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Abstract 

One particular area of chemical synthesis in organic chemistry is called organic synthesis. Chemical synthesis is a highly 

effective tool for humans because it yields a wide range of valuable compounds, particularly those that are either entirely 

absent from or present in very little amounts in nature. In organic chemistry, the concept of retrosynthesis examines the 

possibility of creating a complex organic molecule through the process of reverse synthesis. Retrosynthesis is an essential 

process for creating complicated molecules by going in the other direction—that is, breaking bonds. Rules must be followed by 

many principles. In order to overcome the difficulties posed by various reaction processes, concepts, and factors in organic 

synthesis, total synthesis, and asymmetric synthesis, "retrosynthesis" is a crucial strategy. Its synthetic routes are also simpler 

and easier to develop and construct. Because organic synthesis is influenced by a multitude of reaction mechanisms, concepts, 

and factors, "retrosynthesis" is a crucial technique for resolving its synthetic routes. It is less complex and easier to design and 

conceptualize than organic synthesis, total synthesis, and asymmetric synthesis. 
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Introduction  

Organic synthesis is a crucial part of chemistry that can directly lead to scientific and societal benefits by actualizing new 

molecules that have ideal functions in different disciplines, such as material science and medicine. Retrosynthetic analysis is 

formalized in E.J. Corey’s book The Logic of Chemical Synthesis [1]. Compared with inorganic syntheses, organic syntheses 

are usually much harder to visualize and design, due to the large complex structures of many organic compounds. The 

breakdown of bonds is the key to retrosynthesis. Return to the appropriate stage of molecules and pay attention to the 

reaction mechanism to determine the proper cut-off approach. When functional groups are involved, they are either cut 

off at the connection of functional groups, or the original functional group is cut off if the functional group is generated by 

two functional groups. If the C-X bond is present in the molecule, it is usually decided to cut it off at the heteroatom, 

especially when the heteroatom is oxygen, nitrogen, or sulphur [2]. Retrosynthesis is an important method for solving 

organic synthesis routes and is certainly the most basic way to design organic synthesis. Retrosynthesis is often found in 

organic chemistry, chemical engineering, and biochemistry. Its role includes the synthesis of natural products, the synthesis 

of new drugs, and the reduction of products. 

Symbol → and a curved line drawn through the bond being broken [3]. 

FGI: Functional Group Interconversion: The operation of writing one functional group for another so that disconnection 

becomes possible. The reverse of a chemical reaction. 

Symbol → with 3 FGI written over it. 

Reagent: A compound that reacts to give an intermediate in the planned synthesis or to give the target molecule itself. The 

synthetic equivalent of a synthon. 

Synthetic equivalent: A reagent carrying out the function of a synthon that cannot itself be used, often because it is too 

unstable [4]. 
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Synthon: A generalized fragment, usually an ion, produced by a disconnection. (Some people also use synthon for a synthetic 

equivalent). 

Target Molecule: The molecule whose synthesis is being planned. 

 

 

 

Fig 3: Retrosynthesis 

1. What is retrosynthesis 

Retrosynthetic analysis [5] is a method and an intellectual tool adopted to help come up with a synthesis for a 

complex organic molecule. The retrosynthetic analysis allows chemists to conduct the “reverse” synthesis process. 

Starting from the target molecule, it “deconstructs”the large and complicated target molecule into many simpler and 

more basic constituents, known as synthons. 

Each step of the retrosynthetic process is represented with a retrosynthetic arrow (different from the arrow used in 

forward syntheses). The steps in this process chosen may or may not bepossible, but plausible reactions can be 

predicted with existing knowledge. For example, if onewants to synthesize a molecule (target molecule) from a given 

starting substance, one can devise a retrosynthetic pathway such as where each step brings us closer from to, that can 

actas a guide for writing a forward synthetic pathway. 

1.1 Benefits of doing retrosynthesis 

More economical Conducting retrosynthetic analysis [6] before doing the synthesis straightaway allows 

different routes to be compared based on feasibility and the cost of related reagents. Thus, the more efficient and 

effective pathway, particularly cost-effective, can be used for large-scale synthesis. 

1.2 Guiding Principles of Retrosynthesis 

If one wants to synthesize an ester from an olefin, instead of thinking of how to produce an ester from an olefin, 

focus can be put on how to design reactions that can generate the olefin. Even though there are thousands of 

possibilities in each retrosynthetic step, some solutions arebetter than others, with only a few being the best. 

1.3 Simplification 

The first goal of a retrosynthetic step is simplification. To turn the usually very 

complicated target molecule into simple and readily accessible starting materials, each step ofthe retrosynthetic 

process should simplify the molecule as much as possible to resemble the starting materials. An example of a step that 

simplifies the target molecule may be disconnecting a cyclic structure into linear pieces or disconnecting a functional 

group that is absent in the starting materials. 
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Fig :2.Retrosynthesis of a star 

 

1.4 Minimal Complexity 

The second goal of a retrosynthetic step is minimal complexity[7]. Although a step can be envisioned where 

every bond in the target molecule is disconnected to obtain the separate organic, such a step is certainly impossible 

in a forward synthesis where it would require everybond to be formed exactly simultaneously. Disconnecting one 

bond is generally easier than disconnecting two or more bonds. If the forward reaction is considered — an 

unimolecular process occurs more easily than a bimolecular process because the unimolecular process is easier to 

arrange geometrically for a successful collision than the bimolecular process. Similarly, a bimolecular process is 

much more likely to happen than a trimolecular process. 

2. Retrosynthesis analysis terms 

2.1 Reaction selectivity 

Chemical selectivity (Chemo selectivity)[8] - The ability of a reagent or intermediate 

to react with one group or atom in a molecule rather than another group or atom present in the same molecule. Of 

course, one of the functional groups reacts in preference to the other one or morefunctional groups. 

We focus on the ketone to the left of the cyclohexane while both reactions reduce it, the only difference is that the ester 

on the right side of the compound does not undergo any change when NaBH4 is the reagent, but when the reagent was 

LiAlH4, the ester was also reduced. 

 

A reaction that acts on only one functional group in the presence of other functional groups. Therefore, it is 

chemo-selective when the reagent is NaBH4. Because the ester is retained. the reaction of LiAlH4 doesn’t have chemo 

selective because both functional groups ketone, and ester are reduced. 

 

 

2.1.1 Stereo selectivity 

Stereo selectivity[9] is if more than one reaction may occur between a group of reactants under thesame conditions, 

producing stereoisomeric products, and if one product is formed in greater amounts than the others, the whole 
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reaction is said to be stereoselective. [6,7] 

 

2.1.2 Regioselectivity 

Regioselectivity refers to reactions formed by the selection of an enantiomer, a diastereomer,or a double bond isomer over 

other isomers. Any process that facilitates the formation of bonds on specific atoms rather than on other possible atoms 
(10). 

 
 

2.2 Symbols of retrosynthesis 

 

Retrosynthetic arrow: This represents going backward from the target molecule to simpler molecules. 

 

Synthetic arrow 

Bond disconnection: A wavy line () to show where the bond is being broken (disconnected) 

 

3. Basic Steps of Retrosynthesis 

Each step in a retrosynthetic analysis involves one or more disconnections of the bonds in thestructure. One can only 

disconnect bonds because it is not very practical to slice the atoms themselves. After all, they occupy very limited volumes 
(11). 

3.1 Disconnection 

As the consequence of disconnection, one of the three things may happen: both electrons go to the left synthon 

(A hypothetical fragment of a compound that is a building block for the target molecule), both electrons go to the right 

synthon, or the electrons are split between the two synthons -Disconnection is the most important part of the 

retrosynthesis, which acts in the course of a hypothetical chemical reaction, speculating on possible broken bonds and 

generating synthons up to the desired target molecule. when considering only bond-breaking, we can break the bond at 

a tertiary carbon, only one benzene ring and one functional group is retained in the form. Optionally, two tertiary 

carbons can be broken and one of the benzene rings will be completelyopened to form a ring- opening reaction. When a 

ring-opening reaction occurs, the disconnection can act on any position of the benzene ring, and when more than two 

chemical bonds are severed.(12) 
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Ex- Structure of acetylsalicylic acid (Aspirin) 

 

 
 

 

Three possibilities of a bond disconnection 

3.1.1 Bond disconnections  

3.1.2 One-group disconnections: 

One-bond disconnection is a bond disconnection that can split molecules with a relatively simple structure. The common 

types are the disconnection of alcohols, olefins, acids, and some carbon compounds. For instance, C-C disconnections are 

one form. The C-C bond adjacent toan alcohol group can be disconnected, ending with an aldehyde and a Grignard reagent 
[13]. 

Two-group disconnections 

Apart from one-bond disconnection[14], the other imaginary bond disconnection method is two-bond disconnection. It can be 

used when target molecules have two functional groups. And it works better than the last method. 

1,2-deoxygenation 

This approach can be applied when the functional groups are connected with carbon one and carbon 2 in the 

chain of the target molecule. The bond between the functional group and the oxygenated carbon could be a single bond or 

a double bond. The general structure of the TM might be different, so the first necessary step is converting the 

molecule back into its prototypical version by functional group interconversion, which is a diol, and the end product 

would be an olefin (15). 

3.1.3 Electrocyclic Disconnection 

Electrocyclic disconnection is the cutting of a cyclic molecule into pieces. In a cyclohexane molecule which 

contains 6 carbon atoms (), we can cut down a piece of two carbons from the molecule (4+2 disconnection) or we can 

cut the molecule into two identical propane (3+3 disconnection) [16]. We can also break one bond instead of two, to form 

a straight-chain hexane. In any of the processes, the number of carbon atoms remains the same. In a molecule with 

doublebonds like cyclohex-1,3-ene, the single bond between carbons 5 and 6 can be disconnected by an electron 

transfer from the double bond to an adjacent single bond. All these are described as cyclic disconnection for simplifying 

the target molecule. 

3.1.4 Illogical Disconnection 

We know the three possible options when we break a C-C sigma bond, but in a more complex molecule, we need 

to care of the unfavorable 7 E3S Web of Conferences 385 (17), 04008 (2023) 

https://doi.org/10.1051/e3sconf/202338504008 ISESCE 2023 interaction between like charges as well. In Figure 15, 

there is a 1, 3 disconnection to form two synthons. The left synthon corresponds to an alcohol after it is converted to its 

resonance form, while the corresponding starting material of the right synthon contains an 

Electronegative halogen. 

4. Synthon 

The concept of a synthon [11] was introduced by Elias James Corey in 1967. It is a hypothetical unit in the target 
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compound that represents the potential reagents experienced by the target molecule in the retrosynthesis. When some 

key chemical bonds in the target molecule are broken, two charged compounds are sometimes formed, which are 

synthons. The first step is to identify the chemical bonds that have been disconnected in the molecule to form one type 

of negatively charged and another type of positively charged materials, all collectively referred to as synthons. After 

predicting as well as understanding the smallest fragment of the target molecule as well as the building blocks, the 

synthons are combined to form the target molecule, thus synthons are very important substances in the process of 

retrosynthesis [16] and can lead to the synthetic route that generates the target molecule. 

Synthetic equivalents 

Synthetic equivalents are reagents that perform the functions contained in the synthetics and, since they can exist 

directly, do not carry a positive/negative charge. 

Ex- phenylacetic acid 

we were able to find two suitable synthons in designing as well as planning the synthetic route, which can be carboxyl 

(COOH) and benzyl. With a synthetic substrate, we need to find the corresponding synthetic equivalent to replace it. 

Usually, the effective synthetic 

equivalents for the carboxyl group are cyanide anions and benzyl bromide is a suitable synthetic equivalent[9]for the 

benzyl group. Their chemical reactions proceed as follows: 

𝑃ℎ𝐶𝐻2𝐵𝑟 + 𝑁𝑎𝐶𝑁 → 𝑃ℎ𝐶𝐻2𝐶𝑁 + 𝑁𝑎𝐵𝑟 

 

𝑃ℎ𝐶𝐻2𝐶𝑁 + 2𝐻2𝑂 → 𝑃ℎ𝐶𝐻2𝐶𝑂𝑂𝐻 + 𝑁𝐻 

 

 

Synthetic equivalent of acetophenone Strategies 

4.1 Functional groups 

In the process of retrosynthesis, there are lots of choices to disconnect a bond, but only one or two bonds will be 

broken. This problem is known as chemo selectivity. Chemo selectivity works when there are more than one functional 

group that can take a reaction with the reagent and only one functional group can be chosen. [10] 

Taking ICI-D7114 (potential anti-obesity drug) as an example, there are many positions that we may consider as a 

bond disconnection. In this case, the bond in position (d) is where the disconnection will most likely to happen. (a) and 

(b) can lead to great chemoselectivity problems because it is difficult to alkylate the phenol due to the basic nitrogen 

atom. As to thedisconnection at (c), the alkylation of is favorable in the presence of group, so it is better than(d). 
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Retrosynthesis of ICI-D7114 

 

5. Functional group interconversion 

FGI stands for functional group interconversions[12]. It describes the process of changing one functional group to another 

functional group. In a retrosynthetic analysis, FGI forms the foundation of later bond disconnections. 

Common FGIs: 

 

 

Common FGIs related to alcohol 

 

Common FGIs related to olefin Retrosynthetic analysis of Ofornine 

 

 



Dudekula K, et al,. Int J. Curr Inn Adv Res, Vol: 7, Issue: 2, 2024; 52-63 

[59] 

 

6. Mechanism of reaction 

6.1 Aldol condensation 

 

Acid (Base)-catalyzed condensation. In Aldol Condensation[10] reaction enol or enol ion reacts with carbonyl 

compound to form β-hydroxy aldehyde or β-hydroxy ketone.[12] And the product can sometimes lose a water molecule to 

form α,β-unsaturated carbonyl compounds. 

Aldol condensation 

 

 

Aldol condensation in retrosynthesis 

 

6.2 Michael addition 

Michael addition[13] is also known as 1,4-addition or conjugate addition. [13] This reaction was first discovered by 

Arthur Michael in 1887 and is one of the common methods for growing carbonchains in organic synthesis. we can see 

from the resonance structure of the α,β unsaturated carbonyl compound that it has two electrophilic positions, that is, 

it carries a partial positive charge at its positions 2 and 4. The nucleophilic reagent is usually used as a Michael donor to 

attack the position 4 of α,β-unsaturated carbonyl compound in Michael addition, and the 1,4 addition reaction is carried 

out to it under basic conditions. 

 
 

Step 1. Deprotonation: Hydroxide ions in alkaline solutions attack acidic hydrogens, giving rise to carbon negative ions 

also known as Enolate anion in the Figure. enolate anion in the Figure , has a resonance structure to maintain stability. 

 

Step 2. Attack of nucleophile: The carbon anion acts as a Michael donor, which is electron rich, providing electrons to 

the Michael acceptor, which is electron-deficient. in the Figure below, the enolate anion obtained from the first step acts as 

a Michael donor, attacking the α,β-unsaturated carbonyl compound of the β- carbon, resulting in the formation of enolate 

anion. 
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Step 3. Protonation: The carbonyl compound is protonated in the third step by accepting electrons from the solvent or 

Michael donor and forming the final product called "Michael Adduct". 

 
 

Michael addition reaction and retrosynthesis 

 

 

Analysis of retrosynthesis of 3-propylcyclohexanone: 

 

7. Further examples of retrosynthesis 

Retrosynthesis of 3 membered rings has mainly two approaches[13] 

1. One bond disconnection to make a long carbon chain. 

2. Disconnection by removal of an atom. The atom removed can be either oxygen (epoxide)or an R group. 

Disconnection by removing an atom  

 

 

Disconnection by removing an oxygen atom 
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8. Another approach for retrosynthesis 

Apart from the common atom approach[14], which is to locate the common atoms in two identicalparts of a molecule, 

especially between rings, there are other ways to proceed with retrosynthesis. 

The work might focus on a step that is currently the easiest and probably disregard some duplicated steps while 

forming a molecule because they should be accomplished simultaneously. 

1- hydroxytasinine[15] which is the procedure of substituting three H+ with Ac+ ions simultaneously, which 

is time-efficient. 

Applications of Retrosynthesis- 

The applications of retrosynthesis are diverse and impactful in various fields. Retrosynthesis 

is a method of chemical synthesis that involves breaking down a target molecule into simpler 

starting materials to determine the best synthetic route. Here are some key applications of 

retrosynthesis based on the provided sources: 

1. Drug Design- Retrosynthesis[18] plays a crucial role in drug design by enabling the discovery of novel synthetic 

routes for pharmaceutical compounds. It aids in the efficient and cost-effective synthesis of biologically active 

compounds, facilitating drug development processes. 

2. Organic Synthesis- Retrosynthesis is fundamental in organic synthesis, allowing chemists to plan the synthesis of 

complex organic molecules efficiently. It helps in understanding the complex nature of natural products, 

providing multiple synthetic routes for selecting the most cost effective and environmentally friendly path. 

3. Chemical Research- Retrosynthesis has revolutionized the field of chemical research[21] by providing chemists 

with a systematic approach to organic chemical synthesis. It allows for the deconstruction of complex target 

structures into simpler precursors, aiding in the discovery of multiple synthetic routes and the selection of the 

most favorable and efficient route before industrial- scale synthesis. 

4. Sustainable chemistry- Retrosynthesis is also linked to predictive sustainable[19] chemistry and 

nanotechnology. By simplifying the planning of organic molecule synthesis, it contributes to the development of 

sustainable chemical processes and technologies. 

Advantages: 

1. Efficient Planning: It allows for the transformation of a target molecule into simpler precursor 

structures, simplifying the planning of organic syntheses 

2. Structural Simplification: Retrosynthetic analysis aims to simplify the structure of the target molecule, 

making the synthesis process more manageable[19]. 

3. Multiple Synthetic Routes: It enables the discovery of different synthetic routes, providing flexibility in 

the synthesis process 

4. Logical Comparison: By consulting a database at each stage, it facilitates the comparison of different 

synthetic routes in a logical and straightforward manner 

5. Creative Strategies: Offers various strategies like functional group, stereochemical, structure-goal, 

transform-based, and topological strategies to guide the synthesis process 

Disadvantages: 

1. Complex Molecules: Powerful transform-based retrons are rarely present in complex molecules, often 

requiring additional synthetic steps to establish their presence 

2. Need for Creativity: Disconnections in retrosynthetic analysis involve creativity, which can be challenging 

in complex synthesis processes [20]. 

3. Ring Structures: Disconnections that preserve ring structures are encouraged, while those creating rings larger 

than 7 members are discouraged, adding complexity to the analysis. 
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Conclusion 

This paper discusses the fundamental principles and ideas involved in retrosynthesis analysis. Retrosynthesis has generally 
grown in importance as a method for chemical development. Retrosynthesis provides reliable reactions and starting 
ingredients for every molecule. To summarize, the retrosynthetic process involves "breaking down" a target molecule into 
easily obtainable building blocks. Making a complex molecule from a simple material is a particularly challenging task in the 
study of chemistry. Thinking backwards is a popular strategy for creating medications and other products. You start with 
the chemical molecule you want to create and then analyze which easily available reagents and reaction sequences can be 
utilized to synthesize it. 
 

Author contributions 

All authors are contributed equally.  

Financial support 

None 

Declaration of Competing Interest 

The authors have no conflicts of interest to declare. 

Acknowledgements 

None 

References 

1. E. J. Corey, X-M (1995), Cheng, Basics of Retrosynthetic Analysis: A Review for Beginners, Dean&Francis, pg.no 1-8. 

https://www.deanfrancispress.com/articles/all/IC1227.pdf 

2. Carey F.A. The brief introduction and extension to Retrosynthesis, Dean&Francis, pg.no 1-8.  

3. Clayden, Jonathan, Introduction to Retrosynthesis: Strategies and Approaches Organic Chemistry, Web of 

Conferences, pg.no 1-8. 

https://iroch.ir/wp-content/uploads/2020/12/Clayden-Organic-Chemistry-2nd-edition- c2012-txtbk.pdf 

4. Ashenhurst, J. (2022, August 17). Retrosynthesis-Introduction to the Analysis and Mechanism, The 3rd International 

Conference on Materials Chemistry and Environmental Engineering, pg.no- 143-160 

5. Liu, Luhao & Zheng, Jiaying. (2023). Retrosynthesis-Introduction to the Analysis and Mechanism. Applied and 

Computational Engineering. 3. 143-160. 10.54254/2755-2721/3/20230391. 

6. Hwisa, Nagiat Tayeb; Katakam, Prakash; Chandu, Babu Rao; Ismael, Mraa Hazim; Bader, Abdalwahab;  Pandemic 

influenza A (H1N1) vaccination among libyan health care personnel: A cross-sectional retrospective study

 Journal of Pharmacy and Bioallied sciences 6 3 192-197 2014 

7.  Peraman, Ramalingam & Ganapaty, S & Baburao, C & Ravi, TK. (2006). Impact of 4-thiazolidinones and 2-

azetidinones on antimicrobial spectrum of nalidixic acid. ACTA CIENCIA INDICA CHEMISTRY. 32. 433. 

8.  II S. M. Sc. Chemistry (SEM I & II) Syllabus (80 Credit course) as per NEP 2020 for AY 2022-23 SEM I. 

9. Assaleh FH, Katakam P, Botcha R, Chandu BR, Adiki SK. Synthesis and characterisation of starch tartrate and its 

application as novel disintegrant in telmisartan tablets. Starch‐Stärke. 2014 Mar;66(3-4):409-17. 

10. Akhter, J. (2022, September Retrosynthesis-Introduction to the Analysis and Mechanism, The 3rd International 

Conference on Materials Chemistry and Environmental Engineering, pg.no- 143-160  

11. Ramalingam P, Baburao C, Ganapaty S. Synthesis of some'N'bridgehead heterocycles containing quinoxaline and 1, 2, 4-

triazole and their antifungal and antitubercular activity. Asian Journal of Chemistry. 2008 Jul 1;20(5):4132. 

12. Ramalingam P, Baburao C, Ganapaty S. Synthesis of some'N'bridgehead heterocycles containing quinoxaline and 1, 2, 

4-triazole and their antifungal and antitubercular activity. Asian Journal of Chemistry. 2008 Jul 1;20(5):4132. 

13. Namballa M, Adimulapu A, Jesudasan RE. QbD Assisted Optimization of Microwave-assisted Synthesis of 

Polyacrylamide Grafted Tragacanth: Characterization and Instrumental Analysis. Current Microwave Chemistry. 

2024 Apr 1;11(1):16-29. 

14. Ramalingam P, Ganapaty S, Rao CB, Ravi TK. Synthesis of some new coumarino [4, 3-b] pyrido [6, 5-c] cinnolines as 

potent antitubercular agents. Indian Journal of Heterocyclic Chemistry. 2006 Apr 1;15(4):359-62. 

15.  Wang J, Ji Y, Tian Y, Fang T. Basics of Retrosynthetic Analysis: A Review for Beginners. 

https://www.deanfrancispress.com/articles/all/IC1227.pdf 

16. Warren, S. (n.d.). A Programmed Introduction to the Synthon Approach Designing Organic Syntheses, pg.no 

205-304.  

17. COREY, E. J. (1967). The brief introduction and extension to Retrosynthesis, Dean&Francis, pg.no 1-8.  

18.  Koca J, Kratochvil M, Kvasnicka V, Matyska L, Pospichal J. Synthon model of organic chemistry and synthesis 

design. Springer Science & Business Media; 2012 Dec 6. https://chem.yonsei.ac.kr/chem/upload/CHE6402-

01/119004404248922.pdf 

https://www.deanfrancispress.com/articles/all/IC1227.pdf
https://iroch.ir/wp-content/uploads/2020/12/Clayden-Organic-Chemistry-2nd-edition-c2012-txtbk.pdf
https://iroch.ir/wp-content/uploads/2020/12/Clayden-Organic-Chemistry-2nd-edition-c2012-txtbk.pdf
https://www.deanfrancispress.com/articles/all/IC1227.pdf
https://chem.yonsei.ac.kr/chem/upload/CHE6402-01/119004404248922.pdf
https://chem.yonsei.ac.kr/chem/upload/CHE6402-01/119004404248922.pdf


Dudekula K, et al,. Int J. Curr Inn Adv Res, Vol: 7, Issue: 2, 2024; 52-63 

[63] 

 

19.  Corey EJ, Wipke WT. Computer-Assisted Design of Complex Organic Syntheses: Pathways for molecular synthesis 

can be devised with a computer and equipment for graphical communication. Science. 1969 Oct 10;166(3902):178-

92. 

20.  Mikolajczyk A, Zhdan U, Antoniotti S, Smolinski A, Jagiełło K, Skurski P, Harb M, Puzyn T, Polanski J. Retrosynthesis 

from transforms to predictive sustainable chemistry and nanotechnology: a brief tutorial review. Green Chemistry. 

2023. 

21. Bharati V Badami, Art of Planning Organic Synthesis, pg.no 1071–1086. 

22. Liu X, Liu J, Wu J, Li CC. Enantioselective Total Synthesis of Cerorubenic Acid-III via Type II [5+ 2] Cycloaddition 

Reaction. The Journal of Organic Chemistry. 2021 Apr 22;86(16):11125-39. 

 


