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Abstract – We developed a new reaction for the one-pot synthesis of a fused 

cyclic compound from triphenylguanidine, which was thought to be tandem 

cyclization, with a moderate yield. In this reaction, conditions such as the metal 

reagent, oxidant, solvent, and ligand affected whether single or tandem cyclization 

was preferred.

Heteroaromatic compounds are valuable scaffolds and are present in many bioactive compounds and 

pharmaceuticals, and they often play important roles in some biological and pharmaceutical activities.1 

Therefore, the development of efficient and useful synthetic methods for heteroaromatic compounds is 

still a significant subject. During the course of our synthesis projects on heteroaromatic compounds, we 

became interested in the structure of 2-aminobenzimidazole, which contains three vicinal nitrogen atoms.2 

For the synthesis of 2-aminobenzimidazole, an aromatic compound containing a guanidino group should 

be a proper substrate, and with this substrate, a cyclization reaction to form a C-N bond between a 

nitrogen atom of the guanidino group and a phenyl moiety should be the key reaction.  

 

 

Scheme 1. Synthesis of aminobenzimidazole derivative4 
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After a careful search for such a cyclization reaction, we found a precedent using guanidine derivatives 

and hypervalent iodine(III).3 Another precedent was found, involving a copper-catalyzed reaction 

(Scheme 1).4 This reaction proceeds through a cascade process; p-toluidine adds to 

bis(p-methylphenyl)carbodiimide and the resultant guanidine cyclizes to form the 2-aminobenzimidazole 

derivative via Cu(OAc)2-catalyzed C-H activation/functionalization. On the basis of this reaction, we 

attempted a catalytic cyclization reaction using a simple substrate, triphenylguanidine (1),5 and we were 

unable to obtain expected compound 2,6 but unexpected compound 3 was obtained in 4% yield7 and was 

thought to be generated by a tandem cyclization reaction (Scheme 2). The syntheses of compound 3, 

benzo[4,5]imidazo[1,2-a]imidazole, and its derivatives have already been reported.8 However, both the 

tetracyclic heteroaromatic compound 3 and this tandem reaction based on C-H activation/amination were 

intriguing to us, and thus, we embarked on the development of this tandem cyclization reaction. 

 

 

Scheme 2. Cyclization reaction using triphenylguanidine (1) 

 

First, we examined the use of an oxidant to help the catalytic cycle proceed smoothly under similar 

reaction conditions (0.2 equivalent of Cu(OAc)2, toluene, 100 °C). As shown in Table 1, some oxidants 

led to single-cyclization compound 2 along with compound 3 (entries 2–4).  

 

Table 1. Optimization of oxidanta 

Entry oxidant yield (%) of 2 yield (%) of 3 

1b O2 0 4 

2 K2S2O8 trace trace 

3 PhI(OAc)2 12 2 

4 AgOAc 15 5 

5 Ag2O 0 1 

6 Ag2CO3 0 7 

7 benzoquinone 0 0 

8 FeCl3 0 0 

9 TBHP c
 0 0 

a Reaction conditions: 1 (0.25 mmol), Cu(OAc)2 (0.2 equiv.), and oxidant (2.0 equiv.) were stirred in 

toluene at 100 °C for 48 h under Ar (except entry 1). b The reaction was conducted under O2. 
c TBHP: 

tert-butyl hydroperoxide. 
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AgOAc afforded the highest total yield of 2 and 3 (entry 4), and Ag2CO3 gave a slightly better result than 

did O2, which both led to only compound 3 (entries 1 and 6). The other oxidants did not afford positive 

results, neither did the prolonged reaction time and higher reaction temperature. In this reaction, the 

starting material 1 was recovered, and only a few products, except the compounds 2 and 3, were obtained. 

Therefore, we used AgOAc as the oxidant in solvent screening for efficient conversion of the starting 

material. 

As shown in Table 2, we tested ten solvents using the same reaction conditions, and dimethylformamide 

(DMF) afforded the best result; the total yield of compounds 2 and 3 was 28% (entry 10). With respect to 

the reagents, we recognized Cu(OAc)2 as the best after examining several other metal compounds (CuBr2, 

Cu(OTf)2, CuO, and Pd(OAc)2). According to the results in Tables 1 and 2, especially for the tandem 

cyclization reaction for compound 3, O2 or Ag2CO3 should be used as the oxidant in DMF. 

 

Table 2. Optimization of solventa 

Entry solvent yield (%) of 2 yield (%) of 3 

1 toluene 15 5 

2 p-xylene 19 5 

3 TFEb
 10 1 

4 t-butanol 11 11 

5 2-methyl-2-butanol 13 7 

6 1,4-dioxane 11 1 

7 MeCN 16 8 

8 DMSO 15 5 

9 DMA 12 2 

10 DMF 22 6 
a Reaction conditions: 1 (0.25 mmol), Cu(OAc)2 (0.2 equiv.), and AgOAc (2.0 equiv.) were stirred in 

solvent at 100 °C for 48 h under Ar. b TFE: 2,2,2-trifluoroethanol. 

 

Next, we inspected the effects of ligands in this reaction; unfortunately, when Ag2CO3 was used as the 

oxidant, some ligands gave negative effects. Therefore, we used O2 with 1 equivalent of Cu(OAc)2 in 

DMF for the examination of ligands (Table 3). In the initial screening of ligands, we found that glycine 

gave an interesting effect (entries 2–5); however, compound 2 was the sole product with glycine (entry 5). 

Then, N-protected glycines were studied carefully (entries 6–10), and we found that Boc-Gly-OH 

afforded a better result than that obtained without a ligand (entry 1), giving compound 3 in 37% yield 

(entry 7). Using Boc-Gly-OMe reduced the yield, implying that the carboxylic acid moiety plays some 

important role (entry 11). Then, various other Boc-protected amino acids were investigated (entries 12–

22), and by using Boc-Asn-OH, compound 3 was obtained in 52% yield (entry 22).9 Some amino acid 

derivatives led to more of compound 2 than compound 3 (entries 5, 14, and 15), and we do not have a 

reasonable explanation for those results. Wang et al. synthesized compound 3 in 81% yield from 
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2-(1H-benzo[d]imidazol-1-yl)-N-phenylaniline;8(b) however, the preparation of the starting material, 

2-(1H-benzo[d]imidazol-1-yl)-N-phenylaniline, may be difficult, giving only low yields. Therefore, this 

tandem cyclization system has some advantages for the synthesis of compound 3, although the yield is 

moderate. 

 

Table 3. Optimization of liganda 

Entry ligand yield (%) of 2 yield (%) of 3 

1 - 0 28 

2 PPh3 0 15 

3 
       1,10-phenanthroline 

   H2O 
0 0 

4 TMEDAb 4 0 

5 glycine 19 0 

6 Ac-Gly-OH 0 33 

7 Boc-Gly-OH 0 37 

8 Z-Gly-OH 0 0 

9 Fmoc-Gly-OH 0 21 

10 Bz-Gly-OH 0 36 

11 Boc-Gly-OMe 0 11 

12 Boc-Gln-OH 0 17 

13 Boc-Ser-OH 0 20 

14 Boc-Asp-OH 15 7 

15 Boc-His-OH 26 0 

16 Boc-Phe-OH 0 26 

17 Boc-Ala-OH 0 31 

18 Boc-Val-OH 0 39 

19 Boc-Leu-OH 0 43 

20 Boc-Glu-OH 0 46 

21 Boc-Pro-OH 0 50 

22 Boc-Asn-OH 0 52 
a Reaction conditions: 1 (0.25 mmol), Cu(OAc)2 (1.0 equiv.), and ligand (2.0 equiv.) were stirred in DMF 

at 100 °C for 48 h under O2. 
b TMEDA: N,N,N’,N’-tetramethylethylenediamine. 

 

In summary, we have developed a new reaction for the one-pot synthesis of fused cyclic compound 3 

from triphenylguanidine, which was thought to be tandem cyclization, with a moderate yield. In this 

reaction, the metal reagent, oxidant, solvent, and ligand affected whether single or tandem cyclization was 

preferred, and the details of these mechanisms were not disclosed. Moreover, the single-cyclization 

compound was reported as the sole product of the reaction we followed (Scheme 1),4 and we presumed 

that guanidine would be a good starting material for the tandem cyclization. The reaction mechanism for 

this tandem system was thought to involve the repetition of the single cyclization step described in the 

precedent, that is i.e. Cu(OAc)2-catalyzed C-H activation/amination.4 Using this potentially useful 

reaction, the syntheses of various aminobenzimidazole derivatives and functional molecules are now 

ongoing. 

818 HETEROCYCLES, Vol. 99, No. 2, 2019



 

 

ACKNOWLEDGEMENTS 

This work was supported in part by JSPS KAKENHI (S) (No.17H06173), The Ogasawara Foundation for 

the Promotion of Science & Engineering, and The Research Foundation for the Electrotechnology of 

Chubu. 

REFERENCES AND NOTES 

1. (a) L. D. Smirnov, 'Chemical and Biological Kinetics New Horizons', ed. by E. B. Burlakova, 2005, 

2, pp. 86-110; (b) C. M. Marson, Chem. Soc. Rev., 2011, 40, 5514; (c) M. F. Kahn, M. M. Alam, G. 

Verma, W. Akhtar, M. Akhtar, and M. Shaquiquzzaman, Eur. J. Med. Chem., 2016, 120, 170. 

2. (a) S. Saluja, R. Zou, J. C. Drach, and L. B. Townsend, J. Med. Chem., 1996, 39, 881; (b) J. F. 

Bonfanti, F. Doublet, J. Fortin, J. Lacrampe, J. Guillemont, P. Muller, L. Queguiner, E. Arnoult, T. 

Gevers, P. Janssens, H. Szel, R. Willebrords, P. Timmerman, K. Wuyts, F. Janssens, C. Sommen, P. 

Wigerinck, and K. Andries, J. Med. Chem., 2007, 50, 4572; (c) R. E. Martin, L. G. Green, W. Guba, 

N. Kratochwil, and A. Christ, J. Med. Chem., 2007, 50, 6291. 

3. Y. Chi, W.-X. Zhang, and Z. Xi, Org. Lett., 2014, 16, 6274. 

4. H.-F. He, Z.-J. Wang, and W. Bao, Adv. Synth. Catal., 2010, 352, 2905. 

5. L. Xu, Y.-C. Wang, W. Ma, W.-X. Zhang, and Z. Xi, J. Org. Chem., 2014, 79, 12004. 

6. All the spectral data pertaining to the compound were identical to the reported ones: D. Zhao, J. Hu, 

N. Wu, X. Huang, X. Qin, J. Lan, and J. You, Org. Lett., 2011, 13, 6516. 

7. All the spectral data pertaining to the compound were identical to the reported ones: G. Yuan, H. Liu, 

Gao, K. Yang, Q. Niu, H. Mao, X. Wang, and X. Lv, J. Org. Chem., 2014, 79, 1749. 

8. (a) I. V. Kolesnikova, T. D. Petrova, and V. E. Platonov, J. Fluorine Chem., 1988, 40, 217; (b) X. 

Wang, Y. Jin, Y. Zhao, L. Zhu, and H. Fu, Org. Lett., 2012, 14, 452; (c) G. Yuan, H. Liu, J. Gao, H. 

Xu, L. Jiang, X. Wang, and X. Lv, RSC Adv., 2014, 4, 21904. 

9. Typical procedure (entry 22 in Table 3): a solution of triphenylguanidine (1) (72 mg, 0.25 mmol), 

Cu(OAc)2 (45 mg, 0.25 mmol), and Boc-Asn-OH (116 mg, 0.50 mmol) in DMF (2.0 mL) was sealed 

in a Schlenk tube and stirred under O2 at 100 °C for 48 h. The reaction mixture was cooled to room 

temperature and then filtered through Celite, and the filtrate was evaporated to give the crude 

product, which was purified by flash column chromatography (hexane/EtOAc 20:1) to yield 

compound 3 as a yellow solid (52% yield). 

HETEROCYCLES, Vol. 99, No. 2, 2019 819

http://dx.doi.org/10.1039/c1cs15119c
http://dx.doi.org/10.1016/j.ejmech.2016.04.077
http://dx.doi.org/10.1021/jm950556a
http://dx.doi.org/10.1021/jm070143x
http://dx.doi.org/10.1021/jm701143p
http://dx.doi.org/10.1021/ol502815p
http://dx.doi.org/10.1002/adsc.201000469
http://dx.doi.org/10.1021/jo501865b
http://dx.doi.org/10.1021/ol202807d
http://dx.doi.org/10.1021/jo402742k
http://dx.doi.org/10.1021/ol202884z



