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DESCRIPTION
In the field of organic chemistry, the C-H/N-H alkene

annulation cascade of phenanthroimidazoles represents a
sophisticated and versatile synthetic strategy. This article delves
the structure, synthetic ~methodologies,
mechanistic insights, applications, and current research trends
surrounding this intriguing topic.

into chemical

Chemical structure of phenanthroimidazoles

fused heterocyclic
compounds comprising a phenanthrene core fused with an

Phenanthroimidazoles  are polycyclic
imidazole ring system. This structural motif imparts unique

properties to phenanthroimidazoles [1].

Phenanthrene core: A tricyclic aromatic hydrocarbon providing
rigidity and T-conjugation.

Imidazole ring: A fiveemembered heterocyclic ring containing
two nitrogen atoms, contributing to electronic properties and
potential hydrogen bonding interactions.

The these

phenanthroimidazoles offers diverse opportunities for selective

combination  of structural  elements in

functionalization and intricate molecular assembly.

C-H/N-H alkene annulation cascade: Reaction
overview

The  C-H/N-H
phenanthroimidazoles involves sequential Carbon-hydrogen (C-
H) activation and Nitrogen-Hydrogen (N-H) activation processes,
followed by intramolecular cyclization with an alkene
functionality. This cascade reaction enables the efficient synthesis
of complex polycyclic frameworks in a single operation [2].

alkene annulation cascade of

Successful implementation of the C-H/N-H alkene annulation
cascade often relies on transition metal catalysts or other
catalytic systems:

Transition metal catalysts: Such as palladium, ruthenium, or
iron complexes, which facilitate C-H and N-H activation steps
through coordination and oxidative addition [3].

Organo-catalysts: Organic molecules capable of activating
substrates through hydrogen bonding or other non-covalent

interactions, promoting regioselectivity and efficiency.

Reaction conditions

Optimal reaction conditions play an important role in
controlling selectivity and efficiency in the C-H/N-H alkene

annulation cascade [4].

Temperature and solvent: Adjustment of reaction temperature
and choice of solvent influence reaction rates and selectivity.

Substrate design: Structural modifications to phenanthroimidazole
substrates can influence the outcome of the cascade reaction,
including the site of C-H and N-H activation.

The mechanistic pathway of the C-H/N-H alkene annulation
cascade typically involves several key steps [5].

C-H activation: Coordination of the phenanthroimidazole
substrate to the catalyst, followed by C-H bond cleavage
adjacent to the imidazole or phenanthrene core.

N-H activation: Activation of an adjacent N-H bond,
facilitating subsequent intramolecular cyclization with an alkene
moiety.

Cascade cyclization: Formation of the fused polycyclic product
through a series of cyclization steps, driven by aromatic
stabilization and bond formation.

Computational chemistry methods, such as Density Functional
Theory (DFT), provide valuable insights into [6].

Transition state structures: Predicting the geometries and
energies of key intermediates and transition states involved in
the cascade reaction.
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Regioselectivity: Understanding factors  influencing the
regioselective activation of C-H and N-H bonds, guiding
catalyst design and substrate optimization.

Applications in organic synthesis

The  C-H/N-H
phenanthroimidazoles offers numerous advantages in organic
synthesis [7].

alkene annulation cascade of

Complex molecule synthesis: Access to complex polycyclic
scaffolds with structural diversity and potential biological
activity.

Natural product synthesis: Facilitation of synthetic routes to
products and bioactive
phenanthroimidazole motifs [8].

natural compounds containing

Materials science: Incorporation of phenanthroimidazole

derivatives into functional materials for optoelectronic,

medicinal, or catalytic applications.

Pharmaceutical and biomedical applications

Phenanthroimidazole derivatives synthesized via C-H/N-H
alkene annulation cascade hold promise in [9].

Drug discovery: Development of novel pharmaceutical agents
targeting specific biological pathways or diseases.

Molecular probes: Preparation of molecular probes for studying
biological processes and interactions in biological systems.

Theranostics: Integration of imaging agents or therapeutic

payloads into phenanthroimidazole-based —structures for

diagnostic and therapeutic applications [10].

Current research and future directions

Recent advancements and ongoing research in C-H/N-H
alkene annulation cascade of phenanthroimidazoles focus on

(11].

Catalyst development: Design of new catalytic systems for
improved efficiency, selectivity, and sustainability.

Substrate Expansion  of the range  of

phenanthroimidazole substrates amenable to cascade reactions,

scope:

including functional group tolerance and stereochemical

control.

Mechanistic elucidation: Further investigation into reaction
mechanisms through experimental and computational studies to
guide rational catalyst design and substrate modification.

CONCLUSION

In conclusion, the C-H/N-H alkene annulation cascade of
phenanthroimidazoles represents a sophisticated and powerful
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organic chemistry, enabling the
construction of complex molecular architectures with high

synthetic ~ strategy in
efficiency and selectivity. The integration of computational
applications
underscores the scientific significance and potential impact of

chemistry, mechanistic insights, and diverse
this synthetic approach. As research continues to advance, the
C-H/N-H alkene annulation cascade of phenanthroimidazoles
holds an addressing current challenges in drug discovery,
materials science, and beyond, paving the way for innovative
solutions in organic synthesis and molecular design. This
comprehensive exploration highlights the scientific depth and
breadth of the C-H/N-H alkene annulation cascade of
phenanthroimidazoles, emphasizing its role in advancing
synthetic methodologies and contributing to the development of

novel materials and therapeutic agents.

REFERENCES

1. Amatore C, Cammoun C, Jutand A. Electrochemical recycling of
benzoquinone in the Pd/benzoquinone-catalyzed heck-type reactions

from arenes. Adv Synth Catal. 2007;349(3):292-296.

2. Saini V, Stokes BJ, Sigman MS. Transition-metal-catalyzed
laboratory-scale carbon-carbon bond-forming reactions of ethylene.

Angew Chem Int Ed. 2013;52(43):11206-11220.

3. Le Bras J, Muzart J. Intermolecular dehydrogenative Heck
reactions. Chem Rev. 2011;111(3):1170-1214.

4. McCoy M, Reisch M, Tullo AH, Short PL, Tremblay JF. Output
of chemicals increased across most products and in most

countries. Chem Eng News. 2006;84:59-68.

5. Yeung CS, Dong VM. Catalytic dehydrogenative cross-coupling:
Forming carbon-carbon bonds by oxidizing two carbon-hydrogen

bonds. Chem rev. 2011;111(3):1215-1292.

6. Liu C, Yuan ], Gao M, Tang S, Li W, Shi R, et al. Oxidative
coupling between two hydrocarbons: An update of recent C-H
functionalizations. Chem Rev. 2015;115(22):12138-12204.

7. Patureau FW, Glorius F. Rh catalyzed olefination and vinylation
of unactivated acetanilides. ] Am Chem Soc. 2010;132(29):9982-
9983.

8. Kakiuchi F, Kochi T, Mutsutani H, Kobayashi N, Urano S, Sato
M, et al. Palladium-catalyzed aromatic C—H halogenation with
hydrogen halides by means of electrochemical oxidation. ] Am

Chem Soc 2009;131(32):11310-11311.

9.  Grayaznova TV, Dudkina YB, Islamov DR, Kataeva ON,
Sinyashin OG, Vicic DA, et al. Pyridinedirected palladium-
catalyzed electrochemical phosphonation of C (sp?)-H bond. ]
Organomet Chem. 2015;785:68-71.

10. Yang QL, Li YQ, Ma C, Fang P, Zhang X]J, Mei TS. Palladium-
catalyzed C (sp’)-H oxygenation wia electrochemical oxidation. ]

Am Chem Soc. 2017;139(8):3293-3298.
11. Saito F, Aiso H, Kochi T, Kakiuchi F. Palladium-atalyzed

regioselective homocoupling of arenes using anodic oxidation: Formal
electrolysis of aromatic carbon-hydrogen bonds. Organometallics.

2014;33(22):6704-6707.


https://onlinelibrary.wiley.com/doi/abs/10.1002/adsc.200600389
https://onlinelibrary.wiley.com/doi/abs/10.1002/adsc.200600389
https://onlinelibrary.wiley.com/doi/abs/10.1002/adsc.200600389
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201303916
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201303916
https://pubs.acs.org/doi/full/10.1021/cr100209d
https://pubs.acs.org/doi/full/10.1021/cr100209d
https://pubs.acs.org/doi/full/10.1021/cr100280d
https://pubs.acs.org/doi/full/10.1021/cr100280d
https://pubs.acs.org/doi/full/10.1021/cr100280d
https://pubs.acs.org/doi/full/10.1021/cr500431s
https://pubs.acs.org/doi/full/10.1021/cr500431s
https://pubs.acs.org/doi/full/10.1021/cr500431s
https://pubs.acs.org/doi/abs/10.1021/ja103834b
https://pubs.acs.org/doi/abs/10.1021/ja103834b
https://pubs.acs.org/doi/abs/10.1021/ja9049228
https://pubs.acs.org/doi/abs/10.1021/ja9049228
https://www.sciencedirect.com/science/article/abs/pii/S0022328X15001369
https://www.sciencedirect.com/science/article/abs/pii/S0022328X15001369
https://pubs.acs.org/doi/abs/10.1021/jacs.7b01232
https://pubs.acs.org/doi/abs/10.1021/jacs.7b01232
https://pubs.acs.org/doi/abs/10.1021/om500957a
https://pubs.acs.org/doi/abs/10.1021/om500957a
https://pubs.acs.org/doi/abs/10.1021/om500957a

	Contents
	C–H/N–H Alkene Annulation Cascade of Phenanthroimidazoles of Synthetic Chemistry
	DESCRIPTION
	Chemical structure of phenanthroimidazoles
	C–H/N–H alkene annulation cascade: Reaction overview
	Reaction conditions
	Applications in organic synthesis
	Pharmaceutical and biomedical applications
	Current research and future directions

	CONCLUSION
	REFERENCES




