










Name Reaction !!!!











Chemoselectivity : 
functional groups of the same type

Regioselectivity : 
position in a molecule

Stereoselectivity : 
stereoisomers – cis/trans, exo/endo, etc

Enantioselectivity : 
stereoisomers – absolute configuration

Specificity : 
complete selectivity - chemo-, regio-, stereo-







Linear synthesis :

Classifications of Synthesis -01

• The target compound is made through a series of linear transformation

Convergent synthesis :
• Individually made compounds are convergently brought together to make 
the target compound
• Convergent synthesis is applied in the synthesis of complex molecules 
and involve fragment coupling and independent synthesis

A → B → C → D 
Suppose the yield is 50% for each reaction, 
the overall yield of D is only 12.5% from A.

A → B (50%) 
C → D (50%) 

B + D → E (25%) 
Suppose the yield is 50% for each reaction, 

the overall yield of E (25%) looks much better.



Divergent synthesis :
Classifications of Synthesis -02

• A divergent synthesis is a strategy with the aim to improve the efficiency 
of chemical synthesis. 
• It is often an alternative to convergent synthesis or linear synthesis.
• In one strategy divergent synthesis aims to generate a library of chemical 
compounds by first reacting a molecule with a set of reactants. 
• This methodology quickly diverges to large numbers of new compounds



Combinatorial synthesis :
Classifications of Synthesis -03

• The characteristic of combinatorial synthesis is that different compounds 
are generated simultaneously under identical reaction conditions in a 
systematic manner, so that ideally the products of all possible combinations 
of a given set of starting materials (termed building blocks) will be obtained 
at once.



Retrosynthesis

The primary goal of retrosynthetic analysis is the 
reduction of structural complexity.

Molecular complexity

(1) Molecular size 
(2) Cyclic connectivity or topology 
(3) Element or functional group content 
(4) Stereocenter content/density 
(5) Centers of high chemical reactivity 
(6) Kinetic (thermal) instability.

Retrosynthesis analysis is a problem solving technique for transforming
the structure of synthetic target molecule (TM) to a sequence of
progressively simpler structures along the pathway which ultimately leads
to simple or commercially available starting materials for a chemical
synthesis. (E. J Corey)



Retrosynthesis
Retrosynthesis analysis is a problem solving technique for transforming
the structure of synthetic target molecule (TM) to a sequence of
progressively simpler structures along the pathway which ultimately leads
to simple or commercially available starting materials for a chemical
synthesis. (E. J Corey)

• Synthetic Strategies: Choosing the way along 
the retrosynthetic tree, synthetic planning.

• Synthetic Tactics: How a specific bond or set 
of bonds at a given site can be efficiently created.



Retrosynthesis



Vocabulary of Retrosynthesis

·  Functional Group Interconversion (FGI): the process of 
converting one functional group into another by substitution, addition, 
elimination, reduction, or oxidation.

·  Disconnection: the reverse operation to a synthetic reaction, the 
imagined cleavage of a bond

Retron – The minimal substructural element in a target structure 
which keys the direct application of a disconnection to 
generate a synthetic precursor. For instance, in Diels-
Alder reaction the retron, a minimal keying element, is 6-
membered ring with a π-bond:

Synthon – An idealised fragment, usually cation or anion, resulting from 
a disconnection. May or may not be an intermediate in the 
corresponding reaction.

Reagent – compound used in practice for a synthon.



Synthetic Strategies

1. Transform-based strategies: 

2. Structure-goal strategies: 

Categorized by Corey

3. Topological strategies: 

4. Stereochemical strategies: 

5. Functional group-based strategies:

• the concurrent use of as many of these independent strategies as possible. 
• Such parallel application of several strategies not only speeds and simplifies 

the analysis of a problem, but provide superior solutions.



Two main Synthetic Strategies -01

1. Transform-based strategies: 
• long range search or look-ahead to apply a powerfully simplifying 

transform (or a tactical combination of simplifying transforms to a TGT) 
with certain appropriate keying features. 

• The retron required for application of a powerful transform may not be 
present in a complex TGT and a number of antithetic steps (subgoals) 
may be needed to establish it.



Two main Synthetic Strategies -02

2. Structure-goal strategies: 
• directed at the structure of a potential intermediate or potential starting 

material. 
• Such a goal greatly narrows a retrosynthetic search and allows the 

application of bidirectional search techniques.



Synthetic Strategies -other

3. Topological strategies:

4. Stereochemical strategies:

Recognize strategic bonds and remove them in retrosynthetic direction

Strategies which remove the stereocenters



Synthetic Strategies -other

5. Functional group-based strategies:

•Functional group interconversion (FGI)
•Functional group combination (FGC)
•Functional group addition (FGA)

FGA

·  Functional Group Interconversion (FGI): the process of 
converting one functional group into another by substitution, addition, 
elimination, reduction, or oxidation.

FGC



Design and Execution of a Synthesis

1. Selection of a problem
2. Selection of goals to be achieved through synthesis
3. Simplification
4. Generation of synthetic pathways
5. Evaluation of synthetic pathways  assignment of merit
6. Selection of specific reactions and reagents for each step
7. Selection of specific reaction conditions and design of experiments
8. Execution and analysis of results

Steps in Design and Execution of a Synthesis

Retrosynthesis



Design and Execution of a Synthesis

1. Selection of a problem

- One of the most important considerations.
- Should be the first consideration, independent of all others. This 

assures that it is a problem that you want to address.
- Recognize the time and effort involved in the actual conduct of the 

synthesis.
- This will depend on the setting, circumstances and interests of the 

individual.



Design and Execution of a Synthesis

2. Selection of goals



Design and Execution of a Synthesis
3. Simplification and Background Chemistry

a. Recognition of symmetry elements present in a structure.



Design and Execution of a Synthesis
3. Simplification and Background Chemistry

b. Background Chemistry
Information available in the literature will provide very important insights
required to effectively design a synthesis.



Design and Execution of a Synthesis
3. Simplification and Background Chemistry

c. Recognize and Remove Reactive Functionality
Another key to simplification derived from background chemistry



Design and Execution of a Synthesis
3. Generation of Synthetic Pathways



Design and Execution of a Synthesis

5. Evaluation of Pathways and Assignment of Merit

a. excellent knowledge of organic chemistry
b. suspect reactions must be recognized - one poor step can ruin the synthesis
c. control of stereochemistry is clear
d. want opportunity for alternatives - reactions that look good on paper aren't 

always successful in lab

6. Selection of Specific Reactions and Reagents

a. this also requires an excellent knowledge of organic chemistry
b. check the literature for alternative reagents - it is wiser to change reagents 

than to change the entire synthesis if problems arise
c. many reference texts are available



Design and Execution of a Synthesis

7. Selection of Reaction Conditions

a. reaction temperature
b. solvent
c. knowledge of reaction mechanism
d. consult current and background literature

8. Execution of the synthesis - most difficult and time 
consuming element of work

a. easy: setting up and conducting the reaction
b. difficult: interpreting the results from the reaction



Guidelines for synthetic planning

1. Use disconnections corresponding to known reliable reactions with the highest yields.
2. Disconnect C-C bond according to the FGs present in the molecule, take into account 

and exploit the relationship between the FGs. Correlate synthons with appropriate 
synthetic equivalents.

3. Employ Functional Group Interconversions (FGI), including Functional Group 
Removal (FGR), as necessary to get useful FGs, use Functional Group Addition (FGA) 
to install a required FG.

4. Aim for simplification:
·  disconnect C-X bonds,                                       ·  disconnect rings from chains,
·  use symmetry,                                                    ·  disconnect at a branch point,
·  separate into equal sized pieces,                        ·  use rearrangements.

5. Try to find a key disconnection that would bring a considerable simplification to the
structure or reveal simple starting materials.
6. Whenever possible, plan a convergent synthesis.

Retrosynthetic analysis:



Guidelines for synthetic planning

1. Write the synthetic sequence, including reagents.
2. Check for mutually incompatible FGs.
3. Check compatibility between FGs and reagents.
4. Take into account problems of regioselectivity and chemoselectivity.
5. Use protecting groups to resolve these problems.
6. Make sure you make the right TM: check for length of carbon chain, 

size of rings, position of substituents, nature and position of FGs, 
removal of protecting groups.

Synthesis:

General note: retrosynthetic analysis is a problem solving technique that
require a broad knowledge of various synthetic methodologies, so integrate
all the material acquired from different courses.



Disconnections















Functional Group Interconversion (FGI)



Functional Group Interconversion (FGI)



Functional Group Interconversion (FGI)



Functional Group Interconversion (FGI)



Functional Group Interconversion (FGI)



Functional Group Interconversion (FGI)



Functional Group Interconversion (FGI)

1. Many functional groups, especially on the same level of 
oxidation, can be considered as synthetically equivalent so 
their retrosynthetic interconversions can be planned.

2. As any functional group can be removed, retrosynthetically we 
can put a functional group in any position of alkane or 
cycloalkane chain and that would allow assembly of a given C-
C fragment. Unfortunately, reverse is not achievable as yet.



Disconnections according to FGs

2-Group disconnections: 
unnatural reactivity patterns and other strategies

2.1. Synthetic strategies for 1,2-difunctionalysed compounds

2.2. Functional group interconversion: amine synthesis

2.3. Synthetic strategies for 1,4-difunctionalised compounds

2.4. Synthetic approaches to cyclic systems

2.5. Reconnection strategies

Disconnection of molecules according to the present FGs in the molecule:

1.1. C-C bond with no functional group present:

1.2. One-group disconnections based on normal carbonyl reactivity.

1.3. Two-group disconnections based on normal carbonyl reactivity.



1.1. C-C bond with no functional group present:

Disconnection of molecules 
according to the present FGs in the molecule:



Disconnection of molecules 
according to the present FGs in the molecule:

1.2. One-group disconnections based on normal carbonyl reactivity.

Synthetic planning should show an analysis of the problem followed by synthetic solution.



Disconnection of molecules 
according to the present FGs in the molecule:

1.2. One-group disconnections based on normal carbonyl reactivity.



Disconnection of molecules 
according to the present FGs in the molecule:

R1

X

Y
R1

X

R2

Y

R1

X

Y
R2 R2 R1

X
R2

1,1 1,2 1,3 1,4

Y

1,x-difunctionalysed compounds



Disconnection of molecules 
according to the present FGs in the molecule:

1.3. Two-group disconnections based on normal carbonyl reactivity.



Disconnection of molecules 
according to the present FGs in the molecule:

1.3. Two-group disconnections based on normal carbonyl reactivity.



Disconnection of molecules 
according to the present FGs in the molecule:

1.3. Two-group disconnections based on normal carbonyl reactivity.

Examples of retrosynthetic disconnections.



2-Group disconnections: unnatural reactivity patterns

2.1. Synthetic strategies for 1,2-difunctionalysed compounds

2.2. Functional group interconversion: amine synthesis

2.3. Synthetic strategies for 1,4-difunctionalised compounds

2.4. Synthetic approaches to cyclic systems

2.5. Reconnection strategies

Disconnection of molecules 
according to the present FGs in the molecule:



2-Group disconnections: unnatural reactivity patterns

2.1. Synthetic strategies for 1,2-difunctionalysed compounds

Disconnection of molecules 
according to the present FGs in the molecule:



2-Group disconnections: unnatural reactivity patterns

2.1. Synthetic strategies for 1,2-difunctionalysed compounds

Disconnection of molecules 
according to the present FGs in the molecule:



2-Group disconnections: unnatural reactivity patterns

2.1. Synthetic strategies for 1,2-difunctionalysed compounds

Disconnection of molecules 
according to the present FGs in the molecule:

2.1.1. Use of available starting materials



2-Group disconnections: unnatural reactivity patterns

2.1. Synthetic strategies for 1,2-difunctionalysed compounds

Disconnection of molecules 
according to the present FGs in the molecule:

2.1.2. Difuctionalisation of alkenes and opening of epoxides



2-Group disconnections: unnatural reactivity patterns

2.1. Synthetic strategies for 1,2-difunctionalysed compounds

Disconnection of molecules 
according to the present FGs in the molecule:

2.1.3. -Functionalisation of carbonyl compounds



2.1.3. -Functionalisation of carbonyl compounds



2-Group disconnections: unnatural reactivity patterns

2.1. Synthetic strategies for 1,2-difunctionalysed compounds

Disconnection of molecules 
according to the present FGs in the molecule:

2.1.4. Radical coupling



2.1.4. Radical coupling



2-Group disconnections: unnatural reactivity patterns

2.1. Synthetic strategies for 1,2-difunctionalysed compounds

Disconnection of molecules 
according to the present FGs in the molecule:

2.1.5. Umpolung strategies



2.1.5. Umpolung strategies

Strategies 3.1.5.2 and 3.1.5.3 are based on replacing the carbonyl oxygen with an 
anion stabilising groups:



2.1.5. Umpolung strategies



2.1.5. Umpolung strategies



2.1.5. Umpolung strategies



2.1.5. Umpolung strategies



2.1.5. Umpolung strategies



2.1.5. Umpolung strategies



2-Group disconnections: unnatural reactivity patterns
2.2. Functional group interconversion: amine synthesis

Disconnection of molecules 
according to the present FGs in the molecule:



2.2. Functional group interconversion: amine synthesis



2.2. Functional group interconversion: amine synthesis



2-Group disconnections: unnatural reactivity patterns
2.3. Synthetic strategies for 1,4-difunctionalised compounds

Disconnection of molecules 
according to the present FGs in the molecule:

2.3.1. Acyl equivalent + Michael acceptor
2.3.2. Homoenolate + electrophilic carbonyl
2.3.3. Additional umpolung strategies

2.3.4. Functional group addition



2-Group disconnections: unnatural reactivity patterns
2.3. Synthetic strategies for 1,4-difunctionalised compounds

Disconnection of molecules 
according to the present FGs in the molecule:

Approaches the synthesis of 1,4-difunctionalised compounds share a lot of common 
features with methods of preparation of 1,2-analogues discussed in the part 2.1.

•There are a few commercially available derivatives
•In this case the strategies are mainly based on disconnection between the FGs.



2-Group disconnections: unnatural reactivity patterns
2.3. Synthetic strategies for 1,4-difunctionalised compounds

Disconnection of molecules 
according to the present FGs in the molecule:

2.3.1. Acyl equivalent + Michael acceptor

1. This approach is closely related to the synthesis of 1,5-dicarbonyl derivatives via 
addition of enolates to ,-unsaturated carbonyl compounds. 

2. However this time, acyl-anion synthons are employed as nucleophiles. 
3. A selection of such reagents has been discussed in the section 2.1.5. Umpolung 

Strategies.



2.3.1. Acyl equivalent + Michael acceptor



2-Group disconnections: unnatural reactivity patterns
2.3. Synthetic strategies for 1,4-difunctionalised compounds

Disconnection of molecules 
according to the present FGs in the molecule:

2.3.2. Homoenolate + electrophilic carbonyl



2.3.2. Homoenolate + electrophilic carbonyl



2-Group disconnections: unnatural reactivity patterns
2.3. Synthetic strategies for 1,4-difunctionalised compounds

Disconnection of molecules 
according to the present FGs in the molecule:

2.3.3. Additional umpolung strategies

2.3.3.1. Enolate + -functionalised carbonyl compound

2.3.3.2. Enolate + ,-unsaturated nitrocompound (Michael-type acceptors)

2.3.3.3. Epoxide based transformations



2.3.3. Additional umpolung strategies

2.3.3.1. Enolate + -functionalised carbonyl compound



2.3.3. Additional umpolung strategies

2.3.3.2. Enolate + ,-unsaturated nitrocompound (Michael-type acceptors)



2.3.3. Additional umpolung strategies

2.3.3.2. Enolate + ,-unsaturated nitrocompound (Michael-type acceptors)



2.3.3. Additional umpolung strategies

2.3.3.2. Epoxide based transformations



2.3.3. Additional umpolung strategies

2.3.3.2. Epoxide based transformations



2-Group disconnections: unnatural reactivity patterns
2.3. Synthetic strategies for 1,4-difunctionalised compounds

Disconnection of molecules 
according to the present FGs in the molecule:

2.3.4. Functional group addition

Retrosynthetic technique of introducing a required functional group to 
facilitate a certain chemical transformation



2.3.4. Functional group addition



2.3.4. Functional group addition

Functional Group Addition (FGA) strategy employed in the example above to 
facilitate the construction of the required structural arrangement can be further 
extended to retrosynthetic analysis of target molecules with few or no functional 
groups. FGA is a retrosynthetic technique, the corresponding synthetic 
procedure is functional group removal.



2-Group disconnections: unnatural reactivity patterns
2.4. Synthetic approaches to cyclic systems

Disconnection of molecules 
according to the present FGs in the molecule:

2.4.1. Cycloaddition
2.4.2. Conventional methods of acyclic chemistry
2.4.3. Other methods



2-Group disconnections: unnatural reactivity patterns
2.4. Synthetic approaches to cyclic systems

Disconnection of molecules 
according to the present FGs in the molecule:

2.4.1. Cycloaddition



2-Group disconnections: unnatural reactivity patterns
2.4. Synthetic approaches to cyclic systems

Disconnection of molecules 
according to the present FGs in the molecule:

2.4.2. Conventional methods of acyclic chemistry

For the construction of ring systems a set of conventional disconnections can 
be considered, including intramolecular SN2, Robinson annulation, aldol, 
Dieckmann, etc.

Intramolecular reactions are usually favoured kinetically over intermolecular 
reactions.

•This factor is greatest for 3- and 5-membered ring formation, and to lesser extent 
for 6- and 7- membered cycles. 
•On the other hand, thermodinamic factors strongly favour formation of 6-
membered rings. 
•Taking both kinetic and thermodinamic factors into account, 5-,6- and 7- membered 
rings are easy to make, 3-membered rings are also easy to make but often break 
down under the conditions of their formation, while 4-membered rings are very 
difficult to make and require different synthetic approaches.



2-Group disconnections: unnatural reactivity patterns
2.4. Synthetic approaches to cyclic systems

Disconnection of molecules 
according to the present FGs in the molecule:

2.4.2. Conventional methods of acyclic chemistry



2-Group disconnections: unnatural reactivity patterns
2.4. Synthetic approaches to cyclic systems

Disconnection of molecules 
according to the present FGs in the molecule:

2.4.3. Other methods



2-Group disconnections: unnatural reactivity patterns

2.5. Reconnection strategies 

Disconnection of molecules 
according to the present FGs in the molecule:

2.5.3. Beckmann and related rearrangements

2.5.2. Baeyer-Villiger rearrangement

2.5.1. Ozonolysis of cycloalkenes

In retrosynthetic analysis, open chain 1,6-difunctionalised compounds 
can be linked to appropriate cyclic precursors. 
In this case, the term “disconnection” is applied to reconnection 
strategies, which can also be used to make compounds with two 
functional groups related to each other as 1,5-, 1,7- and others.



2-Group disconnections: unnatural reactivity patterns

2.5. Reconnection strategies 

Disconnection of molecules 
according to the present FGs in the molecule:

2.5.1. Ozonolysis of cycloalkenes

Functional groups with 1,6-relationship are too far apart for any conventional 
disconnection strategies. 
However, it is known that ozonolysis of cyclohexene creates two functional groups which 
are exactly 1,6-related. 



2-Group disconnections: unnatural reactivity patterns

2.5. Reconnection strategies 

Disconnection of molecules 
according to the present FGs in the molecule:

2.5.2. Baeyer-Villiger rearrangement

The reaction is regioselective. 
Migration order: 3 > 2 ~ Ar >1. 



2-Group disconnections: unnatural reactivity patterns

2.5. Reconnection strategies 

Disconnection of molecules 
according to the present FGs in the molecule:

2.5.3. Beckmann and related rearrangements

the group positioned anti to 
oxime is migrating.



2-Group disconnections: unnatural reactivity patterns

2.5. Reconnection strategies 

Disconnection of molecules 
according to the present FGs in the molecule:



2-Group disconnections: unnatural reactivity patterns

2.5. Reconnection strategies 

Disconnection of molecules 
according to the present FGs in the molecule:


