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UNIT I 

 
Aliphatic nucleophilic substitution – mechanisms – SN1, SN2, SNi – ion-pair in SN1 

mechanisms – neighbouring group participation, non-classical carbocations – substitutions 

at allylic and vinylic carbons. 

Reactivity – effect of structure, nucleophile, leaving group and stereochemical factors – 

correlation of structure with reactivity – solvent effects – rearrangements involving 

carbocations – Wagner-Meerwein and dienone-phenol rearrangements. 

Aromatic nucleophilic substitutions – SN1, SNAr, Benzyne mechanism – reactivity 

orientation – Ullmann, Sandmeyer and Chichibabin reaction – rearrangements involving 

nucleophilic substitution – Stevens – Sommelet Hauser and von-Richter rearrangements. . 

 

NUCLEOPHILIC SUBSTITUTION 

 
Mechanism of Aliphatic Nucleophilic Substitution. Aliphatic nucleophilic substitution clearly 

involves the donation of a lone pair from the nucleophile to the tetrahedral, electrophilic carbon 

bonded to a halogen. For that reason, it attracts to nucleophile 

 

In organic chemistry and inorganic chemistry, nucleophilic substitution is a fundamental class 

of reactions in which a leaving group(nucleophile) is replaced by an electron rich 

compound(nucleophile). The whole molecular entity of which the electrophile and the leaving 

group are part is usually called the substrate. The nucleophile essentially attempts to replace the 

leaving group as the primary substituent in the reaction itself, as a part of another molecule. 

The most general form of the reaction may be given as the following: 

Nuc: + R-LG → R-Nuc + LG: 
 

The electron pair (:) from the nucleophile(Nuc) attacks the substrate (R-LG) forming a new 

https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Inorganic_chemistry
https://en.wikipedia.org/wiki/Substrate_(chemistry)
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Saturated carbon centres 

bond, while the leaving group (LG) departs with an electron pair. The principal product in this 

case is R-Nuc. The nucleophile may be electrically neutral or negatively charged, whereas the 

substrate is typically neutral or positively charged. 

An example of nucleophilic substitution is the hydrolysis of an alkyl bromide, R-Br, under basic 

conditions, where the attacking nucleophile is the OH− and the leaving group is Br−. 

R-Br + OH−  → R-OH + Br−
 

 

Nucleophilic substitution reactions are commonplace in organic chemistry, and they can be 

broadly  categorised  as   taking   place   at   a saturated aliphatic carbon   or   at   (less   often)   

an aromatic or other unsaturated carbon centre. 

SN1 and SN2 reactions 

 
 

 A graph showing the relative reactivities of the different alkyl halides towards SN1 and SN2   

 reactions  

In 1935, Edward D. Hughes and Sir Christopher Ingold studied nucleophilic substitution 

reactions of alkyl halides and related compounds. They proposed that there were two main 

mechanisms at work, both of them competing with each other. The two main mechanisms are 

https://en.wikipedia.org/wiki/Hydrolysis
https://en.wikipedia.org/wiki/Alkyl
https://en.wikipedia.org/wiki/Bromide
https://en.wikipedia.org/wiki/Alkyl
https://en.wikipedia.org/wiki/Hydroxyl
https://en.wikipedia.org/wiki/Leaving_group
https://en.wikipedia.org/wiki/Bromide
https://en.wikipedia.org/wiki/Saturated_and_unsaturated_compounds
https://en.wikipedia.org/wiki/Aliphatic
https://en.wikipedia.org/wiki/Aromatic
https://en.wikipedia.org/w/index.php?title=Edward_D._Hughes&action=edit&redlink=1
https://en.wikipedia.org/wiki/Christopher_Kelk_Ingold
https://en.wikipedia.org/wiki/Alkyl_halide
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the SN1 reaction and the SN2 reaction. S stands for chemical substitution, N stands for 

nucleophilic, and the number represents the kinetic order of the reaction. In the SN2 reaction, the 

addition of the nucleophile and the elimination of  leaving  group  take place  simultaneously  

(i.e. concerted reaction). SN2 occurs where the central carbon atom is easily accessible to the 

nucleophile. 

 

Nucleophilic substitution at carbon 
 

 
 

SN2 MECHANISM 

 

 

the nucleophile bonds to make the product. In SN2 reactions, there are a few conditions that 

affect the rate of the reaction. First of all, the 2 in SN2 implies that there are two concentrations 

of substances that affect the rate of reaction: substrate and nucleophile. The rate equation for this 

reaction would be Rate=k[Sub][Nuc]. For a SN2 reaction, an aprotic solvent is best, such as 

acetone, DMF, or DMSO. Aprotic solvents do not add protons (H+) ions into solution; if protons 

were present in SN2 reactions, they would react with the nucleophile and severely limit the 

reaction rate. Since this reaction occurs in one step, steric effects drive the reaction speed. In the 

intermediate step, the nucleophile is 180 degrees from the leaving group and the stereochemistry 

is inverted as Also, because the intermediate is partially bonded to the nucleophile and leaving 

group, there is no time for the substrate to rearrange itself: the nucleophile will bond to the same 

carbon that the leaving group was attached to. A final factor that affects reaction rate is 

nucleophilicity; the nucleophile must attack an atom other than a hydrogen. 

By contrast the SN1 reaction involves two steps. SN1 reactions tend to be important when the 

central carbon atom of the substrate is surrounded by bulky groups, both because such groups 

interfere sterically with the SN2 reaction (discussed above) and because a highly substituted 

carbon forms a stable carbocation. 

https://en.wikipedia.org/wiki/SN1_reaction
https://en.wikipedia.org/wiki/SN2_reaction
https://en.wikipedia.org/wiki/Order_(chemistry)
https://en.wikipedia.org/wiki/Concerted_reaction
https://en.wikipedia.org/wiki/Protic_solvent
https://en.wikipedia.org/wiki/Steric_effects
https://en.wikipedia.org/wiki/Carbocation


4 
 

Nucleophilic substitution at carbon 
 

 

SN1 mechanism 

 
 

Like SN2 reactions, there are quite a few factors that affect the reaction rate of SN1 reactions. 

Instead of having two concentrations that affect the reaction rate, there is only one, substrate. The 

rate equation for this would be Rate=k[Sub]. Since the rate of a reaction is only determined by its 

slowest step, the rate at which the leaving group "leaves" determines the speed of the reaction. 

This means that the better the leaving group, the faster the reaction rate. A general rule for what 

makes a good leaving group is the weaker the conjugate base, the better the leaving group. In this 

case, halogens are going to be the best leaving groups, while compounds such as amines, 

hydrogen, and alkanes are going to be quite poor leaving groups. As SN2 reactions were affected 

by sterics, SN1 reactions are determined by bulky groups attached to the carbocation. Since there 

is an intermediate that actually contains a positive charge, bulky groups attached are going to 

help stabilize the charge on the carbocation through resonance and distribution of charge. In this 

case, tertiary carbocation will react faster than a secondary which will react much faster than a 

primary. It is also due to this carbocation intermediate that the product does not have to have 

inversion. The nucleophile can attack from the top or the bottom and therefore create a racemic 

product. It is important to use a protic solvent, water and alcohols, since an aprotic solvent could 

attack the intermediate and cause unwanted product. It does not matter if the hydrogens from the 

protic solvent react with the nucleophile since the nucleophile is not involved in the rate 

determining step. 

https://en.wikipedia.org/wiki/SN1
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Table 1. Nucleophilic substitutions on RX (an alkyl halide or equivalent) 

 

Factor 

 

SN1 

 

SN2 

 

Comments 

 

 
Kinetics 

 
Rate = k[RX] 

 

Rate = 

k[RX][Nuc] 

  

 

 
Primary alkyl 

 
 

Never unless additional 

stabilising groups present 

 

Good unless a 

hindered 

nucleophile is 

used 

  

 
Secondary alkyl 

 
Moderate 

 
Moderate 

 

 

 

 
Tertiary alkyl 

 

 

 
Excellent 

 

 

 
Never 

 

Elimination 
 

likely if 

heated or if 

strong base 

used 

 
 

Leaving group 

 
 

Important 

 
 

Important 

 

For halogens, 

I > Br > Cl 

>> F 

 

Nucleophilicity 

 

Unimportant 

 

Important 

 

 
Preferred solvent 

 
Polar protic 

 
Polar aprotic 

 

 
 

Stereochemistry 

 

Racemisation 
 

(+ partial inversion possible) 

 
 

Inversion 

 

https://en.wikipedia.org/wiki/SN1_reaction
https://en.wikipedia.org/wiki/SN2_reaction
https://en.wikipedia.org/wiki/Chemical_kinetics
https://en.wikipedia.org/wiki/Primary_alkyl
https://en.wikipedia.org/wiki/Secondary_alkyl
https://en.wikipedia.org/wiki/Tertiary_alkyl
https://en.wikipedia.org/wiki/Elimination_reaction
https://en.wikipedia.org/wiki/Leaving_group
https://en.wikipedia.org/wiki/Nucleophilicity
https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Chemical_polarity
https://en.wikipedia.org/wiki/Protic
https://en.wikipedia.org/wiki/Aprotic
https://en.wikipedia.org/wiki/Stereochemistry
https://en.wikipedia.org/wiki/Racemisation
https://en.wikipedia.org/wiki/Stereochemistry
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Rearrangements 

 

Common 

 

Rare 

 

Side reaction 

 

 
 

Eliminations 

 
Common, especially with 

basic nucleophiles 

 

Only with heat 

& basic 

nucleophiles 

 
Side reaction 

esp. if heated 

 
 

There are many reactions in organic chemistry involve this type of mechanism. Common 

examples include: 

 

Organic reductions with hydrides, 

 

for example 

 
 

R-X → R-H using LiAlH4 (SN2) 

Hydrolysis reactions such as 

R-Br + OH− → R-OH + Br− (SN2) 

 
(or) 

 
R-Br + H2O → R-OH + HBr (SN1) 

 
 

Williamson ether synthesis 

 
R-Br + OR'− → R-OR' + Br− (SN2) 

 

The Wenker synthesis, a ring-closing reaction of aminoalcohols. 

 

The Finkelstein  reaction,  a  halide  exchange  reaction.  Phosphorus  nucleophiles  appear   in 

the Perkow reaction and the Michaelis–Arbuzov reaction. 

 

The Kolbe nitrile synthesis, the reaction of alkyl halides with cyanides. 

 

An example of a substitution reaction taking place by a so-called borderline mechanism as 

originally studied by Hughes and Ingold is the reaction of 1-phenylethyl chloride with sodium 

methoxide in methanol. 

https://en.wikipedia.org/wiki/Carbocation_rearrangement
https://en.wikipedia.org/wiki/Elimination_reaction
https://en.wikipedia.org/wiki/Organic_reduction
https://en.wikipedia.org/wiki/Hydride
https://en.wikipedia.org/wiki/Alkyl_halide
https://en.wikipedia.org/wiki/Alkane
https://en.wikipedia.org/wiki/Lithium_aluminium_hydride
https://en.wikipedia.org/wiki/Lithium_aluminium_hydride
https://en.wikipedia.org/wiki/Hydrolysis
https://en.wikipedia.org/wiki/Hydrolysis
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Bromide
https://en.wikipedia.org/wiki/Hydrobromic_acid
https://en.wikipedia.org/wiki/Williamson_ether_synthesis
https://en.wikipedia.org/wiki/Alkoxide
https://en.wikipedia.org/wiki/Ether
https://en.wikipedia.org/wiki/Wenker_synthesis
https://en.wikipedia.org/wiki/Finkelstein_reaction
https://en.wikipedia.org/wiki/Perkow_reaction
https://en.wikipedia.org/wiki/Michaelis%E2%80%93Arbuzov_reaction
https://en.wikipedia.org/wiki/Kolbe_nitrile_synthesis
https://en.wikipedia.org/wiki/Sodium_methoxide
https://en.wikipedia.org/wiki/Sodium_methoxide
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The reaction rate is found to the sum of SN1 and SN2 components with 61% (3,5 M, 70 °C) 

taking place by the latter. 

 

Other mechanisms 

 
Besides  SN1  and  SN2,  other  mechanisms  are  known,  although  they  are  less  common.   

The SNi mechanism is observed in reactions of thionyl chloride with alcohols, and it is similar to 

SN1 except that the nucleophile is delivered from the same side as the leaving group. 

Nucleophilic substitutions can be accompanied by an allylic rearrangement as seen in reactions 

such as the Ferrier rearrangement. This type of mechanism is called an SN1' or SN2' reaction 

(depending on the kinetics). With allylic halides or sulphonates, for example, the nucleophile 

may attack at the γ unsaturated carbon in place of the carbon bearing the leaving group. This may 

be seen in the reaction of 1-chloro-2-butene with sodium hydroxide to give a mixture of 2-buten- 

1-ol and 1-buten-3-ol: 

CH3CH=CH-CH2-Cl → CH3CH=CH-CH2-OH + CH3CH(OH)-CH=CH2 

 
The Sn1CB mechanism appears in inorganic chemistry. Competing mechanisms exist. 

In organometallic chemistry the nucleophilic abstraction reaction occurs with a nucleophilic 

substitution mechanism. 

 

 
UNSATURATED CARBON ATOMS 

 

Nucleophilic substitution via the SN1 or SN2 mechanism does not generally occur with vinyl or 

aryl halides or related compounds. Under certain conditions nucleophilic substitutions may 

occur, via other mechanisms such  as  those  described  in  the nucleophilic  aromatic  

substitution article. 

https://en.wikipedia.org/wiki/Reaction_rate
https://en.wikipedia.org/wiki/SNi
https://en.wikipedia.org/wiki/Thionyl_chloride
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Allylic_rearrangement
https://en.wikipedia.org/wiki/Ferrier_rearrangement
https://en.wikipedia.org/wiki/Allyl
https://en.wikipedia.org/wiki/Sodium_hydroxide
https://en.wikipedia.org/wiki/Sn1CB_mechanism
https://en.wikipedia.org/wiki/Inorganic_chemistry
https://en.wikipedia.org/wiki/Organometallic_chemistry
https://en.wikipedia.org/wiki/Nucleophilic_abstraction
https://en.wikipedia.org/wiki/Nucleophilic_aromatic_substitution
https://en.wikipedia.org/wiki/Nucleophilic_aromatic_substitution
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When the substitution occurs at the carbonyl group, the acyl group may undergo nucleophilic 

acyl substitution. This is the normal mode of substitution with carboxylic acid derivatives such 

as acyl chlorides, esters and amides. 

 
SNi 

 

Ion pair mechanism 

The ion-pair mechanism can perhaps best be approached by considering the process of 

ionization and dissociation of a substrate RX. This can be considered a stepwise process of 

ionization to a contact or intimate ion pair within a solvation sheath or cage followed by 

separation of the two ions, R+ and X-. 

 
 

SNi or Substitution  Nucleophilic  internal  stands  for  a  specific  but   not   often   

encountered nucleophilic aliphatic substitution reaction mechanism. The name was introduced 

by Cowdrey et al. in 1937 to label nucleophilic reactions which occur with retention of 

configuration,[1] but later was employed to describe various reactions that proceed with similar 

mechanism. 

A       typical       representative organic       reaction displaying       this       mechanism        is  

the chlorination of alcohols with thionyl chloride, or the decomposition of alkyl chloroformates, 

the main feature is retention of stereochemical configuration. Some examples for this reaction 

were reported by Edward S. Lewis and Charles E. Boozer in 1952. Mechanistic and kinetic 

studies were reported few years later by various researchers. 

Thionyl chloride first reacts with the alcohol to form an alkyl chloro sulfite, actually forming    

an intimate ion pair. The second step is the concerted loss of a sulfur dioxide molecule and its 

replacement by the chloride, which was attached to the sulphite group. The difference between 

SN1 and SNi is actually that the ion pair is not completely dissociated, and therefore no real 

carbocation is formed, which else would lead to a racemisation. 

This reaction type is linked to many forms of neighbouring group participation, for instance the 

reaction  of  the sulfur or nitrogen lone  pair in sulfur   mustard or nitrogen   mustard to   form  

the cationic intermediate. 

https://en.wikipedia.org/wiki/Carbonyl
https://en.wikipedia.org/wiki/Acyl
https://en.wikipedia.org/wiki/Nucleophilic_acyl_substitution
https://en.wikipedia.org/wiki/Nucleophilic_acyl_substitution
https://en.wikipedia.org/wiki/Carboxylic_acid
https://en.wikipedia.org/wiki/Acyl_chloride
https://en.wikipedia.org/wiki/Ester
https://en.wikipedia.org/wiki/Amide
https://en.wikipedia.org/wiki/Nucleophilic_aliphatic_Substitution
https://en.wikipedia.org/wiki/Reaction_mechanism
https://en.wikipedia.org/wiki/SNi#cite_note-1
https://en.wikipedia.org/wiki/Organic_reaction
https://en.wikipedia.org/wiki/Chlorination_reaction
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Thionyl_chloride
https://en.wikipedia.org/wiki/Sulfite
https://en.wikipedia.org/wiki/Intimate_ion_pair
https://en.wikipedia.org/wiki/Sulfur_dioxide
https://en.wikipedia.org/wiki/Neighbouring_group_participation
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Lone_pair
https://en.wikipedia.org/wiki/Sulfur_mustard
https://en.wikipedia.org/wiki/Nitrogen_mustard
https://en.wikipedia.org/wiki/Cation
https://en.wikipedia.org/wiki/Reactive_intermediate
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This reaction mechanism is supported by the observation that addition of pyridine to the reaction 

leads to inversion. The reasoning behind this finding is that pyridine reacts with the intermediate 

sulfite replacing chlorine. The dislodged chlorine has to resort to nucleophilic attack from the 

rear as in a regular nucleophilic substitution. 

In the complete picture  for  this  reaction  the  sulfite  reacts  with  a  chlorine  ion  in  a  

standard SN2 reaction    with inversion of    configuration.     When     the     solvent     is     also  

a nucleophile such as dioxane two successive SN2 reactions take place and the stereochemistry is 

again retention. With standard SN1 reaction conditions the reaction outcome is retention via a 

competing SNi mechanism  and  not  racemization  and  with  pyridine  added  the  result  is  

again inversion. 

 

 

 

 

 

https://en.wikipedia.org/wiki/Pyridine
https://en.wikipedia.org/wiki/Walden_inversion
https://en.wikipedia.org/wiki/SN2_reaction
https://en.wikipedia.org/wiki/Nucleophile
https://en.wikipedia.org/wiki/Dioxane
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NEIGHBOURING GROUP PARTICIPATION 

 

Neighbouring Group Participation (NGP) is observed in nucleophilic substitution reactions, 

where a neighbouring group helps in the removal of the leaving group to form a reactive 

intermediate that leads to the formation of the product. ... This is called anchimeric assistance 

from the neighbouring group. 

Neighbouring group participation (NGP) (also known as anchimeric assistance) in organic 

chemistry has been defined by IUPAC as the interaction of a reaction centre with a lone pair of 

electrons in an atom or the electrons present in a sigma bond or pi bond contained within the 

parent molecule but not conjugated with the reaction centre. When NGP is in operation it is 

normal for the reaction rate to be increased. It is also possible for the stereochemistry of the 

reaction to be abnormal (or unexpected) when compared with a normal reaction. While it is 

possible for neighbouring groups to influence many reactions in organic chemistry (e.g. the 

reaction of a diene such as 1,3-cyclohexadiene with maleic anhydride normally gives the endo 

isomer because of a secondary effect {overlap of the carbonyl group π orbitals with the transition 

state in the Diels-Alder reaction}) this page is limited  to  neighbouring  group  effects  seen  

with carbocations and SN2 reactions. 

 

NGP by heteroatom lone pairs 

A classic example of NGP is the reaction of a sulfur or nitrogen mustard with a nucleophile, the 

rate of reaction is much higher for the sulfur mustard and a nucleophile than it would be for a 

primary alkyl chloride without a heteroatom. 
 

 

 

Ph-S-CH2-CH2-Cl reacts with water 600 times faster than CH3-CH2-CH2-Cl 

https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/IUPAC
https://en.wikipedia.org/wiki/Lone_pair
https://en.wikipedia.org/wiki/Sigma_bond
https://en.wikipedia.org/wiki/Pi_bond
https://en.wikipedia.org/wiki/Conjugated_system
https://en.wikipedia.org/wiki/Reaction_rate
https://en.wikipedia.org/wiki/Stereochemistry
https://en.wikipedia.org/wiki/Diene
https://en.wikipedia.org/wiki/Maleic_anhydride
https://en.wikipedia.org/wiki/Endo_isomer
https://en.wikipedia.org/wiki/Endo_isomer
https://en.wikipedia.org/wiki/Diels-Alder
https://en.wikipedia.org/wiki/Carbocation
https://en.wikipedia.org/wiki/Sulfur_mustard
https://en.wikipedia.org/wiki/Nitrogen_mustard
https://en.wikipedia.org/wiki/Nucleophile
https://en.wikipedia.org/wiki/Alkyl
https://en.wikipedia.org/wiki/Chloride
https://en.wikipedia.org/wiki/Heteroatom
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NGP by an alkene 
 

The π orbitals of an alkene can stabilize a transition state by helping to delocalize the positive 

charge  of  the carbocation.  For  instance  the unsaturated tosylate will  react  more   quickly 

(1011 times faster for aqueous solvolysis) with a nucleophile than the saturated tosylate. 

 

The carbocationic intermediate will be stabilized by resonance where the positive charge is 

spread over several atoms. In the diagram below this is shown. 

Here is a different view of the same intermediates. 

 

Even if the alkene is more remote from the reacting center the alkene can still act in this way. For 

instance in the following alkyl benzenesulfonate the alkene is able to delocalise the carbocation. 

Also the increase in the rate of the SN2 reaction of allyl bromide with a nucleophile compared 

with the reaction of n-propyl bromide is because the orbitals of the π bond overlap with those of 

the transition state. In the allyl system the alkene orbitals overlap with the orbitals of a SN2 

transition state. 

https://en.wikipedia.org/wiki/Alkene
https://en.wikipedia.org/wiki/Transition_state
https://en.wikipedia.org/wiki/Carbocation
https://en.wikipedia.org/wiki/Saturated_and_unsaturated_compounds
https://en.wikipedia.org/wiki/Tosylate
https://en.wikipedia.org/wiki/Resonance_effect
https://en.wikipedia.org/wiki/Alkyl
https://en.wikipedia.org/wiki/Delocalization
https://en.wikipedia.org/wiki/SN2_reaction
https://en.wikipedia.org/wiki/Allyl
https://en.wikipedia.org/wiki/Molecular_orbital
https://en.wikipedia.org/wiki/Transition_state
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NGP by a cyclopropane, cyclobutane or a homoallyl group 
 

Cyclopropylmethyl   chloride   is   reacted   with ethanol and water then    a    mixture    of    

48% cyclopropylmethyl alcohol, 47% cyclobutanol and 5% homoallyl alcohol (but-3-enol) is 

obtained. This is because the carbocationic intermediate is delocalised onto many different 

carbons through a reversible ring opening. 

 
 

 NGP by an aromatic ring  

In the case of a benzyl halide the reactivity is higher because the SN2 transition state enjoys a 

similar overlap effect to that in the allyl system. 

An aromatic ring can assist in the formation of a carbocationic intermediate called a phenonium 

ion by delocalising the positive charge. 

 

When the following tosylate reacts with acetic acid in solvolysis then rather than a simple SN2 

reaction forming B, a 48:48:4 mixture of A, B (which are  enantiomers)  and  C+D  was  

obtained [2] [3]. 

https://en.wikipedia.org/wiki/Ethanol
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Cyclopropane
https://en.wikipedia.org/wiki/Cyclobutane
https://en.wikipedia.org/w/index.php?title=Homoallyl&action=edit&redlink=1
https://en.wikipedia.org/wiki/Benzyl
https://en.wikipedia.org/wiki/Aromatic
https://en.wikipedia.org/wiki/Carbocation
https://en.wikipedia.org/wiki/Tosyl
https://en.wikipedia.org/wiki/Acetic_acid
https://en.wikipedia.org/wiki/Solvolysis
https://en.wikipedia.org/wiki/SN2
https://en.wikipedia.org/wiki/SN2
https://en.wikipedia.org/wiki/Neighbouring_group_participation#endnote_Cram1
https://en.wikipedia.org/wiki/Neighbouring_group_participation#endnote_Cram2


13 
 

 

The mechanism which forms A and B is shown below. 

 

 
 NGP by aliphatic C-C or C-H bonds  

Aliphatic C-C or C-H bonds can lead to charge delocalization if these bonds are close and 

antiperiplanar to the leaving group. Corresponding intermediates are referred to a nonclassical 

ions, with the 2-norbornyl system as the most well known case. 

Nonclassical carbocations 
 

Nonclassical carbocations are stabilized by charge delocalization from contributions of 

neighbouring C–C or C–H bonds, which can form bridged intermediates  or  transition  

states.[1][2] Nonclassical ions have been extensively studied with the 2-norbornyl system, which 

as “naked” ion unambiguously exhibit such a bridged structure. The landmark of nonclassical 

ions are unexpectedly fast solvolysis rates and large differences between epimeric esters. Such 

https://en.wikipedia.org/wiki/Nonclassical_ion
https://en.wikipedia.org/wiki/Nonclassical_ion
https://en.wikipedia.org/wiki/2-Norbornyl_cation
https://en.wikipedia.org/wiki/Carbocations
https://en.wikipedia.org/wiki/Carbocations
https://en.wikipedia.org/wiki/Delocalized_electron
https://en.wikipedia.org/wiki/Nonclassical_ion#cite_note-1
https://en.wikipedia.org/wiki/Nonclassical_ion#cite_note-2
https://en.wikipedia.org/wiki/2-Norbornyl_cation
https://en.wikipedia.org/wiki/Solvolysis
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Nonclassical charge delocalization in the transition state of a 1,2-alkyl shift 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
\ 

behaviour is not restricted to 2-norbornyl esters, as has been shown with some cyclopentyl and 

steroidal esters with the tosyloxy leaving group.[3] 

Substitution reactions of secondary esters occur by SN2- or SN1-like mechanisms.[4] [5][6] Only in 

highly polar solvents such as hexafluoroisopropanol (HFIP) of low nucleophilicity one can 

expect a nearly same uniform SN1-like mechanism. The solvolysis of several cyclopentyl and 

steroidal esters show that large solvolysis rates and differences between epimers can occur which 

surpass those of the 2-norbornyl system. In these cases a vicinal C–C or C–H bond can lead to 

significant delocalization of the positive charge, if these bonds are close to antiperiplanar to the 

leaving group, and the migration leads to a more stable tertiary carbocation. 

The reaction products in these cases always result from the migration of the neighbouring bond. 

The reaction of epimeric esters can be severely slowed by steric hindrance of solvation. 
 
 

 

https://en.wikipedia.org/wiki/Nonclassical_ion#cite_note-3
https://en.wikipedia.org/wiki/Nonclassical_ion#cite_note-4
https://en.wikipedia.org/wiki/Nonclassical_ion#cite_note-5
https://en.wikipedia.org/wiki/Nonclassical_ion#cite_note-6
https://en.wikipedia.org/wiki/Hexafluoroisopropanol
https://en.wikipedia.org/wiki/Nucleophilic_substitution
https://en.wikipedia.org/wiki/Anti-periplanar
https://en.wikipedia.org/wiki/Epimer
https://en.wikipedia.org/wiki/Steric_hindrance
https://en.wikipedia.org/wiki/Solvation
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Solvolysis of cyclopropylcarbinyl, cyclobutyl and homoallyl esters are also characterized by very 

large rates, and have been shown to occur via a common nonclassical ion structure in the form of 

a bicyclobutonium ion. 

 
ALLYLIC REARRANGEMENT 

 

 
An allylic rearrangement or allylic shift is an organic  reaction in  which  the double  bond in 

an allyl chemical compound shifts to the next carbon atom. It is encountered in nucleophilic 

substitution. 

In reaction conditions that favor a SN1 reaction mechanism, the intermediate is a carbocation for 

which  several resonance  structures are  possible.  This  explains   the   product   distribution   

(or product spread) after recombination with nucleophile Y.  This  type  of  process  is  called 

an SN1' substitution. 

Alternatively, it is possible for nucleophile to attack directly at the allylic position, displacing the 

leaving group in a single step, in a process referred to as SN2' substitution. This is likely in cases 

when the allyl compound is unhindered, and a strong nucleophile is used. The products will be 

similar to those seen with SN1' substitution. Thus reaction of 1-chloro-2-butene with sodium 

hydroxide gives a mixture of 2-buten-1-ol and 3-buten-2-ol: 

Nevertheless, the product in which the OH group is on the primary atom is minor. In the 

substitution of 1-chloro-3-methyl-2-butene, the secondary 2-methyl-3-buten-2-ol is produced in a 

yield of 85%, while that for the primary 3-methyl-2-buten-1-ol is 15%. 

Typical solvolysis kinetics involving nonclassical cations, illustrated with the most reactive 

compounds. kA/kB: rate constant ratio of epimers (X or Y= OTs); largest rate constant kA [ sec- 

1]; all measurements in HFIP 

https://en.wikipedia.org/wiki/Organic_reaction
https://en.wikipedia.org/wiki/Double_bond
https://en.wikipedia.org/wiki/Allyl
https://en.wikipedia.org/wiki/Nucleophilic_substitution
https://en.wikipedia.org/wiki/Nucleophilic_substitution
https://en.wikipedia.org/wiki/SN1_reaction
https://en.wikipedia.org/wiki/Carbocation
https://en.wikipedia.org/wiki/Resonance_structure
https://en.wikipedia.org/wiki/Nucleophile
https://en.wikipedia.org/wiki/Nucleophile
https://en.wikipedia.org/wiki/Sodium_hydroxide
https://en.wikipedia.org/wiki/Sodium_hydroxide
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Vinylic carbon- Vinyl is the functional group –CH=CH2, namely the ethylene molecule 

(H2C=CH2) minus one hydrogen atom. Eg- R-CH=CH2. On a carbon skeleton, sp2 –hybridized 

carbons or positions are often called vinylic. 

Nucleophilic vinylic substitution (SNV), in which a leaving group such as halogen is replaced 

by a carbon, oxygen, nitrogen, sulfur, or other nucleophile, is an important synthetic tool. 

 

Rare Example 

 
Nucleophilic Substitution at a Vinylic Carbon It is not surprising that with vinylic substrates 

addition and substitution often compete. For chloroquinones, where the charge is spread by 

resonance, tetrahedral intermediates have been isolated. In the case of Ph(MeO)C=C(NO2)Ph+ 

RS- , the intermediate lived long enough to be detected by UV spectroscopy. Since both the 

tetrahedral and addition–elimination mechanisms begin the same way, it is usually difficult to 

tell them apart, and often no attempt is made to do so. 

 
EFFECTS OF SOLVENT, LEAVING GROUP, AND NUCLEOPHILE ON 

UNIMOLECULAR SUBSTITUTION 

 

 

SN1 Mechanism 

 

The first order kinetics of SN1 reactions suggests a two-step mechanism in which the rate- 

determining step consists of the ionization of the alkyl halide, as shown in the diagram below. In 

this mechanism, a carbocation is formed as a high-energy intermediate, and this species bonds 

immediately to nearby nucleophiles. If the nucleophile is a neutral molecule, the initial product is 

an "onium" cation, as drawn above for t-butyl chloride, and presumed in the energy diagram. In 

evaluating this mechanism, we may infer several outcomes from its function. 

https://www.researchgate.net/publication/8531693_Rare_Example_of_Nucleophilic_Substitution_at_Vinylic_Carbon_with_Inversion_Mechanism_of_Methyleneaziridine_Formation_by_Sodium_Amide_Induced_Ring_Closure_Revisited#%3A~%3Atext%3DNucleophilic%20vinylic%20substitution%20(SNV)%2C%2Cis%20an%20important%20synthetic%20tool
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The only reactant that is undergoing change in the first (rate-determining) step is the alkyl halide, 

so we expect such reactions would be unimolecular and follow a first-order rate equation. Hence 

the name SN1 is applied to this mechanism. 

 

1. Since nucleophiles only participate in the fast second step, their relative molar 

concentrations rather than their nucleophilicities should be the primary product- 

determining factor. If a nucleophilic solvent such as water is used, its high concentration 

will assure that alcohols are the major product. Recombination of the halide anion with 

the carbocation intermediate simply reforms the starting compound. Note that SN1 

reactions   in   which   the   nucleophile   is   also    the    solvent    are    commonly   

called solvolysis reactions. The hydrolysis of t-butyl chloride is an example. 

2. The activation energy of the rate-determining first step will be proportional to the 

stability of the carbocation intermediate (more stable carbocations will reduce activation 

evergy). The stability of carbocations was discussed earlier, and a qualitative relationship 

is given below. 

 

 

 
 

 
Benzyl Carbocation 
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(+) 

 

 

 

Consequently, we expect that 3º-alkyl halides will be more reactive than their 2º and 1º- 

counterparts in reactions that follow an SN1 mechanism. This is opposite to the reactivity order 

observed for the SN2 mechanism. Allylic and benzylic halides are exceptionally reactive by 

either mechanism. 

 

3. The first is the ability of solvent molecules to orient themselves between ions so as to 

attenuate the electrostatic force one ion exerts  on the other. This characteristic is related to      

the dielectric constant, ε, of the solvent. Solvents having high dielectric constants, such as water 

(ε=81), formic acid (ε=58), dimethyl sulfoxide (ε=45) & acetonitrile (ε=39) are generally 

considered better ionizing solvents than are some common organic solvents such as ethanol 

(ε=25), acetone (ε=21), methylene chloride (ε=9) & ether (ε=4). The second factor is solvation, 

which refers to the solvent's ability to stabilize ions by encasing them in a sheath of weakly 

bonded solvent molecules. 

 

4. The stereospecificity of these reactions may vary. The positively-charged carbon atom of a 

carbocation has a trigonal planar (flat) configuration (it prefers to be sp2 hybridized), and can 

bond to a nucleophile equally well from either face. If the intermediate from a chiral alkyl halide 

survives long enough to encounter a random environment, the products are expected to be 

racemic (a 50:50 mixture of enantiomers 

 

5. Polar protic solvents have a hydrogen atom attached to an electronegative atom so the 

hydrogen is highly polarized. Polar aprotic solvents have a dipole moment, but their hydrogen is 

not highly polarized. Polar aprotic solvents are not used in SN1 reactions because some of them 
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can react with the carbocation intermediate and give you an unwanted product. Rather, polar 

protic solvents are preferred. 

 

Solvent Effects on the SN1 Reaction 
 

Since the hydrogen atom in a polar protic solvent is highly positively charged, it can interact 

with the anionic nucleophile which would negatively affect an SN2 , but it does not affect an SN1 

reaction because the nucleophile is not a part of the rate-determining step. Polar protic solvents 

actually speed up the rate of the unimolecular substitution reaction because the large dipole 

moment of the solvent helps to stabilize the transition state. The highly positive and highly 

negative parts interact  with  the substrate to  lower the energy of the  transition  state. Since     

the carbocation is unstable, anything that can stabilize this even a little will speed up the reaction. 

 

Sometimes   in   an   SN1   reaction   the   solvent   acts   as   the nucleophile.   This   is   called    

a solvolysis reaction.The SN1 reaction of allyl bromide in methanol is an example of what we 

would call methanolysis, while if water is the solvent the reaction would be called hydrolysis: 

 

 
The polarity and the ability of the solvent to stabilize the intermediate carbocation is very 

important as shown by the relative rate data for the solvolysis (see table below). The dielectric 

constant of a solvent roughly provides a measure of the solvent's polarity. A dielectric constant 

below 15 is usually considered non-polar. Basically, the dielectric constant can be thought of as 

the solvent's ability to reduce the internal charge of the solvent. So for our purposes, the higher 

the dielectric constant the more polar the substance and in the case of SN1 reactions, the faster 

the rate. 
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Below is the same reaction conducted in two different solvents and the relative rate that 

corresponds with it. 

 

 

 

 

The figure below shows the mechanism of an SN1 reaction of an alkyl halide with water. Since 

water is also the solvent, this is an example of a solvolysis reaction. 
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Examples of polar protic solvents are: acetic acid, isopropanol, ethanol, methanol, formic acid, 

water, etc. 

 

 

EFFECTS OF NUCLEOPHILE 

 

The strength of the nucleophile does not affect the reaction rate of SN1 because, as stated above, 

the nucleophile is not involved in the rate-determining step. However, if you have more than one 

nucleophile competing to bond to the carbocation, the strengths and concentrations of those 

nucleophiles affects the distribution of products that you will get. For example, if you have 

(CH3)3CCl reacting in water and formic acid where the water and formic acid are competing 

nucleophiles, you will get two different products: (CH3)3COH and (CH3)3COCOH. The relative 

yields of these products depend on the concentrations and relative reactivities of the 

 

 

 

 

 

 
 

nucleophiles. 

 
EFFECTS OF LEAVING GROUP 

 

An SN1 reaction speeds up with a good leaving group. This is because the leaving group is 

involved in the rate-determining step. A good leaving group wants to leave so it breaks the C- 

Leaving Group bond faster. Once the bond breaks, the carbocation is formed and the faster the 

carbocation is formed, the faster the nucleophile can come in and the faster the reaction will be 

completed. 

 

A good leaving group is a weak base because weak bases can hold the charge. They're happy to 

leave with both electrons and in order for the leaving group to leave, it needs to be able to accept 

electrons. Strong bases, on the other hand, donate electrons which is why they can't be good 

leaving groups. As you go from left to right on the periodic table, electron donating ability 

https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Reactions/Substitution_Reactions/SN2/Nucleophile
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Kinetics/Rate_Laws/Reaction_Mechanisms/Rate-Determining_Step
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Reactions/Substitution_Reactions/SN2/Leaving_Groups
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decreases and thus ability to be a good leaving group increases. Halides are an example of a good 

leaving group whos leaving-group ability increases as you go down the column. 

 

 

The two reactions below is the same reaction done with two different leaving groups. One is 

significantly faster than the other. This is because the better leaving group leaves faster and thus 

the reaction can proceed faster. 

 

 
Other examples of good leaving groups are sulfur derivatives such as methyl sulfate ion and 

other sulfonate ions (See Figure below) 

 

 

Methyl Sulfate Ion Mesylate Ion Triflate Ion Tosylate Ion 



23 
 

PREDICTING SN1 VS. SN2 MECHANISMS; 

 
COMPETITION BETWEEN NUCLEOPHILIC SUBSTITUTION AND ELIMINATION 

REACTIONS 

 

When considering whether a nucleophilic substitution is likely to occur via an SN1 or SN2 

mechanism, we really need to consider three factors: 

 

1) The electrophile: when the leaving group is attached to a methyl group or a primary 

carbon, an SN2 mechanism is favored (here the electrophile is unhindered by 

surrounded groups, and any carbocation intermediate would be high-energy and thus 

unlikely). When the leaving group is attached to a tertiary, allylic, or benzylic carbon, a 

carbocation intermediate will be relatively stable and thus an SN1 mechanism is 

favored. 

 

2) The nucleophile: powerful nucleophiles, especially those with negative charges, 

favor the SN2 mechanism. Weaker nucleophiles such as water or alcohols favor the SN1 

mechanism. 

 

3) The solvent: Polar aprotic solvents favor the SN2 mechanism by enhancing the 

reactivity of the nucleophile. Polar protic solvents favor the SN1 mechanism by 

stabilizing the carbocation intermediate. SN1 reactions are frequently solvolysis 

reactions. 

 

For example, the reaction below has a tertiary alkyl bromide as the electrophile, a weak 

nucleophile, and a polar protic solvent (we’ll assume that methanol is the solvent). Thus we’d 

confidently predict an SN1 reaction mechanism. Because substitution occurs at a chiral carbon, 

we can also predict that the reaction will proceed with racemization. 
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In the reaction below, on the other hand, the electrophile is a secondary alkyl bromide – with 

these, both SN1 and SN2 mechanisms are possible, depending on the nucleophile and the solvent. 

In this example, the nucleophile (a thiolate anion) is strong, and a polar aprotic solvent is used – 

so the SN2 mechanism is heavily favored. The reaction is expected to proceed with inversion of 

configuration. 

 

 

 

 

 

WAGNER-MEERWEIN REARRANGEMENT 

 
The Wagner-Meerwein rearrangement is an organic reaction used to convert an alcohol to an 

olefin using an acid catalyst. The mechanism begins with protonation of the alcohol by the acid 

which is then released as water to forms a carbocation. A 1,2-shift then occurs to form a more 

substituted and stabilized carbo-cation. A final deprotonation with water produces the final olefin 

product and regenerates the acid catalyst. 

 

A Wagner-Meerwein rearrangement is any reaction in which the carbon skeleton of a reactant 

changes due to one or more rearrangements involving carbocations, e.g.: 
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mechanism: 
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DIENONE 
 

A dienone is a class of organic compounds that are formally "derived from diene compounds by 

conversion of a –CH2– groups into –C(=O)– group .", resulting in "a conjugated structure". The 

class includes some heterocyclic compounds. 

Transformation of a diketone to phenol in presence of acid as known as the Dienone Phenol 

Rearrangement. As the name implies, this reaction results in the transformation of a quinoid 

structure to a benzenoid ring. Thus the driving force of this reaction is the creation of aromatic 

ring in the product. 

 

 
PROPERTIES: 

Rearrangement reaction of 6-membered cyclic dienones generate phenols[ through the dienone 

phenol rearrangement: 

 

 
NUCLEOPHILIC SUBSTITUTION AROMATIC REACTION 

 

 

 

 

 

A nucleophilic    substitution is    a substitution    reaction in organic    chemistry in    which  

the nucleophile displaces a good leaving group, such as a halide, on an aromatic ring. There are  

6 nucleophilic substitution mechanisms encountered with aromatic systems: 

https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Diene
https://en.wikipedia.org/wiki/Conjugated_system
https://en.wikipedia.org/wiki/Heterocyclic_compound
https://en.wikipedia.org/wiki/Rearrangement_reaction
https://en.wikipedia.org/wiki/Phenols
https://en.wikipedia.org/wiki/Dienone#cite_note-1
https://en.wikipedia.org/wiki/Substitution_reaction
https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Nucleophile
https://en.wikipedia.org/wiki/Leaving_group
https://en.wikipedia.org/wiki/Halide
https://en.wikipedia.org/wiki/Aromatic_ring
https://en.wikipedia.org/wiki/Nucleophilic_substitution
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• the SNAr (addition-elimination) mechanism 
 

 

 
 

 
• the aromatic SN1 mechanism encountered with diazonium salts 

 
• the benzyne mechanism (E1cb-AdN) 

 
. 

The most important of these is the SNAr mechanism, where electron withdrawing 

groups activate the ring towards nucleophilic attack, for example if there are nitro 

functional groups positioned ortho or para to the halide leaving group. 

https://en.wikipedia.org/wiki/SN1
https://en.wikipedia.org/wiki/Diazonium_salt
https://en.wikipedia.org/wiki/Benzyne
https://en.wikipedia.org/wiki/Electron_withdrawing_group
https://en.wikipedia.org/wiki/Electron_withdrawing_group
https://en.wikipedia.org/wiki/Nitro_functional_group
https://en.wikipedia.org/wiki/Nitro_functional_group
https://en.wikipedia.org/wiki/Aromatic_ortho_substituent
https://en.wikipedia.org/wiki/Aromatic_para_substituent
https://en.wikipedia.org/wiki/Halide
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 SNAR REACTION MECHANISM  

The following is the reaction mechanism of a nucleophilic aromatic substitution of 

2,4-dinitrochlorobenzene in a basic solution in water. 

 
 

 
In this sequence the carbons are numbered clockwise from 1–6 starting with the 1 

carbon at 12 o'clock, which is bonded to the chloride. Since the nitro group is an 

activator toward nucleophilic substitution, and a meta director, it allows the benzene 

carbon to which it is bonded to have a negative charge. 

In the Meisenheimer complex, the nonbonded electrons of the carbanion become 

bonded to the aromatic pi system which allows the ipso carbon to temporarily bond 

with the hydroxyl group (-OH). In order to return to a lower energy state, either the 

hydroxyl group leaves, or the chloride leaves. 

In solution both processes happen. A small percentage of the intermediate loses 

the chloride to become the product (2,4-dinitrophenol), while the rest return to the 

reactant. Since 2,4-dinitrophenol is in a lower energy state it will not return to form 

the reactant, so after some time has passed, the reaction reaches chemical 

equilibrium that favors the 2,4-dinitrophenol. 

The formation of the resonance-stabilized Meisenheimer complex is slow because it 

is in a higher energy state than the aromatic reactant. The loss of the chloride is 

fast, because the ring becomes aromatic again. Recent work indicates that, 

https://en.wikipedia.org/wiki/Reaction_mechanism
https://en.wikipedia.org/wiki/Base_(chemistry)
https://en.wikipedia.org/wiki/Nitro_compound
https://en.wikipedia.org/wiki/Meisenheimer_complex
https://en.wikipedia.org/wiki/Carbanion
https://en.wikipedia.org/wiki/Ipso_substitution
https://en.wikipedia.org/wiki/Hydroxyl
https://en.wikipedia.org/wiki/Chemical_equilibrium
https://en.wikipedia.org/wiki/Chemical_equilibrium
https://en.wikipedia.org/wiki/Resonance_structure
https://en.wikipedia.org/wiki/Energy_state
https://en.wikipedia.org/wiki/Aromatic
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sometimes, the Meisenheimer complex is not a true intermediate but a transition 

state of a 'frontside SN2' process. 

Aryl halides cannot undergo the classic SN2 reaction. The carbon-halogen bond is in 

the plane of the ring because the carbon atom has a trigonal planar geometry. 

Backside attack is blocked and this reaction is therefore not possible. 

An SN1 reaction is possible but very unfavourable. It would involve the unaided loss 

of the leaving group and the formation of an aryl cation.[     The nitro group is the most 

commonly  encountered  activating  group,   other   groups   are   the cyano and   

the acyl group. The leaving group can  be  a  halogen  or  a  sulfide.  With  

increasing electronegativity the reaction rate for nucleophilic attack increases. 

This  is  because  the  rate-determining  step  for  an  SNAr  reaction  is  attack  of  the 

nucleophile and the subsequent breaking of the aromatic system; the faster process 

is the favourable reforming of the aromatic system after loss of the leaving group. 

 

NUCLEOPHILIC AROMATIC SUBSTITUTION REACTIONS 

Some typical substitution reactions on arenes are listed below. 

 
• In the Bamberger rearrangement N-phenylhydroxylamines rearrange to 4- 

aminophenols. The nucleophile is water. 

• In the Sandmeyer reaction and the Gattermann reaction diazonium salts react 

with halides. 

• The Smiles rearrangement is the intramolecular version of this reaction type. 
 

Nucleophilic aromatic substitution is not limited to arenes, however; the reaction 

takes place even more readily with heteroarenes. Pyridines are especially reactive 

when substituted in the aromatic ortho position or aromatic para position because 

then the negative charge is effectively delocalized at the nitrogen position. One 

classic reaction is the Chichibabin reaction (Aleksei Chichibabin, 1914) in which 

pyridine is reacted with an alkali-metal amide such as sodium amide to form 2- 

aminopyridine.[4] 

In the compound methyl 3-nitropyridine-4-carboxylate, the meta nitro group is 

actually displaced by fluorine with cesium fluoride in DMSO at 120 °C. 

https://en.wikipedia.org/wiki/Halogenoarene
https://en.wikipedia.org/wiki/SN2_reaction
https://en.wikipedia.org/wiki/SN1_reaction
https://en.wikipedia.org/wiki/Leaving_group
https://en.wikipedia.org/wiki/Nucleophilic_aromatic_substitution#cite_note-clayden-2
https://en.wikipedia.org/wiki/Cyano
https://en.wikipedia.org/wiki/Acyl
https://en.wikipedia.org/wiki/Electronegativity
https://en.wikipedia.org/wiki/Bamberger_rearrangement
https://en.wikipedia.org/wiki/Sandmeyer_reaction
https://en.wikipedia.org/wiki/Gattermann_reaction
https://en.wikipedia.org/wiki/Smiles_rearrangement
https://en.wikipedia.org/wiki/Heteroarene
https://en.wikipedia.org/wiki/Pyridine
https://en.wikipedia.org/wiki/Aromatic_ortho_position
https://en.wikipedia.org/wiki/Aromatic_para_position
https://en.wikipedia.org/wiki/Chichibabin_reaction
https://en.wikipedia.org/wiki/Aleksei_Chichibabin
https://en.wikipedia.org/wiki/Sodium_amide
https://en.wikipedia.org/wiki/Nucleophilic_aromatic_substitution#cite_note-4
https://en.wikipedia.org/wiki/Fluorine
https://en.wikipedia.org/wiki/Cesium_fluoride
https://en.wikipedia.org/wiki/Dimethyl_sulfoxide
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 ASYMMETRIC NUCLEOPHILIC AROMATIC SUBSTITUTION  

With carbon nucleophiles such as 1,3-dicarbonyl compounds the reaction has been 

demonstrated as a method for the asymmetric synthesis of chiral molecules. First 

reported in 2005, the organocatalyst (in a dual role with that of a phase transfer 

catalyst) is derived from cinchonidine (benzylated at N and O). 
 

 

 

 

 
ULLMANN REACTION 

 
 

The Ullmann reaction or Ullmann coupling is a coupling reaction between aryl halides and 

copper. The reaction is named after Fritz Ullmann. Ullman overview ... 

The copper-mediated aromatic nucleophilic substitution reactions developed by 

Fritz Ullmann and Irma Goldberg required stoichiometric amounts of copper and very 

https://en.wikipedia.org/wiki/Asymmetric_synthesis
https://en.wikipedia.org/wiki/Organocatalyst
https://en.wikipedia.org/wiki/Phase_transfer_catalyst
https://en.wikipedia.org/wiki/Phase_transfer_catalyst
https://en.wikipedia.org/wiki/Cinchonidine
https://en.wikipedia.org/wiki/Benzyl
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high reaction temperatures. .... Single electron transfer (SET) in which a radical anion of the aryl 

halide is formed ( Cu(I) / Cu(II)) ; 4. 
 

The Ullmann reaction or Ullmann coupling is a coupling 

reaction between aryl halides and copper. The reaction is named after Fritz Ullmann. 
 

 

 

 

Mechanism of the Ullmann Reaction 
 

 

 
 

A typical example of classic Ullmann biaryl coupling is the conversion of ortho- 

chloronitrobenzene into 2,2'-dinitrobiphenyl with a copper - bronze alloy. 

 

https://en.wikipedia.org/wiki/Coupling_reaction
https://en.wikipedia.org/wiki/Coupling_reaction
https://en.wikipedia.org/wiki/Aryl
https://en.wikipedia.org/wiki/Halide
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Fritz_Ullmann
https://en.wikipedia.org/wiki/Nitrobenzene
https://en.wikipedia.org/wiki/Biphenyl
https://en.wikipedia.org/wiki/Alloy
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SANDMEYER REACTION 

 
Sandmeyer reaction is a type of radical-nucleophilic aromatic substitution reaction. It is a useful 

tool by which an amino group on an aromatic ring is replaced with different substituents. During 

the Sandmeyer reaction, the amino group is converted into a diazonium salt that can be 

transformed into various functional groups using a catalyst. The mechanism involves several 

steps, including the generation of intermediary compounds . 

 
Examples of Sandmeyer Reaction 

 

 

 

Sandmeyer Reaction 
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Mechanism of Sandmeyer Reaction 
 
 

Sandmeyer Reaction Mechanism 

 
Applications of Sandmeyer Reaction 

 
 

Halogenation – Synthesis of aryl halides 

• Cyanation – Synthesis of benzonitriles and other useful medicinal drugs 

 
• Trifluoromethylation – Synthesis of aryl compounds having trifluoromethyl group and are 

used as pharmaceuticals 
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CHICHIBABIN REACTION 

• Hydroxylation – Conversion of aryl amines into phenols 
 

 

 

The Chichibabin reaction (pronounced ' (chē')-chē-bā-bēn) is a method for producing 2- 

aminopyridine derivatives  by  the  reaction  of pyridine with sodium  amide.  It  was  reported  

by Aleksei Chichibabin in 1914.[1] The following is the overall form of the general reaction: 

 

 
 

 

 

 

The direct amination of pyridine with sodium amide takes place in liquid ammonia. Following 

the addition elimination mechanism first a nucleophilic NH2
− is added while a hydride (H−) is 

leaving. 

 

 
Ciganek describes an example of an intramolecular Chichibabin reaction in which a nitrile group 

on a fused ring is the source of nitrogen in amination. 

 

 

MECHANISM 

https://en.wikipedia.org/wiki/2-aminopyridine
https://en.wikipedia.org/wiki/2-aminopyridine
https://en.wikipedia.org/wiki/Pyridine
https://en.wikipedia.org/wiki/Sodium_amide
https://en.wikipedia.org/wiki/Aleksei_Chichibabin
https://en.wikipedia.org/wiki/Chichibabin_reaction#cite_note-1
https://en.wikipedia.org/wiki/Sodium_amide
https://en.wikipedia.org/wiki/Ammonia
https://en.wikipedia.org/wiki/Addition-elimination_reaction
https://en.wikipedia.org/wiki/Nucleophilic_addition
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It is widely accepted that the Chichibabin reaction mechanism is an addition-elimination  

reaction that proceeds through an σ-adduct (Meisenheimer adduct) intermediate (the third 

structure). First, the nucleophilic NH2
− group adds to the δ+ ring carbon pushing electrons onto 

the ring nitrogen and forming the anionic σ-adduct, which is stabilized by sodium. Electrons 

from the nitrogen are then pushed towards the ring forming a C=N bond and ejecting a hydride 

ion. The hydride ion abstracts a hydrogen from the positively charged nitrogen, forming 

hydrogen gas. The ring nitrogen then pushes electrons back into the ring, regaining aromaticity, 

the now negatively charged NH group abstracts a proton from water giving the product. 

 

• σ-adduct (Meisenheimer adduct) formation 

 

Evidence indicates that before addition of the amino group, the ring nitrogen is sorbed onto the 

surface of sodium amide and the sodium cation forms a coordination complex. This increases the 

δ+ on the α-carbon, thus 1,2-addition of sodium amide is favored over 1,4-addition. The 

proximity of the amino group to the α-carbon once the coordination complex is formed also 

makes the 1,2-addition more likely to occur. 

https://en.wikipedia.org/wiki/Addition-elimination_reaction
https://en.wikipedia.org/wiki/Addition-elimination_reaction
https://en.wikipedia.org/wiki/Meisenheimer_complex
https://en.wikipedia.org/wiki/Hydride_ion
https://en.wikipedia.org/wiki/Hydride_ion
https://en.wikipedia.org/wiki/Meisenheimer_complex


36 
 

Some data exists that supports a single electron transfer as the proposed pathway for σ-adduct 

formation. 

In most cases, the anionic σ-adduct is unstable making its formation the rate determining step. 

 
• Hydride ion elimination 

 

In addition to the mechanism shown above, other pathways have been proposed for the 

elimination step. The mechanism above, loss of the hydride ion followed by abstraction of a 

proton, is supported by the fact that the nucleophile needs at least one hydrogen atom for the 

reaction to proceed. Another competing pathway could be the elimination of hydride by sodium 

to form sodium hydride. 

 

 

 FACTORS  INFLUENCING REACTION  
 

 

Different aromatic nitrogen heterocyclic compounds proceed through the Chichibabin reaction in 

a matter of minutes and others can take hours. Factors that influence the reaction rate include: 

 

• Basicity - The ideal pKa range is 5-8 and the reaction either does not proceed, or proceeds 

poorly outside of this range. The reaction occurs faster under more basic conditions but only 

up to a point because when electron density builds up on the α-carbon, it makes it less 

electrophilic. The strongest base known to aminate is 4-dimethylaminopyridine (pKa 9.37). 

• δ+ on α-carbon - For kinetically controlled additions, the rate of amination is related to the 

magnitude of the partial positive charge on the carbon next to the ring nitrogen. For 

thermodynamically controlled additions, the rate of amination is related to the stability of the 

σ-adduct. 

• Ease of hydride elimination - Success of this reaction is also dependent on the ease at 

which the hydride ion leaves and the ring regains aromaticity. The rate of amination for three 

azoles proceeds quickest to slowest as follows: 1-methylbenzimidazole > 1-methylnaphth- 

[2,3-d]imidazole > 3-methylnaphth[1,2-d]imidazole. Since the addition of the amide ion 

proceeds quickly with these substrates, the differences in reaction rates is most likely their 

propensity for hydride elimination and reformation of an aromatic ring. 
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• Substituents - Electron-withdrawing groups inhibit the Chichibabin reaction. Three 

proposed ideas of why this is are (1) they decrease the basicity of the ring nitrogen and slow 

down the sorption on sodium amide, (2) these electron-withdrawing groups can also form 

complexes with sodium amide, and (3) for single electron transfer pathway, altering the 

distribution of spin density of the intermediate radical anion. 

Substrates with σ-dimethoxy groups don't aminate because they form a stable complex with 

sodium amide. 

Electron-donating groups also inhibit the Chichibabin reaction because of their deactivating 

effects. 

 

• Benzo annelation - Since the hydride ion is a poor leaving group, benzo annelation  

increases reactivity of the substrate in the Chichibabin reaction. This is demonstrated by the 

fact that 1-methylimidazole does not work as a substrate, but 1-methylbenzimidazole reacts 

easily. 

• Solvent - The ability of the polar anionic σ-adduct to form will depend on the solvating 

capacity and the dielectric constant of the solvent. 

• Temperature - The rule of thumb in aprotic solvents (where σ-adduct formation is the rate 

determining step) is to run the reaction at the lowest temperature for good hydrogen 

evolution to avoid the decomposition that occurs at high temperatures. 

 

von Richter reaction 

The von Richter reaction, also named von Richter  rearrangement,  is  a name  reaction in  

the organic chemistry. It is named after Victor von Richter, who discovered this reaction in year 

1871. It is the reaction of aromatic nitro compounds with potassium cyanide in aqueous ethanol 

to give the product of cine substitution (ring substitution resulting in the entering group 

positioned adjacent to the previous location of the leaving group) by a carboxyl group.Although 

it is not generally synthetically useful due to the low chemical yield and formation of numerous 

side products, its mechanism was of considerable interest, eluding chemists for almost 100 years 

before the currently accepted one was proposed. 

https://en.wikipedia.org/wiki/1-methylimidazole
https://en.wikipedia.org/wiki/Name_reaction
https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Victor_von_Richter
https://en.wikipedia.org/wiki/Aromatic
https://en.wikipedia.org/wiki/Nitro_compound
https://en.wikipedia.org/wiki/Potassium_cyanide
https://en.wikipedia.org/wiki/Arene_substitution_pattern
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 General Reaction  

The reaction below shows the classic example of the conversion of p-bromonitrobenzene into m- 

bromobenzoic acid. 

 

 
 

 

 
The  reaction  is  a  type  of nucleophilic  aromatic  substitution.[4]  Besides  the  bromo  derivative, 

chlorine- and iodine-substituted nitroarenes, as well as more highly substituted derivatives, 

could also be used as substrates of this reaction. However, yields are generally poor to 

moderate, with reported percentage yields ranging from 1% to 50%. 

 

Reaction Mechanism 
 

Several reasonable mechanisms were proposed and refuted by mechanistic data before the 

currently accepted one, shown below, was proposed in 1960 by Rosenblum on the basis of 15N 

labeling experiments. 

 

https://en.wikipedia.org/wiki/Nucleophilic_aromatic_substitution
https://en.wikipedia.org/wiki/Von_Richter_reaction#cite_note-March-4
https://en.wikipedia.org/wiki/Von_Richter_reaction#cite_note-March-4
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First, the cyanide attacks the carbon ortho to the nitro group. This is followed by ring closing via 

nucleophilic attack on the cyano group, after which the imidate intermediate is rearomatized. 

Ring opening via nitrogen–oxygen bond cleavage gives an ortho-nitroso benzamide, which 

recyclizes to give a compound containing a nitrogen–nitrogen bond. Elimination of water gives a 

cyclic azoketone, which undergoes nucleophilic attack by hydroxide to give a tetrahedral 

intermediate. This intermediate collapses with elimination of the azo group to yield an 

aryldiazene with an ortho carboxylate group, which extrudes nitrogen gas to afford the anionic 

form of the observed benzoic acid product, presumably through the generation and immediate 

protonation of an aryl anion intermediate. The product is isolated upon acidic workup. 

Subsequent mechanistic studies have shown that the subjection of independently prepared ortho- 

nitroso benzamide and azoketone intermediates to von Richter reaction conditions afforded the 

expected product, lending further support to this proposal. 

 

 

SMILES REARRANGEMENT 
 

The Smiles rearrangement is an organic reaction and a rearrangement reaction 
 

It is an intramolecular nucleophilic aromatic substitution of the type: Sommelet– 

Hauser rearrangement. 

The Sommelet–Hauser rearrangement is a rearrangement reaction of certain benzyl 

quaternary ammonium salts. 

 

 
 

The Smiles rearrangement  is an organic reaction and a rearrangement reaction. It is  an intramolecular nucleoph ilic aromatic subst itu tion of the type: 

 

 

 
  

wher e X i n the arene compound can be a sulfone,  a sulf ide, an ether or any substi tuent capabl e of dislodging fr om the arene carryi ng a neg ative charge. T he terminal functi onal group in the chain end Y is abl  e t o act as a str ong nucleophile for i ns tance an a lcohol,  amine or th iol .  

   

In one m  odificati on call ed the T ruce–Smiles rearrangement the i ncoming nucl  eophile is suffici ently  s tr ong that the ar ene does not requir e this  additi onal activ ati  on, for exam ple when the nucl eophile is an organoli thium. T  his  r eac tion is exem plified by the c  onversi on of an aryl su lfone into a su lfin ic acid by  ac tion of n-bu tyl lith ium :  

https://wiki2.org/en/Organic_reaction
https://wiki2.org/en/Rearrangement_reaction
https://wiki2.org/en/Intramolecular_reaction
https://wiki2.org/en/Intramolecular_reaction
https://wiki2.org/en/Nucleophilic_aromatic_substitution
https://wiki2.org/en/Nucleophilic_aromatic_substitution
https://wiki2.org/en/Arene_compound
https://wiki2.org/en/Sulfone
https://wiki2.org/en/Sulfone
https://wiki2.org/en/Sulfide
https://wiki2.org/en/Sulfide
https://wiki2.org/en/Ether
https://wiki2.org/en/Substituent
https://wiki2.org/en/Nucleophile
https://wiki2.org/en/Alcohol
https://wiki2.org/en/Alcohol
https://wiki2.org/en/Amine
https://wiki2.org/en/Thiol
https://wiki2.org/en/Organolithium
https://wiki2.org/en/Aryl
https://wiki2.org/en/Sulfone
https://wiki2.org/en/Sulfone
https://wiki2.org/en/Sulfinic_acid
https://wiki2.org/en/N-Butyllithium
https://wiki2.org/en/N-Butyllithium
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This particul ar reacti on requir es the inter acti on of the alkyllithi um group ortho to the sulfone group akin a directed ortho  metalat ion . 

A conceptually  rel ated r eacti on is  the Chapman rearrangement. 
A radical version of Smiles  rearrang em ent i s r eported by Stephenson i n 2015.  

The Hayashi rearrangement can be consi dered as the cati onic count er part  of Smiles r earr ang ement.  

 
 

 
 

 

In one m  odificati on call ed the T ruce–Smiles rearrangement the i ncoming nucl  eophile is suffici ently  s tr ong that the ar ene does not requir e this  additi onal activ ati  on, for exam ple when the nucl eophile is an organolithi um . T his  reacti on is exemplifi ed by the conversi on o f an aryl sulfone i nto a sulfi nic aci d by acti  on of n- but yllithi um: In one modificati on call ed the Tru ce–Smiles rearrangement the incoming nucleophil e is suffici ently  s trong that the ar ene does not req uir e this  additi onal activ ati  on, for  exam pl e w hen the nucleophile is an organoli thi um. T his r eacti on is exem  plifi ed by the conv  ersi on of an aryl sul fone into a sulfi  nic  aci d by acti on of n- butyllithi um: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
modificati  on called the Tru ce–Smiles rearrang ement the incomi ng nucl eophil e is suf ficiently strong that the arene does not req uire this additional activation, for exam pl e w hen the nucleophil e is an org anolithi um. This r eacti on is exem  plifi ed by the conv  ersi on o f an aryl sul fone i nto a sulfi nic aci d by acti  on of  

https://wiki2.org/en/Directed_ortho_metalation
https://wiki2.org/en/Chapman_rearrangement
https://wiki2.org/en/Hayashi_rearrangement
https://wiki2.org/en/Organolithium
https://wiki2.org/en/Aryl
https://wiki2.org/en/Sulfone
https://wiki2.org/en/Sulfinic_acid
https://wiki2.org/en/N-Butyllithium
https://wiki2.org/en/N-Butyllithium
https://wiki2.org/en/Organolithium
https://wiki2.org/en/Aryl
https://wiki2.org/en/Sulfone
https://wiki2.org/en/Sulfinic_acid
https://wiki2.org/en/N-Butyllithium
https://wiki2.org/en/Organolithium
https://wiki2.org/en/Aryl
https://wiki2.org/en/Sulfone
https://wiki2.org/en/Sulfinic_acid
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