Chapter 3
Classification and studies of reactions

Introduction:

A chemical reaction is generally described by a chemical equation in which the reactants A
and B undergo a chemical transformation and give rise to one or more products C and D and
the experimental conditions on the arrow.

Experimental conditions

aA +Bb —xC+dD
Reactants Products
Substrate Reactant

The substrate (A), the organic compound that undergoes the transformation, and the reagent
(B), often inorganic

Example :

_CH, ,:,} AgO

H,C* + 120 = |0

2 : 220-280°C D
2 atm

The writing of a reaction equation does not provide information about the different steps
involved in the transformation of reactants into products. There can be several elementary
steps and a number of reactive intermediates formed during the reaction.
A chemical reaction can be considered under three essential aspects:

o Electronic aspect: Breaking and forming of bonds.

o Geometric or steric aspect: Change in molecular configurations.

e Energetic and kinetic aspect: variation in the energy of the molecules and speed of

transformation of the chemical system.

4.1. Classification of reactions:
Organic chemistry reactions have been subdivided into four major categories. They are based
on how substrates are transformed into products.

4.1.1. Substitution reactions: where one atom or group of atoms is replaced by another atom
or group of atoms.
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v+ =Y - y—c- + z:
I \J |
Nucleophilic reagent Substrate Product Leaving group
Example:
. G
CHy—C—Q-H + HCl & ——= CH;—C—Cl + H20
CHa CHaz

4.1.2. Addition reactions: generally on unsaturated molecules.

AN s 5+ & | s - I
c=®v—z —  y-c-c] =

[
Y—C—C—Z
< o | ™ ]
Substrate Reactant intermediate Product
Example:
H H H H
~ - | |
o=+ HBr —— H— I:IE— I —br
H H H

4.1.3. Elimination reaction: atoms are lost from a molecule and a multiple bond appears.

S N S Sc=c? +« %
Substrate Product Leaving group
Example:
_H
0 3 H‘x .__,': Hs HoD
CHE_H:_CI -+ FEioOH ——— - IC:C\\ —+
ZHS H ZHg I

4.1.4. Transposition (or rearrangement) reactions: one or more atoms change position

“ ' z
' 1 '
s -~ e
e —_— —
- o 1 .
Substrrate Product
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Example:

H\
H - - -
1 Pt - fo"
—C—C ——— [ —
I ~ ’.-" ~
R R
ceto enol

4.2. Electronic Aspect of Reactions:

4.2.1. Bond Breaking:

In the initial stage of a chemical reaction, there is typically a bond breaking with the formation
of a reaction intermediate .

The breaking of a covalent bond can occur in two different ways:

A. Homolytic cleavage: symmetrical cleavage of the covalent bond (formation of radicals).
This cleavage is initiated, most often, by UV radiation.

Q‘ Homolytic cleavage
\_) MNo charge Free radicals

Example :
R1 R1

R1 R1 i i
Rz—\c:{—iu > /c,' + | Shg
R3/ _ R2 \RS R_2/ \R3
B. Heterolytic cleavage: asymmetric cleavage of the covalent bond (passage through ionic

intermediaries: cations and anions). Two oppositely charged ions are formed. If A* is C”, the
ion is a carbocation and if B" is C’, the ion is a carbanion.

Q‘ Heterolytic cleavage : @D =
A~—B = A + B}

Appearance of charges

Cation and anion

4.2.2. Reaction intermediates:

Reaction intermediates are chemical species that form between two elementary steps; they
are very unstable and have a very short life.

These chemical species are completely consumed at the end of the reaction, so they do not
appear in the stoichiometric equation.
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4.2.2.1. Free radicals:

A. Formation
Result from thermal pathways in the presence of peroxides or through photochemical pathways.

R - -
“ &t
\ 7 hv . Z . — | R C\,\\ ‘ |I|:[|I| m
R Or R-0-O-R R’ R" R" gp”  Ippure
R" (peroxides) Planar trigonal
geometry = -

B. Stability

Their stability is similar to that of (C"), the effects (+I, +M) can stabilize them by reducing
their electronic deficit.

rR—c? rR—c? > rR—c? - CH,
\ AN ‘
ter R sSec H Pprim H
Increasing stability
Allyl radical II25= CH- CH;=«—» H,C-CH=CII,

4.2.2.2. Carbocations: These are cations whose positive electronic charge is carried by a
carbon atom.

A. Formation:
Carbocations can be formed by:

e Solvolysis
R
R - A Rl
X = X + r = R=cC. | B0AH O
R ; R' R" TG spt  2p O.vacan
R Planar trigonal

geometry

e The addition of a proton to a double bond

®
HG—CH=CH—CHy + HY—— HC—CH=CH—C
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e Attack of a halogen by a Lewis acid:

c—cl| + DMTJ—- Cl—alcl, | —»  ‘cH o+ ALC[
/H T\.v
HyG HyC
B. Stabillity:

Inductive or donor mesomeric effects (+1, +M) can stabilize them by reducing their electronic
deficit.

H
y (<5
H—-—GE;.' = R——r—ﬂé > R—=Cx > CH,

ter R sec H prim H

Increasing stability

A carbocation stabilized by mesomerism is all the more stable as it has more mesomeric
forms.

- H:,C—D=<:>l= Hy

Increasing stability

o®
® ® Ch
=] (=]
VAN FAN

FiC CF HC CH,

Some unstable carbocations evolve to a stable state by rearrangement of the molecule.
CH
<) @ H,

H;C—C—CH; ————— = H3C—C—C —CHj

CHg CHjs

C. Reactivity:
Since the carbocation is electrophilic (positive charge), a nucleophile can attack it either from

one side of the plane or the other, which can have an influence on the stereochemistry of the
product obtained.
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a7£b#c#Nu === (A) and (B) form an enantiomeric pair and the mixture is racemic.

4.2.2.3. Carbanions: these are anions whose negative charge is carried by a carbon atom.
They have a tetrahedral geometry and therefore sp3 hybridization.

| |
_G.E_M - _c? + M$ ]248.\,?\3 * + * H paire d'é non liants
RII
‘ | Tetrahydric sp3
geometry

A. Formation:
Carbanions can be formed by:

e lonization of an organometallic

Solvent ©) ®
@—CHEU — CH, + Li

e By removal of a proton by a base

CO5Et o @ = COsEL
H—CH( + EtONa ——= N{a? CH:/ + EiOH
COzEt CO,Et

e From organometallic compounds
R- MgX ——> R: + MgX’

e From an alkyne
R €& & H+NaNH—> R € =: Na"'+NH;

B. Stabillity:

The donor effect (+1) increases the electron surplus and destabilizes the species.
R R

R—}—ie < R+i/e < R—;—-:I:e' < 31_.,
4 ! !

e The attracting inductive effect (-1) decreases reactivity — stability increases.

D'S . CHERIFI



x x H
to to | ©
x—-ﬁ—$ = x—{—T = x+ce = CHy
! ) |
Example:
H /H
C|—CH2—8:/ > HLC =
N
H H
':|3F3 F ||'| 'l'l (|3H3 {|3H3
F;,G—(|]9:> F—(|39 > H—{lie > Hac—(lle >H3(}—(|39 > H30—<|:GJ
CF3 L H H H CH,
Increasing stability
e Mesomeric effect: stabilizes the species
=) a..
[H:Eﬁ——ﬁ—EHI - CHz—ﬁ:CHzl
/ \ © e /T \ o
ool Pt < Q)T e )
(+M) (-1, -M)

C. Reactivity:
Carbanions react at electron deficient sites, such as: carbocation, ketones and Lewis acids.

| )
SBFa -C f\'igﬂ
4.2.3. Electrophilic and Nucleophilic Reagents: Lewis Acids and Bases
4.2.3.1. Electrophilic reagents: these are reagents poor in electrons.
e They can be electrically neutral: molecules whose central atom has an electron
deficiency: BF3, AlICl3, FeCls.
e They can be charged, in the form of cations

s
_X"; 2NO,; L€'
AN

..|.—h_\lr

I
—C
I

During a reaction, the electrophile (electron deficient) is attacked by an electron-rich center
(nucleophile).
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4.2.3.2. Nucleophilic_reagents: These are reagents rich in electrons. Carbanions have a
saturated and free atomic orbital and are called Lewis bases.

e They can be electrically neutral: molecules whose central atom has one (or more) free

doublet(s)
XY e :O H
H—O: N.,
\ H™ WH /I(L\
H H;C CH;

e They can be negatively charged (anions):

:Br: s OH IC=N: =C<—

Anions are more nucleophilic than the corresponding neutral molecules.

4.3. Geometric or steric aspect (Reaction orientation or selectivity):

This aspect relates to the influence of configurations, conformations, or even just steric
hindrances during the reaction.

4.3.1. Reqgioselectivity:

A reaction is said to be regioselective if, when it can produce two or more constitutional
isomers from a substrate with multiple potential reactive sites, it predominantly yields one of
them.

Example:
Br
) Br
/\ &, HBr L )\ + /\/
99% 1%

Stereoselectivity:
A reaction is said to be stereoselective if, when it could potentially produce several
stereoisomeric products, it predominantly yields certain ones.

Example:
OH
\/k Ph
- H,0 \ /
Ph + DH@ —_— +
Z E
Ph

5% 95%
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Br Gl

/\/\ + Br - \\\‘>_< '

H
H;C Br
50%

Solvents:
The role of the solvent is multiple in chemistry. It can be used first and foremost to dissolve

the reagents involved in a chemical reaction and facilitate the encounter of reacting

molecules.
There are 2 classes of solvents:

Non-polar solvents: These solvents are characterized by a zero dipole moment: Benzene
(CeHg), toluene (CgHs-CHg), carbon tetrachloride (CCly), hydrocarbons (hexane,
cyclohexane)... Since they are uncharged, they do not solvate the ions in the reaction medium.

Polar solvents: they are divided into 2 groups:
e Protic solvents: they have at least one hydrogen atom bonded to a heteroatom (O, N,

S...) as in water (H-O-H), alcohols (R-O-H). Due to the polarization of the bonds (H-
O, H-N, H-S...), these mobile protons are capable of forming hydrogen bonds with
molecules carrying lone pairs or negative charges.

5 3
BN 5 & ONG

N © L
Nu

~

-

'Is'—\\?/ B R 9/'}

e Aprotic_solvents: they contain atoms with free pairs but do not have mobile
hydrogen: the hydrogen atoms are exclusively linked to carbon atoms:

. C”) s o} o
[l
C._ee CH C. »» CH3 HaC .[\?iln---P
ch/ xN/ 3 H/ '\‘N/ (H3C)> p \\-[.q’(CHS)z
I | (H3C)2lN
CH3 CH3j ..
Dimethylacetamide N, N-Dimethylformamide Hexamethylphosphoramide
(DMA) (DMF) (HMPA)
.
- O - : O : ) .. ..

1l C.es O
! CH3”™SN CHzCHz~ “CHsCHgz

S
-
HaC"™ ee "CH3 HaC~ MCH3
Dimethylsulfoxide
(DMSO)

Acétone Acétonitrile diethyl ether
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