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Why This Chapter?

An overview to know not just What occurs but also w/hy and Aow chemical reactions
take place.

Start with an overview of the fundamental kinds of organic reactions, why reactions
occur, and how reactions can be described.

Once this background is out of the way, we’ll then be ready to begin studying the details
of organic chemistry

Living organisms often look more complex than laboratory reactions but the principles
governing all reactions are the same.
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Kinds of Organic Reactions

« There are four general types of organic reactions:
- Addition Reactions
- Elimination Reactions
- Substitution Reactions
- Rearrangement Reactions
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Kinds of Organic Reactions
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Addition reactions occur when two reactants add together to form a single

product with no atoms “left over

« An example is the reaction of an alkene, such as ethylene, with HBr to yield
an alkyl bromide.
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H H H Br _
These two N / || .. . add to give
reactants . . . fﬂ E‘k + H—Br — H—[|3 {I:_H this product.
Pelisa  H N HoH gl
Ethylene Bromoethane

(an alkene) {an alkyl halide)



Kinds of Organic Reactions
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Elimination reactions

« The opposite of addition reactions.
« Asingle reactant splits into two products, often with

formation of a small molecule such as water or HBr.
« An example is the acid-catalyzed reaction of an alcohol to yield water and an
alkene
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This one | Acid catalyst \ / .. . gives these
reactant . . . H—{ll—{lj—H * : HE E‘x + Hz0  two products.
H H H H
Ethanol Ethylene

(an alcohol) [an alkene)



Kinds of Organic Reactions
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Substitution reactions occur when two reactants exchange parts to give two new
products.

 An example is the reaction of an ester such as methyl acetate with water to yield
a carboxylic acid plus an alcohol.

« Similar reactions occur in many biological pathways, including the metabolism of
dietary fats.
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These two ﬁ Acid ﬁ. ...give these
reactants... HEC,EHD'_,CHE + HxD,-'H e HgC""'Cx*D’rH + HMGICHE two products
Methyl acetate Acetic acid Methanol

(an ester) (a carboxylic acid) {an alcohol)



Kinds of Organic Reactions
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Rearrangement reactions occur when a single reactant undergoes a reorganization
of bonds and atoms to yield an isomeric product.

* An example is the conversion of dihydroxyacetone phosphate into its constitutional
isomer glyceraldehyde 3-phosphate, a step in the glycolysis sl Js3 pathway by
which carbohydrates are metabolized.
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C C isomeric product.
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Dihydroxyacetone Glyceraldehyde

phosphate 3-phosphate



Problem 6.1

Classify each of the following reactions as an addition,
elimination, substitution, or rearrangement:

(@) CH,Br + KOH . CH,OH + KBr




How Organic Reactions Occur: Mechanisms
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An overall description of how a réaction occurs is called a reaction niechanism: which
bonds are broken, which bonds are formed and what the relative rates of the different
steps are.

« There are two ways in which a covalent bond can break: Symmetrical _klisway
(homolytic Jikis cleavage) and unsymmetrical ,hlis e way (heterolytic iaia
cleavage)
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Halgﬁead or “flshhook ”? curved arrow Is used to |nd|cate the movement of
one electron, and a full-headed curved arrow indicates the movement of two
electrons
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& Symmetrical bond-breaking (radical):
‘ ' ' one bonding electron stays with each product.

Linsymmetrical bond-breaking (polar):
two bonding electrons stay with one product.



How Organic Reactions Occur: Mechanisms
Bond-making g A Jsa

« Just as there are two ways in which a bond can break, there are two ways in
which a covalent two-electron bond can form.
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N f"‘x_ ) Symmetrical bond-making (radical):
) ' one bonding electron is donated by each reactant.

T . Unsymmetrical bond-making (polar):
' ) two bonding electrons are donated by one reactant.

* Processes that involve symmetrical bond-breaking and bond-making are called
Radical reactions 43 Jel&

* Processes that involve unsymmetrical bond-breaking

and bond-making are called polar reactions 4whé Jelé |
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Radical Reactions 4 iall cdleldil)

Aradical, or “free radical,” is a neutral chemical species but is highly reactive (has
unpaired electron in one of its orbitals).

A radical might attack a single bond in another reactant to give substitution product or
might add to a double bond to give addition product.
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Reactant Substitution Product
radical product radical
Unpaired Unpaired
electron electron
TN A Rad
\ 7N Y S/
Rad. 4+ C—C E— cC—C /
N, SN
Reactant Alkene

Addition product

radical radical



Chlorination Of Methane
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« An example of an industrially useful radical reaction is the chlorination of methane

to yield chloromethane.

« This substitution reaction is the first step in the preparation of the solvents
dichloromethane (CH,CI,) and chloroform (CHCI,).

| |
Light
H—L'll—H + Cl—Ccl —— H—{ll—{ll + H—Cl
H H

Methane Chlorine Chloromethane



Mechanism Of Radical Reaction
(Chlorination of Methane)
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« Like many radical reactions in the laboratory, methane chlorination requires
three kinds of steps:

1- initiation, 2- propagation, and 3- termination.

1- Initiation (3,3l ) ¢1a5Y)
Irradiation with ultraviolet light begins the reaction by breaking
Few CI-Cl bonds to give a reactive chlorine radicals
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Mechanism Of Radical Reaction

2- Propagation iy

A reactive chlorine radical collides ~x=: with a methane molecule in a
propagation step, abstracting a hydrogen atom to give HCI and a methyl radical
(-CHy,).

This methyl radical reacts further with ClI, in a second propagation step to give the
product chloromethane plus a new chlorine radical, which cycles back and repeats
the first propagation (chain reaction).
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Mechanism Of Radical Reaction

3-Termination sl
« Two radicals might collide and combine to form a stable product.
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HeC- 4+ +CHg3 —— H3C:CHj




Biological Radical Reaction

Synthesis Of Prostaglandins
« Prostaglandins (PGs) ©wwaiBlelin g yare a large class of

molecules found in virtually all body tissues and fluids.

* A number of pharmaceuticals derived from prostaglandins,
are used to induce labor (32¥ )5, to reduce intraocular
pressure in glaucoma &, , to treat peptic ulcers <ls Al

« The biosynthesis is initiated by abstraction of a hydrogen
atom from arachidonic acid by an iron—oxygen radical

H‘“Fe"f
| T~
7
S
-~ F|E“-., Oxygen H
0__—radical +
(-

—— — COsH — —_— COsH
\HQ/H NN Radical }/ N
! substitution i —*s PQGs
"‘-_._-_ - "‘-.._‘ -

Arachidonic acid Carbon
radical



Polar reactions 4wl e ladl)

« Bond polarity <kl is a consequence of an unsymmetrical
electron distribution in a bond and is due to the difference In
electronegativity of the bonded atoms.

« This causes a partial negative charge on an atom and a
compensating partial positive charge on an adjacent atom

« The more electronegative atom has the greater electron density

Chloromethane Methyllithium



Polar reactions
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Table 6.1 Polarity Patterns in Some Common Functional Groups

Functional Functional
Compound group Compound group
type structure type structure
N+ b &+ b
Alcohol 7E —0OH Carbonyl C=0
H—
N/ 0
Alkene C=C Carbosviic acid -:'.-—l: 4
a C ac —
/N xy .
i OH
Symmetrical, nonpolar
In:l"_
\ 5+ - ei—affﬂ
it LU s Carboxylic acid —C
/ chloride ey
_ \ 5+ 8- .
Amine —C—NH, O
/ e
Thioester —C
\ &+ 5 54/ Y .
Ether —LC—0—C—
/ \ L=
N\ 5+ 5 sty
Thiol — C—SH Aldehyde _C‘\
/ H




Polar reactions

Continue table 6.1

Table 6.1 Polarity Patterns in Some Common Functional Groups

Functional Functional
Compound group Compound group
type structure type structure
5+ - é‘
Nitrile —C=N is
\.:i— 5+ ot "'Ir
. —cC—Ll Ester —C
"H, d— &+ / \ f—
Grignard —C—MaqgBr 0o—C
reagent / F—
\ 5 54 "
Alkyllithium —C—Ll Ketone _I:H
C

* Note that carbon is always positively polarized except
when bonded to a metal.



Polar reactions

Polarizability dutssiuy)

* Polarizability is the tendency of an atom in a molecule to undergo polarization
«Wsiuldue to the interaction with polar solvents or other polar molecules nearby.
 Larger atoms with are more polarizable, and smaller atoms are less polarizable.
* This causes the nonpolar carbon—sulfur and carbon- iodine bonds to react as if
they were polar.
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Generalized Polar Reactions:
Electrophiles and Nucleophiles G5 9218 gl o i g IS

» The fundamental characteristic of all polar organic reactions is that electron-rich
sites react with electron-poor sites.

» The electron-rich species is called a nucleophile “nucleus-loving.” .

*The electron poor species is called an electrophile,“electron-loving.”
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This curved arrow shows that
/ electrons move from :B™ to AT,

-F—I- .

' N
At + B —— A—B
Electrophile Nucleophile \\ I“E E'_'ﬂa'l_t’t“"i}“md”‘”“ﬁd
(electron-poor)  (electron-rich) rom :5 1o A" end up here

in this new covalent bond.

i 9 Al e gls



Generalized Polar Reactions:
Electrophiles and Nucleophiles <3k gls sil) g <DL g asly)
 Nucleophiles can be either neutral (NH;, H,O) or negatively charged (‘OH).

» Electrophiles can be either neutral (alkyl halides, and carbonyl compounds) or
positively charged ( acids:H* donors)
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Some nucleophiles - H,0: HaN:
(electron-rich) 1 ] I
0%~
Some electrophiles 5+ 5 [
5+
(electron-poor) Ha0* CHy—Br O

I I i

Workea rp o.1



Worked Pb 6.1

Which of the following species is likely to behave as a
nucleophile and which as an electrophile?)

(a) NO,* (b) CN= () CH3NH; (d) (CHa)sS+

Problem 6.4
Which of the following species are likely to be nucleophiles
and which electrophiles? Which might be both?

1{a}f:Hgm (b) CHaS™ {cpH;{i‘*focHE (d) ﬁ'

III'I._u"Ir CHLCH



Problem 6.5
Is boron trifluoride BF; likely to be a nucleophile or an

electrophile?
I‘:/
B
\

Electrophilic; vacant p orbital

/

BF3




An Example of a Polar Reaction:
Addition of HBr to Ethylene

Gl A HBr a2
» An electrophilic addition reaction.
* The two carbon atoms of C=C bond are sp2results from sp2—-sp2 overlap, and

the  part results from p—p overlap.

--hybridized,
* The o part
Carbon—-carbon ¢ bond: Carbon—-carbon 7 bond:
stronger; less accessible weaker; more accessible electrons
bonding electrons
H H H Br
\ / ||
C=C + H—Br  —— H—C—C—H
/ N, | ]
H H H H
Ethylene Hydrogen bromide Bromoethane

(nucleophile) (electrophile)



Mechanism of Addition of HBr to Ethylene
Sl A HBr s 4
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nﬂ. hydrogen atom on the electrophile HBr is attacked Ethylene

by ar electrons from the nucleophilic double bond,
forming a new C—H bond. This leaves the other
carbon atom with a + charge and a vacant p orbital. “J
Simultaneously, two electrons from the H-Br bond
move onto bromine, giving bromide anion

@eﬂsxus “ \H' /'

» H
H
Carbocation
B Bromide ion donates an electron pair to the positively
charged carbon atom, forming a C—Br bond and EJ'
yielding the neutral addition product.
Br H
\E {:';
HY WH
H H

Bromoethane



Using Curved Arrows in Polar Reaction
Mechanisms 4xladl) cdle it all) L",A dyiaiall e.@.ug\l\ aladiul
*The arrow goes from a nucleophilic source (neutral: Nu: or
negatively charged Nu:") to an electrophilic sink (E or E*).
*The octet rule must be followed.

Meutral Megatively charged
H // H \\ [ H H l
NS L v -
;’EZC“\ + H-~ Ei:_r_: — trﬂ H + Br
¥ y vy ¥ |
Megatively charged MNeutral

N~ N

CHz—O: + H-Bri —— CHz—O: + :Br:



Describing a Reaction: Energy Diagrams and
Transition Statesdsldily) adlal) g 43Ul Jalais

* In step 1, breaking
ethylene n bond and

H - Br bond and H |

formation of a new
C - H bond

* In step 2, formation
of a new C-Br bond

* The highest energy
point in a reaction step Is
called the transition
state adlaiy) sl

*The energy needed to
go from reactants to
transition state is the

activation energy (AG¥)
Loaall ol Ll 48,

L
= H—or
g 3r:
| - Br
| H H H . Ty
= @ [P g HeeE
| ]
H H H H H
Carbocation
O35S 5 S
I /Tra nsition state
——————————— Carbocation product
Activation '/—- CHaCHp" + Br
- energy
=]
g AG? AG®
=
; L
Reactants
HpC=CHy
4+ HEBr

Reaction progress ——————e



Describing a Reaction: carbocation

Intermediates daw giall S yall
* If a reaction occurs in more than one step, it must involve
species that are neither the reactant nor the final product
These are called reaction intermediates or simply
“intermediates” e s ol b sia S
« Each step has its own free energy of activation.
* Thus, the two-step reaction below has one intermediate and
two transition state.

My
> H—Br
|II/ _ _ *Br:

H | H 4 H| H H
"y e |
c=C —— H—c—r:;-' — H—{ll—tll—E-r

H H H H H H

Reaction intermediate

OsS 9 S



Reaction Diagram for Addition of HBr to Ethylene
S ) HBr asa Jo Ll 43 habaia
« Two step reaction, one intermediate and two transition states.
» The carbocation intermediate is the reactant for step-2; it can't
normally be isolated.
« Each step has its own AG°and its own AGH.

*The larger
First transition state

aCUVat'On energy l Carbocation intermediate

Second transition state

(AG?,) controls the
rate of the overall
reaction.

* The overall AG° of
the reaction is the
energy difference
between reactants
and final products

Energy

Reaction progress ——————=



Biological Reactionss sl sall cdle il

 Reactions in living organisms take place in very controlled conditions 4k suias b i
* They are catalyzed 3 x>« by enzymes ( usually proteins) that lower the activation

energy.
* Reaction involves many steps, each of which has a relatively small activation

energy and small energy change.
« Such alternative mechanism is compatible with the conditions of life
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Uncatalyzed

H_..f“'

Energy

Enzyme catalyzed

Reaction progress ——



