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Abstract: Arynes are a unique class of intermediates used in synthetic organic chemistry, and research interest has been 
intensely focused on their peculiar reactivities. Arynes have been researched for almost a century. However, difficulties in 
monitoring these reactive species, as well as difficulties in creating synthetically viable techniques for their synthesis and 
trapping, have restricted their application. A key tactic for achieving the racemic and enantiopure total synthesis of a broad 
variety of natural compounds or their structural derivatives. The chemistry of arynes has advanced significantly over the past 
thirty years, particularly in the field of transition metal carbon- carbon and carbon-heteroatom bond-forming mechanisms. The 
field’s fast growth is largely attributable to the development of mild aryne production processes. To create a natural product with 
complex organic molecules, the role of aryne intermediates was non-replaceable. These organic substances are often used in 
medicine, therapies, or as raw material for the synthesis of other substances. Moreover, they may perform important biological 
tasks. There are numerous methods for synthesizing natural compounds including total synthesis, semi-synthesis, and 
biosynthesis. Total synthesis is the process of creating natural products entirely chemically from basic precursors as well as it 
can be produced in large quantities and can reveal information about its biological activity. One of the developments in Arynes’ 
chemistry is the chemical rearrangements brought about by this electrophilic intermediate. It is not feasible to use conventional 
methods in a single step. This review article discusses how arynes are used to create natural products. Arynes has a wide range 
of functionality in the field of scientific research. The evolution of this method has made a tremendous change in the total 
synthesis of natural products. Benzynes enabled creative synthesis in mild conditions. The transformation has expanded to 
investigate various reaction classes such as nucleophilic addition, (4+2), and (2+2) cycloaddition strategies and metal-catalyzed 
reactions are shown and explained in this article. This review will provide an idea about how the arynes act as an intermediate in 
those reaction mechanisms and enlighten the scope of these aryne intermediate. 
 

I.      INTRODUCTION 
Natural products are substances produced from plants or any other living organisms found in nature. It is frequently used in medical, 
healthy diets, aesthetic procedures, food preservatives, etc. This study deals with the production of natural products using arynes as 
the intermediates. The formal formation of arynes and heteroarynes respectively includes removing two neighboring hydrogen 
atoms formally from an aromatic ring[1].  J D Roberts took 14 years to reveal the first structure of benzyne[2]. Because of its 
exceptionally high reactivity, benzyne be a certain way produced in situ from its forerunner and quickly captured by adequate 
arynophiles. Otherwise, it will easily decompose on its own[3]. The most representative generation of arynes involves the 
dissolution of an orthogonal-departing group via an aryl anion species. These include β removal of aryl halide using a base[4], 
exclusion from an aryl halide with orthogonal-leaving groups did occur after halogen-metal exchange[5], or fluoride-induced 
desilylation of aryl trimethyl silanes, benzene-diazonium-2-carboxylate thermolysis, which was frequently applied throughout an 
era. As arynes as intermediated approximately 75 natural products has synthesized. Depending on the aryne transition, this synthesis 
can take many different forms and be divided into numerous groups, including (i) Pericyclic reactions[6] which include Diels’s alder 
reactions,[4+2] and  [2+2] cycloaddition, 1,3 dipolar cycloaddition, 1,4 dipolar cycloaddition, ene reactions (ii) Nucleophilic 
addition[7] to arynes (iii) transition metal catalyzed reactions[8]. 

 
figure 1: structure of aryne 
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A. Generation Of Arynes From Various Methods 
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Scheme 1: benzyne formation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Classification of synthesis of natural products using aryne intermediates 
 

II.      TOTAL SYNTHESIS OF NATURAL PRODUCT USING STRATIFIED ARYNE CYCLIZATION 
A series of carbazolyne cyclization[9] followed by determining the vicinal quaternary stereocenters and the seven-membered ring of 
the bioactive chemical by Rh-catalyzed fragmentation[10]. An intimidating chemical structure is included in the indole diterpenoid 
tubingensin B (1), which has five stereogenic centers, three of which are quaternary, a decorated [3.2.2] bridged cycle and a 
disubstituted carbazole unit. Using a transitory aryne intermediate strategically will lead to a brief and enantiospecific total synthesis 
of tubingensin B. The current study focuses on the indole diterpenoid tubingensin B, which was found in the fungus Aspergillus[11] 
tubingensin in 1989. In the same year, X-ray crystallography[12] was employed to determine its precise structure. Tubingensin B, a 
secondary metabolite is typically thought to assist in defending the producing fungus from overhunting in a feeding trial, it showed 
effectiveness against the common crop bug Heliothis zea, causing 10% fatality at 125 ppm. Moreover, tubingensin B has an IC50 of 
4 g ml-1 against cells of cervical cancer. 
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A. Synthesis OF (-) Tubingensin B 
In the beginning, known aryl triflate was used to create vinyl iodide[13] to create carbazole fragments. As well (-) olefin undergoes 
hydroboration to create an alkyl boron derivative, which is then coupled with dihalocarbazole by Suzuki-Miyaura[14] coupling to 
create dimethyl(isopropyl)silyl enol ether. Functionalized C-20 dimethylsilyl enol ether, which was then processed through three 
steps of carbazolyn cyclization at 60oc to get the required pentacyclic product. Many functional group modifications were used to 
create the precursor for radicle cyclization. In addition, the radical cyclization[15] allowed the [3.2.2] nonane core’s effective 
assembly as well as generated bicycle. All that was for completing the formulation using bicycle was the elimination of protective 
groups and reversal of the C19 stereocenter. Laborious efforts produce the penultimate ketone intermediate; conventional alcohol 
oxidation has performed after tips cleavage. Then, the protecting group underwent acid-mediated cleavage. For the final phase of the 
whole synthesis, several reducing agents, including hydride donors, single-electron donors, and heterogeneous hydrogenation 
catalysts were assessed. The controlled catalytic reaction of diacetate[(S)-2,2-bis(diphenylphophino)-1,1-binaphthyl ruthenium 
(II)(S)-Ru (OAc)2(BINAP)] with ketone results in the quantification of tubingensin B and epi-tubingensin B in a ratio of 1:4. 
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Scheme 2: schematic diagram of the formation of tubingensin B: was prepared and employed using fragment coupling, carbazolyne 

cyclization, and radical cyclization method. MOM-methoxymethyl 
 

III.      PERICYCLIC REACTIONS OF ARYNES 
Arynes have a high degree of electrophilicity[16] in their carbon-carbon triple bonds, which makes them excellent dienophiles in 
pericyclic processes. Pericyclic reactions[17] of arynes are widely employed to monitor the synthesis of arynes in solutions. 
Moreover, by giving favorable circumstances, complex arenes can be synthesized in one step as a result of these reactions. Witting 
and Pohmer generated the epoxynaphthalane derivative in good yields by successfully[18] capturing produced aryne intermediate 
and treating it with furan in the [4+2] cycloaddition procedure. Arynes are widely recognized for taking part, because of their 
substantial dienophilicity and increased electron affinity, carbon- carbon doubles can undergo the [2+2] cycloaddition mechanism. 
For instance, it has been discovered that enamides and aryne [2+2] cycloaddition can be used to create benzocyclobutenes. Arynes 
are widely recognized for taking part in dipolar cycloaddition reactions[19] in addition to [4+2] and [2+2] reactions. Arynes can 
fuse five-membered benzo rings by adding to various 1,3 dipoles. 
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A. Intermolecular Cycloaddition 
In Diels alder reaction, intermolecular cycloaddition reactions are done for the formation of biological products, an aporphinoid 
skeleton would be synthesized by this cycloaddition. The synthesis of two compounds dehydroaporphine (2) and aristolactams(3) 
[20] are given (Scheme 3).  
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Scheme 3. Synthesis of dehydroaporphines and aristolactams 

 
One of the special characteristics of aryne chemistry is the synthetic methodology that simultaneously stabilizes two vicinal 
positions of benzene with various combination of substituent[21]. [4+2] and [2+2] cycloaddition is the basic example of pericyclic 
reaction[22] which is predicted to occur in by single transition state, without the generation of any intermediates. Several diene 
compounds such as furan pyrrole and anthracenes are applicable in [4+2] cycloadditions. As well as frontier molecular orbital 
theory [2+2] cycloaddition is symmetry forbidden This is a combined state of an alkene with enone resulting cyclobutane, and it is a 
stepwise reaction with various intermediates 
 

B. [4+2] Cycloaddition Strategies 
After nucleophilic addition, the [4+2] cycloaddition is frequently used for the complete construction of natural products. The [4+2] 
cycloaddition aryne method is a viable way to synthesize natural products on large volume approaches. However, the major 
limitation on [4+2] aryne cycloaddition is that most reaction under this category requires cyclic dienes most commonly furans[23]. 
Acronycine (3,12-dihydro-6-methoxy-3,3,12-trimethyl-7H-pyrano[2,3-c]acridin-7-one)  is a naturally occurring alkaloid[24]. 
Acronycine (4), an anticancer acridone alkaloid[25], was synthesized by Watanabe and co-workers using the intermolecular forms 
of benzyne. Anthranilate (4), an amino anion and an unsymmetrical aryne made from aryl bromide(5), performed a systematic [4+2] 
cycloaddition. Formation of successive bonds    between vinylogous lithium amide(6) and aryl anion to the aryne and suspended 
ester are annulated respectively, yielding acronycine(7) with a yield of 41%. 
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Scheme 4 Watanabe’s Synthesis of Acronycine 
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Biehl’s and coworkers developed three different anthraquinone natural products[26]. The cycloaddition mechanisms are carried out 
using aryl bromide(8) and lithium diisopropyl amide (LDA)(9) as common reagents for the construction of Rubiadin[27] (11), 
Rubiadin 1- methyl ether (12), and damnacathol(13)[28] was developed by them. Initially, trisubstituted bromo aryne is replaced by 
dioxolane for the formation of anthraquinone (10). Further reaction on Antraquinone forms Rubiadin 1- methyl ether which is 
produced by mono demethylation with HBr in the presence of acetic acid, Rubiadin is produced via bis-demethylation with BBr, 
when anthraquinone undergoes benzylic oxidation, followed by demethylation, to create damnacathol. 
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Scheme 4 Synthesis of rubiadin 1-methyl ether,rubiadin, damnacathol 

 
C. [2+2] Cycloaddition 
Remarkably, benzynes undergo [2+2] thermal cycloaddition with alkenes and alkynes[29]. In the sense [2+2] cycloaddition strategy 
is much poor way of synthesis due to large by-products. Bisacchi and Steven are the people who brought [2+2] cycloaddition in 
between arene and ketene acetal for the preparation of quinone methide diterpene, taxodione[30]. At first, they treated aryl 
bromide(13) in presence of 1,1 dimethoxyethylene(14) in THF with sodamide this resulted in the formation of 
benzocyclobutenes(15) which is a regioselective reaction. The subsequent step produces benzocyclobutenone(16) by hydrolyzing 
benzocyclobutenes. When the vinyl chloride(17)-derived organolithium reagent is added to benzocyclobutenone(18), the ensuing 
benzocyclobutenol undergoes regioselective, although contra-steric, ring fragmentation to produce enone, which is quickly 
converted to taxodione(19). This is a common medication used in pharmacies that have been said to have HIV-1 inhibitory 
properties[31]. 
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IV.      NUCLEOPHILIC ADDITION AND MULTICOMPONENT REACTION STRATEGIES 

Nucleophiles are nuclear-loving species which means the compound will attract toward the positive part of a molecule[32]. The 
multicomponent reaction is a kind of synthetic process that can produce one product from three or more reactants[33]. Nucleophilic 
addition to arynes is a method of synthesis of natural products[34]. This synthesis can be separated into simple nucleophilic 
addition, which can only form a bond between a carbon and heteroatom, and multicomponent reactions, which can form two 
additional bonds to the arynes by adding three or more components at once 
 
A. Nucleophilic Addition To Benzynes 
Kametani and co-workers used arynes for the total synthesis of natural products for the first instance at Tokyo University in 1967. In 
the given scheme 5, tetrahydroisoquinolines 2,3(20) are treated with sodamide in the presence of liquid ammonia to produce 
tetracycles 4 and 5 respectively, then the secondary amine goes through the secondary addition to form pendant aryne. However, 
from here tetracycle 4 will be converted to cryptaustoline[35] as well as tetracycle 5 will convert to crytowoline (21). The 
nucleophilic addition had done from the early period but the multicomponent method came to use only within a few decades past. 
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Scheme 6 . The synthesis of cryptowoline and crypttaustoline by Kametani 
 

B. Aryne Multicomponent Reaction 
Arynes often perform best as multicomponent reaction species. This reaction involves generating three and four-component 
coupling to 1,2 disubstituted arynes[36] 
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By involving three component coupling on aryne Barret and co-workers synthesized entclavilacetoneB[37]. Fluoroarene (22) was 
processed with nBuLi to produce aryne, which was then linked with methylmagnesium chloride (23). The presently formed aryne 
magnesium compound is then gone through the third addition aldehyde gives benzylic alcohol as diastereomers a(23) and b(24). 
These diastereomers a and b are then converted to a lactone(25). Using Grubbs catalyst[38] and oxidation the ring close is done 
which gives ent-clavilactone B (26). 
Four-component coupling was used by Barrette and colleagues to create dehydroaltenuene B scheme 6[39]. The reaction begins 
with the elimination of fluoroarene (27) which gives aryne and the sequential addition of three components like carbon dioxide, 
iodine, and cyclohexyl magnesium chloride this result in the generation of iodolactone(28). Organomagnesium is added to the arene 
then carboxylation will result in the aryl magnesium species and diastereoselective iodolactonization[40]. Following the conversion 
of multicomponent addition and further six processes, the dehydroaltenuene B (29) is produced. 
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Scheme 7 barrett synthesis of dehydroaltenuene 

 
V.      METAL CATALYZATION- BASED REACTION: 

This reaction was conducted by Mori and his colleagues, and it is believed that the reaction an underdeveloped. The regioselectivity 
of the natural product synthesis is influenced by metal catalyst reaction[41].  Aryl naphthalene lignans are the end product of this 
metal-catalyzed process the entire synthesis of natural products [42]. In this process,  an aryne and diyne were co-cyclized with 
palladium to target the naphthyl segments of Taiwanins C (30) and E(31)[43] as well as dehydrodesoxypodophyllotoxin (32). On 
the other hand, using diyne a compound obtained from 3- (trimethoxyphenyl) propiolic acid in the palladium-catalyzed [2+2+2]- co-
cyclization procedure. Trimethoxyarylnaphthalene, that gone through eight different transformations before becoming 
dehydrodesoxypodophyllotoxin. The primary medical use of podophyllotoxin is to prevent mollusccum contagiosum[44] and 
genital warts[45].  
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A. Isocoumarin Synthesis Using Multi-Component Coupling 
Isocoumarin(33) is a highly essential component necessary for various natural products having a wide range of biological processes 
[46]. The intramolecular cyclization of ortho-alkynyl-benzoic acid derivatives is the most applicable method to produce an 
isocoumarin ring [47]. Even though it is easy there are some limitations, multistep is required to get 2-alkynyl-benzoic acid. The 
application of CO2 in the feedstock and to access value-added material in the reaction medium[48]. Moreover, CO2 is easy to handle, 
at a reasonable price as well as easily accessible. Even though CO2 in its advantage due to intrinsic kinetic and thermodynamic 
stability it is hard to use in the organic reaction[49], to avoid this a multicomponent is used along with the catalyst. Here in the 
synthesis of isocoumarin, NHC (N-heterocyclic carbene) copper complex is used as the catalyst, for the three-component coupling 
reaction of 2-(trimethylsilyl)aryl triflates, terminal alkynes, and CO2 to produce isocoumarins (Scheme 8). 
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Scheme 9 General reaction of multi-component coupling using terminal alkynes, arynes, and CO2.      TMS= trimethylsilyl, OTF= 
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The tentative mechanism for the synthesis of isocoumarin  
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Scheme 10 Mechanism of three component coupling involving CO2 2-(trimethylsilyl) aryl triflates, and [(IPr)CuCl]. 

 
In this reaction, ortho-arynes are used as the intermediates[50]. The beginning copper acetylide is generated by deprotonating NHC-
copper hydroxide/carbonate to the terminal alkyne. The electrophilic intermediate is induced to this reaction to react with copper 
complex to give ortho alkynyl copper complex. In the absence of CO2, the three-component coupling is carried out in specific 
conditions[51], and diphenylacetylene is created as a result of this. The nucleophilic addition of CO2 with copper acetylide is 
ineffective due to the strong electrophilicity of ortho-benzyne[52]. On the other hand, ortho-alkynyl copper complexes are 
nucleophilically added to CO2 to produce ortho carboxylate [53], this leads to the 6-endo-dig-cyclization, resulting in an endocyclic 
copper heterocycle. The complex that took place in between two phases led to a competition between 5-exo-dig-cyclization and 6-
endo-dig-cyclization. Thereafter in the absence of [(IPr)CuCl] a major Regio isomer is formed. In the multicomponent reaction with 
deuterium-enriched alkyne later at the end of the reaction isocoumarin delivered a higher yield.  
 

VI.      CONCLUSION 
After J D ROBERTS has given the benzyne structure it leads to countless development in the synthesis of arynes[54]. The major 
reason is that the benzynes are highly stable and easy to make complexes[55]. This made the organic chemistry community explore 
widely in natural product synthesis[56][57]. Since they have been around for a century, arynes are transient intermediates that are 
now mildly and easily accessible using straightforward precursors. This has significantly broadened the range of uses for this 
reactivity intermediate. There has been a substantial revolution in this field. Cycloaddition reaction, insertion reaction, 
multicomponent reaction, transformation catalyzed by transition metals, and aryne-induced molecular rearrangement can all be used 
to categorize the reactivity of arynes. A class of molecular rearrangement reactions that use arynes as aryl sources have quickly 
emerged, according to recent advancements in the field. Through the synthesis of various heterocycle-fused ring systems[58], 
various heterocyclic arynes’ potential synthetic utility has recently been studied. The trifunctionalization of arynes[59], domino 
aryne[60] method and arynes technique are recent developments that have been employed to synthesize many natural compounds. 
The production of arynes using a mild and transition-metal-free technique is anticipated to inspire synthetic chemists to explore 
novel reactions and applicational domains based on the principle of arynes. 
 

REFERENCES 
[1] He´le`ne Pellissier* and Maurice Santelli, “The use of arynes in organic synthesis”. 
[2] P. M. Tadross and B. M. Stoltz, “Correction to: A comprehensive history of arynes in natural product total synthesis (Chemical Reviews (2012) 112:6 (3550-

3577) DOI: 10.1021/cr200478h),” Chemical Reviews, vol. 118, no. 14. 2018. doi: 10.1021/acs.chemrev.8b00367. 
[3] S. G. Moss, I. A. Pocock, and J. B. Sweeney, “Tandem Aryne-Capture/Sigmatropic Rearrangement as a Metal-Free Entry to Functionalized N-Aryl 

Pyrrolidines,” Chem. - A Eur. J., vol. 23, no. 1, 2017, doi: 10.1002/chem.201605290. 
[4] M. M. Heravi and S. Sadjadi, “Recent advances in the application of the Sonogashira method in the synthesis of heterocyclic compounds,” Tetrahedron, vol. 

65, no. 37. 2009. doi: 10.1016/j.tet.2009.06.028. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 11 Issue IV Apr 2023- Available at www.ijraset.com 
    

 
2643 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

[5] D. Tilly, F. Chevallier, F. Mongin, and P. C. Gros, “Bimetallic combinations for dehalogenative metalation involving organic compounds,” Chemical Reviews, 
vol. 114, no. 2. 2014. doi: 10.1021/cr400367p. 

[6] C. Holden and M. F. Greaney, “The hexadehydro-diels-alder reaction: A new chapter in aryne chemistry,” Angew. Chemie - Int. Ed., vol. 53, no. 23, 2014, doi: 
10.1002/anie.201402405. 

[7] E. Picazo et al., “Indolyne and aryne distortions and nucleophilic regioselectivites,” J. Am. Chem. Soc., vol. 136, no. 23, 2015. 
[8] M. Feng and X. Jiang, “Reactions of Arynes Involving Transition-Metal Catalysis,” Synthesis (Germany), vol. 49, no. 19. 2017. doi: 10.1055/s-0036-1589094. 
[9] A. E. Goetz, A. L. Silberstein, M. A. Corsello, and N. K. Garg, “Concise enantiospecific total synthesis of tubingensin A,” J. Am. Chem. Soc., vol. 136, no. 8, 

2014, doi: 10.1021/ja501142e. 
[10] M. A. Corsello, J. Kim, and N. K. Garg, “Total synthesis of (-)-tubingensin B enabled by the strategic use of an aryne cyclization,” Nat. Chem., vol. 9, no. 10, 

2017, doi: 10.1038/nchem.2801. 
[11] S. M. Romero, S. L. Giudicessi, and R. G. Vitale, “Is the fungus Aspergillus a threat to cultural heritage?,” Journal of Cultural Heritage, vol. 51. 2021. doi: 

10.1016/j.culher.2021.08.002. 
[12] V. R. A. Dubach and A. Guskov, “The resolution in x-ray crystallography and single-particle cryogenic electron microscopy,” Crystals, vol. 10, no. 7. 2020. 

doi: 10.3390/cryst10070580. 
[13] W. Liu, X. Yang, Y. Gao, and C. J. Li, “Simple and Efficient Generation of Aryl Radicals from Aryl Triflates: Synthesis of Aryl Boronates and Aryl Iodides at 

Room Temperature,” J. Am. Chem. Soc., vol. 139, no. 25, 2017, doi: 10.1021/jacs.7b03538. 
[14] D. Bhattacherjee et al., “Advances in Transition-Metal Catalyzed Carbonylative Suzuki-Miyaura Coupling Reaction: An Update,” Advanced Synthesis and 

Catalysis, vol. 363, no. 6. 2021. doi: 10.1002/adsc.202001509. 
[15] Y. Ye, H. Fu, and T. K. Hyster, “Activation modes in biocatalytic radical cyclization reactions,” J. Ind. Microbiol. Biotechnol., vol. 48, no. 3–4, 2021, doi: 

10.1093/jimb/kuab021. 
[16] D. B. Werz and A. T. Biju, “Uncovering the Neglected Similarities of Arynes and Donor–Acceptor Cyclopropanes,” Angewandte Chemie - International 

Edition, vol. 59, no. 9. 2020. doi: 10.1002/anie.201909213. 
[17] K. Choi, H. Park, and C. Lee, “Rhodium-Catalyzed Tandem Addition−Cyclization−Rearrangement of Alkynylhydrazones with Organoboronic Acids Scheme 

1. Merging Rhodium-Catalyzed Tandem Addition− Cyclization with Pericyclic Rearrangement,” J. Am. Chem. Soc, vol. 140, 2018. 
[18] F. García, D. Peña, D. Pérez, and E. Guitián, “Aryne Cycloadditions for the Synthesis of Functional Polyarenes,” in DNA‐ and RNA‐Based Computing 

Systems, 2021. doi: 10.1002/9783527823086.ch2. 
[19] P. Li, J. Zhao, and F. Shi, “Dipolar Cycloaddition Reactions of Arynes and Related Chemistry,” in DNA‐ and RNA‐Based Computing Systems, 2021. doi: 

10.1002/9783527823086.ch3. 
[20] G. Marti et al., “Natural aristolactams and aporphine alkaloids as inhibitors of CDK1/Cyclin B and DYRK1A,” Molecules, vol. 18, no. 3, 2013, doi: 

10.3390/molecules18033018. 
[21] J. Shi, Y. Li, and Y. Li, “Aryne multifunctionalization with benzdiyne and benztriyne equivalents,” Chemical Society Reviews, vol. 46, no. 6. 2017. doi: 

10.1039/c6cs00694a. 
[22] S. A. Shevelev and A. M. Starosotnikov, “Pericyclic [4+2] and [3+2] cycloaddition reactions of nitroarenes in heterocyclic synthesis,” Chem. Heterocycl. 

Compd., vol. 49, no. 1, 2013, doi: 10.1007/s10593-013-1233-1. 
[23] R. C. Cioc, M. Crockatt, J. C. van der Waal, and P. C. A. Bruijnincx, “The Interplay between Kinetics and Thermodynamics in Furan Diels–Alder Chemistry 

for Sustainable Chemicals Production,” Angewandte Chemie - International Edition, vol. 61, no. 17. 2022. doi: 10.1002/anie.202114720. 
[24] T. Mandal, S. Karmakar, A. Kapat, and J. Dash, “Studies Directed towards the Synthesis of the Acridone Family of Natural Products: Total Synthesis of 

Acronycines and Atalaphyllidines,” ACS Omega, vol. 6, no. 41, 2021, doi: 10.1021/acsomega.1c03629. 
[25] A. Chaudhary, “Natural Herbs as Anticancer Drugs : Back to the Future,” Chem. Sci. Rev. Lett., vol. 9, no. 34, 2020. 
[26] G. Diaz-Muñoz, I. L. Miranda, S. K. Sartori, D. C. de Rezende, and M. A. N. Diaz, “Anthraquinones: An Overview,” in Studies in Natural Products Chemistry, 

vol. 58, 2018. doi: 10.1016/B978-0-444-64056-7.00011-8. 
[27] R. R. Chen, J. Liu, Z. Chen, W. J. Cai, X. F. Li, and C. L. Lu, “Anthraquinones Extract from Morinda angustifolia Roxb. Root Alleviates Hepatic Injury 

Induced by Carbon Tetrachloride through Inhibition of Hepatic Oxidative Stress,” Evidence-based Complement. Altern. Med., vol. 2020, 2020, doi: 
10.1155/2020/9861571. 

[28] P. S. and P. Duggal, “THE MYSTICAL MORINDA.,” Guident, vol. 6, no. 9, 2013. 
[29] W. Li, L. Zhou, and J. Zhang, “Recent Progress in Dehydro(genative) Diels-Alder Reaction,” Chemistry - A European Journal, vol. 22, no. 5. 2016. doi: 

10.1002/chem.201503571. 
[30] H. Miyabe, “ChemInform Abstract: Insertion of Arynes into the π-Bond Giving [2 + 2] Cycloaddition-Type Adducts,” ChemInform, vol. 47, no. 13, 2016, doi: 

10.1002/chin.201613229. 
[31] B. Sadowska, M. Paszkiewicz, A. Podsȩdek, M. Redzynia, and B. Rózalska, “Vaccinium myrtillus leaves and Frangula alnus bark derived extracts as potential 

antistaphylococcal agents,” Acta Biochim. Pol., vol. 61, no. 1, 2014, doi: 10.18388/abp.2014_1939. 
[32] M. E. Anzovino and S. Lowery Bretz, “Organic chemistry students’ ideas about nucleophiles and electrophiles: The role of charges and mechanisms,” Chem. 

Educ. Res. Pract., vol. 16, no. 4, 2015, doi: 10.1039/c5rp00113g. 
[33] C. G. S. Lima, N. M. Moreira, M. W. Paixão, and A. G. Corrêa, “Heterogenous green catalysis: Application of zeolites on multicomponent reactions,” Current 

Opinion in Green and Sustainable Chemistry, vol. 15. 2019. doi: 10.1016/j.cogsc.2018.07.006. 
[34] S. Mirzaei and H. Khosravi, “Predicting the regioselectivity of nucleophilic addition to arynes using frontier molecular orbital contribution analysis,” 

Tetrahedron Lett., vol. 58, no. 34, 2017, doi: 10.1016/j.tetlet.2017.07.047. 
[35] N. Kaur, “Palladium catalysts: Synthesis of five-membered N -heterocycles fused with other heterocycles,” Catal. Rev. - Sci. Eng., vol. 57, no. 1, 2015, doi: 

10.1080/01614940.2014.976118. 
[36] S. S. Bhojgude and A. T. Biju, “Arynes in transition-metal-free multicomponent coupling reactions,” Angew. Chemie - Int. Ed., vol. 51, no. 7, 2012, doi: 

10.1002/anie.201106984. 
[37] I. Larrosa et al., “Highly Convergent Three-Component Benzyne Coupling: The Total Synthesis of ent-Clavilactone B.,” ChemInform, vol. 38, no. 11, 2007, 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 11 Issue IV Apr 2023- Available at www.ijraset.com 
    

 
2644 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

doi: 10.1002/chin.200711207. 
[38] T. Bano, A. F. Zahoor, N. Rasool, M. Irfan, and A. Mansha, “Recent trends in Grubbs catalysis toward the synthesis of natural products: a review,” Journal of 

the Iranian Chemical Society, vol. 19, no. 6. 2022. doi: 10.1007/s13738-021-02463-x. 
[39] D. Soorukram, T. Qu, and A. G. M. Barrett, “Four-component benzyne coupling reactions: A concise total synthesis of dehydroaltenuene B,” Org. Lett., vol. 

10, no. 17, 2008, doi: 10.1021/ol8015435. 
[40] D. K. Mandal, “Ionic reactions 1: Fundamental stereochemistry,” in Stereochemistry and Organic Reactions, 2021. doi: 10.1016/b978-0-12-824092-2.00006-x. 
[41] S. Yu and S. Ma, “Allenes in catalytic asymmetric synthesis and natural product syntheses,” Angewandte Chemie - International Edition, vol. 51, no. 13. 2012. 

doi: 10.1002/anie.201101460. 
[42] S. Park, J. H. Kim, S. H. Kim, and D. Shin, “Transition Metal-Mediated Annulation Approaches for Synthesis of Arylnaphthalene Lignan Lactones,” Frontiers 

in Chemistry, vol. 8. 2020. doi: 10.3389/fchem.2020.00628. 
[43] B. Witulski and J. Grand, “Application to the Synthesis of Natural Products,” in Transition-Metal-Mediated Aromatic Ring Construction, 2013. doi: 

10.1002/9781118629871.ch7. 
[44] A. Allmon, K. Deane, and K. L. Martin, “Common skin rashes in children,” Am. Fam. Physician, vol. 92, no. 3, 2015. 
[45] R. Gilson, D. Nugent, R. N. Werner, J. Ballesteros, and J. Ross, “2019 IUSTI-Europe guideline for the management of anogenital warts,” J. Eur. Acad. 

Dermatology Venereol., vol. 34, no. 8, 2020, doi: 10.1111/jdv.16522 
[46] A. Saeed, “Isocoumarins, miraculous natural products blessed with diverse pharmacological activities,” European Journal of Medicinal Chemistry, vol. 116. 

2016. doi: 10.1016/j.ejmech.2016.03.025 
[47] Y. Feng, X. Jiang, and J. K. De Brabander, “Studies toward the unique pederin family member psymberin: Full structure elucidation, two alternative total 

syntheses, and analogs,” J. Am. Chem. Soc., vol. 134, no. 41, 2012, doi: 10.1021/ja3057612 
[48] P. Challa et al., “Trends in Emission and Utilization of CO2: Sustainable Feedstock in the Synthesis of Value-Added Fine Chemicals,” Catalysis Surveys from 

Asia, vol. 26, no. 2. 2022. doi: 10.1007/s10563-021-09352-6. 
[49] Y. Yang and J. W. Lee, “Toward ideal carbon dioxide functionalization,” Chem. Sci., vol. 10, no. 14, 2019, doi: 10.1039/C8SC05539D. 
[50] W. J. Yoo, T. V. Q. Nguyen, and S. Kobayashi, “Synthesis of isocoumarins through three-component couplings of arynes, terminal alkynes, and carbon dioxide 

catalyzed by an NHC-copper complex,” Angew. Chemie - Int. Ed., vol. 53, no. 38, 2014, doi: 10.1002/anie.201404692. 
[51] R. Cheng, C. Qi, L. Wang, W. Xiong, H. Liu, and H. Jiang, “Visible light-promoted synthesis of organic carbamates from carbon dioxide under catalyst- And 

additive-free conditions,” Green Chem., vol. 22, no. 15, 2020, doi: 10.1039/d0gc00910e. 
[52] X. Liu and L. N. He, “Synthesis of Lactones and Other Heterocycles,” Topics in Current Chemistry, vol. 375, no. 2. 2017. doi: 10.1007/s41061-017-0108-9. 
[53] L. Zhang and Z. Hou, “N-Heterocyclic carbene copper-catalyzed carboxylation of C-B and C-H bonds with carbon dioxide,” Pure Appl. Chem., vol. 84, no. 8, 

2012, doi: 10.1351/PAC-CON-11-10-33. 
[54] M. Sarmah, H. Hazarika, and P. Gogoi, “Aryne Annulations for the Synthesis of Carbocycles and Heterocycles: An Updated Review,” Synthesis (Germany), 

vol. 54, no. 22. 2022. doi: 10.1055/a-1863-8622. 
[55] B. J. Frogley and L. J. Wright, “Recent Advances in Metallaaromatic Chemistry,” Chem. - A Eur. J., vol. 24, no. 9, 2018, doi: 10.1002/chem.201704888. 
[56] J. Hong, “Natural product synthesis at the interface of chemistry and biology,” Chem. - A Eur. J., vol. 20, no. 33, 2014, doi: 10.1002/chem.201402804. 
[57] A. M. Szpilman and E. M. Carreira, “Probing the biology of natural products: Molecular editing by diverted total synthesis,” Angewandte Chemie - 

International Edition, vol. 49, no. 50. 2010. doi: 10.1002/anie.200904761. 
[58] H. Gao, Q. Zhang, and J. M. Shreeve, “Fused heterocycle-based energetic materials (2012-2019),” Journal of Materials Chemistry A, vol. 8, no. 8. 2020. doi: 

10.1039/c9ta12704f. 
[59] Y. Li, D. Qiu, R. Gu, J. Wang, J. Shi, and Y. Li, “Aryne 1,2,3-Trifunctionalization with Aryl Allyl Sulfoxides,” J. Am. Chem. Soc., vol. 138, no. 34, 2016, doi: 

10.1021/jacs.6b06981. 
[60] D. Qiu, J. He, X. Yue, J. Shi, and Y. Li, “Diamination of Domino Aryne Precursor with Sulfonamides,” Org. Lett., vol. 18, no. 13, 2016, doi: 

10.1021/acs.orglett.6b01334. 
 
  



 


