, 118.0, 107.7, 64.5, 20.8, 15.7 ppm. IR (KBr): 3138 w, 3055 w, 3018 w, 2050 w, 1722 s, 1456 m, 1427 m, 1377 m, 1168 m, 1002 m, 945 m cm−1. Melting Point: 159.5–160.4 °C (dec.). HRMS (DART) m/z: ([M + H]+) Calcd for C10H13N2O2+ 193.0972; Found 193.0970.




3.3.12. 3-Methoxy-1,3-dihydro-2H-naphtho[1,2-d]imidazol-2-one 2k


According to the general procedure, the title compound was synthesized using N-methoxy-N′-1-naphthalenylurea 1i in a 57% yield as a white solid. 1H NMR (400 MHz, DMSO-d6, δ/ppm): 11.92 (s, 1H), 8.11 (d, J = 8.3 Hz, 1H), 7.96 (d, J = 8.3 Hz, 1H), 7.70 (d, J = 8.3 Hz, 1H), 7.57 (t, J = 7.3 Hz, 1H), 7.50 (d, J = 8.8 Hz, 1H), 7.42 (t, J = 7.3 Hz, 1H), 4.07 (s, 3H) ppm. 13C NMR (100 MHz, DMSO-d6, δ/ppm): 150.6, 129.1, 128.8, 126.3, 123.8, 122.4, 121.5, 120.3, 119.2, 118.1, 108.0, 64.5 ppm. IR (KBr): 3183 w, 3130 w, 3051 w, 2995 w, 2942 w, 1703 s, 1457 m, 1379 m, 1170 m cm−1. Melting Point: 163.9–165.8 °C (dec.). HRMS (DART) m/z: ([M + H]+) Calcd for C12H11N2O2+ 215.0815; Found 215.0813.




3.3.13. 1-(Benzyloxy)-1,3-dihydro-2H-benzo[d]imidazol-2-one 2l


According to the general procedure, the title compound was synthesized using N-phenyl-N′-(phenylmethoxy)urea 1l in a 72% yield as a brown solid. 1H NMR (400 MHz, CDCl3, δ/ppm): 10.70 (s, 1H), 7.50 (q, J = 3.1 Hz, 2H), 7.36 (t, J = 3.2 Hz, 3H), 7.12 (d, J = 7.8 Hz, 1H), 7.04–6.97 (m, 2H), 6.82 (d, J = 7.3 Hz, 1H), 5.27 (s, 2H) ppm. 13C NMR (100 MHz, CDCl3, δ/ppm): 152.8, 134.1, 129.9, 129.3, 128.6, 127.7, 124.2, 122.0, 121.6, 110.3, 107.2, 79.3 ppm. IR (KBr): 3193 w, 3154 w, 3130 w, 3107 w, 2960 w, 1713 s, 1477 m, 1396 m, 1297 m, 1199 m cm−1. Melting Point: 159.1–160.0 °C (dec.). The spectra matched those previously reported [26].




3.3.14. 1-Ethoxy-1,3-dihydro-2H-benzo[d]imidazol-2-one 2m


According to the general procedure, the title compound was synthesized using N-ethoxy-N′-phenylurea 1m in a 73% yield as a beige solid. 1H NMR (400 MHz, CDCl3, δ/ppm): 10.83 (s, 1H), 7.17–7.06 (m, 4H), 4.38 (q, J = 7.0 Hz, 2H), 1.46 (t, J = 7.1 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3, δ/ppm): 152.8, 127.6, 124.3, 122.0, 121.6, 110.4, 106.9, 73.1, 13.7 ppm. IR (KBr): 3184 w, 3078 w, 3061 w, 1713 s, 1479 m, 1298 m, 1202 m, 1179 m, 1023 m cm−1. Melting Point: 137.7–138.3 °C (dec.). HRMS (DART) m/z: ([M + H]+) Calcd for C9H11N2O2+ 179.0815; Found 179.0813.




3.3.15. 1-Butoxy-1,3-dihydro-2H-benzo[d]imidazol-2-one 2n


According to the general procedure, the title compound was synthesized using N-butoxy-N′-phenylurea 1n in a 69% yield as a white solid. 1H NMR (400 MHz, CDCl3, δ/ppm): 10.79 (s, 1H), 7.17–7.06 (m, 4H), 4.30 (t, J = 6.8 Hz, 2H), 1.87–1.80 (m, 2H), 1.56 (m, 2H), 1.00 (t, J = 7.3 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3, δ/ppm): 150.9, 127.6, 124.7, 121.4, 121.1, 109.5, 106.3, 76.2, 29.7, 18.6, 13.6 ppm. IR (KBr): 3194 w, 3140 w, 3130 w, 3097 w, 2955 w, 1699 s, 1474 m, 1398 m, 1301 m, 1202 m, 1177 m cm−1. Melting Point: 117.9–118.8 °C (dec.). HRMS (DART) m/z: ([M + H]+) Calcd for C11H15N2O2+ 207.1128; Found 207.1126.




3.3.16. 1-Methoxy-5-methyl-1,3-dihydro-2H-benzo[d]imidazol-2-one (2o) and 1-Methoxy-7-methyl-1,3-dihydro-2H-benzo[d]imidazol-2-one (2o’) (Mixture)


According to the general procedure, the title compounds were synthesized using N-methoxy-N′-(3-methylphenyl)urea 1o in a 28% yield (2o) and 26% yield (2o’) as an orange solid. 1H NMR (400 MHz, CDCl3, δ/ppm): 10.79 (s, 1H), 10.73 (s, 1H), 7.03–6.98 (m, 4H, 2o + 2o’), 6.94–6.86 (m, 2H, 2o + 2o’), 4.10 (s, 6H, 2o + 2o’), 2.56 (s, 3H, 2o’), 2.36 (s, 3H, 2o) ppm. 13C NMR (100 MHz, CDCl3, δ/ppm): 152.9, 152.5, 132.1, 125.1, 124.6, 124.6, 124.5, 124.2, 122.3, 122.2, 119.0, 111.1, 108.1, 106.5, 65.3, 64.6, 21.3, 16.2 ppm.






4. Conclusions


In summary, benzimidazolinones were obtained via the oxidative cyclization of N-aryl ureas under hypervalent iodine catalysis. This method was applied to the synthesis of various benzimidazolinone compounds. The benzimidazolinones were obtained in yields comparable to or higher than those observed in previous studies. With respect to the substrate range, our hypervalent iodine catalysis yielded the desired compounds after the transformation of various isocyanates into the urea forms. To the best of our knowledge, this is the first example of organocatalytic oxidative cyclization for the synthesis of NH-free benzimidazolinones.
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Figure 1. Compounds containing a benzimidazolinone skeleton with biological activities. 
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Scheme 1. Representative synthetic routes to benzimidazolinones. (a) Reductive route (b) Oxidative Cyclization. 
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Scheme 2. μ-Oxo hypervalent iodine-catalyzed oxidative C–N cyclization for benzimidazolinone synthesis. 
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Scheme 3. Substrate scope. Reaction conditions: 1a (0.30 mmol), 3a (5 mol%), AcOH (2.0 equiv.), wet mCPBA (contains ca. 30% water, 1.0 equiv.) in CHCl3 (1.5 mL, 0.2 M) at room temperature for 2 h. 
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Scheme 4. Reaction of the meta-substituted substrate. 






Scheme 4. Reaction of the meta-substituted substrate.



[image: Chemistry 07 00050 sch004]







[image: Chemistry 07 00050 sch005] 





Scheme 5. Additional experiments on the C–N coupling reaction. (a) N-substituted methoxyamide 1p (b) product stability under the catalytic conditions. 






Scheme 5. Additional experiments on the C–N coupling reaction. (a) N-substituted methoxyamide 1p (b) product stability under the catalytic conditions.



[image: Chemistry 07 00050 sch005]







[image: Chemistry 07 00050 sch006] 





Scheme 6. Proposed catalytic cycle and intermediate. 
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Table 1. Investigation of conditions for the construction of a benzimidazolinone skeleton using a hypervalent iodine catalyst a.
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Entry

	
Precatalyst

	
Acid

	
Solvent

	
Isolated Yield of 2a






	
1

	
3a (5 mol%)

	
CF3COOH

	
HFIP

	
Complex mixture




	
2

	
3a (5 mol%)

	
CF3COOH

	
CH2Cl2

	
Complex mixture




	
3

	
3a (5 mol%)

	
CF3COOH

	
CHCl3

	
Complex mixture




	
4

	
3a (5 mol%)

	
AcOH

	
HFIP

	
Complex mixture




	
5

	
3a (5 mol%)

	
AcOH

	
CH2Cl2

	
51%




	
6

	
3a (5 mol%)

	
AcOH

	
CHCl3

	
67%




	
7 b

	
3a (5 mol%)

	
AcOH

	
CHCl3

	
42%




	
8

	
3b (5 mol%)

	
AcOH

	
CHCl3

	
72%




	
9

	
3c (5 mol%)

	
AcOH

	
CHCl3

	
72%




	
10

	
PhI (10 mol%)

	
AcOH

	
CHCl3

	
55%








a Reaction conditions: 1a (0.30 mmol) in solvent (1.5 mL, 0.20 M). b 1 h.
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