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h i g h l i g h t s  New isoindolo[2,1-a]benzimidale derivatives were synthesized.  The reactions between new isoindoles and maleimides were carried out.  For azoloisoindoles were isolated two different types of rearrangement adducts.  Reaction route depends on substituents and reaction conditions.
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a b s t r a c t The selectivity of formation and some mechanistic insights during the synthesis of substituted isoindolo[2,1-a]benzimidazoles are discussed. Furthermore, the reactions of the obtained products with maleimides were carried out. Two types rearrangement adducts together with intermediate Michael type adducts were isolated. The inﬂuence of the reaction conditions and reagents ratio is discussed. Speciﬁc spectral criteria for the identiﬁcation of the Michael type adducts are indicated. Ó 2014 Elsevier B.V. All rights reserved.



Introduction The study of isoindole derivatives and their chemical properties is an important area of heterocyclic chemistry with a long history of research [1–7]. As a matter of fact the most typical reaction of [4 + 2]-cycloaddition was extensively studied for the simple isoindole that led to the discovery of criteria for the identiﬁcation of exo-and endo-adducts. During the pioneering research the hypothesis of isoindole electronic structure was formulated and the possibility of the practical use of isondole derivatives was discussed. In the case of condensed isoindoles there is a question about the activity of diene system of isoindole fragment. It was shown that the degree of conjugation between isoindole fragment and the rest of the molecule highly inﬂuences the cycloaddition reaction and changes the reaction progress [8–10]. However these studies were
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only carried out for borderline cases of highly delocalized 14p system of pyrido[2,1-a]isoindole [8], pyrimido[2,1-a]isoindole [9] or localized 10p isoindole fragment in derivatives of isondolo[2, 1-a]quinazolone-5 [10]. Nevertheless with the help of quantum calculations the intermediate delocalization level was identiﬁed in azoloisoindoles [11,12]. They are formally 14p systems (in the case of triazolo- or tetrazoloisoindole) or 18p systems (isoindolobenzimidazole) but according to calculations they can be considered as substituted isoindoles (10p system). So in this case for our intermediate we can expect high variety of chemical activity. Among azoloisoindoles cycloaddition reactions were studied for 1,2-dimethyl-1,2,4-triazolo[5,1-a]isoindole [13], 1-methyltetrazolo[5,1-a]isoindole [13] and 5-methyl-5H-isoindolo[2,1-a]benzimidazole [14]. However in all cases were isolated only rearranged products similar to previously described for pyrido[2,1-a]isoindole [8], which are characteristic for the highly conjugated 14pheteroaromatic system. The chemical route to the isondolo[2,1-a]benzimidazole [15] system gives the possibility to introduce strong electron-warrant substituents which theoretically facilitates
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cycloaddition reactions in the same direction as for the 10p system of isoindole fragment. These assumptions still need to be proved experimentally which represents the main subject of the current study. It is also worth mentioning that derivatives of isondolo[2,1a]benzimidazole attract interest not only as a subject of fundamental research but also with their possible practical use [16].



8-nitro-11H-isoindolo[2,1-a]benzimidazole 3a 3.86 g (0.025 mole) of 4-nitro-1,2-phenylenediamine and 4.95 g (0.025 mole) of (2-bromomethyl)benzonitrile were dissolved in 5 mL of DMF. The mixture is heated on the oil bath at 150 °C for 3 h. After cooling the reaction mixture to r.t. brown–yellow crystals precipitated from the solution. The solid residue is ﬁltered, washed by isopropanol and dried at r.t. Yield 5.1 g (67.7%), m.p. 288 °C.



5-methyl-8-nitro-11H-isoindolo[2,1-a]benzimidazol-5-ium methanosulfonate 4a 2.27 g (9 mmole) of 8-nitro-11H-isoindolo[2,1-a]benzimidazole is mixed with 2 mL of dimethylsulfate. Reaction mixture is kept at 140 °C for 1 h. The solid residue is ﬁltered, washed with diethyl ester and dried at r.t. Recrystallization from isopropanol changes the anion from methanosulfonate to isopropylsulfonate and yields 2.60 g (76%) of the product as white prismatic crystals, m.p. 186 °C.



General procedure for 5 type rearrangement adducts 203 mg (0.5 mmole) 5-methyl-8-nitro-11H-isoindolo[2,1a]benzimidazol-5-ium isopropylsulfonate and 1 mmole of the corresponding maleimide were dissolved in 10 mL of boiling dried methanol which was followed by the addition of 0.1 mL (0.85 mmole) of dry triethylamine. The solid residue formed was ﬁltered off, washed with methanol and recrystallized from isopropanol.



Procedure for the Michael-type adducts. 5-methyl-8-nitro-11-[3methyl-1-phenyl-2,5-dioxopyrrolidine]-11H-isoindolo[2,1a]benzimidazol-5-ium methanosulfonate 6a 188 mg (0.5 mmole) of 5-methyl-8-nitro-11H-isoindolo[2,1a]benzimidazol-5-ium methanosulfonate and 93 mg (0.5 mmole) 4-methyl-N-phenylmaleimide were dissolved in 10 mL of dry methanol and 0.1 mL (0.85 mmole) of triethylamine was added. In a few minutes the yellow residue was formed. It was ﬁltered off, washed with boiling methanol and dried at r.t. Yield 103 mg (37%) m.p. 210 °C (decomp.).
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The methanol ﬁltrate and washings left from the previous synthesis of 6a was evaporated at reduced pressure. The solid residue was puriﬁed by the ﬂash chromatography on silica (hexane/ethylacetate 1:2). Fractions with Rf = 0.5 were collected. Yield 43 mg (19%) m.p. 237 °C. General procedure for 7 type rearrangement adducts
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Scheme 1. Reaction of bromomethylbenzonitrile with symmetric ortho-diamines.



405 mg (1 mmole) of 5-methyl-8-nitro-11H-isoindolo[2,1a]benzimidazol-5-ium isopropylsulfonate and 1 mmole of the corresponding maleimide were dissolved in 10 mL of mixture of acetone and methanol (1:1) at r.t. which was followed by the addition of 0.1 mL (0.85 mmole) of dry triethylamine. The solid residue formed was ﬁltered off, washed with methanol and recrystallized from isopropanol. 3a 1H NMR (400 MHz, DMSO-d6): 5.36 (s, 2H, CH2), 7.55–8.5 (m, 7H, ArAH). 3b 1H NMR (400 MHz, CDCl3): 3.88 (s, 3H, OCH3), 5.01 (s, 2H, CH2), 6.91–8.0 (m, 7H, ArAH). 3c 1H NMR (400 MHz, DMSO-d6): 5.26 (s, 2H, CH2), 7.17–8.34 (m, 7H, ArAH). 4a 1H NMR (400 MHz, DMSO-d6): 3.33 (s, 3H, OCH3), 4.44 (s, 3H, NACH3), 5.77 (s, 2H, CH2), 7.79–9.09 (m, 7H, ArAH). 5a 1H NMR (400 MHz, CDCl3): 2.37 (dd, J1 = 18.2 Hz, J2 = 5.3 Hz, 1H, Hc), 2.8 (dd, J1 = 18.2 Hz, J2 = 6.7 Hz, 1H, Hc), 2.96 (dd, J1 = 18.2 Hz, J2 = 9.5 Hz, 1H, Hd), 3.05 (d, J = 21.5 Hz, 1H, Ha), 3.23 (d, J = 21.5 Hz, 1H, Ha), 3.26 (d, J = 21.5 Hz, 1H, Hb), 3.4 (d, J = 21.5 Hz, 1H, Ha), 3.55, 3.58, 3.64, 3.68, (s, 3H, NACH3), 3.73 (d, J = 21.5 Hz, 1H, Hb), 3.95 (d, J = 21.5 Hz, 1H, Hb), 4.06 (t, J = 8.1 Hz, 1H, He), 4.16 (dd, J1 = 6.7, J2 = 9.5 Hz, 1H, He), 4.25 (br. s, 1H, He), 5.42 (br. s, 1H, He), 6.79–8.54 (m, 17H, ArAH). 5b 1H NMR (400 MHz, CDCl3): 2.19–2.41 (m, 6H, C6H4ACH3), 2.44 (dd, J1 = 18.2 Hz, J2 = 5.3 Hz, 1H, Hc), 2.88 (dd, J1 = 18.2 Hz, J2 = 6.7 Hz, 1H, Hc), 3.04 (dd, J1 = 18.2 Hz, J2 = 95 Hz, 1H, Hd), 3.15 (d, J = 21.5 Hz, 1H, Ha), 3.32 (d, J = 21.5 Hz, 1H, Ha), 3.36 (d, J = 21.5 Hz, 1H, Hb), 3.49 (d, J = 21.5 Hz, 1H, Ha), 3.61, 3.65, 3.74, 3.78 (s, 3H, NACH3), 3.82 (d, J = 21.5 Hz, 1H, Hb), 4.03 (d, J = 21.5 Hz, 1H, Hb), 4.14 (t, J = 8.1 Hz, 1H, He), 4.25 (dd, J1 = 6.7, J2 = 9.5 Hz, 1H, He), 4.34 (br. s, 1H, He), 5.53 (br. s, 1H, He), 6.47– 8.59 (m, 17H, ArAH). 5c 1H NMR (400 MHz, DMSO-d6): 2.41 (dd, J1 = 18.2 Hz, J2 = 5.3 Hz, 1H, Hc), 2.92 (dd, J1 = 18.2 Hz, J2 = 6.7 Hz, 1H, Hc), 3.05 (dd, J1 = 18.2 Hz, J2 = 9.5 Hz, 1H, Hd), 3.18 (d, J = 21.5 Hz, 1H, Ha), 3.36 (d, J = 21.5 Hz, 1H, Ha), 3.41 (d, J = 21.5 Hz, 1H, Hb), 3.56 (d, J = 21.5 Hz, 1H, Ha), 3.71–3.89 (m, 9H, NACH3 na OCH3), 4.05 (d, J = 21.5 Hz, 1H, Hb), 4.16 (t, J = 8.1 Hz, 1H, He), 4.27 (dd, J1 = 6.7, J2 = 9.5 Hz, 1H, He), 4.38 (br. s, 1H, He), 5.43 (br. s, 1H, He), 6.25– 8.71 (m, 17H, ArAH). 6a 1H NMR (400 MHz, DMSO-d6,): 1.69 (s, 3H, CH3), 2.35 (d, J = 18.2 Hz, 1H, CH2), 2.74 (d, J = 18.2 Hz, 1H, CH2), 3.02 (s, 3H, NACH3), 3.19 (s, 3H, OCH3), 5.13 (s, 1H, CH), 6.57–7.88 (m, 12H, ArAH). 6b 1H NMR (400 MHz, DMSO-d6): 1.30 (d, J = 7.3 Hz, 3H, CH3), 3.72 (s, 3H, NACH3), 4.26 (dd, J1 = 7.3 Hz, J2 = 2.2, 1H, CH), 7.32 (d, J = 7.4 Hz, 2H, NAPh), 7.39 (t, J = 7.4 Hz, 1H, NAPh), 7.42 (d, J = 2.2 Hz, 1H, CH), 7.47 (t, J = 7.4 Hz, 2H, NAPh), 7.64–7.77 (m, 3H, ArAH), 7.88 (d, J = 9.0 Hz, 1H, Ar(benzimidazole)AH), 8.00 (d, J = 8.0 Hz, 1H, ArAH), 8.25 (dd, J1 = 9.0 Hz, J2 = 1.9 Hz, 1H, Ar(benzimidazole)AH), 8.61 (d, J = 1.9 Hz, 1H, Ar(benzimidazole)AH). 7a 1H NMR (400 MHz, DMSO-d6): 3.74 (s, 3H, NACH3), 3.92 (d, J = 2.3 Hz, 2H, CH2), 7.31 (d, J = 7.4 Hz, 1H, NAPh), 7.38 (br. s, 1H,
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Scheme 2. Reaction of bromomethylbenzonitrile with 4-nitro-1,2-phenylenediamine and 3,4-diaminopyridine.



C@CAH), 7.41 (d, J = 7.4 Hz, 2H, NAPh), 7.48 (t, J = 7.4 Hz, 2H, NAPh), 7.65–7.8 (m, 3H, ArAH), 7.93 (d, J = 9.0 Hz, 1H, Ar(benzimidazole)AH), 7.99 (d, J = 8.2 Hz, 1H, ArAH), 8.27 (dd, J1 = 2.2 Hz, J2 = 9.0 Hz, 1H, Ar(benzimidazole)AH), 8.62 (d, J = 2.2 Hz, 1H, Ar(benzimidazole)AH); 13C NMR (100 MHz, DMSO-d6): 32.4 (NACH3), 34.6 (CH2), 112.2, 116.1, 118.9, 127.7, 128.2, 128.9, 129.5, 129.7, 130.1, 130.3, 131.0, 131.6, 131.9, 133.1, 134.5, 140.8, 142.2, 143.8, 156.3, 170.3 (C@O), 174.0 (C@O). 7b1H NMR (400 MHz, CDCl3): 2.35 (s, 3H, C6H4ACH3), 3.73 (d, J = 2.3 Hz, 2H, CH2), 3.75 (s, 3H, NACH3), 7.17 (d, J = 8.3 Hz, 2H, NAC6H4), 7.24 (d, J = 8.3 Hz, 2H, NAC6H4), 7.48 (d, J = 9.0 Hz, 1H, Ar(benzimidazole)AH), 7.55 (br. s, 1H, C@CAH), 7.6–7.71 (m, 4H, ArAH), 8.30 (dd, J1 = 2.2 Hz, J2 = 9.0 Hz, 1H, Ar(benzimidazole)AH), 8.73 (d, J = 2.2 Hz, 1H, Ar(benzimidazole)AH). 7c1H NMR (400 MHz, CDCl3): 3.72 (d, J = 2.3 Hz, 2H, CH2), 3.74 (s, 3H, NACH3), 3.79 (s, 3H, OCH3), 6.95 (d, J = 8.9 Hz, 2H, NAC6H4), 7.21 (d, J = 8.9 Hz, 2H, NAC6H4), 7.46 (d, J = 9.0 Hz, 1H, Ar(benzimidazole)AH), 7.57 (t, J = 2.3 Hz, 1H, C@CAH), 7.59–7.73 (m, 4H, ArAH), 8.29 (dd, J1 = 2.2 Hz, J2 = 9.0 Hz, 1H, Ar(benzimidazole)AH), 8.72 (d, J = 2.2 Hz, 1H, Ar(benzimidazole)AH). Crystals of compound 5b are monoclinic, C37H29N5O6, at 293° R, a = 16.572(2) Å, b = 11.739(4) Å, c = 18.710(2) Å, b = 100.08(1)°, V = 3583.6(2) Å3, Mr = 639.65, Z = 4, space group P21/n, dcalc = 1.186 g/sm3, l(Mo Ka) = 0.082 mm1, F(0 0 0) = 1336. Parameters of unit cell and intensities of 29,998 collected reﬂections (6303 independent reﬂections, Rint = 0.101) were measured using «Xcalibur 3» diffractometer (graphite monochromated Mo Ka radiation, CCD-detector, xscanning, 2hvarc = 50°). Structure was solved by direct method using SHELX97 package [17]. Positions of the hydrogen atoms were located from electron density difference maps and reﬁned by ‘‘riding’’ model with Uiso = nUeq of carrier non-hydrogen atom (n = 1.5 for methyl group and n = 1.2 for other hydrogen atoms). Full-matrix least-squares reﬁnement against F2 within anisotropic approximation for nonhydrogen atoms was converged to wR2 = 0.250 (4905 reﬂections (R1 = 0.076), 4095 reﬂections with F > 4r(F), S = 1.10). Final atomic coordinates, geometrical parameters and crystallographic data have been deposited with the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge, CB2 1EZ, UK (fax: +44 1223 336033; e-mail: [email protected]). The CCDC dep. number is 796265. Results and discussion During the synthesis of isoindolo[2,1-a]benzimidazole derivatives there was a question: what is the inﬂuence of the diamine



structure on the selectivity of the reaction? The previous studies [3] showed that bromomethylbenzonitrile reacts with orthodiamines forming condensed derivatives of isoindole (Scheme 1). In the case of symmetric diamines there is only one possible condensation product. However when asymmetric diamines are involved we could expect the formation of two isomers. We have found that in the case of 4-nitro-1,2-phenylenediamine and 3,4-diaminopyridine only one possible product 3 was formed (Scheme 2). The structure of the product was conﬁrmed by NMR-spectroscopy and especially nuclear Overhauser effect (NOE). During the irradiation of the sample with a frequency of methylene group protons (dCH2 = 5.29 ppm) we have observed NOE on the Ha singlet. The spatial proximity of Ha proton with methylene group proves the structures 3a and 3e for the product. During synthesis of 3 we isolated intermediate products 2 X = CH, R1 = H, R2 = NO2 which are further transformed into isoindolobenzimidazoles 3. Between two possible isomers only one was discovered among the products of this reaction. According to the mechanism the more nucleophilic amino group is being attacked ﬁrst. When the substituted isoindolobenzimidazole 4a reacts with maleimides, formation of rearrangement adducts 5 was observed analogously to the unsubstituted isoindolobenzimidazole. During our initial attempts we have failed to isolate intermediate Michael type adducts, probably due to the high rate of the next reaction step. Finally we have decided to use sterically hindered maleimide to lower the rate of the Diels–Alder reaction. When methyl-substituted maleimide was used we have isolated two Michael type adducts 6a, 6b. This represents the ﬁrst example of obtaining azoloisoindole [4]. Careful tuning of the reaction conditions leads to isolation of rearrangement adducts 7 (Scheme 3). The structure of rearranged adducts was conﬁrmed using criteria previously deﬁned in our group [2]. For example, for compounds 5 the heminal coupling constant with J values 21.5–22.0 Hz between Ha and Hb protons of B ring observed as doublets in the range of 3.3–3.8 ppm. Complete assignment of all signals in 1H NMR is hampered by the presence of atropoisomers and keto–enol tautomers (Scheme 4). According to X-ray diffraction study, compound 5b (Fig. 1) exists in crystal as keto form. For the Michael type adducts characteristic signals of pyrrolidine ring protons are located between 2.4 and 4.5 ppm (Fig. 2). Compound 6a contains CH2 group which is seen as two doublets with J = 18.5 Hz. The presence of methylene group is also proved by the presence of the signal with inverted phase during the use of DEPT sequence (Fig. 1).
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Scheme 3. Reaction of 4-nitro-1,2-phenylenediamine and 3,4-diaminopyridine with maleimides.



Compound 6b contains CH signal in the stronger ﬁeld and is seen as a quartet of doublets J1 = 7.2 Hz J2 = 2.2 Hz. The low value of vicinal coupling constant could be explained by the fact that dihedral angle HACACAH is close to 90° which is possible in the derivatives of cyclopentane (Fig. 3). The presence of trans-allyl coupling constant with J = 2.2 Hz is characteristic for the rearrangement adducts 7. In the case when vinyl proton was overlapped with aromatic protons the presence of spin–spin correlation was proved by the COSY experiment. According to the data of NOE experiments, when CH2 protons were irradiated we have seen the response from one of aromatic protons, that conﬁrms the E-conﬁguration around the double bond.
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Scheme 4. Keto–enol tautomerie rearranged adducts 5.
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Conclusions



Fig. 1. Structure of adduct 5b according to X-ray diffraction study.



A new series of isoindolo[2,1-a]benzimidale derivatives and its analogs were synthesized: 8-nitro-11H-isoindolo[2,1-a]benzimidazole, 5-methyl-8-nitro-11H-isoindolo[2,1-a]benzimidazol-5-ium methanosulfonate, 7-nitro-11H-isoindolo[2,1-a]benzimidazole, 6Hpyrido[20 ,30 :4,5]imidazo[2,1-a]isoindole, 11-methyl-6H-pyrido[20 ,30 : 4,5]imidazo[2,1-a]isoindol-11-ium perchlorate. For the ﬁrst time for azoloisoindoles were isolated two different types of rearrangement adducts. The reactions between 5-methyl-8-nitro-11H-isoindolo[2,1-a]benzimidazol-5-ium methanosulfonate and maleimides were carried out in the ratio 1:2 with the formation of the ﬁrst type adducts was shown: 1-methyl-5-nitro-2-(E)-[20 -(1-R-2,5-dioxopyrrolidinene)-20 -(1-R-2,5-dioxopyrrolidine)methyl]-phenylbenzimidazoles (R = Ph, p-C6H4CH3, p-C6H4OCH3) and in the ratio 1:1 with the formation of the second type adducts 3-(E)-1-[2-(1-methyl-1Hbenzimidazo-2-yl)phenyl]methylydene-1-R-2,5-pyrrolidones (R = Ph, p-C6H4CH3, p-C6H4OCH3). In the case of 2-methyl-N-phenyl-maleimide intermediate products were isolated and characterized: 5-methyl-8-nitro-11-[3-methyl-1-phenyl-2,5-dioxopyrrolidine]-11Hisoindolo[2,1-a]benzimidale-5-iummethanosulfonate and 5-methyl8-nitro-11-[4-methyl-1-phenyl-2,5-dioxopyrrolidine]isoindolo[2, 1-a]benzimidazole. We have shown the practical possibility of guiding the reaction route by the addition of substituents and changing reaction conditions. It was found that in the case of 4-nitro-1,2-phenylenediamine and 3,4-diaminopyridine the reaction is selective and leads to only one isomer of the corresponding substituted isoindolo[2,1-a]benzimidazoles and its derivatives. References



Fig. 2. Characteristic signals of pyrrolidine ring protons of adduct 6a.



Fig. 3. Characteristic signals of pyrrolidine ring protons of adduct 6b.
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Structure of adducts of isoindolo[2,1-a]benzimidazole ...






5-methyl-8-nitro-11-[4-methyl-1-phenyl-2,5- dioxopyrrolidine]isoindolo[2,1-a]benzimidazole 6b. The methanol filtrate and washings left from the previous syn-. 
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