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Characteristic Reactlons
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Reaction Descriptive Name(s)
\ / A |
C=C + Hcl _— — Hydrochlorination
/ \ (HX) ? Cl (X) (hydrohalogenation)
\C C/ H,O i Hydrati
= + H, —> —C—C-— ydration
/TN e
\ / (X)Br |
C=C + Br, — —? Bromination
/ \ (%) Br (X) (halogenation)
\ 7/ H,0 19 | .
=C\ + Bry —> —?—q;— Bromo(halo)hydrin
/ (Xs) Br (X) formation
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Characteristic Reactionss

I — T e

C=C\ + Hg(OAc), —> —C—C— Oxymercuration

/ HG |

\ / | _
C=C + BHj —> —C—C— Hydroboration

/N H BH,

\ _/ || | |
C=C + 0sO, —> C—( Diol formation

/N HO OH  (oxidation)

\C C/ L Hyd ti
= + Hy —» —C—C— ydrogenation

/ N\ §|_:| E (reduction)
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ReactiomMechanisms

T T e S— .
£ A reaction mechanism describes how a reaction
occurs

A which bonds are broken and which new ones are
formed

A the order and relative rates of the various bond -
breaking and bond -forming steps

A if in solution, the role of the solvent
A if there is a catalyst, the role of a catalyst

A the position of all atoms and energy of the entire
system during the reaction
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Gibbs: Free Ene;ggl_ _ -

£ Gibbs free-energy change;-. DGY: a thermodynamic
function relating enthalpy, entropy, and
temperature

DG° =DH? 1 TDS®

A exergonic reaction: - a reaction in which the Gibbs free
energy of the products is lower than that of the
reactants; the position of equilibrium for an exergonic
reaction favors products

A endergonic reaction: - a reaction in which the Gibbs free
energy of the products is higher than that of the
reactants; the position of equilibrium for an
endergonic reaction favors starting materials
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Gibls: Free Er_lggy

T — T

A a change in Gibbs free energy is dlrectly related to

chemical equilibrium

DG’ = -RT In Keqg

A summary of the relationships between

and the position of chemical equilibrium

DS’< 0 DS’> 0
DG®>0; the At higher temperatures
DHO > o | Position of equilibrium | when TDS? > DH% and
favorsreactants DG < 0, the position of

equilibrium favors
products

At lower temperatures
DH%<0| whenTDS® < DH® and
DG < 0, the position of
equilibrium favors
products

Downloaded from FAaDU0ENGINEErs.COM

DG° < 0; the
position of equilibrium
favors products

DGP°, DH®, DS°,

6-7



e ——

Energz Dlagrams -

& Enthalpy,changez. DIH: the dlfference in total
bond energy between reactants and products

A a measure of bond making (exothermic) and bond
breaking (endothermic)

& Heat of reaction;:. D'H: the difference in enthalpy
between reactants and products

A exothermicreaction: a reaction in which the enthalpy
of the products is lower than that of the reactants; a
reaction in which heat is released

A endothermicreaction : a reaction in which the enthalpy
of the products is higher than that of the reactants; a
reaction in which heat is absorbed
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Energz Diagrams -

£ Energy diagram: = a graph
showing the changes In A

energy that occur during a >
chemical reaction @
B Reactiomcoordinate.e: a -
measure in the change in Reaction
positions of atoms during coordinate

a reaction
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ActivationrEnergy)y

= I —— ——

B Transitionrstate:

A an unstable species of maximum energy formed
during the course of a reaction

A a maximum on an energy diagram

£ Activation Energy, . DGY: the difference in Gibbs
free energy between reactants and a transition
state

A if DGY is large, few collisions occur with sufficient
energy to reach the transition state; reaction is slow

A if DGY is small, many collisions occur with sufficient
energy to reach the transition state; reaction is fast
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Energy Diagram -

A a one-step reaction with no intermediate

y
[C - A~ B]
Transition state
| Activation energy
> |
o
=l |
[ et ) |
| Starting — reaction |
| materials R e e |
: C—A+B
Products |
}

Reaction coordinate
LJOWNIOAAeA OITI FTaauuuLnyinGe! 2.LUIl
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Energy/Diagramn

E A two -step reaction with one intermediate

Transition Intermediate  Transition state 2 |
state 1

Activation |
energy 2

Activation
energy 1

- Energy

D R R R ) D

Heat of
reaction

Reaction coordinate
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Develoelng a Re ctlon I\/Iechanlsm .

£ How it is done

A design experiments to reveal details of a particular chemical
reaction

A propose a set or sets of steps that might account for the overall
transformation

A a mechanism becomes established when it is shown to be
consistent with every test that can be devised

A this does mean that the mechanism is correct, only that it is the
best explanation we are able to devise
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th Mechanisms? -

A they are the framework within which to organize
descriptive chemistry

A they provide an intellectual satisfaction derived from
constructing models that accurately reflect the
behavior of chemical systems

A they are tools with which to search for new information
and new understanding
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Electroehilic Additionsns
A hydrohalogenation using HCI, HBr, HI
A hydration using H ,O in the presence of H ,SO,
A halogenation using CI ,, Br,
A halohydrination using HOCI, HOBr

A oxymercuration using Hg(OAc) , H,O followed by
reduction
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AddittomrobHX

HE— T s— .
£ Carried out with pure reagents or in a polar
solvent such as acetic acid

i) g
Propene 2-Bromopropane 1-Bromopropane
(not observed)

£ Addition is regioselective

A regioselective reaction: - an addition or substitution
reaction in which one of two or more possible
products is formed in preference to all others that
might be formed

A Ma rok ovonsirkeoin thesadditianlofedX, H ,O, or ROH
to an alkene, H adds to the carbon of the double bond
having the greater number of hydrogens
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HBr + 2-Butenef

T — T —
P = I —— —

E A two -step mechanism

Step 1: proton transfer from HBr to the alkene gives a carbocation
intermediate
slow, rate 4

/‘\d"' .d.' determining +

CHy CHECHCH, HT B! < ™ CH,CH-CHCH, * :Br:”
sec-Butyl cation

(a2° carbocation
Intermediate)

Step 2: reaction of the sec-butyl cation (an electrophile) with
bromide ion (a nucleophile) completes the reaction
. . -T/_\+ fast L] IBr L]
-Br- + CH3CHCH,CH; » CH3 CHCH, CH3

Bromideion sec-Butyl cation 2-Bromobutane
(anudeophile) (an electrophile)
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HBr + 2-Butene

I —
£ An energy diagram for the two -step addition of

HBr to 2 -butene
4

The secondary

carbocation intermediate

T Activation
energy 2
............................. 8) Br

+
Activation CH;CH,CHCH;

energy 1

l

CH;CH=CHCHj; + HBr
o

|
CH;CH,CHCH;
Product

Heat of
reaction

Reactants

Reaction coordinate
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Carbocations

I
£ Carbocation: = a species in which a carbon atom has only
six electrons in its valence shell and bears positive
charge

£ Carbocations are

A classified as 1 °, 2°, or 3° depending on the number of
carbons bonded to the carbon bearing the positive
charge

A electrophiles; that is, they are electron  -loving
A Lewis acids
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Carbocations

I —— -

A bond angles about a positively charged carbon are
approximately 120 °

A carbon uses sp? hybrid orbitals to form sigma bonds
to the three attached groups

A the unhybridized 2 p orbital lies perpendicular to the
sigma bond framework and contains no electrons

Vacant 2

120° orbital ¥ \ o bonds formed

CH by overlap of

3 sp2-sp3 hybrid
i >/} “H orbitals
CH3 C+ 7
\\. CH;—
CHs CH,

tert-Butyl cation
(a) (b)
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Carbacation Stability

T e e
A a 3° carbocation is more stable thana 2 ° carbocation,
and requires a lower activation energy for its formation

A a 2° carbocation is, in turn, more stablethana 1 °
carbocation,

A methyl and 1 ° carbocations are so unstable that they
are never observed in solution
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Carbocation Stability
s e T
A relative stability

H H CH, CH,
H C/+ C C{r C C/+ C C/+
— Hy— Hy— Hy—
\ N M ° A
H H H CH;
Methyl Ethyl | sopropyl tert-Butyl
cation cation cation cation
(methyl) (1°) (2°) (3°)
AN
| ncreasing carbocation stability >
7/

A methyl and primary carbocations are so unstable that
they are never observed in solution
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Carbocation Stability

EEE— ——
A we can account for the relative stablllty of
carbocations if we assume that alkyl groups bonded to
the positively charged carbon are electron releasing
and thereby delocalize the positive charge of the
cation

A we account for this electron -releasing ability of alkyl
groups by (1) the inductive effect, and (2)
hyperconjugation
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The Inductive Effgt

Kthe positively charged carbon polariz€§ electrons of )
adjacent sigma bonds toward it

A the positive charge on the cation is thus localized over
nearby atoms

A the larger the volume over which the positive charge is
delocalized, the greater the stability of the cation

+0.118

f

+0.645

.

+0.118
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Hyperconjugation -

A involves partial overlap of the  s-bonding orbital of an
adjacent C -H or C-C bond with the vacant 2 p orbital of
the cationic carbon

A the result is delocalization of the positive charge
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