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AN INVESTIGATION INTO REPRESENTATIVE MODELS FOR INDENTIFYING
ORGANIC REACTION MECHANISMS

Nguyen Thi Mong Thu?, Bui Ngoc Phuong Chau®*, Dao Hung Cuong?®

Abstract: This article investigates representative models for determining organic reaction mechanisms.
These models could be applied to identify a possible mechanism of an organic reaction because they are
systematic, logical, and easy-to-remember. The representative model contains three modules including a
recognition module, a mechanism writing module, an analysis and a conclusion module. The recognition
module provides necessary information, identifying what kind of mechanism a reaction could follow. The
representative models of several types of organic reactions, such as substitution reaction (S), addition
reaction (A), elimination reaction (E) were investigated. The representative models might be used as a
new teaching method, making the learning of organic reaction mechanism of not only high school

students but also bachelor students easier and more efficient.
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1. Introduction

An organic reaction mechanism provides
fundamental information on the direction of a reaction,
and factors that impact on the reaction; hence
appropriate adjustments to the given factors could be
made for three main purposes: to obtain desired results,
enhance reaction performance, and lower the cost. Since
the mechanism is abstract, it is a challenge for lecturers
to illustrate the theory briefly and clearly as well as for
students to have an insight into it. In the current context,
although the illustrations for reaction mechanisms are
various and dependent on different authors, these
illustrations obey the same approach for analyzing each
of functional groups. For example, the Sg (Radical
substitution) mechanism is introduced in the lesson of
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alkane and the Ae (electrophilic addition) mechanism is
introduced in the lesson of alkene. These methods of
illustration reduce the creativity of students in
researching this subject. For example, the vast majority of
students confuse that reaction of alkyne follows the Ag

mechanism, or all reactions of aldehyde and ketone
follow the An (nucleophilic addition) mechanism.
Modeling factors that decide the mechanism of an
organic reaction provides students with a general picture,
and an easy-to-understand perspective; hence students
could determine the possible reaction as well as
determine what kind of mechanism this reaction follows.

2. Proposal of illustration models of reaction
mechanism

The illustration model of mechanism consists of 3
modules: a recognition module (including reactants and
reagents, and conditions), a mechanism writing module,
and an analysis module.

2.1. Reaction Recognition

One of the most challenged obstacles of writing a
reaction mechanism is to determine its type of
mechanism. Recognition module provides primary
information to solve this problem.

2.1.1. Reactants

This method uses the hybridization structure of a
carbon atom (sp, sp? sp°) to recognize the reactants.
Reactions of a substance which contains sp, sp?
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hybridized carbons are predicted to obey the mechanism
of electrophilic addition to break the bonds while a
reaction is predicted to obey the principles of
substitution mechanism and elimination mechanism if it
contains sp® hybridized carbons.

For example, alkenes, alkynes, aldehydes, etc. tend
to undergo electrophilic addition reactions, whereas
halogen derivative, alcohol, etc. tend to undergo
substitution and elimination reactions.

2.1.2. Reaction reagents

The recognition of reagents is mainly based on the
characteristics of a polar bond or polarization between two
atoms forming the bond. Non-polar compound X:X benefits
the hemolytic bond cleavage to produce radical reagent such
as halogen, peroxide. In contrast, polar compound Y—X has
its advantage in taking place in heterolytic fission to produce
nucleophilic or electrophilic reagents.

2.1.3. Reaction condition

Reaction condition decisively impacts on the
probability for a reaction to occur, its mechanism,
reaction rate, and the characteristics of resulting products.

In reaction recognition, the condition that affects
bond cleavage is the most important factor. A reaction,
which occurs in an inert and non-polar solvent at high
temperature, tends to undergo a radical mechanism. On
the contrary, a reaction, which is catalyzed by an acid or
a base in a polar solvent at low temperature, tends to
undergo electrophilic or nucleophilic mechanisms. They
are signs to determine reaction mechanism.

3.1. Radical substitution Sg[1]

o Reactant
Reaction Reaction
Recognition reagent
g Condition

3.2. Electrophilic substitution Sg [2]

- Reactant
Reaction Reaction
Recognition reagent
14

Condition

2.2. Mechanism writing

Reaction mechanism is written based on intermediate
steps that were proved strictly and logically. After the
mechanism is determined, mechanism writing is
performed following the proved models.

2.3. Mechanism analysis

An organic reaction often occurs in many
directions, yielding many different products. Reaction
mechanism recognition and writing only clarify the
process and basic steps occurring in a reaction. The step
of analyzing the reaction mechanism can systematically
predict the priority order among reaction directions as
well as characteristics and features of resulting products.
Understanding the similarities and distinctions between
reaction mechanisms learned from these bases aims to
adjust the relating factors to control the reaction for
yielding the necessary products and adapting required
demands. Hence, the three modules are tied together and
dependent on each other. In detail, determining the type
of reaction mechanism is required for mechanism writing,
and mechanism writing is a compulsory factor to analyze
and examine the resulting products. The main point of
this article is to analyze the recognition module, which is
a decisive factor for organic reaction mechanism models.

3. Reaction mechanisms recognition

The recognition modules of Sg, Sg, Sn, Ag, Ar, An
and E mechanisms include three factors: reactant,
reaction reagent, condition, which are shown as follows.

- sp? C of saturated hydrocarbon

- Free radical

- High energy (heating, sunlight exposure, lighter)
- Catalyst: peroxide
- Solvent: non-polar such as ether, CCls, CSy, cyclohexane,. ..

- Compounds with a high electron density center such as
arenes, unsaturated compounds or saturated compounds
that consist of an electron donor group.
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3.3. Nucleophilic substitution Sy [1]

Reaction
Recognition

Y

Reactant

3.4. Nucleophilic addition An[5]

Reaction
reagent

Condition

Reaction
Recognition

3.5. Electrophilic addition Ag [4]

.| Reactant

. Reaction
reagent

"I Condition

.| Reactant
Reaction Reaction
Recognition reagent

b4

Condition

- Compounds with empty orbitals such as positive ion,
or unfilled orbital.

- Reactions occur at normal temperature.
- Solvent: polar solvent
- Catalyst: Lewis acid

o+ S-
- Polar compounds: R = X

- R: all kinds of C (sp?, sp?, sp), O, S, N. Sy typically
associated with sp® hybridized Carbon with the lowest
electron density, with no nuclear hindrance, which is
easy to be approached by a reaction reagent.

- X: negatively charged groups: Hal, OH, OR, OSO:R,
OCOR,... or positively charged groups: N*Rz, S'Ra...

- Anion: C,H, 0, S,N"...

- Neutral molecules:

*H Y eg. HOH, H-Hal, H-OR, H-NH, ...
*Cl:Yeg.Cl:PCly Cl:PCly, Br:PBr,, ...

- Reactions occur at normal temperature.

- Solvent: polar solvent

- Catalyst: acid or base, depending on the reactant or
the reaction reagent.

—C=<X (ON...)

[
- Aldehyde, ketone, acid, ester, amid, nitrile. C=C bond of
a compound that contains a strong electron withdrawn

group that could participate in the Ay reaction.

AS S [z H.RO, Hal
Y- OH, Hal, NH,...

- Reactions occur at normal temperature.

- Solvent: polar solvent

- Catalyst: acid or base, depending on reactant or
reaction reagent.

- Unsaturated compounds that contain multiple bond.
The most common case are alkens and alkynes.
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3.6. Radical addition Ar [1]

3.7. Elimination reaction E [1]

4. Examples of applying the model of reaction
mechanism recognition

Reaction
Recognition

Y

Reactant

Reaction
reagent

Y

Condition

Reaction
Recognition

h 4

Reactant

4.1. Example 1

16

Reaction
reagent

Y

Condition

- Compounds that have empty orbital as cation or

neutral molecules.
o~ Y:H.RO. Hal...
veX {X:0H=Hal=NH;__.

- Reactions occur at normal temperature.
- Solvent: polar solvent
- Catalyst: Lewis acid

- Compounds containing C=C bond.

- XY: halogen, HBr, H,S, HSR, poly-halogen methane
(CCls, CHClIs, CBra), ...

- Reactions occur at high temperature or with the
assistance of light.

- Solvent: polar solvent

- Catalyst: compound that can generate free radical,
such as oxygen, peroxide

g+ a=
-R+X X:F,ClLBrI OSOR...

- Compounds that have an opposite property to
Reactant.

- Reactions occur at high temperature
- Solvent: polar solvent

Consider the following reaction:

CHg + Cl, —Y5 CHaCI + HCI
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- Reactant: CH4 is a saturated hydrocarbon, so it
participates in the substitution reaction. The sp®
hybridized carbon and the nonpolar bond C-H in CH4
facilitate the homolysis.

- Reagent: CI-Cl forms free radical Cl- under light
exposure.

- Condition: this reaction occurs under the
condition of diffused sunlight.

Compared with the aforementioned models of the
reaction mechanism, the given reaction corresponds to
the Sg mechanism.

4.2. Example 2
Consider two following reactions:

a) CHg
hv
+ Cl, —»
t()
CH
b) °
FeCly
+ Cly —»
t()
* Reaction a:

- Reactant: C of -CHs group in toluene is a sp® C.
Like C in saturated hydrocarbon, this C could take part
in a substitution reaction and homolysis.

- Reagents: CI-Cl forms free radical Cl- under light
exposure.

- Condition: this reaction occurs under the
condition of diffused sunlight.

- Sk mechanism can be written for this reaction.
* Reaction b:

- Reactant: the compound containing phenyl group
with a high electron density center can participate in the
substitution reaction as an electrophilic reagent.

- Reagent: Cl, reacts with FeCl; to form an
electrophilic reagent CI*...FeCly".

- Condition: Lewis acid catalyst FeCls.
-> Se mechanism can be applied for this reaction.
4.3. Example 3

peroxide

a) CH; — CH = CH, + Br, —Poroxide

b) CHs— CH = CH, + Br, —122
* Reaction a:

- Reactant: contains C=C bond therefore it is easy
to undergo an addition reaction.

- Reagent: free radical Br- is formed with the
presence of peroxide catalyst.

- Condition: peroxide catalyst.
-> Ar mechanism can be applied to this reaction.
* Reaction b:

- Reactant: the compound has C=C bond, so it is
preferable to take part in an addition reaction. In
addition, the electron density of C=C bond is high
enough to react with an electrophilic reagent.

- Reagent: H»0O is a polar solventbso ng reacts with
. + -
water to form electrophilic reagent Br—>Br.

- Condition: a polar solvent (H20).
- Ae mechanism can be written for this reaction.

Discussion: In practice, there are various reactions
sharing the similarities between reaction factors and
reactants; however, they occur with different
mechanisms, depending on their reaction conditions.
Hence, it is necessary to determine the three factors
simultaneously including reactants, reaction factors, and
reaction conditions to lay a solid foundation for reaction
mechanism writing.

5. Conclusion

This article has provided a new method for teaching
the organic reaction mechanism. In fact, representative
models of some reactions such as substitution, addition,
elimination were investigated. These models were
applied to propose some example reactions.
Representative models of mechanism could be widely
used, making the organic chemistry mechanism more
accessible to leaners.
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NGHIEN CUU MO HINH HOA PE NHAN DIEN CO CHE PHAN UNG HUU CO

Tom tat: Bai bao nay cong bd két qua nghién ctru mé hinh héa cach nhan dién co ché phan trng héa hoc hitu co. Uu diém cla
viéc xac dinh co ché phan &ng theo hwéng mé hinh héa l1a cé thé ap dung cho moi co ché, cé tinh hé théng, logic va dé ghi nhé hon.
Mb hinh co' ché dwoc trinh bay gém 3 module Ia nhan dién phan tng, viét co ché va phan tich, nhan xét. Trong d6 module nhan dién
phan (rng s& cung cap bwdc dau thong tin co ban dé biét phan (rng xay ra theo co' ché nao. D4u hiéu nhan biét cac co ché phan (rng
thé S, phan (rng cong A, phan (rng tach E da dwgc dua ra. Day la phwong phap méi cé thé stv dung dé giang day co ché phan trng
tai cac trwong phd théng va dai hoc gidp hoc sinh va sinh vién dé hiéu va dé nhé hon.

Tir khéa: co ché phan (rng héa hoc hitu co; mé hinh co ché; module nhan dién phan &ng.
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