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Abstract 

This paper talks about some basic knowledge about retrosynthesis, some types of 
reactions applied to retrosynthesis and some strategies for retrosynthesis, which can 
help beginners to understand retrosynthesis easier. The three situations when breaking 
bonds was presented as well as three ways to deal with the founctional groups. The 
princples to deal with retrosynthesis were discussed. In this paper, an example of 
retrosynthesis was also presented for illustration. 
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1. Introduction 

Retrosynthesis refers to a technique that progressively decomposes the structure of a complex target 

molecule into some simpler molecules, which can be get easily or cheaper for commercial 

production[1]. The processes of synthesis and retrosynthesis are kind of reverse reactions and they 

are shown in Figure 1. 

 

Figure 1. The process of synthesis and retrosynthesis 

 

There are many ways to retrosynthesize a complex target molecule, which means people can use 

different materials and reactions to produce the same target molecule, but some of them may be very 

costly, some of them may not be able to react practically and some of them may have low efficiency. 

The following parts focus on how to deal with retrosynthesis more effectively. 

2. Methods 

2.1 Basic knowledge 

There are three common situations when breaking bonds (usually between 2 C) as shown in Figure 

2. 

 

Figure 2. The products when breaking bonds 

 

In the first two situations, the electron pair shifts to an atom to form 2 ions containing positive and 

negative carbon. In the last situation, each atom gains an electron and forms radical, a molecule, atom, 

or ion which has an unapied electron[2]. This paper focuses more on the first two situations. 
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Some compounds containing negative carbon as shown in Figure 3 and most of them are made by 

deprotonation of some neutral compounds’ active H. 

 

 

Figure 3. Some kinds of compounds containing negative carbon 

 

Some compounds contain positive carbon as shown in Figure 4 and they are less electronegative or 

connect with some leaving groups. 

 

 

Figure 4. Some kinds of compounds contain positive carbon 

 

When disconnecting the target molecule into an anion and a cation, these kinds of compounds above 

may be formed. 

Use reverse paths of retrosynthesis to form the target molecule, usually treat them as Lewis base and 

acid reactions and use the compounds which carbon contains positive, negative charge or an unpaired 

electron as shown in Figure 5. 

 

Figure 5. Three situations to form C-C bond 

 

Figure 6 shows an example of forming a C-C bond. The anion comes from Grignard Reagent and the 

cation comes from haloalkane. 

 

 

Figure 6. An example to form a C-C bond 

 

2.2 Dealing with functional groups 

Sometimes, treating functional groups before breaking bonds is useful and this part talks about three 

ways to deal with it, which can make retrosynthesis easier, have more alternates, make them more 

reactive or other advantages. 
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2.2.1. FGT (functional group transformation) 

Transform one desired functional group into another functional group which can gain or form more 

easily. Figure 7 shows an example of functional group transformation. 

 

 

Figure 7. An example of functional group transformation 

 

Figure 8 shows some routes about functional group transformation. 

 

 

Figure 8. Some routes about functional group transformation 

 

2.2.2. FGA (functional group addition) 

If the target molecule does not have any distinct characteristics, add some additional functional groups 

in some proper positions, then retrosynthesis it. Figure 9 shows an example of functional group 

addition. 

 

Figure 9. An example of functional group addition 

 

In the synthesis process, remove added functional groups in the end to form the target molecule. 

Figure 10 shows a synthesis process of using aldehyde and Grignard Reagent to form the target 

molecule in Figure 9. 

 

 

Figure 10. A forward reaction about functional group addition 
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2.2.3. FGR (functional group removal) 

Focus on one part and neglect some parts, then think about how to put them together, as shown in 

Figure 11. 

 

Figure 11. An example of functional group removal 

 

In this example, focus on how to make the ketone first, then use some methods to put Br into the 

compound in the end, as shown in Figure 12. 

 

 

Figure 12. A forward reaction about functional group removal 

 

2.3 Reactions about disconnection 

After treating functional groups focus on breaking bonds based on the structure of the target molecule, 

like positions of functional groups and other factors. 

2.3.1. 1,2 disconnection 

Disconnect the molecule with a single group (one functional group disconnection) as shown in Figure 

13. 

 

Figure 13. An example of one functional group disconnection 

 

The anion can come from Grignard Reagent and the cation can come from aldehyde. Similar reactions 

can also occur with other electron-rich groups. 

Disconnect a molecule with two functional groups in different positions (two functional group 

disconnection) as shown in Figure 14. 

 

 

Figure 14. An example of two functional group disconnection 

 

In this example, OsO4, mCPBA or others can be used to form the target molecules. 
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2.3.2. 1,3 disconnection 

1,3 disconnection as shown in Figure 15. 

 

 

Figure 15. An example of 1,3 disconnection 

 

Cation can come from some compounds whose carbon connects to a more electronegative group like 

halogen and anion can from ketone. 

In the synthesis process, use base (like NaH, NaOEt and others) to deprotonate ketone, react with 

aldehyde then work it up (like put H2O or acid) as shown in Figure 16: 

 

 

Figure 16. A forward reaction about 1,3 disconnection 

 

2.3.3. 1,4 disconnection 

1,4 disconnection is also called Michael addition, a conjugate addition of carbanions to α, β-

unsaturated carbonyl compounds, which is also similar to 1,3 disconnection as shown in Figure 17[3]. 

 

 

Figure 17. An example of 1,4 disconnection 

 

The synthesis process is also similar to 1,3 disconnection as shown in Figure 18. 

 

 

Figure 18. A forward reaction about 1,4 disconnection 

 

2.3.4. 1,5 disconnection 

1,5 disconnection as shown in Figure 19. 

 

 

Figure 19. An example of 1,5 disconnection 

 

The cation has one more C than the cation in 1,4 disconnection, so use α, β-unsaturated aldehyde and 

others are similar with 1,4 and 1,3 as shown in Figure 20. 
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Figure 20. A forward reaction about 1, 5 disconnection 

 

2.3.5. 1,6 disconnection 

1,6 disconnection is different from previous disconnections. It makes new bonds to form a ring instead 

of breaking bonds as shown in Figure 21. 

 

 

Figure 21. An example of 1,6 disconnection 

 

Use some oxidizing agents, like O3, OsO4 NaIO4 or others, to break the double bond as shown in 

Figure 22. 

 

Figure 22. A forward reaction about 1,6 disconnection 

 

2.4 Reactions about rings 

If the target molecule has rings in it, these reactions below may work. 

2.4.1. Diels–Alder reaction 

Diels–Alder reaction is a good way to form a 6-membered ring, also is characteristic of 

stereochemistry and regioselectivity as shown in Figure 23[4]. 

 

 

Figure 23. An example of Diels–Alder reaction 

 

Usually, Diels–Alder reaction occurs between conjugated dienes and dienophiles, like alkenes, and 

involves cyclic flow of electrons[5]. Figure 24 shows a synthesis process about Diel–Alder reaction. 

 

 

Figure 24. A forward reaction about Diels–Alder reaction 
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If the double bond is not in the target molecule, use H2 and catalyst, like Pt, to reduce it. Since LiAlH4 

cannot reduce isolated non-polar multiple bonds, it cannot be applied here to reduce C=C bond[6]. 

2.4.2. Dehydration 

If a cyclic ketone contains a double bond, use concentrated H2SO4 or others to dehydrate it as shown 

in Figure 25. 

 

Figure 25. An example of dehydration 

 

After dehydration, usually 1,5 disconnection can be used further to form simpler compounds as shown 

in Figure 26. 

 

Figure 26. An example of disconnection using 1,5 disconnection further 

 

Figure 27 shows a synthesis process of dehydration. 

 

 

Figure 27. A forward reaction about dehydration 

 

2.4.3. Olefin addition 

Figure 28 shows an example of olefin addition. 

 

 

Figure 28. An example of olefin addition 

 

Use olefin to form some rings connected together as shown in Figure 29. 

 

 

Figure 29. A forward reaction about olefin addition 
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3. Principles of retrosynthesis 

Each target molecule can be retrosynthesized in many ways and this part discusses some principles 

of retrosynthesis. 

3.1 Try to maximize the simplest disconnection 

When doing retrosynthesis, think about which disconnection can most simplify the structure. This 

part illustrates some meanings of simpler structure. 

3.1.1. Focus on disconnect of important atoms 

When dealing with disconnection, only focus on the disconnect of important atoms and neglect 

unimportant atoms. An example is shown in Figure 30. 

 

 

Figure 30. Examples of disconnection of import part and unimportant part 

 

In that example, focus on how to make the ring instead of how to enable a ring to connect to a H since 

after breaking the H, thinking about how to form a ring is still necessary. 

3.1.2. Form less rings 

Try to form less rings if there are some rings in a compound as shown in Figure 31. 

 

 

Figure 31. Examples of disconnecting rings 

 

These two examples both break a compound containing two rings into a compound containing one 

ring. 

3.1.3. Form 5 or 6 membered rings 

Trying to form 5-membered rings or 6-membered rings and sometimes 7-membered rings is also fine, 

but other membered rings are not recommended. For instance, usually sp3 hybridization has 109.5° 

bond angle, but in a 3-membered ring, the bond angle between C is about 60°, so they have more 

torsion, which makes them hard to form. Figure 32 shows some examples which form different 

mumbered rings.  

 

Figure 32. Examples of forming different membered rings 
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3.1.4. Form some familiar structures or use familiar reactions 

Figure 33 shows an example of it. 

 

 

Figure 33. An example of disconnecting with different parts 

 

In this example, the second approach is better because the first approach only simplifies a little while 

the second breaks the structure into an easier and more familiar style. 

3.1.5. Form compounds with proper geometrical shape 

If a compound has a more complex geometrical shape, the tension within it is usually high, so it is 

more difficult to form and store. Usually, cutting bonds between specific atoms, which are in more 

than one ring, works. Figure 34 shows some examples of it and bonds between dotted atoms should 

be considered to disconnect with higher priority. 

 

 

Figure 34. Examples of disconnection changing geometrical shapes 

 

When breaking one of the bonds between these eight dotted atoms in the target molecule, the 

geometrical shape becomes simpler sharply with less tension. 

3.2 Use partial synthesis 

Try to synthesize some parts of the molecule at first and connect them together in the end because in 

each reaction step, some of the reactants are consumed. If a compound goes through less steps, the 

yield rate will rise. Figure 35 shows two synthesis processes with different steps to form the same 

target molecule. 

 

Figure 35. Two synthesis processes 

 

Assume the yield rate for each reaction is both 80.%. The total yield rate of the first way is (80. %)5 

= 33%. The total yield rate of the second way is (80. %)3 = 51%, which has a higher yield rate than 

the first way even if both of them have a total of 5 steps. 
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3.3 Use more multiply group disconnection 

Try to use more multiply group disconnection than one group disconnection because it is more 

efficient to make the structure simpler. Figure 36 shows two examples of it. 

 

Figure 36. Examples of multiply group disconnection and one group disconnection 

 

In these examples, two group disconnection uses one step to simplify the target molecules while one 

group disconnection uses two steps, which is usually costlier. 

3.4 Use symmetric disconnection 

Try to use symmetric disconnection because each more than one disconnection can occur in one step, 

so it can reduce the steps and increase the efficiency as shown in Figure 37. 

 

Figure 37. An example of using symmetric disconnection 

 

In this example, deal with two functional groups at the same time because of the symmetry. 

4. An example of retrosynthesis 

This is an example of retrosynthesis for a complex molecule with two potential retrosynthesis 

methods. The target molecule, 7-methyl-4,4a,5,6-tetrahydro-2(3H)-naphthalenone, as shown in 

Figure 38. 

 

Figure 38. The target molecule 7-methyl-4,4a,5,6-tetrahydro-2(3H)-naphthalenone 

 

The first method uses dehydration twice at first, then FGT and finally Michael Addition as shown in 

Figure 39: 

 

Figure 39. The first method 
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The second method uses dehydration once at first, then Michael Addition and dehydration again 

finally as shown in Figure 40: 

 

 

Figure 40. The second method 

 

It looks like the second method has less steps and is simpler. However, the first one is more practical 

and more efficient in reality. 

To be more specific, many H which attach with dotted C in Figure 41 have the similar pKa in the 

symmetric 5-acetylnonane-2,8-dione, so the side reactions are less likely to occur, thus the overall 

reaction has higher efficiency. 

 

Figure 41. 5-acetylnonane-2,8-dione 

 

Also, COOEt group in the ethyl acetoacetate can activate the specific H in this compound so it has a 

good regioselectivity and can react in a relatively mild condition. 

While in the second method, some H which attach with dotted C in Figure 42 have similar pKa in 

this unsymmetrical 3-methyl-2-cyclohexen-1-one, so it may form some undesirable side products, 

which will reduce the yield rate. 

 

Figure 42. 3-methy l-2-cyclohexen-1-one 

5. Conclusion 

This paper illustrates some basic strategies for retrosynthesis including dealing with functional groups, 

disconnection between carbons in different positions, some common useful reactions and some 

principles, which can help beginners to understand retrosynthesis better. However, in the real world, 

this knowledge is lacking to deal with more complex problems, which need to consider more details 

and more sophisticated knowledge. In the future, the author hopes that he can dig deeper into this 

field and improve it. 
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