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Aims :

e Explain the importance of reaction mechanisms in organic
chemistry

e Understand the difference between elementary and stepwise
reactions, and the role played by transition states and intermediates

e Know the main types of bond-breaking and bond-making processes

¢ |dentify the bonds made and broken in a reaction, given the starting
materials and products , thereby allowing a number of possible
reaction mechanisms to be written.
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Writing Reaction Mechanisms In
Organic Chemistry

The ability to write an organic reaction mechanism properly is key to
success in organic chemistry classes. Organic chemists use a
technique called arrow pushing to depict the flow or movement of
electrons during chemical reactions. Arrow pushing helps chemists
keep track of the way in which electrons and their associated atoms
redistribute as bonds are made and broken. The essential rules to keep
in mind are the following:
1- Draw the curved arrow so that it points from the source of an
electron pair to the atom receiving the pair.
2- Always show the flow of electrons from a site of higher
electron density to a site of lower electron density.
3- Never use curved arrows to show the movement of atoms.
Atoms are assumed to follow the flow of the electrons.
4- Make sure that the movement of electrons shown by the curved
arrow does not violate the octet rule for elements in the second
row of the periodic table.
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Indicating Steps in Mechanisms

* Curved arrows indicate breaking and forming of
bonds

* Arrowhead with a “half” head (“fish-hook”)

indicates homolytic and homogenic steps (called
‘radical processes’)

* Arrowhead with a complete head indicates
heterolytic and heterogenic steps (called ‘polar
processes’)

Direction of
migration

Migration Migration Half headed
origin terminus arrow
shift of 2e- 1 e shift
Curly Arrow
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_— Irreversible reaction to product

s Reaction which does not processd
S E— Forward & Backward reaction
e—
s Reaction with more than one step
— Reversible reaction

Reversible reaction ; Equilibrium favours products

—_—
Reversible reaction ; Equilibrium favours
—_——
—_— reactant
Reaction with inversion of cofiguration
«—> Indication of resonance
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Examination of a molecule with respect to its
electronic structure

Formal charge

Formal charge = number of valence electrons - 1/2 number of
shared electrons - number of unshared electrons

: Q :—————— Formal charge = 6 - (/52 - 6 = -1

o7 o.

Formal charge = 6 - (1/5)2 - 6 = -1

Formal charge = 5 - (1/,)8 = +1
Formal charge =6 - (1/,)4 -4 =0
Chargeonion=2(-1) +1+0=-1

Water
Formal charge =6 - (1/,)J4-4=0

H—O—H or H:O:H Formal charge =1 - (1/,)2=0

Charge on molecule =0+ 2(0) =0

Ammonia
Formal charge =5 - (1/,)6 -2 =0

H—P‘\l—H of H: N :H Formal charge =1 -(1/5)2=0

[ H

Charge on molecule =0 + 3(0) =0

Page 6 Prof.Hanaa Kaain Salih




A Summary of Formal Charges

Group

A

IVA

VA

VIA

VIIA

Formal
Charge of +1
+ + +
*\?/ —C— =C
| /
| \
e + e
5& +

Formal
Charge of 0

g~

|

| /

| \
—|\|.|— ‘///I\L\ =N:
—O— :O

—X: (X = F, Cl, Br, or )

Formal
Charge of —1
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Using Curved Arrows in Polar Reaction Mechanisms

e Curved arrows are a way to keep track of changes in bonding in
polar reaction

e The arrows track “electron movement”

e Electrons always move in pairs

e Charges change during the reaction

e One curved arrow corresponds to one step in a reaction mechanism

e The arrow goes from the nucleophilic reaction site to the
electrophilic reaction site

Rules for Using Curved Arrows

e The nucleophilic site can be neutral or negatively charged

Negatively charged Neutral

N \ _

CHz—O0: + HBr: — CH3—'c|3: +  :Br:
H

Neutral Positively charged
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e The electrophilic site can be neutral or positively charged
Positively charged Neutral

H\mﬁ‘H H

H
N .
C=C + H—O0+ ——> +C—C—H + 'O
VAN /] :
H

N\ \
H H H H H
e Don’t exceed the octet rule (or duet)
Neutral Negatively charged
H m ] H H
\C:C/ + H—Br: —> +\C—(|:—H + :Br
TR \ o H =
H H H H H
\ m N/ \_ % §
C=C + H=0+ — +C—C—H <+ .0
4 \ N / | .
H H H H H

There are a surprisingly small number of different types of characteristic
mechanism elements (patterns of arrows) to be considered when trying to
predict individual steps of even complex chemical reactions. For this
reason, you should view the prediction of each step in an organic
mechanism as essentially a multiple choice situation in which your most
common choices are the following:

1- Make a new bond between a nucleophile (source for an arrow)
and an electrophile (sink for an arrow).

Use this element when there is a nucleophile present in the solution as well as
an electrophile suitable for reaction to occur

.o +
H—Q—H + CHCHCH; = ———  CH,CHCH,
Water Isopropyl cation Oxomium ion

(a nucleophile) intermediate intermediate
(an electrophile)
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2- Break a bond so that relatively stable molecules or ions are

created
Use this element when there is no suitable nucleophile-electrophile or proton
transfer reaction, but breaking a bond can create neutral molecules or relatively
stable ions, or both.

3- Add a proton
Use this element when there is no suitable nucleophile-electrophile
reaction, but the molecule has a strongly basic functional group or there is a
strong acid present.
+
H

:|c|): :ol’

HzC—C—0—CHyCH; + H—O0—H ——= HC—C—O0—CH,CH; + :O—H
I N I

Ethyl acetate H A protonated H
(a carboxylic ester) Hydronium ion intermediate Water
(a strong acid)
4- Take a proton away
Use this element when there is no suitable nucleophile-electrophile reaction, but
the molecule has a strongly acidic proton or there is a strong base present.

H\@H"\ .. . -
O% . MO—H HO: H—O—H

I | +
CH3CHCH3 |l| _— CH3CHCH;4 |L
Oxomium ion
intermediate Wat?r 2-Propanol Water

(can act as

(strongly acidic) abase)

Many times, more than one of the four choices occurs simultaneously in the same
mechanism step and there are some special situations in which unique or different
processes such as electrophilic addition or 1,2 shifts occur.
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Common Mistakes in Arrow Pushing

1- Backwards Arrows

This arrow is incorrect because it shows
movement of the H atom, not electrons.
An atom cannot be a source. Only a
bond or lone pair can be a source.

Incorrect /

HscHC=C‘FT2—\HrI§}'

This arrow correctly shows III
attack by the & bond (source) + ..
onto the electrophilic H atom HCHC—CH, * :Br:
(sink)
Correct / /
HsCHC= H—Br

2- Not Enough Arrows

Incorrect

n %
/- U H>_/

Correct i i /
=3 ‘o

/_ ED:" H + \= + :]:3:1':_

H™ S~~~ This arrow is missing in the above scenario.
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3- Hypervalency
This arrow 1s incorrect
because 1t leads to a
hypervalent N atom

Incorrect
There are five bonds
Z?I): :0: on this nitrogen.
Il
'l; N f.\.. - - _ N S
HC™  "0: Hc” SOt

This second arrow
prevents the problem

Correct /
_ Now there are four

?I)) :0: bonds on this nitrogen.
|

IND - —

HsC o HSC/ "“.Q:

Another common way students mistakenly end up with a hypervalent atom is to
forget the presence of hydrogens that are not explicitly written.

This arrow is incorrect This carbon atom now
because it leads to a has 5 bonds so it is
hypervalent carbon atom hypervalent and incorrect
Incorrect oo
.. N .. H N H
. N o) N H \\.

s
|
-

Another common way to make a hypervalency mistake is by forgetting to count all
lone pairs of electrons.

This arrow 1s incorrect
because making this
bond leads to a
hypervalent O atom

This O atom has 10
J N electrons 1n 1its
N=CE N valence shell
Incorrect \Y C
“5-CH \
;CI?- 3 :O-"'CHS
I
.C. _C.
H5;C CHs HsC © CHa
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4- Mixed Media Errors

Acids and bases are catalysts, reactants, products, and intermediates in many
organic chemistry transformations. When writing mechanisms for reactions
involving acids and bases, there are three general rules that will help guide you in
depicting the correct mechanism.

e Do not show the creation of a strong acid for a mechanism of a reaction

that is performed in strongly basic media.

e Do not show the creation of a strong base for a mechanism of a reaction

that is performed in strongly acidic media.

e Instrongly acidic media, all the intermediates and products will be either

neutral or positively charged, while in strongly basic media, all the
products and intermediates will be neutral or negatively charged.

The reason for these rules is that significant extents of strong acids and bases
cannot coexist simultaneously in the same medium because they would rapidly
undergo a proton transfer reaction before anything else would happen in the

solution.
Incorrect creation
of a strong base In
Incorrect acidic media
1o Hot Mor sor” ‘oM -..
/("3\__ —_— \C/") —_ i + 1OCH;,
HC™ "OCH3 H,0 Hc~ CE}CHS HiC”~  ~OCH;
three steps
Correct (ﬁ'_’_
:0: Ho- Mo oML 9, Hior o™
('5 —_— \/ I e r 5
A . .e TS
HeC™ " "QCH; H:0  H,c"~OcH, HyC” Y OCH, H™H
- ;
three steps H

This leaves as
methanol in the last
step of the mechanism
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5- Failing to conserve charge

This side of the
equation has an

overall negative As drawn there 1s no
Incorrect charge due to the negative charge on this
/ hydroxide anion intermediate and this C
:(I:I): (I? atom has 5 bonds.
Ce- — HSC—?—QCHS

H-C” 7 > OCH
3 K,. 3 :OH
ié—H

This C atom has only four
bonds and there 1s an

_ overall negative charge on
:O: /A :O/ both sides of the equation
1]

7

_C.-- —_— H,C—C—OCH

HsC™ 4 ~QOCH; L T
?Q—H

Correct

:OH

e
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