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Abstract 

Formation of unusual unsymmetrical dimers or/and indenes via Rh2(esp)2-catalyzed decomposition 

of diazo arylidene succinimides has been investigated. The reaction proceeded under mild conditions, 

and its result was shown to strongly depend on the nature of the substituents in the diazo substrate. 

The new reaction provides access to dibenzoazulenodipyrrole and indenopyrrole derivatives in 

moderate to high yield. Dibenzoazulenodipyrroles bearing alkyl substituents at the nitrogen atom 

showed pronounced cytotoxocity against A549 human lung adenocarcinoma cell line while N-aryl 

analogs were non-cytotoxic. 

Introduction 

3-Diazo-2-arylidene succinimides (DAS, 1) are heterocyclic vinyl-substituted diazocarbonyl 

compounds with exclusively (E)-configured double bond which positions the aryl substituent and the 

diazo group in close proximity. The reactivity of DAS is twofold: on the one hand, these compounds 

undergo reactions which are typical for diazocarbonyl compounds, on the other hand, their specific 

geometry enables intriguing transformations with simultaneous involvement of the diazo function 

and the benzylidene fragment.  

DAS were first described in 2020 and were involved in a [2+1] cycloaddition to aldehydes to give 

oxiranes [1]. Later on, we developed a convenient method for the preparation of this class of 

compounds [2] and showed that DAS can undergo Rh(II)-catalyzed insertion reactions into the 

heteroatom-H bonds [3]. In 2020, it was shown that under Rh(II) catalysis, DAS can enter insertion 

reactions into the C-O bond of ethers [4], a rare transformation for diazocarbonyl compounds [5]. 

The close spatial arrangement of the conjugate aryl fragment and the diazo group in the DAS molecule 

favors both intramolecular and intermolecular cyclizations involving the arylidene group. Thus, under 

catalytic decomposition, DAS containing a 2-pyridyl or 2-hydroxyaryl substituent at the double bond 
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underwent cyclization as the result of intramolecular interception of the rhodium carbene, which led 

to the formation of indolizine [6] or 2H-chromene [7] derivatives, respectively (Figure 1). At the 

same time, Rh2(esp)2-catalyzed reactions of DAS with nitriles and carbonyl compounds (aldehydes 

and ketones) enable to obtain the products of formal [5+2] cycloaddition reactions ‒ 2-benzazepines 

[8] and 2-benzoxepines [9-10]. When studying the Rh(II)-catalyzed reaction of DAS with ketones 

[10], we attempted to involve poorly reactive fluorenone in the reaction. To our surprise, the 

formation of the spirocyclic benzoxepine was not observed. Instead, the principal product of the 

reaction was compound 2, presumably resulting from the dimerization of the DAS molecule (Figure 

1). Intrigued by this unexpected course of the reaction and also by the unusual structure of 2, we set 

off to study this transformation. Herein, we present the results obtained in the course of this 

investigation.  

 

Figure 1.  Previously reported transformations of DAS (1) and their unusual dimerization 

investigated in this work. 

Results and Discussion 

The decomposition reaction of DAS 1a in dichloromethane in the presence of Rh2(esp)2 (0.1 mol%) 

led to the formation of a mixture of the major product ‒ dimer 2a, and minor indene 3a (Table 1, 
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Entry 1). The target dimer was isolated in 74% yield as a single diastereomer. Its structure was reliably 

confirmed by the X-ray analysis data (see ESI). Given that the main product 2a is most likely the 

result of a bimolecular process while indene 3a was formed via an intramolecular transformation, we 

attempted to completely switch the direction of the reaction in order to achieve an indene to form as 

the main product. However, carrying out the reaction under tenfold dilution did not fully suppress the 

bimolecular process to give indene 3a in an acceptable yield, although its content in the reaction 

mixture increased significantly (Table 1, Entry 1). 

Next, we investigated the influence of substituents in the DAS component 1 on the outcome of their 

Rh(II)-catalyzed decomposition. The results obtained clearly demonstrate that the nature of the 

substituent at the nitrogen atom in the DAS molecule has a minor effect: the substrates bearing both 

donor- and acceptor-substituted aryl groups form dimers 2 in high yields (Table 1, Entries 2-5). In 

the case of N-benzyl substituted DAS, by-product azine 4 was detected by NMR analysis (Table 1, 

Entry 6). The formation of these by-products was also observed in the case of other DAS bearing 

alkyl groups at the nitrogen atom (Table 1, Entries 10-13) as well as in the case of DAS 1i containing 

a trifluoromethyl group in the arylidene ring (Table 1, Entry 9). In the latter case, the negative effect 

of the presence of the electron-withdrawing group also manifested itself in a significant decrease in 

the yield of the target dimer 2 due to the formation of unidentified impurities. In one case, azine 4k 

was isolated in pure form and characterized. It should be noted that such azines are typically observed 

as by-products in Rh(II)-catalyzed reactions of diazocarbonyl compounds [11]. 

The introduction of a strong donor substituent (MeO) in position 4 of the benzylidene fragment (1b) 

led to the deactivation of the diazo substrate ‒ after 1 hour the conversion did not exceed 30%, and 

even after 3 days, the starting DAS 1b was still present in the mixture. At the same time, only a trace 

amount of the expected dimerization product 2b were detected along unidentified by-products. 

For 3-methoxy substituted DAS 1n, the main reaction outcome was the unimolecular cyclization, 

leading to a mixture of regioisomeric indenes (Table 1, Entry 14) while the target dimer 2n was 

obtained in low (12%) yield. A similar result was obtained earlier in the study of DAS reaction with 

nitriles [8]. 
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Table 1. Transformation of DAS 1 under Rh(II)-catalyzed decomposition. 

 

Entry Compounds R1 R2, R3, R4 Yield of 2a 

(%) 

Yield of 3 

(%) 

Yield of 4 

(%) 

1 1/2/3/4a Ph H, H, H 
74 

40c 

(10)b 

15c (42) 
- 

2 1/2/3/4b 4-MeOC6H4 H, H, H 73 - - 

3 1/2/3/4c 4-CF3C6H4 H, H, H 74 (6) - 

4 1/2/3/4d 4-MeC6H4 H, H, H 63 (13) - 

5 1/2/3/4e 4-FC6H4 H, H, H 86 - - 

6 1/2/3/4f Bn H, H, H 68 (14) (10) 

7 1/2/3/4g Ph MeO, H, H traces - - 

8 1/2/3/4h Ph Me, H, H 93 - - 

9 1/2/3/4i Ph CF3, H, H 18 - (20) 

10 1/2/3/4j Ph H, H, F 60 (12) (18) 

11 1/2/3/4k Bn F, H, H 42 - 13 (21) 

12 1/2/3/4l cPr F, H, H 43 - (21) 

13 1/2/3/4m iBu Cl, H, H 52 (7) (12) 

14 1/2/3/4n Ph H, MeO, H 12 56 d - 

15 1/2/3/4o 2-ClC6H4 H, H, H - 35 - 

16 1/2/3/4p 
2-MeO-5-

ClC6H3 
H, H, H - 34 - 

17 1/2/3/4q 2-CO2EtC6H4 H, H, H - 54 - 

Reaction conditions: 0.25 M solution of DAS 1 in DCM; 0.5 or 1.0 mmol scale. 
a Isolated yields. 
b NMR yields are shown in parentheses. 
c Reaction was run under tenfold dilution. 
d 1.8:1.0 mixture of regioisomers was obtained (ratio 1.8:1). 

An unexpected and interesting result was the exclusive formation indenes 3 during the catalytic 

decomposition of DAS containing an ortho-substituted phenyl group at a nitrogen atom (Table 1, 

Entries 15-17). In all three cases, compounds 3 were obtained in moderate yields, while the formation 

of the corresponding dimers 2 or azines 4 was not observed. Most likely, the introduction of the ortho-
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substituent disturbed the molecule’s coplanarity, which may have created steric obstacles for the 

intermolecular process. 

Rather remarkable was the reaction of DAS 1r containing an ortho-methyl substituent in the 

benzylidene fragment. In this case, along with conventional reaction products ‒ dimer 2r and indene 

3r, unexpected cyclobutane 5, a product of the formal [2+2] cycloaddition, was isolated in low yield 

(Scheme 1); its structure was confirmed by the single-crystal X-ray analysis (see ESI). 

 

Scheme 1.  The result of Rh(II)-catalyzed decomposition of DAS 1r. 

A plausible mechanism of the observed transformations of DAS (shown for 1a) is presented in 

Scheme 2. The initially formed rhodium carbene A undergoes 1.5-electrocyclation to form 

intermediate B which turns into indene C as the result of 1,5-suprafacial hydrogen shift. Indene C 

can convert into the final indene 3a via a slow 1,3-migration of the hydrogen atom, or be intercepted 

by carbene A with the formation of cyclopropane D. The relative rates of these competing processes 

likely determine the composition of the final product mixture. The formation of a single diastereomer 

at the cyclopropanation step can be explained by the preferred approach of carbene A from the least 

sterically hindered side of indene C and the π-stacking interaction of the aromatic fragment of indene 

and the benzylidene substituent of carbene.  

The conversion of intermediate D into cycloheptadiene E is an example of a relatively rare reaction 

of the cyclopropane ring expansion through a 1,5-C‒C bond migration [12]. This concerted process 

is followed by yet another 1,5-migration of the hydrogen atom, leading to the final dimer 2a. The 

formation of a single diastereomer 2a is indicative of a sequence of concerted processes with an 

unambiguous stereochemistry control at each step where stereogenic centers are formed. 
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Scheme 2.  Plausible mechanism for the formation of dimer 2a and indene 3a on Rh(II)-catalyzed 

decomposition of 1a. 

Dibenzoazulenodipyrroles 2 have a pronounced three-dimensional character which make this 

chemotype promising probe for protein-protein interactions, including oncogenic ones [13]. As the 

first step towards biological characterization of compounds 2, they were screened for cytotoxicity 

against A549 human lung adenocarcinoma cell line. Among the eleven compounds, N-aryl analogs 

2a-e, 2h and 2j had no effect on the cancer cell viability. However, N-alkyl analogs 2f and 2k-m 

showed a pronounced cytotoxicity with IC50 values in the single- to double-digit micromolar range 

(Figure 2). 
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Compound IC50, Ma 

 

2f 6.38  3.39 

2k 23.84  11.17 

2l 16.64  2.91 

2m 2.58  1.57 

Figure 2. Cytotoxicity of N-alkyl substituted compounds dibenzoazulenodipyrroles 2 against A549 

human lung adenocarcinoma cell line. 

Conclusion 

In summary, we have shown that the reaction triggered by the Rh(II)-catalyzed decomposition of 

DAS in inert medium can proceed in two principal directions and result in the formation of an unusual 

unsymmetrical dibenzoazulenodipyrrole dimer 2 and/or a product of intramolecular cyclization ‒ 

indene 3. The result of the reaction is determined by the nature of substituents in the starting DAS 

molecule. In most cases, dimers 2 were obtained as a single diastereomer in high yields. In some 

cases, indenes were obtained in moderate yields. A plausible mechanism of the observed 

transformations was proposed which implicates a rare rearrangement of the cyclopropane 

intermediate as the key step. Dimers 2 bearing alkyl substituents at the nitrogen atom showed 

pronounced cytotoxocity against A549 human lung adenocarcinoma cell line while N-aryl analogs 

were non-cytotoxic. 

Supporting Information 

Supporting Information File 1 

General experimental information, X-ray crystallographic data, synthetic procedures, analytical data 

and NMR spectra for the reported compounds. 

[https://www.beilstein-journals.org/bjoc/content/supplementary/xxxx-xxxx-xx-xx-S1.pdf] 

Acknowledgements 

We thank the Research Center for Magnetic Resonance, the Center for Chemical Analysis and 

Materials Research and the Center for X-ray Diffraction Methods of Saint Petersburg State University 

Research Park for obtaining the analytical data. 

 



8 

Funding 

This research was supported by the Russian Science Foundation (project grant 20-13-00024). 

ORCID® iDs 

Grigory Kantin: 0000-0001-9141-680X 

Dmitry Dar’in: 0000-0002-0413-7413 

Mikhail Krasavin: 0000-0002-0200-4772 

References 

1. Laha, D.; Bhat, R. G. Silver‐Catalyzed Epoxidation of Aldehydes Using Donor‐/Acceptor‐

type Vinyl Diazosuccinimides to Access Spiro‐Pyrrolidinedioneoxiranes. Asian J. Org. Chem. 2020, 

9, 918-921. doi: 10.1002/ajoc.202000123 

2. Chupakhin, E. G.; Kantin, G. P.; Dar’in, D. V.; Krasavin, M. Convenient preparation of (E)-

3-arylidene-4-diazopyrrolidine-2,5-diones in array format. Mendeleev Commun. 2021, 31, 36-38. doi: 

10.1016/j.mencom.2021.01.010 

3. Chupakhin, E.; Gecht, M.; Ivanov, A.; Kantin, G.; Dar’in, D.; Krasavin, M. (E)-3-Arylidene-

4-diazopyrrolidine-2,5-diones: Preparation and Use in RhII-Catalyzed X–H Insertion Reactions 

towards Novel, Medicinally Important Michael Acceptors. Synthesis 2021, 53, 1292-1300. doi: 

10.1055/s-0040-1706556 

4. Dar’in, D.; Kantin, G.; Bakulina, O.; Inyutina, A.; Chupakhin, E.; Krasavin, M. 

Spirocyclizations involving oxonium ylides derived from cyclic α-diazocarbonyl compounds: an 

entry into 6-oxa-2-azaspiro[4.5]decane scaffold. J. Org. Chem. 2020, 85, 15586-15599. doi: 

10.1021/acs.joc.0c02356 

5. Guranova, N.; Dar'in, D.; Kantin, G.; Novikov, A.; Bakulina, O.; Krasavin, M. Rh(II)-

Catalyzed Spirocyclization of α-Diazo Homophthalimides with Cyclic Ethers. J. Org. Chem. 2019, 

84, 4534-4542. doi: 10.1021/acs.joc.9b00245 

6. Chupakhin, E.; Bakulina, O.; Dar'in, D.; Krasavin, M. Facile entry into the 1H-pyrrolo[3,4-

b]indolizine-1,3(2H)-dione scaffold via intramolecular Rh(II) carbene trapping. Tetrahedron Lett. 

2021, 85, 153467. doi: 10.1016/j.tetlet.2021.153467 

7. Chupakhin, E. G.; Kantin, G. P.; Dar’in, D. D.; Krasavin, M. Novel chromeno[2,3-c]pyrroles 

synthesized via intramolecular rhodium(II) carbene trapping. Mendeleev Commun. 2022, in press. 

8. Inyutina, A.; Dar’in, D.; Kantin, G.; Krasavin, M. Tricyclic 2-Benzazepines Obtained via an 

Unexpected Cyclization Involving Nitrilium Ylides. Org. Biomol. Chem. 2021, 19, 5068-5071. doi: 

10.1039/d1ob00773d 

https://www.krasavin-group.org/member_area/group_papers/274.pdf
https://www.krasavin-group.org/member_area/group_papers/274.pdf
https://www.krasavin-group.org/member_area/group_papers/274.pdf


9 

9. Inyutina, A.; Kantin, G.; Dar´in, D.; Krasavin, M. Diastereoselective Formal [5+2] 

Cycloaddition of Diazo Arylidene Succinimides-Derived Rhodium Carbenes and Aldehydes: A 

Route to 2-Benzoxepines. J. Org. Chem. 2021, 86, 13673-13683. doi: 10.1021/acs.joc.1c01710 

10. Vepreva, A.; Kantin, G.; Krasavin, M.; Dar'in. A General Way to Spiro-Annulated 2-

Benzoxepines via Rh2(esp)2-catalyzed [5+2] Cycloaddition of Diazo Arylidene Succinimides to 

Ketones. Synthesis 2022. doi: 10.1055/s-0037-1610790. 

11. (a) Li, X.; Ye, X.; Wei, C.; Shan, C.; Wojtas, L.; Wang, Q.; Shi, X. Diazo Activation with 

Diazonium Salts: Synthesis of Indazole and 1,2,4-Triazole. Org. Lett. 2020, 22, 4151; (b) Fleming, 

G. S.; Beeler, A. B. Regioselective and Enantioselective Intermolecular Büchner Ring Expansions in 

Flow. Org. Lett. 2017, 19, 5268; (c) Pomerantz, M.; Levanon, M. Bis(dimethyl malonato)ketazine. 

Formation and inversion/rotation barrier. Tetrahedron Lett. 1990, 31(30), 4265; (d) Grieve, D. M. A.; 

Lewis, G. E.; Ravenscroft, M. D.; Skrabal, P.; Sonoda, T.; Szele, I.; Zollinger, H. Reactivity of 

Carbenes and Related Compounds towards Molecular Nitrogen. Helv. Chim. Acta 1985, 68, 1427. 

12. (a) Li, X.; Zhang, M.; Shu, D.; Robichaux, P. J.; Huang, S.; Tang, W. Rhodium-Catalyzed 

Ring Expansion of Cyclopropanes to Seven-membered Rings by 1,5 C‒C Bond Migration Angew. 

Chem. Int. Ed. 2011, 50, 10421; (b) Reyes, M. B.; Lobkovsky, E. B.; Carpenter, B. K. Interplay of 

Orbital Symmetry and Nonstatistical Dynamics in the Thermal Rearrangements of 

Bicyclo[n.1.0]polyenes. J. Am. Chem. Soc. 2002, 124, 641; (c) Wender, P. A.; Gamber, G. G.; 

Williams, T. J. In Modern Rhodium-Catalyzed Organic Reactions; Evans, P. A., Ed.; Wiley-VCH: 

Weinheim, 2005, Chap. 13, 263. 

13. Kuenemann, M. A.; Bourbon, L. M. L.; Labbé, C. M.; Villoutreix, B. O.; Sperandio, O. J. 

Chem. Inf. Model. 2014, 54, 3067-3079. doi: 0.1021/ci500487q 


	Cover
	Manuscript

