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" © Course Objectives ©

objectives: At the end of the course the students will be able

v' Elaborate the concept of the aromaticity
v' Distinguish aromatic compounds from the non-aromatic ones.

v' Describe the mechanism of electrophilic and nucleophilic aromatic

substitution reactions

v Describe the various chemical properties & reactions of carbonyl

compound
v' Describe the various chemical properties and reactions of amines.

Clgssify various biological molecule such as carbohydrates, lipids,

cids and proteins, & their important chemical properties
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Course content outline

Chapter 1. The Chemistry of Aromatic Compounds
- 1.1 Aromaticity

* 1.2 Properties of Benzene and its Derivatives

+ 1.3 Heterocyclic Aromatic Compounds

* 1.4 Aromatic Substitution Rxns and their Mechanism
- 1.4.1 Halogenations

- 1.4.2 Nitration

*+ 1.4.3 Friedel Crafts Alkylation

+ 1.4.4 Acylation

» 1.4.5 Sulphonation

g [\m
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Course content outline

1.4.6 Directing Effects of Substituents

1.4.7 Examples of Electrophilic Aromatic Substitution
Reactions (was Covered in 1.4 Sub-title)

1.5 Nucleophilic Aromatic Substitution Reactions
1.5.1 Reactions of Aryl halides

1.5.2 Mechanisms of Nucleophilic Aromatic Substitution
Rxns

1.6 Reactions of Aromatic Side Chains
1.6.1 Oxidation and Substitution of Alkyl Side Chains

A
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Course content outline
1.6.2 Reduction of Nitro Groups and Aryl Ketones

» 1.6.3 Conversion of Halogens to Organ metallic Reagent

+ 1.6.4 Hydrolysis and Fusion of Sulphuric Acids

+ 1.6.5 Modifying the Influence of Strong Activatin

Groups

+ 1.6.6 Diazotization of Primary Aromatic Amines & their

Usefulness (will be touched in Unit 2 portion)

i [
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Chapter 2. Amines

« 2.1 Nomenclature and Structure
« 2.2 Properties of Amines: Physical and chemical properties
« 2.3 Basicity of Nitrogen Compounds

« 2.4 Acidity of Nitrogen Compounds

« 2.5 Reactions of Amines

« 2.6 Electrophilic Substitution at Nitrogen

« 2.7 Preparation of 1°,2° & 3°Amines

« 2.8 Reactions with Nitrous Acid

Reactions of Aryl Diazonium Intermediates

Elimination Reactions of Amines (See Hofmann Eliminations)
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Chapter 3. Reactions of Carbonyl Compou

« 3.1 Addition Reactions
« 3.1.1 Hydrates, Hemiacetal; Cyanohydrins and Carbinolamine
« 3.1.2 Addition of Grignard Reagents

« 3.1.3 Addition of Hydrogen

« 3.1.4 Hydride Additions (LiAIH, and NaBH,)

« 3.2 Addition f—-Elimination Reactions

« 3.2.1 Imines and related compounds

« 3.2.2 Wittig reaction

tals [

‘\
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Chapter 3. Reactions of Carbonyl Compounds

« 3.2.4 Ester hydrolysis and formation
« 3.2.5 Reactions of acid chlorides, acid anhydrides & amid
« 3.2.6 Reductions of acid derivatives

+ 3.3 Enolization-Ketonization reactions

« 3.3.1 Halo form Reaction of Methyl Ketones

« 3.3.2 Alkylations at the a-Carbon

 3.3.3 Aldol and Related Condensation reactions
A[‘S A
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Chapter 4. Oxidation-Reduction reactions

- 4.1. Oxidation Reactions

*+ 4.1.1 Alcohols and Aldehydes
- 4.1.2 Multiple Bonds

4.2, Reduction Reaction

+ 4.2.1 Catalytic Hydrogenation and Hydride Reduction

+ 4.2. 3 Dissolving metal reduction

|




Chapter 5. Introduction to Chemistry of Biomolecules

» 1.1 Carbohydrates

+ 1.1.1The Structure and Configuration of Glucose
*+ 1.1.2 Anomeric forms of Monosaccharide's

+ 1.1.3 Glycosides

» 1.1.4 Disaccharides and Polysaccharides

- 1.2 Lipids

- 1.2.1 Fatty Acids

ats and Oils and Waxes [ |

7 \
&i.l
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Introduction to Chemistry of Biomolecules

« 1.2.3 Phospholipids, Prostaglandins, Steroids and Terpenes
« 1.3 Proteins and Amino Acids

* 1.3.1 a-Amino Acids

« 1.3.2 Reactions and Synthesis of Amino Acids

« 1.3.4 Peptides & Proteins

« 1.3.5 The Primary Structure of Peptides

« 1.3.6 Secondary & Tertiary Structure of Large Peptides and

Proteins

1.3.7 Peptide Synthesis

JTucleic Acids & | 4 [\
voy \
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Mode of lesson Delivery

* Gaped lecture, lecture demonstration, group work &
presentation & project work.

* Method of assessment:

» Short tests at the end of each chapter, assignment or

group work (50%), Final exam at the end of the semeste
0%)

Reference materials:

T .M.Menger,

D.J.Goldsmith;L.Mandle,Organicchemistry:AConciseAppro
ah,2 nd Ed., 1974

+ 2. T.WG.Solomons, OrganicChemistry,7th Ed.,b2004.
urry, OrganicChemistry,4th Ed.,1996.
.A.Carey, OrganicChemistry, 3rd Ed., 1996.
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Some of the Aromatic Compounds

n
‘ @/L d

OCH,CO,H )\ /

2,4-D o
Benzoic acid Acetylsalicylic acid
(aspirin)
O O 1|{
H OCH, C@ :
o CCl,
NH

“ N
Benzene Benzaldehyde
| OO
H
\ @—CHCOOH

Benzo[a]pyrene CH CH,

ibuprofen
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1.The Chemistry of Aromatic Compound

v Organic cpds are a class of complex molecules that

characterized by their use of C as a molecular backbone.

O rpanc compounds
Acvchc or Open Cryclhic or Closed Chaan
Chan compouncds () or Ring compoundcts (1)
Homocyclic or Hecterocovyclac
Carrbocvehc compsaouncis cormposnds
Alicvclec Compounds Araomamic compounds
Benescnoad commpeouncs Non-Benesosnoed comnpounds

What is Aromatic Compound?

Ar hydrocarbons are compounds that contain
ene ring or have similar properties to benzene.
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1.1 Aromaticity

v' Aromaticity it is in cyclic conjugated organic cpds suc

benzene, that exhibit special stability due to resona

delocalization of 1T - electrons.

To be aromatic, a cpd must possess all of these characteristics:

1. An aromatic cpd is cyclic and contains delocalized MOs

2.Fullfil (4 n+ 2) meintheringwheren(n=0,1, 2,..)le., Hucke

Rule.
3. The atoms in the ring are usually sp? hybridized

4. The structure of the cpd is planar, or nearly planar.

1T electrons are delocalized over the entire ring.
27 April 2020 Chem. 2042, By Dale Abdissa,JU 15
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%’\\\
— Antibonding Antiaromatic
I —1— —L Nonbonding
S i 2
S

other examples Aromaticity

Bonding

./-------\ : _T"_T - Antibonding ~ Aromatic
@ A - o Yy } -

5
e
BY Teoruaia
_ T i g

tiaromatic state is less stable than aromatic & nonaromatic forms. )
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[N

C
What is the difference b/n Antiaromatic, aromatic & nonaromatic for

I 4 electron system( even number of pairs);
) @ Does not have an uninterrupted ring of p orbital bearing atoms (conjugation);
Nonaromatic.
Cyclopentadiene
2) @ 4 electron (even number of pairs; 4n,n = 1;
Cyeclic, planar, uninterrupted ring of p orbital bearing atoms (conjugation);
@ antiaromatic
Cyclopentadienyl cation
3) @ & electr{I:rn system (4n+2, n = 1), cyclic, planar with conjugation;
Aromatic
=]
C}-‘Llﬂ]}t‘ﬂlddlﬂﬂ}fl anion

D—0—L0 — Q-0 %

resonance hybrid

‘The cyclopentadienyl anion is aromatic because it is cyclic, planar, completely
conjugatedZanerha@?8ix nt electrées. 2042, By Dale Abdissa,JU 18



Benzene (CgHg)

« It Is a planar molecule containing a ring of six C at
each with a H atom attached.

« Itis the simplest aromatic HC (or arene).

e its aromaticity is the major contributor to why it iIs so
unreactive.

 The six C atoms form a perfectly regular hexagon.

 There are delocalized e-s above & below the plane of the
ring, which makes benzene particularly stable.

e |t resists addition rxns b/c those rxns would Involv

breaking the delocalization and losing that stability.

Chem. 2042, By Dale Abdissa,JU 19




Ben e

v If it is forced to react by increasing the temp. and/o

addition of a catalvst. It underaoes substitution reactions.

Kekulé description: ‘ N
An equilibrium I .

v Current descriptions of benzene are based on resonance

and e- delocalization due to orbital overlap.
v Any structure for benzene must account for the ff facts:

1. It contains six-membered ring & 3 additional degrees o

Benzene—A planar molecule |

unsaturation. ) >
¢ _ '/\J J\y
2' nar g \3 8 ‘5’—( sp? hybridized
120°
C—C bond Iengths are q al. potia )
27 April 2020 hem. 2042, B Dale Abdissa JU 20



Ben o

v The true structure of benzene is a resonance h\X\d
of the two Lewis structures.

The hybrid

@ —Q - (&

The electrons in the © bonds
are delocalized around the ring.

.y ) > The C~-C bonds in benzene are
CH;—CH, CH,=CH, 1}\/' @ equal and intermediate in length.
1.53 A 1.34 A T iank I
v | bond length (1.39 A) isintermediate b/n

—C (1.53 A) & the C=C double bond (1.34 A).
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Stability of Benzene
v’ the e- delocalization described by resonance enhance

stability of the molecules, and compounds compose
such molecules often show excentional stability.

33— -0

& m-electrans
v Evidence for its thermodynamic stability was obtained fro
measurements of the heat released when double bonds In

6-carbon ring are hydrogenated (H is added catalytically) t
give cyclohexane as a common Product.

v The addition of H, to C=C normally gives off about 118 kJ/mol, 3 doubl

e
f

bonds would give off 356kJ/mol

v nlgated double bonds in cyclohexadiene add 2H, to give o

kJ/mol
27 April 2020 Chem. 2042, By Dale Abdissa,JU 22



Resonance Energy

Benzene

150 kJ/mol

(difference)

° 1,3-Cyclohexadiene © —

—356 kJ/mol
(expected)

Cyclohexene O —_—— —230 kJ/mol —206 kJ/mol
(actual)

—118 kJ/mol

Cyclohexane O —————————— J‘ ———————— ———— - ———— — — — — r—————— < — — —

@ 2007 Thomson Higher Education

-+ H, —— AHT =—-28.6 kcal/mol (—120 kl/mol)
experimental

cyclohexene

+ 3IH, ——: AH® = —-85.8 kcal/mol (—359 kJ/mol)
calculated

“cyclohexatriene”
hvpothetical

+ 3 H, —— MHT = —49.8 kcal/mol (—208 kJ/mol)
experimental

nance energy is a measure of how much more stable a cpd with
echeApAsAfran it wouldchen b elgsbionsasgreulocalized. 23



Nomenclature of Benzene Derivatives: Rules

v To name benzene ring with one substituent, nam
substituent & add the word benzene.

Bromobenzene Nitrobenzene Propylbenzene

© 2007 Thomson Higher Education

o

v Many monosubstituted benzenes have common names

Structure Name Structure Name
CHz Toluene CHO Benzaldehyde
(bp 111 °C) /\l/ (bp 178 °C)
SN
OH Phenol COoH Benzoic acid
’i,j (mp 43 “C) /\l/ (mp 122 °C)
— \/

NH5 Aniline CH4 ortho-Xylene
= | (bp 184 °C) /\l/ (bp 144 °C)
c— \/\CH3

O Acetophenone H Styrene

Il (mp 21 °C) I (bp 145 °C)

C Cx - H
=3 | CHs C

|
=~ —

<
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Nomenclature of Benzene Derivatives: Rules

N

. . . X
v Relative positions on a benzene ring
. Ortho «— Qrtho
— ortho- (o) on adjacent carbons (1,2)
Meta - - Meta
— meta- (m) separated by one carbon (1,3)
— para- (p) separated by two carbons (1,4)
OH CH3
Br 4 - CH3 ] CH3
2 2
: 3
CH3 HaC™ >~
NO,
4-Bromo-'1,2-di_methy|benzene 2,5-Dimethylphenol 2,4,6-Trinitrotoluene (TNT)
Br
:: :NHE HEN\@/NH2 Br
NH, Br
. . _ P o-dibromobenzene (or) m-dibromobenzene (or)
D—PhEL'I lenediamine m-Fhenylenediamine. ortho-dibromobenzene meta-dibromobenzene )

N

27 April 2020 Chem. 2042, By Dale Abdissa,JU 25 /



Nomenclature of Benzene Derivatives: Rules '\\

Br Br Br
Br

Br

ortho-dibromobenzene meta-dibromobenzene para-d|bromobenzene
or or
o-dibromobenzene m-dibromobenzene p-d|bromobenzene
or 1,2-dibromobenzene or 1,3-dibromobenzene . 4 4-d|bromobenzene

- \7 —

Use a common root name: Br

toluene phenol
NO,

Cl

2-bromo-5-chlorotoluene

p-bromotoluene o-nitrophenol }
27 April 2020 Chem. 2042, By Dale Abdissa,JU 26




Preparation of Benzene
*- Benzene is commercially isolated from coal tar.

*- However, it may be prepared in the lab. by the ff method

(i) Cyclic polymerisation of ethyne (C,H,)

* C,H, on passing through red hot Fe tube at 873K undergoes

cyclic polymerization.

*- Three molecules polymerise to form benzene, which is th
starting molecule for the preparation of derivatives o

benzene dyes, drugs & large number of other organic cpds.

CH
7 =~
CH N ( CH Red hot
< S '\hgl| iron tube @ ‘
CH . 873 K
N
) Y

CH
27 April 2020 Chem. 2042, By Dale Abdissa, JU™ ~ 27



Preparation of Benzene

(i) Decarboxylation of aromatic acids:
<+ Sodium salt of benzoic acid on heating with Cao gives C

COONa
CaO
+ NaOH T’ + Na,CO,

(ili) Reduction of phenol:

< Phenol is reduced to C4H, by passing its vapors over heate

Zinc dust.
OH

O 20
+ Zn — + ZnO

Chem. 2042, By Dale Abdissa,JU 28




Physical and Chemical Properties
*-Aromatic HCs are non-polar & usually colorless liquid.

* they are immiscible with H,O but are readily miscible wi
organic solvents.

*- Resonance hybrid with structure b/n two line-bond structure

Br,/CCl, . " p— -— .
dark. 25°C 5 0O a 1ITion o romine
KMnO,/H,O _ i S
2.0 b - 0 oxidation
Benzene
H.O"/H,O )
' > > No hydration
heat

H,/Ni : -
= > Slow addition
at high temperature

27 April 2020 Chem. 2042, By Dale AbdissalJpressure 29

.

.



1.2 Properties of Benzene and its Derivativ

Chemical properties: characterized by electrophilic substit
rxns than electroohilic addition rxn.

| X _ O
e, @ +Hx  Halogenation K
(X = Cl, Br) N
so‘o
_ NO, ocf"
| _HONO, . @ +H,0 Nitration '2'>°
H,S0, o<(s
. °(av$
SO.H N
S0, WY Q&
@ e 3 Sulfonation O
_ | m,s0, S
Q\)@

?{R can rearrange)

R
RCl, AICI. . .
—» ©/ +HCl  Friedel-Crafts Alkylation

0]
0 |

| C‘-\""\ ] ]
neoCLACh ©/ R, puc1 Friedel-Crafts Acylation

N
§ 27 April 2020 Chem. 2042, By Dale Abdissa,JU 30




1.3 Heterocyclic Aromatic Cpds

« A heterocyclic cpd is a cyclic cpd in which one or m
the ring atoms is an atom other than carbon.

* Aring atom that is not carbon is called a heteroatom.

« The most common heteroatoms found in heterocyclic cpd
are N, O, and S. For example;

~ /T 7\ \
DS S S

P N O S

H H .= .
pyridine pyrrole furan thiophene
7 X 7 \ \ N7 SN N7
N | > :N_NH . I>
N7 N N N~ N SN

.- H .- H P

guinoline indole imidazole purine pyrimidine

27 April 2020 Chem. 2042, By Dale Abdissa,JU 31



Heterocyclic Aromatic
* Pyridine is an aromatic heterocyclic cpd . Each of the s

atoms of pyridine is sp? hybridized.

* Pyrrole has three pairs of e-s & is aromatic. The lone-pai
s are in a p orbital that overlaps the p orbitals on adjacent C,
forming a m —bond, they are m electrons.

(Y ) — L — 0 — L)
ﬁ N N N ﬁ

resonance contributors of pyrrole

 The resonance contributors, show that the N-atom is sp?
hybridized & uses its three sp? orbltals to bond to two carbo

and one hydrogen. S | S| ectans
| _ / are in a

p orbital

' N B

Chen " 32

orbital structure of pyrrole




1.4 Aromatic Substitution rxns & their Mechanis

v' B/c electrophilic substitution of C4H, involves the rxn of

with an aromatic cpd, it is more precisely called an EAS rxr®

v In an electrophilic aromatic substitution rxn, an E* substitutes
for a H of an aromatic cpd.

an electrophilic aromatic substitution reaction

T ~-H /}%,/Y
( j + YY" — | + HT
i ~F

v' e-s above & below the plane of its ring,CsHg is a nucleophile,

v' It will react with an E* When an E* attaches itself to a Cg
ring, a C* intermediate is formed.

H

/-’;L_\:'"___ _--"‘x_ - ¢
(3 e — S
_/_/-’

carbocation
Chem. intermediate 33




Aromatic Substitution
There are five most common EAS rxns:

1. Halogenation: Br, CI, or | substitutes for a H (proton).

2. Nitration : A nitro (NO,) group substitutes for a H.
3. Sulfonation: sulfonic acid (SO;H) group substitutes for a H.
4.Friedel-Crafts acylation: acyl group(RC=0) substitutes for H.
5.Friedel-Crafts alkylation: an alkyl (R) group substitutes for H.
v All of these take place by the same two-step mechanism.

v' 15t benzene reacts with an E* forming C* intermediate.

v’ 2nd step of the rxn, a base in the rxn mixture pulls off a H from th

ediate, and the e-s that held the H move into the ring t

tagl 'ASmhil Shgoaromatl %&'\EX 2042, By Dale Abdissa,JU 34




S

Aromatic Substitution
ed

v Proton (H) is always removed from the C that has f
the new bond with the E*.

general mechanism for electrophilic aromatic substitution

AL jf slow ‘: . [j [jé fast E/j/ + HB' ‘
a,f

~F
v 1ststep is relatlvely slow & endergonic b/c an aromatic cp
IS being converted into a much less stable non-aromatic

Intermediate.
v’ 2Md step is fast & strongly exergonic b/c this step restores

the stability-enhancing aromaticity.
v Therefore, EAS rxn follows the ff steps, generation of the E
formatlon of C* intermediate, & removal of proton from the

Chem. 2042, By Dale Abdissa,JU 35




1.4.1 Halogenation of Benzene
v" The bromination or chlorination of benzene requires a N
acid such as ferric bromide or ferric chloride.
v a Lewis acid is a cpd that accepts a share in a pair of e-s.

Br Cl ’
FeCl

bromobenzene chlorobenzene

mechanism for bromination

-

ve o ae . co  eed =
:f_}_r—l__’;_r:x + FeBr; ——— :E,_r—l__’;_r{—l"cﬁr;

e __"x‘\
- Nk A Br
e Br B + -
+ :Br—Br—FeBr; — + HB + FeBry

mechanism for chlorination
X T /"--- H**‘ . w T
Cl—Cl: + FeCly; ———— Cl—Cl—FeCl;

» _"'m,x\
q f o \ Cl
e (e C ‘B { -
+ ClI—Cl—FeCl; ———— —_— + HB" + FeClyg
N




1.4.2 Nitration of Benzene

v" Nitration of C;Hg with HNO, requires H,SO,, as a catalys

NO,
H,S0
©+HND3 2“-@/ + H,0

mechanism for nitration

.w,x“ ~ H

H)—NO, + H-0SOH = HQO=NO, = *NO, + H0: + HSO;

w*

nitric acid nitronium lon

H :B
> NO,

v" To generate the necessary E*, H,SO, protonates HNO, .

v ater from protonated HNO, forms a *NO,, the E
ired for nitration.

27 April 2020 Chem. 2042, By Dale Abdissa,JU 37




1.4.3 Friedel-Crafts Acylation of Benzene

v  Two electrophilic substitution rxns bear the nam
chemists Charles Friedel and James Crafts.

an acyl group an alkyl group

Charles Friedel (1832-1899) James Mason Crafts (1839-1917)

v Feedel=Crafts acylation places an acyl group on a benzen
riedel-Crafts alkylation places an alkyl group on

EREALISh20 Chem. 2042, By Dale Abdissa,JU 38



Friedel-Crafts Acylation of Benz
v Either an acyl halide or an acid anhydride can be us

Friedel-Crafts acylation e.g.

or

COCH,
~ Anhyd AlCl,
@ . I 1AICh Q/ R 10 O+CH COCl +HC1‘
,f x 2 H,0
Acetylchloride
an acyl chlunde Acetophenone
mechanism for Friedel-Crafts acylation
i
fc{f’” + AICl; — ‘R —C—=0: «—— R—C=0: l + —AICl,
R Cl: an acylium ion

B ﬂ*@ @”‘wﬂw

lum ion is the E* required for a Friedel-Crafts acylatio
27 April 2020 Chem. 2042, By Dale Abdissa,JU 39



Friedel-Crafts Acylation of BenX@\e

v Assignment #1.Propose a mechanism for the ff reactio

O
O/\)\C] AlCl; @Q
O

v Assignment #2. Propose a mechanism for the ff reaction:

mmas mmwm g e s s

O
L

9] 0
(|% t1_|“ 1. AICI; ~R lITI
+ Rf' mOf KR 2. H;O T R~ “OH

an acid anhydride

27 April 2020 Chem. 2042, By Dale Abdissa,JU 40




1.4.4 Friedel-Crafts Alkylation of Benzene

v' The Friedel-Crafts alkylation rxn substitutes an alkyl
for a hydrogen.

~R
Friedel-Crafts alkylation b RO E DT

v" In the first step of the rxn, a C* is formed from the rxn of a
alkyl halide with Alkyl fluorides, alkyl chlorides, alk

bromides, and alkyl iodides can all be used.

v Vinyl halides and aryl halides cannot be used b/c their G

nstable to be formed.

27 April 2020 Chem. 2042, By Dale Abdissa,JU 41




1.4.4 Friedel-Crafts Alkylation of Benzene

mechanism for Friedel-Crafts alkylation

e
o

RCCE + AICl; — RY + AICL

{- _-.HK“\.
+ ,H .\"-_B R
e P

v An alkyl-substituted benzene is more reactive than benzene.

CH, S
Anhyd. AICI hyd.AIC CH;
. . Anhyd.AlICL
O + CH,Cl —— "= + HCI O + CH,Cl ——5 O+ HCI

Toluene Ethylbenzene

Chem. 2042, By Dale Abdissa,JU 42 S




1.4.5 Sulfonation of Benzene

v" Fuming H,SO, (solution of SO, in H,SO,) or concen d

H,SO, Is used to sulfonate aromatic rings.

sulfonation [ )+ mso, 2 ©593 /

benzenesulfonic acid

mechanism for sulfonation

O: o O: O O:
I - B .. .. I H PO |
HQ El-i.—DI—[ —+ I—[DI ?ly.—DH — HD—?—iQH —+ D—E”; DH
P
O: O: O:
5u|furlcacid H
9
HD—?‘ + H,0: —— S0O; + H;0°
b j

F" SGqH
— Cfr —




Sulfonation of Ben e

v H,SO, is a strong acid b/c of the three electron-withdr g

oxygen atoms & the stability of its conjugate base the e-s

behind when a H is lost are shared by three oxygen atoms.
v" Sulfonation of C H, is a reversible rxn.

v If benzenesulfonic acid is heated in dilute acid, the rx

proceeds in the reverse direction.

T
H;0t /100 °C [ = , _
- = + SO; + H

Chem. 2042, By Dale Abdissa,JU 44




Sulfonation of Ben e

v The principle of microscopic reversibility applies to all rx

v’ It states that the mechanism of a rxn in the reverse direc
must retrace each step of the mechanism in the forward

direction in microscopic detalil.

v This means that the forward & reverse rxns must have th
same intermediates & that the rate-determining “energy hill’

must be the same in both directions.

v Therefore, desulfonation is described by the same rx

e diagram going from right to left.

27 April 2020 Chem. 2042, By Dale Abdissa,JU 45



Sulfonation of Be
v" In Sulfonation, the RDS is nucleophilic attack of C;H,

*SO;H Ion. In desulfonation, the rate-limiting step is |
the *SO;H ion from the CH; ring.

mechanism for desulfonation ~ —~<~SOsH e ~
[ L E | - E ] + *SO4H
=

transition state for the rate-determining step
/ in the forward direction and for the
rate-determining step in the reverse direction

.
v

Free energy

SO;H
+ Ht

dinate diagram for the  Suifonation of C¢H, (left to right) and the
tian afribEnzenesulfonithacidd{rightdoAefd), JU 46




1.4.6 Directing Effects of Substituents

v’ |Is substituted benzene is more reactive or less reactiv
benzene itself?

v Some substituents make the ring more reactive & so

make It less reactive than benzene toward EAS.
v' Electron-donating substituents increase the reactivity of th
benzene ring toward EAS.

v' Electron-withdrawing substituents decrease the reactivity o
the benzene ring toward EAS.

relative rates of electrophilic substitution

,

®f U

w c/ APril cucy Lnem. cu4c, by UUIe ADUISSU,J U “+/

‘r’ wﬁhdrawa electrons
from the benzene ring

Z donates electrnns
into the benzene ring

x /

&



Directing Effects of Substit
v" two ways substituents can donate e-s into C;Hq ring:
< inductive e-s donation and
@ electron donation by resonance.
v' also two ways substituents can withdraw e-s from CgHg ring:
< inductive electron withdrawal and
@ electron withdrawal by resonance.
Inductive Electron Donation and Withdrawal
v If a substituent that is bonded to a CiH, ring is less e-
withdrawing than H, the e-s in the ¢ —bond that attaches th
substituent to the CzHg ring will move toward the ring mo
dil

r than will those in the o bond that attaches the H to th

|
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donation.

Directing Effects of Substit
v Donation of e-s through a o bond is called inductive el

S
n

v Alkyl substituents (such as—CH,;) donate e-s inductive

compared with a H.

v' C is actually slightly less electron donating than H (b/c C i

more electronegative than H; but an alkyl group is mor

electron donating than H b/c of hyperconjugation.

substituent donates
electrons inductively
(compared with a
hydrogen)

\—
N 27 April 2020

CH,

i

substituent withdraws
electrons inductively
(compared with a
hydrogen)

Chem. 2042, By Dale Abdissa,JU
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Directing Effects of Substit
v' If a substituent is more e- withdrawing than H, it will wit

the e-s away from the C;H, ring more strongly than will a

v Withdrawal of e-s through a o bond is called inductive

electron withdrawal.

v  The *NH; group is a substituent that withdraws e-

inductively b/c it is more electronegative than H.

Resonance Electron Donation and Withdrawal

v If a substituent has a lone pair (LP) on the atom that
directly attached to the benzene ring, the LP can b
d into the ring; these substituents are said t

te e-s by resonance.
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Directing Effects of Substit S

v Substituents like OH, OR, & Cl donate e-s by resonance
v' They also withdraw e-s inductively b/c the atom attache
the benzene ring is more electronegative than H.

donation of electrons into a benzene ring by resonance

DCH; +OCH, +OCH,

B @ ﬁ H

v" Substituents like C=0,CN & NO,, withdraw e-s by resonance.

withdrawal of electrons from a benzene ring by resonance
K

0 ) or 0. OF =0 O ‘0,. el

AN 1 “ .
27 April 2020 Chem. 2042 By Dale Abdissa,JU
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Directing Effects of Substitugi\\s

Relative Reactivity of Substituted Benzenes

v' The activating substituents make the benzene ring m
reactive toward EAS; the deactivating substituents make the

benzene ring less reactive toward EAS.

v All the strongly activating substituents donate e-s into the ring
by resonance & withdraw e-s from the ring inductively.

strongly activating substituents

NH, :OH OR
~ L,;%‘ - thut; f’l“:"ﬁx
[ [ ] [
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Table 1. The Effects ofDéu st

r Ctlp’r% Effects of Sﬂbstltu

a Benzene Ring Toward EAS

ents on the

eactiv

Activating substituents

Y

w 2/ April 2020

Most activating

_NHE
—NHR
Strongly

—NR, | activating

—OH

—OR |

(|:|} -

—NHCR Moderately
0 " activating
|

—OCR ]

—R ]

Weakly

—Ar | activating

—CH=CHR |

Chem. £04<, By Dale Abdissa,J U

Ortho/para
~ directing




Standard of comparison ——>

Deactivating substituents

+
—NHR,

_Directinn Fffecte nf Sithatitin N <

—COH

—C=N
—SO,H
—NH,R
—NRs
—NO,

| Weakly
deactivating

Moderately
- deactivating

| Strongly
deactivating

— Meta directing

Most deactivating

W\’v

-_—



Directing Effects of Substitugi\\s

moderately deactivating substituents

O O O
[ I |

i
C C C C
™ o g o

weakly deactivating substituents

O C

Br I

strongly deactivating substituents

'« i o) O B

< O O C




The Effect of Substituents on Orientatio
v When substituted C,H, undergoes EAS rxn, where doe

new substituent attach itself?
v' Is the product of the rxn the o-, m-, or p-isomer?

e

1 X 1
- Yt /|§~H S /L\R“‘
Dk L E/ [ g
ortho isomer meta isomer para isomer
v NB. A substituent will direct an incoming substituent either to

the ortho & para positions, or it will direct an incomin

substituent to the meta position.
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The Effect of Substituents on Orientatio
1) All activating substituents direct an incoming electroph

the ortho and para positions.

o

CH,
CH;, CH;
@ FeBrs @Br -+
+ E:-I'j '
Br

toluene o-bromotoluene p-bromotoluene

2) The weakly deactivating halogens also direct an incomin
electrophile to the ortho and para positions.

Br Br Br

Cl
FE‘CI3 +
+ Cl, —— '
; Cl

o-bromochlorobenzene p-bromochlorobenzene

bromobenzene
N /
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The Effect of Substituents on Orient
3) All moderately deactivating & strongly deact

substituents direct an in-coming E+ to theDmeta position.

O
|

C
C R ~
R ~— H-SO . (\\J/ CH
ﬂ :[/ CH; , HNO, —2% |\|7,,
NO,

w/
acetophenone
m-nitroacetophenone

NO,

iﬁ + Br, —=28 [N L

nitrobenzene m—bromonltroben zene

v To understand why a substituent directs an incoming E+ to
position, we must look at the stability of th
Cation intermediate that is formed in the RDS.
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The Effect of Substituents on Orient
v Any substituent that donates e-s inductively is an o—

3"

- & - O
S, @g

4

or

most stable
CHj CH;
@ ]
— —
Y
toluene  H
CHx CH
> — —>
1
H Y H Y

most stable

Chem. 2042, By Dale Abdissa,JU 59




The Effect of Substituents on Orient
v" all substituents that withdraw e-s (except for the hal

which are o-p directors b/c they donate e-s by resonanc
meta directors .

least stable

NH:
@ ) - @V @V Q
Y+ — —

protonated
aniline




The Effect of Substituents on pKa
v' Electron-withdrawing substituents (EWS) increase the a
of cpd.

v' The pKa of p-nitro-phenol is lower (7.14) b/c the nitro EWS
from the ring, whereas the pKa of p-methyl phenol is highe

(10.19) b/c the methyl substituent donates e-s into the ring.

OH OH OH >
N j f /Lﬁ
T’J - ; Lﬁ”
OCH; CH; HC 0 NO,
pK, = 10.20 pK, = 10.19 9.95 3 7.66 pK, =7.14

phenol
ST /
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The Effect of Substituents on pKa
v Electron withdrawal decreases reactivity toward E

Increases acidity, whereas e- donation increases react
toward EAS & decreases acidity.

v' A similar substituent effect on is observed for substituted
benzoic acids and substituted protonated anilines.

&

COOH COOH COOH COOH COOH COOH
H,C—O NO,
pK, 4 4? K, 4 34 K,=4.20 K, 4 00 p.‘fa 3.70 pK, = 3.44
t
NH;
OCH, CH; HC=—O0O NO,
pKs = 5.29 pK, = 5.07 pK, = 4.58 p.‘fa 3 91 pK. = 1.76 pK, = 0.98
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The Ortho —Para Ratio/EAS rxn

v' The ff nitration rxns illustrate the decrease in the o—p
with an increase In the size of the alkyl substituent:

10

CH3 CH? CH3

. NO, S

() rmo s L
3

~F = NO>

toluene 61% 39°%;,

o-nitrotoluene p-nitrotoluene

C(CH3)3 C(CH;3)3 C(CHs);
NO, |
AN H,S0, = - )
+ HNO; * | + A
A ~ i=
tert-butylbenzene 18% 82%
o-tert-butylnitrobenzene p-tert-butylnitrobenzene
v E&S rxn that lead to both ortho & para isomers are useful in synthesis b/

Sired product can be easily separated from the rxn mixture.
27 April 2020 Chem. 2042, By Dale Abdissa,JU 63



The Ortho —Para Ratio/EA

v When a benzene ring with an o-p directing substit
undergoes EAS rxn what %age of the product is the O-0

& what %age is P-isomer?

v' The ortho position, is sterically hindered, whereas the par

position Is not.

v So, the p-isomer will be formed preferentially if either the

substituent on the ring or the incoming electrophile is large.

v The above nitration rxns illustrate the decrease in the ortho-

10 with an increase In the size of the alkyl substituent.
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Synthesis of Trisubstituted Benzenes

v If both substituents direct the incoming substituent t
same position, the product of the rxn is easily predicted.

both the methyl and nitro substituents

direct the incoming substituent CHE
to these positions NI,
\ CH; / B
+ HNO; 2504
NO-
NO- 2 4-dinitrotoluene
p-nitrotoluene
both the methyl and chloro substituents
direct the incoming substituent to these
indicated positions CH; G H;
O,N
' +
H5S0
+ HNO; —F%> Cl =
5-chloro- NGO
2-nitrotoluene 3-chloro-
« 4-nitrotoluene
m-chlorotoluene )
S
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Synthesis of Trisubstituted Benz
v If the two substituents direct the new substituent

positions, a strongly activating substituent will win out ov

weakly activating substituent or a deactivating substituent.

COHI
|DH directs here OH Br

,L\ B | H\:I

| 7 =+ BI’E —_— ——

/’E - e
- 3

|CH3 directs hereL| CHy S O Ty

p-methylphenol Ag-methwviphenol

major product

v Assignment #3) When phenol is treated with Br, , a mixtur
of monobromo-, dibromo-, and triboromophenols is obtained.

Design a synthesis that would convert phenol primarily t

-bromophenol.
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1.5 Nucleophilic Aromatic Substitution (NAS) Reactions '\\
—Aryl halides don't react with NU: under standard\M¥Xn

conditions b/c the e- clouds repel the approach of a NU:.
+Nu

l‘l‘I.
an .
U[.] ——¢—— o reaction

—However, If the aryl halide has one or more substituents that

strongly withdraw e-s from the ring by resonance, NAS rxn

Can OCcCur.
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NA
v' The e-withdrawing groups must be positioned o or p

S
he

halogen.

v The greater the number of EWG , the easier it is to carry o
the NAS rxn.

Cl OH
1. HO-
@ O (pH 14), 160 °C @ Y HET
2. H
NO, NO,
Cl OH
NO2 o (pH 10), 100 °C NO-
(pH 10). + Cl-
NO- NO,
Cl OH
O-N NO- 0.N NO-

H>0 (pH 7), 40 °C

+ C1

NO- NO;

c/ I"\Pl'll ooy Crieri. cvTTe, Dy vulic Nnuldidoou v v 68




NA

v EWG increase the reactivity of the C,H, ring toward &

decrease the reactivity of the C;H, ring toward EAS. why?

v’ the strongly EWG that activate the C H, ring toward NA
rxns are the same substituents that deactivate the rin
toward EAS.

v making the ring less e- rich makes it easier for a NU: bu

more difficult for an E+ to approach the ring.

v Thus, any substituent that deactivates the C,H, ring towa

A vates It toward NAS.
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NA
v NAS rxn takes place by a two-step rxn:

1) the NU: attacks the carbon bearing the leaving group.

2) the LG departs, reestablishing the aromaticity of the ring. }

general mechanism for nucleophilic aromatic substitution

X X Y XY Y
T/ﬁ N ‘[ slow ﬁ . ,-:r_|>j . I” | fast f} L x
I Rr gr g L“r

NO, NO, _,;I;Jg'-x.,, r::u2 | NO,

)y ¥ “‘“r::u O

v Here, the incoming NU: must be a stronger base than t
substituent that is being replaced, because the weaker of th

s will be the one eliminated from the intermediate
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NA

v The EWG/S must be o or p to the site of nucleophilic agagk

b/c the e-s of the attacking Nu: can be delocalized on to
substituent only if the substituent iIs in one of those

positions.

c1 | =:;f_‘:”3' Cl
[ I + I—[ O . EJE#W%{% + Hﬁn
_ - —

-
o =1
CoF o /
electrons are delocalized
onto the NO,; group

F OCH3;
/Ax A TR
+  CH,0" ~ [J + F
H"’Fr ‘__H,:p_f""ﬁ
NO, NGO,
p-fluoronitrobenzene p-nitroanisole
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1.6 Rxns of Aromatic Side Chains
1.6.1 Oxidation and Substitution of Alkyl Side Chains

v’ the activating effect that a benzene ring has on rxns t
take place at benzylic positions may be found in the rxns of
alkyl benzenes with oxidizing agents.

v Chromic acid is prepared by adding H,SO, to ag. Na,Cr,0O-,
IS a strong oxidizing agent but does not react either with
benzene or with alkanes.

RCH,CH,R" ”H'II: — ..~ ho reaction

M) a0 rS0 .
O 1,0, HLSO,, heat . 1O Feaction
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Rxns of Aromatic Side C

v" An alkyl side chain on a benzene ring is oxidized on

heated with chromic acid.

v' The product is benzoic acid or a substituted derivative of

benzoic acid.

0 \F | Cry () ”
NasCrs(0) || OEN CH'E; H.0, H,80,
CHR, 20, oSOy, heal COH

p-Nitrotoluene p-Nitrobenzoic acid (82-86%)

A]k}flh{jnz{jnﬁ Benzoic acid

When two alkyl groups are present on the ring, both are oxidized.

I I
CH3OCH(CH;)E ————— HOC COH

‘ p-Isopropyltoluene p-Benzenedicarboxylic acid (45%)
S
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Nucleophilic Substitution in Benzylic Halid

v Primary benzylic halides are ideal substrates for SN2

since they are very reactive toward good Nu: & can

undergo competing elimination.
U
|

OENUCHEC] l||l|“ |H|I > DENOCHEUCCHfa

p-Nitrobenzyl acetate (78—-82%)

p-Nitrobenzyl chlonde

CH;CHZ—@?ﬁCHszr CH,OCH,CH;
CH; CH;
| CH.CH-OH |
CCl ——— COCH,CH;
Ethoxide ion Benzyl bromide Benzyl ethyl ether éH éHq
‘3 -

0=

2-Chloro-2-phenylpropane  2-Ethoxy-2-phenylpropane (87%)
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1.6.2 Reduction of Nitro Groups & Aryl Ketones

v N0 mechanism for reduction of nitro cpds (R-NO,), this IS

useful for synthesis of Anilines from nitrobenzene.

0, LMY @‘NHL

The Wolff-Kishner Reduction

v when a ketone or an aldehyde is heated in a basic solution

of hydrazine, the carbonyl group is converted Into
methylene group.

v This process is called deoxygenation b/c an oxygen is
r from the reactant.

reaction is known as the Wolff—=Kishner reduction.
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. . =
Reduction of Nitro Groups and Aryl Ket

O
| NHzNH

proton removal

N~

Tf HOT A (&
@f 0O + NH,NH, — @C N— — '."T‘.—N—N—H

CH, CH;
a hydraznne
H \

delocalization of

mechanism for the Wolff-Kishner reduction the negative charge

_— S
ik

— o2 _ .
@—CHCH; + N, «—— @CH N= N + HD — C—N=N—H

| prnt:::n removal ‘ CH;
l H,0

@—CH;CH;_ + HO™

§\|
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1.6.3 Conversion of Halogens to Organ metallic Rea

v Alcohols, ethers, & alkyl halides all contain a C atom t
bonded to a more electronegative atom.

IS

v' The C atom is electrophilic & reacts with a nucleophile.

more electronegative less electronegative /
than carbon than carbon
ot b q ;

CHCH~Z + ¥ —— CHCH-Y + z= CHCH—M + B CHCH,—E + M

\

electrophile nucleophile nucleophile ‘ electrophile

v" To be nucleophilic , C would have to be bonded to a less EN atom.

v" A C bonded to a metal is Nu: b/c most metals are less E
than C.

Y AEEJ‘:‘! nometallic cpd is a cpd that contains a C-meta
«0)

ARl. 27 April 2020 Chem. 2042, By Dale Abdissa,JU 77




v Organolithium cpds & organomagnesium cpds are two

most common organometallic cpds.

v Organolithium cpds are prepared by adding lithium to a

alkyl halide in a nonpolar solvent such as hexane.

hexane

CH,CH,CH,CH,Br + 21L. ———— CH;CH,CH-,CH-,L1 + LiBr
1-bromobutane butyllithium
; hexane . .
QC] + 2Li ———— @L: + LiCl
chlorobenzene phenyllithium

v' Organomagnesium compounds, frequently called Grignar
reagents.

nesium is inserted b/n the C and the halogen.

v
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v" The solvent (diethyl ether or tetrahydrofuran) plays a
role in the formation of a Grignard reagent.

diethyl ethe
<:>—Br + Mg ——= Q—hﬁ[gﬂr

cyclohexyl cyclohexylmagnesium
bromide bromide
THF
CH,=CHBr + Mg CH,=CHMgBr
vinyl vinylmagnesium
bromide bromide
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1.6.4 Modifying the Influence of Strong Activating Gro
v' A group that protects a functional group from a syni&ic
operation that it would not otherwise survive Is calle

protecting group.

v' The strongest activating & ortho/para-directing substituent

are the amino (-NH,) & hydroxyl (-OH) groups.

protecting
gr:::up
HF’AH,_,-"QH | ) |{ qh ﬂn\_,_-—-" T 1}? )
N CH;—*5|17C1 (CHyCH N, (J/ CHyMgBr [ Hy0
- -~ WoB P
X
E:rr cHs uip @ CHs
chlorotrimethylsilane atrlmethylﬂlyl ether ViRt ~.__OH
a TMS ether { \J/
i HO CHs

w c/ f'\Pl'll cvucv crieriy. cv<c, DY vualic ApUiIiooUu,J v ov "



Modifying the Influence of Strong Activating Grou

v" An amino group can be protected by being converted in
amide.

v The acetyl group can subsequently be removed by ac
catalyzed hydrolysis.

|| ?
NH; o HNCCH, NH-
I
CH;ECI HNCI; - 1. HCl, H20, A = ” _
ﬂ THS0s 2.HO | + CHCO
-, f.-f H‘x 2 4 \HH_\___./{"::J ) Tyf
aniline acetanilide NO, NO,
p-nitroacetanilide p-nitroaniline

v Assignment #4: Propose the reaction mechanism for th
Synthesis of p-nitroaniline from aniline.
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Amines
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Introduction to Some Amines in Use

e

DlphenhydrI\MlNE
Hydroch|or|de

HHHHHHHHHHHHH




2. Amines

2.1 Nomenclature and Structure of Amines

e~ The word "amine" Is derived from ammonia, & the classe
cpds are known as amines.

»~ They are cpds in which one or more of the hydrogens o

ammonia have been replaced by an alkyl group.

« They are classified as primary (1Y), secondary (2°), o
tertiary (3Y), depending on whether one, two, or three Hs of

NH,, respectively, have been replaced by an alkyl group.

Ines are organic compounds and functional groups th

tain a basic nitrogen atom with a lone pair.
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Nomenclature and Stru
v An amine with one C attached to N is a 1°amine, an

e
[ne
with two is a 2° amine, & an amine with three is a 3° ami

H R R’
1 ( ( R—N a8
R—N, RN, R—N L L /

H H \R"
R = alkyl group: Ar = aryl group:
Primary amine Secondary amine Tertiary amine alkylamine arylamine

v Aliphatic amines: an amine in which N is bonded only t

alkyl group or hydrogens.

v  Aromatic amines (Aryl amine): an amine in which N

0 one or more aromatic rings.
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2.5.1 Common naming system

hydrogens of ammonia.

v’ Systematic names employ “amine” as a functional grou

suffix.
(‘.‘H_;
CH,CH,CH,CH,CH,NH,  CH,CH,CH,CH,NHCH,CHj; CH,CH,CH,NCH,CHj,
a primary amine a secondary amine a tertiary amine
common name: pentylamine butylethylamine ethylmethylpropylamine
systematic name: 1-pentanamine N-ethyl-1-butanamine N-ethyl-N-methyl-1-propanamine
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2.5.2 TUPAC naming system

v Amines are named in two main ways, in the IUPAC sys

v' Either as alkyl amines or as alkanamines

v When 1° amines are named as alkyl amines, the ending—
amine Is added to the name of the alkyl group that bears th
N.

v When named as alkanamines, the alkyl group is named a
an alkane & the —e ending replaced by -amine.

[~——7—NH,

CHCHNH, [/ CH;?HCHQCHECH; HN-CHy-CHyCH-CH-NH, [ 4-Butandiamune
NH,
Ethylamine Cyclohexylamine 1-Methylbutylamine

(ethanamine) (cyclohexanamine) (2-pentanamine)

XN
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IUPAC naming sy

v Aniline is the parent IUPAC name for amino-substift&d

derivatives of benzene.

v'Substituted derivatives of aniline are numbered beginning at

the C that bears the amino group.

v Substituents are listed in alphabetical order, and the
direction of numbering is governed by the usual “first point of

difference’ rule.

NH, NH, NH, NH>
Cl
Q0 Q. Y
NO, NO»
Aniline  4-Nitroaniline J-Methylaniline 2-Chloro-4-nitroaniline
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IUPAC naming sy

v Aryl amines may also be named as arenamines.

v Cpds with two amino groups are named by adding the su

—diamine to the name of the corresponding alkane or arene.

v The final —e of the parent hydrocarbon is retained.

HgNCH;THCH; H,NCH,CH,CH,CH,CH,CH,NH, HEN—(R >7NH3
\
NH,

1,2-Propanediamine 1.6-Hexanediamine | .4-Benzenediamine

v 20& 3%amines are named as N-substituted derivatives o

R_imary amines.
=1
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IUPAC naming sy
v' The parent 1° amine is taken to be the one wit
longest C chain.

v' The prefix N- is added as a locant to ident
substituents on the amino nitrogen as needed.

INHCHz'C H- f...ﬂ____/N{CH—"}E
CH;INHCH-,CH5
H\f‘ "NO, \ /
1
N-Methvlethylamine 4-Chloro-N-ethyl-3- N, N-Dimethylcyclo-
nitroaniline heptylamine
T
OAN(CHE)E @NCHECHg
N,N-dimethylcyclohexanamine N-ethyl-N-methytbenzenamine
(N.N-dimethylcyclohexylamineg) (N-ethyl-N-methylaniline)
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2.5.3 Properties of Amines

v They have very sharp, penetrating odors (like rotten fish).

v They are polar cpds because of the d/c in electronegativity b/n
and H (3.0-2.1=0.9).

v' Both 1°& d 2 %amines can form have H-bonds with one another
(b/c of N-H).

v' However, the 3° amines do not have a H-bonds to N, so, do not
form H-bonds with one another (but H-bonds in amines are
weaker than H-bonds in alcohols).

v' have higher b.pt than hydrocarbons but lower b.pt compare t
alcohols (with the same M. wt).

4 -bonding, they are more soluble in water than ar

carbons of comparable M. wt).
27 April 2020 Chem. 2042, By Dale Abdissa,JU 91



Properties of AMYARS

v  The polar nature of a substance can affect ph

properties such as b.pt.

v This is true for amines, which are more polar than alkanes

but less polar than alcohols.

v" For similarly constituted cpds, alkyl amines have b.pt higher
than those of alkanes but lower than those of alcohols.

CH,CH,CH;  CH;CH,NH, CH,CH,OH

Propane Ethylamine Ethanol
w=0D w=12D w= 17D
bp —42°C bp 17°C bp 78°C
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v’ Lower amines are gases with characteristic ammon
smell.

v" Amines have higher b.pt than non-polar cpds of similar M.

This Is b/c amines are polar cpds & form intermolecular H-

bonds.

v E.g. ethylamine, C,H-NH,, boils at 17 °C & propane, C,;H, at

-43 °C.

Hydrogen bond
Hydrogen bond

R R H R H
grogen bonding in Hydrogen bonding between
amine molecules amine and water

27 April 2020 Chem. 2042, By Dale Abdissa,JU
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td
v Among isomeric amines, primary amines have the h st

boiling points, and tertiary amines the lowest.

CH;CH,CH;NH, CH;CH,;NHCH; (CH;)sN
Propylamine N-Methylethylamine Trimethylamine
(a primary amine) (a secondary amine) (a tertiary amine)
bp 50°C bp 34°C bp 3°C

v Primary & secondary amines can participate |

Intermolecular H-bonding, but tertiary amines cannot.

v" Almost all other aryl amines have higher boiling points.
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2.3 Acidity & Basicity of Nitrogen Compounds

v' An amine can behave as an acid & donate a proton, or\#\a
base & accept a proton. Cpds with groups are amines.
EH_‘-;H_I‘[E +~ HO EH-.;HH + Hg[] {:H'.:NH'_I NH} /
an acid L 3
methylamine ammonia
N
CH;NH> + H;0' — CH3;NH; + H,0  PK=40 PK, =36

a base

v Amines have high pk2 values that they rarely behave as

acids. Ammonia also has high pka

v Amines are much more likely to act as bases. In fact, amines

oSt common organic bases.
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Acidity and basicity of Nitrogen Compo S

v The stronger the acid, the weaker is its conjugate bas g
protonated methylamine is a stronger acid than protona
ethylamine, which means that methylamine is a weaker base

than ethylamine.

v’ the pka values of protonated amines are about 10 to 11.

+ +
CH;NH; CH;CH-NH;
protonated methylamine protonated ethylamine
pK, = 10.7 pK, = 11.0
) )
{ljl NH {g I_:J]-L;
-+ 3 —_—— —+
CH;  ~OH ' CH; O
stromger acid stronger base weaker base vweaker acid
pK,= 4.8 pK, =9.4
CH,CH-,OH + CH-NH, — CH;CH,O -+ CI—[_—;]':IH_—;
weaker acid weakar base stronger base stronger acid
pK; =15.9 pK,= 10.7
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2.4 Reactions of Amine: Alkylation

« The lone pair on the N of an amine causes it tQNRe

nucleophilic as well as basic.

 Amines act as nucleophiles in a number of d/t kinds of rxns:

In nucleophilic substitution rxns, rxns that alkylate the amine.

CHCHBr + CHNH, — CHCHNHCH, = CHCHNHCH, + HBr

methylamine Br ethylmethylamine

v in nucleophilic acyl substitution rxns, rxns that acylate th

amine 0 ?

” | _
C + 2 CHNH, — C + CH,NH,CI
CH,CH; ™l 2 CHCHY ONHCH, P
an amide

27 API'II cucvyv origri. cvsre, Dy Duie ADUIDOU U VY 71
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Reactions of A
v' in nucleophilic addition-elimination rxns, the rxns of
aldehydes & ketones with primary amines to form imine

& with secondary amines to form enamines.

I\ catalytic \
. H* . P
[’}D v oHNoH— Y == f}NCHJJ V4 omo
benzylamine an imine
_ catalytic _
- /W /™~
{ >=cl + BN | = ( »N | + mo
\_ \— / N\~
pyrrolidine an enamine

2) Reactions of Quaternary Ammonium Hydroxides
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2) Reactions of Quaternary Ammonium Hydroxide

v The rxn of a quaternary ammonium ion with hydroxi
is known as a Hofmann elimination rxn.

» In this rxn, the H is removed from the [ —C bonded
the most hydro CH. CH;

n

. |
CH;CH}CH}TCH; ;‘ CH,CH=CH, + :T“:H_l + H,0
CH; HO CH;
v A Hofmann elimination rxn is an E2 rxn . NB. E2 rxn is a

concerted, one-step rxn ,the proton & the tertiary amine
are removed in the eamo cton

mechanism of the Hofmann elimination

L T

In

CH;C|'.I-[J—CI-[1'—_\ICH3 —> CHy,CH=CH, + r|~n:H3 + HO
H CH; CH,

¥
A
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Reactions of A e

v If the quaternary ammonium ion has more than one
the major alkene product is the one obtained by remo
a proton from the (-C bonded to the greater number
of hydrogens.

v' In the ff rxn, the major alkene product is obtained by
removing a H from the 5-C bonded to three Hs, and the

‘ﬁ-carhon‘ |;ﬂ-carb:::n|
| 7
./
CH;CHCH;CH,CH- N CH,=CHCH,CH,CH; + CH;CH=CHCH,CH; + CH;T]JCH; + H,0
1-pentene 2-pentene
CH;NCH,; major product minor product CH,
trimethylamine

H, HO

§\|
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3) Oxidation of Amines: The Cope Elimination

v Amines are easily oxidized, sometimes by being expQs&d

to air.

v  Amines, are stored as salts (eg., as amine
hydrochlorides), & drugs that contain amino groups ar

often sold as salts.

v’ Primary amines are oxidized to hydroxlyamines, which in

R—NH, oxidation R—NH—OH oxidation R—N=0 oxidation R—I:'J?U

\D_
i primary amine a hydroxylamine a nitroso compound a hitro compound
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3) Oxidation of Amines: The Cope Elimination

- Secondary amines are oxidized to seco
hydroxylamines, & tertiary amines are oxidized to a

oxides.
R R 1:|{

| |
R—NH + HO—OH — R—NH + HO — R—_Tl + H0

T OH OH
a secondary amine a secondary hydroxylamine

| |
7Y
R—N—R + HO—OH — R—+I'~|~I—R + HO — R—‘«J R +
OH
a tertiary amine an ter‘tiar},r amine oxide

e elimination, the H is removed from the (5- carbors

e%tgrﬁquSnOSt hygl!\’g)ngg)gés By Dale Abdissa,JU



3) Oxidation of Amines: The Cope Elimination

v Amine oxides undergo a rxn similar to the Hof

elimination rxn, called a Cope elimination rxn.

v In a Cope elimination rxn, a tertiary amine oxide rather

than a quaternary ammonium ion undergoes elimination.

v' The Cope elimination rxn occurs under milder conditions

than does a Hofmann elimination reaction.

mechanism of the Cope elimination reaction

CH, CH,
A 1
CH,CH,CHNCH, — CHCH=CH, + NCH, s CH,
N | CH Ny |
O_ UH f’;-t-. l\ Ay — CH}CH=CH1 + I'\ CH'.L
, S , CH,CH) 0 ' T '
a tertiary amine oxide a hydroxylamine AN X ‘OH

."I.:
-

N
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The Cope Elimination

« Elimination rxns of quaternary ammonium hydroxid
tertiary amine oxides.

CH, CH,

I

RCHgCHg?lICHg Hotmann RCH=CH; + I':'JEH_q + H,0 /
HO™ CH; elimination CH;
CHjy CHs
RCHﬁCHﬁ‘lJCHq 0, 1?u:1+r:1+,*lu:Hq Ejpe > RCH=CH, + I%CH: ;
0 elimination
in both eliminations, the proton is removed from the g-carbon bonded to the most hydrc:gen5$
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2.6 Electrophilic Substitution at Nitrogen
v' Pyrrole is an extremely weak base b/c the pi-electro

shown as a lone pair are part of the cloud.

v' The resonance contributors of pyrrole show that N

donates the electrons depicted as a lone pair into the

S T NP N N ,f*_ N
N N N N +I‘-I
H H H H H

resonance contributors of pyrrole

mechanism for electrophilic aromatic substitution

— I

- o (CHiC0R0 /o
ff “-;’" L slow ) \ [-[ fast /] | . k\\fﬁ “CH; + HNOs OEI\F#\]\"“CH} + 0
R v W vyt H
H Y H 2-methyl-5-nitropyrrole
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2.7 Preparation of 1°, 2° & 3°Amines
1) Method of yielding mixture of amines
a) Reaction of alkyl halides with ammonia (NH;)

v. Amines can be prepared by heating alkyl halides
alcoholic ammonia in sealed tube.

v A mixture of 1°, 2° & 3°Amines is obtained.

v B/c NH; & amines are good nucleophiles, they readil
undergo SN2 rxns with alkyl halides.

NH, _RCH,—X | RCH,—NH; == RCH,—NH, _RCH,—X | RCH,—NH, =——= RCH,—NH X
a primary amine R[le,, RCH- N
CH3| +_ _NH3 CH3NH2 + HI + HX a secondary amine
Methyl iodide Methylamine
RCH; —X
CH:NH, + ICH; —— (CHg,NH * HI 2 |
Dimethylamine RCH; RCH; RCH;
(CH3),NH + Rei—N—CmE <" memp N — RcH,—NH
ST ICHy ——> (CH)N + HI T T il
Trimeethylamine RCH, RCH, RCH;
‘ a quaternary a tertiary amine
ammonium salt + HX

w (S r\IJI " VeV ISl &VTE, Uy UUIC mvivul SO,V VvV EASAV)



Preparation of 1°, 2° & 3°Am

v Although these SNZ? rxns can be used to synthesize a
the yields are poor b/c it is difficult to stop the rxn aft
single alkylation since ammonia and 1° 2° & 3°Amin
have similar reactivities..

v" A much better way to prepare a 1° amine is by means of
Gabriel synthesis.

v This rxn involves alkylating phthalimide & then hydrolyzing
the N-substituted phthalimide

]
F o H B
CQH_-H r CI:J;H R + Br
8

phthalimide an M- 5ub51:|1:ute.-d
phthalimide

HCI, H,O la

CO0O COOH
HO~ +
CE + RNH, @: +  RNH,
COO primary COOH primary alkyl 7

amine ) . ammo nium ion
phthalic acid




Preparation of 1°, 2° & 3°AmMNMsS

b) Reaction of alcohols with ammonia

v Amines can be prepared by passing the vapours of alco

and ammonia over heated alumina at 400°C.

v' A mixture of 1°, 2° & 3°amine is produced.

Al,O
CH3;OH + NH, 2= CHs;NH, + H,O

Methanol Methylamine
CH3NH, + HOCHj > (CH3),NH *+ H20
Dimethylamine

l‘ + HOCH3 - (CH3)3N + HZO

Trimeethylamine
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Preparation of 1°, 2° & 3°AmMNMsS

2) Methods for primary amines : a) Reduction of Nitroalkane

v' Primary amine can obtained by reduction of nitroalka
with H, & Ni (or Pt) or lithium aluminium hydride.

Pt
CH3NO> + 3H, N = CH3NH, + 2H,0

Nitromethane Methylamine

CH3CH;NO; +6[H] —LIAIH, . cH,CH,NH, 4+ 2H,0
_ ether _
Nitroeth Ethylamine

b) Reduction of Nitriles

v" Primary amine can be prepared by reduction of nitrile
(alkyl cyanides) with H, + Ni or lithium aluminium hydride.

CH3CN  + 4[H] _LiAIH, o CH;CH.-NH,
Methyl cyanide ether Ethylamine
CH3CHLCN + 2H, N CH3CHLCH.NH,

Xat=tlhyl cyanide Propylamine
~
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Preparation of 1°, 2° & 3°Am

c) Reduction of amides

Primary amine can be obtained by reduction of si
amides with lithium aluminium hydride.

S

O
| -
HyC—C—NH, + 4[H]—LAHe > CHyCHNH, + 2H:
Acetamide Ethylamine

3) Method for secondary amines
a) Reduction of primary amines with alkyl halides

v When primary amine is heated with alkyl halides,
dialkyl ammonium salt is formed. This when treated wit
NaOH solution yields the free secondary amines.

R—NH, + RX R,NH + HX
1°Amine 20 Amine

R-NTH,X" H-O
27 April 2020 2 T Na@HL 5042 By SaltAbdissa U T 2 110
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Preparation of 1°, 2° & 3°Am

b) Reduction of N-substituted amides

v' Secondary amine can be obtained by reduction of N-
substituted amides with lithium aluminium hydride.

S

O

1 H :
HyC—C—N—CHjg + 4[H] I_E{ﬁelrlﬁ' » CH3CH,NHCH; + H,O
N-methylacetamide Ethylmethylamine

c) Reduction of Isonitriles

v Secondary amine may be obtained by reduction of
isonitriles (isocyanides) with H, and Pt.

H

= + Pt |
R=N=C* H; > R—N—CH,
socyanide 20 Amine
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Preparation of 1°, 2° & 3°Am

4) Methods for tertiary amines.
a) Reaction of alkyl halides with ammonia

v" When alcoholic ammonia solution is heated with an exces
of alkyl halide, a trialkylammonium halide is formed.

v When the product is treated with NaOH solution, it give
tertiary amine.

S

3RX+ NHj; > R3NTHX + 2HX
R3;N"HX" + NaOH » R3;N + NaX + H),O
3%mine

b) Reduction of N, N-disubstituted amides

v' Tertiary amines may be obtained by reduction of N,
disubstituted amides with lithium aluminium hydride.

=1 _
~ Y 3C—C—N(CHj), + 4[H] 'g{ﬁg':_" > CH3ZCH;N(CH3), + 24,0
N,N-Dimethylacemide dimethylethylamine
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2.8 Reactions with Nitrous Acid

Nitrious acid (HONO) is unstable substance
therefore they rect with amines.

a) Primary amines react with nitrous acids to form alcoh®

and nitrogen gas.
R—=NH, + HONO ——— ROH + Njk + H,0

19Amine Alcohol

b) Secondary amines react with nitrous acids to form N-
nhitrosoamines which are water insoluble yellow oils.

R R
| |
29 Amine

N,Nitrosoamine
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Reactions with Nitrous Ax\d

c) Tertiary amines react with nitrous acids to form
trialkylammonium nitrite salts which are soluble in wa

RN + HONO = (complex products, but no N, evolution)

HONO + H~ = H,0 + :N=0

RsN + HONO > R,NHO,

O -

3°Amine Trialkyl
ammonium nitrite

—P|-1:-|- N=0 — —I‘l'-i—NZD .
|

« Nitrous acid is unstable and always is prepared as needed,
usually by mixing a solution, NaNO, with a strong acid
0°C.

Se conditions provide a source of NO+
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2.9 Reactions of Aryl Diazonium Intermediates

v Unlike primary alkylamines, primary arenamines react
nitrous acid at 0°C to give diazonium ions that, in
cases, are stable enough to be isolated as crystalline
salts.

v Other salts can be isolated, but some of these, such a
benzenediazonium chloride, In the solid state ma
decompose with explosive violence:

@
@—Nm NaNO, HO @_N < o MBS @—NmN BF.O

i benzenediazonium
benzene lazomum fluoroborate

(Waﬁgrl%g?fme) (water insoluble)

oy 10, 100
= -N, H
N
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2.9 Rxns of Aryl Diazonium Intermediates: applic

OH

CH;

d-methylbenzenol

H,O

CH,

CuCl/_

HC1 CuBr
HBr,
100°

=)

ns

N

4-chloro-1-methylbenzene

Br

d-bromo-1-methyl-
benzene

l
CH: /

d-iodo-1-methyl

NH., NP HSOS
H.SO,, NalNO,, H,O KI, H,O
0—-5° (no catalyst
necessary )
CH3 CH3
d4-methyl- d-methylbenzenediazonium CuCIN

hydrogen sulfate
(not isolated)

benzenamine
(para-toluidine)

hypophosphorous I:T:a&%
acid, HyPO,, ®
and Cu(l) salts
N02
A
M
CH
CH,

methylbenzene
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benzene
CH 5
CIN
d-cyano-1-methy
benzene

benzene
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Introduction to Carbonyl Compounds in use
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testosterone acetylsalicylic acid Capilin
(aspirin)
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Introduction

» Carbonyl cpds can be placed in one of two classes:

* Class I Class II
compounds with groups that can be replaced by a nucleophile cannot be replaced by a nudeophile
0 0 ] O ] 0
I I [ I I
AL A A A C L
R” OH R SO RO W R H R R
a carboxylic acid an ester an acdd anhydride an aldehyde a ketone
0 0 0
compounds with groups that can be replaced by a nucleophile [ I I
C C C
I | | R AN
C C C C C a carbonyl group agyl groups
R R B R “NH, R” “NHR® R” “NR;
an acyl chloride an acyl bromide amides -
acyl halides -I'._'I'
D RE Ny
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Introductio

n

* The reactivity of carbonyl cpds resides in the polari

the carbonyl group; oxygen is more EN than C.

* The carbonyl C, is an electrophile, so that it will
attacked by nucleophiles.

rel ative reactivities of carboxylic acid derivatives
L L) L
|_| | II
L C L

most R ™ = R™ ™07 R s
reactive [ agyl chloride acid anhydride

0 0 0
I | I,I
, c ,

( (

R SOR - R ™SOH > R” “NH, _[lest
ester carboxylic acid amide reactive

relative basicities of the leaving groups

0

| || R—C—Y
weakest < OCR < 0K - "0OH < NH, strongest | \s #
base base Vi

-

the weaker the base, the
asier it Is to eliminate

27 April 2020 Chem. 2042, By Dale Abdissa,JU
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Introdu

v" A nucleophilic addition rxn is the addition of a nucled@\le

(:Nu) to the electrophilic carbon (C) of an aldehyde or ket

v" As an e- pair from :Nu forms a bond to the C, an e- pair from

the C=0 bond moves toward O,giving an alkoxide ion, R

v"addition rxns represented in the general equation:

0—X . |
N 8- B+ B w / _— Nucleophilic oxygen reacts
(=0 + X—Y — C / with acids and electrophiles.
/ v \\ 0, ‘l'
Y {‘-“) — Electrophilic carbon reacts
hy ; My with bases and nucleophiles.
Aldehyde Product of are |

or ketone nucleophilic addition] .~ ™\
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Carbonyl Compounds
v' The reactivity of carbonyl cpds resides in the polarity

carbonyl group; O is more electronegative (EN) than C.

v' The carbonyl C is an electrophile, so it will be attacked b

) r{:}._
" :{:}: L _-_ 5 -
‘Nu A nucleophilic | — - |
addition reaction 5 ~ T—:Nu - C—

,;._.-"’ C ~— - / MNu
v' The carbonyl group is polar b/c O, being more EN than C

has a greater share of the e-s of the double bond.

b 0 0 0
,r'(|]' | H (l !
b .| (most reactive, N R RO least reactive |
R " R(H
| .] formaldehyde an aldehyde 3 ketone
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Carbonyl Compounds S
v An aldehyde has a greater partial positive charge ItS
carbonyl C than does a ketone b/c H is e- withdra

compared with an alkyl group.

v' S0, an aldehyde is less stable than a ketone, w/c makes i

more reactive toward nucleophilic attack.

v’ Steric factors also contribute to the greater reactivity o

an aldehyde.

v’ The carbonyl C of an aldehyde is more accessible to th

IS the carbonyl C of a ketone.
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Carbonyl Compound n

v’ Ketones have greater steric crowding in their TS, so Yy

have less stable TS than aldehydes.

v' For the same reason, relatives reactivity ketones with smal
alkyl groups bonded to the carbonyl C are more reactiv

than ketones with large alkyl groups.

Q) O Q)
most reactive - (H- (” (I- ~ least reactive ]

H:C~  CHa H:C~ 'V’(ﬁ\'ll(-‘lh (-‘lmi'n' -‘(I'H(‘H\,
CHs CH, CH-

v Aldehydes & ketones are less reactive than acyl chlorides

nhydrides, but are more reactive than esters &
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Carbonyl Compound
*- The weaker the basicity (Y:) of the more reactive is the c

group b/c weak bases are less able to donate e-s by resonan
the carbonyl C & are better able to withdraw e-s inductively f
the carbonyl C. j

relative reactivities of carbonyl compounds toward nucleophiles

acyl halide > acid anhydride > aldehyde > ketone > ester ~ carboxylic acid > amide > carboxylate ion
A A

| most I’EH(’(WE‘ least reactive ‘

< aldehydes & ketones are not as reactive as carbonyl cpds in w
Y:is a very weak base (acyl halides & acid anhydrides), but ar

tive than carbonyl cpds in which Y: is a relatively stron

(carboxylic acids, esters, and amides).
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to form substitution products:
O (|_“r (ﬁ)
Y — _C. + Y

L Sy + 4L — R Cl
A
Product of nucleophilic substitution

@ Aldehydes & ketones react with :nu to form additio
products, not substitution products, b/c no LG on the

aldehydes & ketones.

*- Thus, aldehydes & ketones undergo nucleophilic additio

hereas carboxylic acid derivatives underg

Omlpltlﬁz@fbyl SUbStItUtIQ\er)gQé By Dale 127
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3.1 Addition Reactions
3.1.1 Hydrates: Rxns of Aldehydes & Ketones with

u

« Water adds to an aldehyde or a ketone to form a hydrate.
A hydrate is a molecule with two OH groups on the same C.

 Hydrates are also called gem-diols (gem comes fro

geminus, Latin for “twin”).

« Hydrates of aldehydes/ ketones are too unstable to b

iIsolated b/c the tetrahedral C is attached to two oxyg

atoms.
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¢

v'Water is a poor Nu & adds slowly to a carbonyl group.

v'The rate of the rxn can be increased by an acid catalyst.

Hydr&t&s

‘f s
C + H0O == R—C—R (H)
R~ "R (H) |
OH
an aldehyde or a gem-diol
a ketone a hydrate
mechanism for acid-catalyzed hydrate formation
T o
(|:|] HTJ?H > (|;|;.1-1 OH
CH{ ™H CHy +“H ) '
; »+OH
42 % - e .o
H _—OH
‘. H

w 27 April 2020
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Hydr

v'The extent to which an aldehyde or a ketone is hydrated

S

agueous solution depends on the aldehyde or ketone.
v e.g, only 0.2% of acetone is hydrated at equilibrium, bu

99.9% of formaldehyde is hydrated.

i ek s
C + H-.0O —— CH;—C—CH; 2 = 10
CH3 CH, |
OH
acetona O
99.8% 0.2%a
T T
C + H,O —— CH;—C—H 1.4
CH3 H I
Idehyd ©OH
aceta ehyde -
42 % =856
7 gl
C + H,O — H—C—H 2.3 = 10°
| & ~H |
OH
formaldehyde 9a_ 9o

0.1%

N



* K, for a rxn depends on the relative stabilities o
reactants and products.

tes
e

Hy

* K., for hydrate formation, depends on the relat
stabilities of the carbonyl compound and the hydrate.

+ EDG alkyl groups make a carbonyl cpd more stable (les

reactive).

* In contrast, a

b/C of steric interactions b/n the alkyl groups.[ o

OH

least | - | - {
‘5tab|e — CH; f CH,

| OH
D 2\ 27 April 2020

most L—;CH{ “SCH; CH ™H H~ H

T I T
C C.
stable r--f'

kyl groups make the hydrate /ess stable

C. 120°
?H ?H CH_{ -.‘_HKCHR
CH;—C—H < H—C—H —
| | o
on OH ., 1095
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3.1.2 Hemiacetals: Addition of Alcohol

* The product formed when one equivalent of an alcoh

adds to an aldehyde is called a hemiacetal.

* The product formed when a second equivalent of alcohol

Is added is called an acetal.

+ Like water, an alcohol is a poor Nu, so an acid catalyst is

required for the rxn to take place at a reasonable rate.

0 OH OCH;
| HCl | CH3OH, HCl |
C_ + CH,OH = CH,—C—H = CH;—C—H + H,0
CH; H | |
OCH; OCH;,
an aldehyde a hemiacetal an acetal

\
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Hemiacetals: Addition of
 When the carbonyl cpd is a ketone instead of an alde

the addition products are called a hemiketal and a k

respectively.

ﬁ OH OCH;

Hel | CH;OH, HCl |
C.  + CHOH — CH;—C—CH, CH_;—LT—CH_; + H,0

CH; ~CH;
OCH; OCH;

a hemiketal a ketal

a ketone

- Hemi is the Greek word for "half.”

 When one equivalent of alcohol has added to an aldehy

or a ketone, the cpd is halfway to the final acetal or keta
iIch contains groups from two equivalents of alcohol.
=L
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Hemiacetals: Addition of

* In the first step of acetal (or ketal) formation, the
protonates the carbonyl oxygen, making the carbonyl ca
more susceptible to nucleophilic attack.

mechanism for acid-catalyzed acetal or ketal formation

..—~H—B" + .. AN
o e 7 Oon HTE
C. —— C + CH;O0H — CH;—C—CH; —— CH;—C—CH-
CH;"J ‘“‘{:H__JJ CH( l‘?CH; P 3 N 3 3 3
' ” :?CHa. :OCH; '
H a hemiketal
H—B* H B
‘e +| . H
:OCH; > :0CH; ~:OH
CH;OH |
CH_:—??—CH; — CH;—C|?—CH3 ' CH; \ _CH; === CH;—C—CH;
\.Ca-' :_,.-;p-
:0OCH; :OCH; | ~1OCHj,4
a ketal *+0OCH;

+ H,0

-



3.1.3 Cyanohydrins: Rxn with Hydrogen Cyanide

v' HCN adds to aldehydes and ketones to form cyanohy

v This rxn forms a product with one more C atom than
reactant.

v" In the 15t step of the rxn, the CN- attacks the carbonyl C.
v The alkoxide ion then accepts proton from an undissociate

molecule of HCN.

r‘t]" Ej_ “;,' EjH

|
Ix- -|| | |

_ N .
f_,,EH + (=N —= (CH;CC=N = ' CH,CC=N + =N
CH; %" CH; |
S— CH; CH;
acetone acetone cyanohydrin
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Cyanohydrins: Rxn with Hydrogen

v' B/c HCN is a toxic gas, the best way to carry out this
to generate HCN during the rxn by adding HCI to a mixt
of the aldehyde/ketone & excess NaCN.

v Excess NaCN is used in order to make sure that som

cyanide ion is available to act as a nucleophile.

v' Cyanohydrins are stable because the OH group will no
eliminate the cyano group.

v" If the OH group loses its H, the CN group will be eliminated

HO: C=N (] [—

Y e @+ -

. ~ cyclohexanone
27 April 2 cyanohydrin




3.1.4 Carbinolamine: Addition of 129 Amine
v Aldehydes & ketones react with 19 amines to form imin
v The rxn requires a catalytic (small) amount of acid.

Q catalytic
H

H H
benzaldehyde ethylamine an imine
an aldehyde a primary amine
CH;C\I;[E catalytic CH;C{:[E

H’
;‘: =0 + H;NCH;@ = fC=NCH3~© + H,0
CH;CH, CH;CH;
3-pentanone benzylamine an imine
a ketone a primary amine

v In the first step of the mechanism for imine formation, th
amine attacks the carbonyl C.

tral tetrahedral intermediate, called a carbinolamin

n equ ullibrium with two Protonated forms.
pril 2020 Chem. 2042, By Dale Abdissa,JU 137
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3.1.2 Addition of Grignard Reagent

v Addition of a Grignard reagent (GR) to a carbonyl cp a

versatile rxn that leads to the formation of a new bond.

v' The rxn can produce cpds with a variety of structures b/c
both the structure of the carbonyl cpd & the structure of th

GR can be varied.

v GR can be prepared by adding an alkyl halide to

magnesium shavings in diethyl ether.

Mg

EH;EHEBT Et,0

» CH;CH,MgBr

CH;CH;MgBr reacts as if it were EH;EH; ]"l.-“léﬂr
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Addition of Grignard Re nt

v Attack of a GR on a carbonyl C forms an alkoxide ion tNaNiS
complexed with Mg ion.
v Addition of water or dilute acid breaks up the complex.

v When a GR reacts with formaldehyde, the addition produ

IS a primary alcohol.

Lo
II‘_" 5 & 4 2 4 4 3 & ; N ) H!D - "
C + CHyCHLH,CH, TMgbr —— CH{CH,CH,CHCHO Mghr — CHCH.CH.CH.CH-OH
'_._-‘ H'H.\_ - - =/ - - - - =a & - L L L P
H™ } H
\ ]
formaldehyde butylmagnesium an alkoxide ion 1-pentanal
bromide a primary alcohol
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Addition of Grignard Re nt

v When a GR reacts with an aldehyde other n

formaldehyde, the addition product is a secondary alcohol.

.t .
O W Mghr :OH
- | Hy0' |
ey + CHyCH,CH, 7MgBr — CH;CH,CHCH,CH,CHj CH;CH,CHCH-CH,CH,
CH;CH; 4 'H -~
propanal o propylmagnesium 3-hexanal

bromide a secondary alcohol

v When a GR reacts with a ketone, the addition product is a
tertiary alcohol.

. e+ ‘e
Pt «{0: MgBr ‘OH
. _F;l'..,x + CH;CH;—MgBr — CHyCCH.CH-CHy ——— CH{CH-CH+«H,
CH{ 4 "CH+«CH:CH; A
~— - CH.CH, CH,CH,
2-pentanone B - ethylmagnesium 3-methyl-3-hexanol
bromide a tertiary alcohol
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Addition of Grignard Re

v When a Grignard reagent reacts with a ketone, the a
product is a tertiary alcohol.

nt
n

i+
Pl {00 Mghr :0H
l.l_-|'|‘| = | = | . | L("! . | =5 H!ﬂl . | ]\"1 . | . |
i} .,-’{"x + CHyCHs—Mghr —— CH(CCH.CH.,(Hy —— CH{L{CH,CH+CH,
CHY { "CH+«H,CH; / | |
H____ ) _____.-""-. LHECHq {_ HECH_;
l-pentanone N - ethylmagnesium 3-methyl-3-hexanol
bromide a tertiary alcohol

Exercise. Write the product chemical structure for the ff

1. CHyCH;MgBr
a) {IL 1. CH3MgBr I i:t;ssg
oy oy 7. HaO" CH;CH-COCH; :
CH;CH; CH-CH, 3 ) 2. H,0
3-pentanc ne
L
{.} 1. CH g FRIgBEr
b I O g o
) [ = ) L
CH.CH,CH;” ~H 2HO .
- butanal {ﬁ
“ L 1. 2 CHyCH;MgBr
| ~q =4 '--.- .H"'! '2' HJ.DI
D 27 April 2020 Chem. 2042, B CH;CH,CHT °Cl 141
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Addition of Grignard Re
v A GR can also react with CO,. The product of the rx
carboxylic acid with one more C atom than the GR has.

| |
Yy HO'
(Om=Cw=() + CH ;CH:CH:J—.M_%H [ — f'l': ~ N —JD-' ,-"{-" -
P - CH:CH-CH- 0 MgBr CH:CH-CH- OH
carbon propylmagnesium butanoic acid
dioxide bromide

v' when an ester reacts with a GR, the first rxn is a nucleophili
acyl substitution rxn b/c an ester.

mechanism for the reaction of an ester with a Grignard reagent Sroduct of
T A T nucleaphilic acyl
L"'il-lh ‘U:JMD’H' -':{‘I'I]" substitution
C. + CH;—MgBr —— CHCH.C—OCH; — [ + CHO™
CHiCH; “TOCH; -~ |, CHCH3s™ 4_~CH;
— CH .
an ester . a ketone .
|
[CHg Mg Br
s s ae -
:'l'.l_'I'H 1'l'.|_'l'1 MgbBr
HO
product of CH3;CH2CCH; CHyCH-CCH 3
nucleophilic
ard addition CH 4 CH+

a tertiary aloohal

w c/ Apri cucv cnem. cu4c, By vdie ADAiIssa,J v 14c
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3.1.4 Hydride Additions (LiAlH, and NaBH,

v Addition of hydride ion (:H") to an aldehyde or ketone S

an alkoxide ion.
v Subsequent protonation by an acid produces an alcohol.
v" The overall rxn adds to the carbonyl group.

v’ the addition of hydrogen to an organic cpd is a reduction rxn.

0 O OH
—, . . HB" L
af{'ﬁ | + ;_-H — R—(C—R B R—C—RK
R™ "R | |
- al H H

v Aldehydes & ketones are reduced using sodium borohydrid

e source of hydride ion.
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Hydride Additions (LiAIH, and a)

d

v Aldehydes are reduced to 1° alcohols, & ketones are re

to 29 alcohols.

v Note. the acid is not added to the rxn mixture until the rxn
with the hydride donor is complete.

(8]
o ’f{lﬁh ; :a;f“ CH,CH,CH,CH,OH
CH,CH,CH; H - Ha 1-butanol
butanal a primary alcohol
an aldehyde
| P
L l :'E;f"‘ » CH;CH,CH,CHCH;
CH,CH,CH; CH, %M 2-pentanol
2-pentanone a secondary alcohol
a ketone
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Hydride Additions (LiAIH, and

v NaBH, is not a sufficiently strong hydride donor to reac
the less reactive (compared with aldehydes and ketone
esters, carboxylic acids, & amides, so esters, carboxylic
acids, & amides must be reduced with LiAIH, a mor

reactive hydride donor.

v The rxn of a Class | carbonyl cpd with hydride ion involve

two successive rxns with the nucleophile.

v' B/c LiAlH, is more reactive than NaBH,
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Hydride Additions (LiAIH, and

v  The rxn of an ester with produces two alcohols,
corresponding to the acyl portion of the ester &
corresponding to the alkyl portion.

1
1. LiAlH, § § §
C - CH,CH.CH,OH + CH,OH
CH,CH;~ —~OCH, % H© W '
3 2 3 1-propanol methanol
methyl propanocate
an ester
mechanism for the reaction of an ester with hydride ion —
Apmduct of nucleophilic
sy - acyl substitution
0! 1§ B ~ 0
. I — (CH;(C | - OC — . "HLO
‘ + H—AIH; "HyCH-C —0OCH; ‘ + CH;
- JL% _ H——AlH, LH_,LH;‘.’T ~OCH, - f{{“x CH;
an ester an aldehydé\h
i
|
lH—|AIH3
03
et e o~ |
product of CH-CH,CH-,OH CH,CH-CH
Q'Lf;;ﬁf; F;h"": a primary alcohol I—ll




Hydride Additions (LiAIH, and
v" Diisobutylaluminum hydride (DIBALH) is used as the h

a)

e
donor at a low temp., the rxn can be stopped after

addition of one equivalent of hydride ion.

v This reagent, makes it possible to convert esters int
aldehydes.

0 0
| 1. [(CHa),CHCHyLAIH, -78°C ”,

CH{CH,CH,CH ~OCH, * "% CHCH.CH,CH, H + CHyOH
methyl pentanoate pentanal

CHCHCH >

_:|~L1 — CH-CHCH,

diisobutylaluminum
hydride
DIBALH
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Hydride Additions (LiAIH, and
v The rxn of a carboxylic acid with forms a single pri

a)
[y

alcohol.
" 1. LiAlH,
1. LiAlH, CH,OH
C —— CH;CH,0H “DH 2. B30’
CH ~oH 2% MO0 thant
L ethanol
acetic acid benzoic acid benzyl alcohol
\
mechanism for the reaction of a carboxylic acid with hydride ion
|
hydride ion H\\ K;H new hydride
removes an L~ .LHAIH ; 1\ donor
I"{i'l";: acidic proton {lj ?fﬁ H I.-{'li—Ang.
EHLEQLH + H;AIH; —— CH;C=0: — EH:E—L{} —— (CH;CH —{')
L . o
a carboxylic acid — + H- l
second addition
e of hydride ion
H;0" s H=AIH 4 .
CH;CH-OH — CH;CH,0f —— CH;CH==0:
an alcohol an aldehyde
‘ + AlH,O
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Hydride Additions (LiAIH, and

v Acyl chlorides, like esters & carboxylic acids, underg
successive additions of hydride ion when treated with LiA

)
I 1. LiAlH,
C

o~ CH3CHCH,CH,OH
. Hs

CHCH,CH;  (Cl 1-butanol

butanoyl chloride
v Amides also undergo two successive additions of :H- whe

they react with LIALH,

v The product of the rxn is an amine. 1°, 2°, or 3° amines ca
be formed, depending on the number of substituents bonde

itrogen of the amide
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Hydride Additions (LiAIH, and a)

v Note. H,O rather than H,O" is used in the 2" step of the

0
1. LialH,
C CH-MNH -
"'-\.\_\_H . — rE
benzamide benzylamine
a primary amine
O
| 1. LiAlH,

L CH-CH-MNHCHS
CH;  TNHCH, 2. Hz0 ' - '
ethylmethylamine

a secondary amine

N-methylacetamide

! \ 1. LiAlH, / !
(] 2. HO |

T |
CH- CH
N-methyl-y-buty rolactam N-methylpyrrolidine

a tertiary amine

N
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Hydride Additions (LiAIH, and %14)

| mechanism for the reaction of an N-substituted amide with hydride ion

H H |new hydride
\ I/ donor /
hydride ion T WIH; / \

0 removes a proton (0 | r 0—AlH,

= | I/ C

{;H;{: “JLHy T H AlH'I; — {:Hy{; \J{;H; — {;Hy{; “JCH; — CH;CH ‘J{LHy

H 1___,,5 + H,

. second addition
an amide ) of hydride ion

H;0 ' A T
HO™ + CHCHNHCH; «——— CHyCHNCH; ———— CH,CH=NCH; + AH,0
an amine -
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3.2 Addition f-Elimination Reactions
3.2.1 Imines and related compounds

v Aldehydes & ketones react with a 1° amine to form an imi

v" An imine is a cpd with a C—N double bond.

v The imine obtained from the rxn of a carbonyl cpd &

primary amine is often called a Schiff base.

] ]
s e
A N\ .
C=0 + R—NH- = C=N +  H-0
/ / \
R
an aldehyde or a primary amine an imine
a ketone a Schiff base

Chem. 2042, By Dale Abdissa,JU
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3.2 Addition f-Elimination Reactions

3.2.1 Imines and related compounds

v' Aldehydes & ketones react with a 2° amine to form
enamine.

v" An enamine is an a, f-unsaturated 3° amine, a 3° amine with

a double bond in the «a, B-position relative to the N atom.

v the double bond is in the part of the molecule that come

from the aldehyde or ketone.

i
| /
< R\ —L% ER
C=0 + NH — }_’ — N + H-, (O
/ R/ hN
an aldehyde or a secondary amine an enamine
a ketone

27 April 2020 Chem. 2042, By Dale Abdissa,JU 153




3.2 Addition f-Elimination Reactions
3.2.1 Imines and related compounds

« Aldehydes & ketones react with secondary amines to
enamines.

« Like imine formation, the rxn requires a trace amount of an
acid catalyst.

CH;CH, — cataitic CH,CHj
Do R
CH,CH, “CH,CH; + H,0

cyclopentanone diethylamine
a secondary amine

anenamine

catalytic
<:>=n + Ly A QHC' + H,0
N
H

cyclohexanone pyrrolidine

a secondary amine an enamine

27 April 2020
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3.2 Addition f-Elimination Reactions

3.2.1 Imines and related compounds

The mechanism for enamine formation is exactly the s
as that for imine formation, until the last step of the rxn.

mechanism for enamine formation —~H—B" —~H-—-B*
|r A " I\_,-"'
n‘ :OH —H’ :OH
(] + R— NH —_ N’f R = .
+ N N—R
HR | H |
/" .
‘B neutral tetrahedral
M-protonated intermediate
carbinolamine a carbinolamine

O-protonated
carbinolamine

H

OH

o elimination
LIN—R | of water

an enamine E

/+ H-0

this intermediate cannot lose
a proton from N, so it loses
a proton from an o-carbon

H




3.2.1 Imines and related compounds

Formation of Imine Derivatives:
v' Cpds such as hydroxylamine (NH,OH, hydrazine (N,H,
semicarbazide (NH,NHCONH,) are similar to primary amine

In that they all have an group.

v Thus, like primary amines, they react with aldehydes an
ketones to form imines often called imine derivatives b/c th

substituent attached to the imine N is not an R group.
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v' The imine obtained from the rxn with hydroxylamine is

Imines and related com

nds

d

an oxime, the imine obtained from the rxn with hydrazin

called a hydrazone, & the imine obtained from the rxn with

semicarbazide is called a semicarbazone.

@—CH={} +

H-NOH

hydroxylamine

catalytic
+

CH=NOH + H,O

an oxime

Q catalytic Q
H+

f£‘={f) -+ HEHNHE ;I__{:=HHH3 -+ Hgfj
CH- CH+

hydrazine

<:>={“_1 + H-,MMHL NH,

cata l;.rtlc

4.

_—

a hydrazone

<:>=‘~4'*~.IHL‘*~JH3

a semicarbazone

-+ Hgf._}

semicarbazide
n r

157



3.2.1 Imines and related compounds

v' Phenyl-substituted hydrazines react with aldehyde

ketones to form phenyl-hydrazones.

@talytic

Q‘G + H;.‘HH—@ L GNHH—@ + H0

phenylhydrazine a phenylhydrazone

catalytic
+

e H. o o s
{_'.H.;{_THE{_‘.H={-} + H,NNH .\'JDE — (HyCH,CH=NNH N{-}g + Hgﬂ

~g

O,N ;N
2, 4dinitrophenylhydrazine a 2,4-dinitrophenylhydrazone
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The Wolff-Kishner Reduction

v When ketone/aldehyde is heated in a basic sol" of hydr
the carbonyl group is converted into a methylene group.

v This process is called deoxygenation b/c an oxygen
removed from the reactant. The rxn is known as the Wolff—

€,

Kishner reduction. -
[
{ H-Con, St CHLCH,
delocalization of
mechanism for the Wolff-Kishner reduction \Ef\mn e the nega‘twe charge
Q%‘=D + NH,NH, == @—L‘l'=}4— SAERAE G
CH; CH;
a hydrazone
T
{_H{_H + Ny — {_H L N= "'-| + H'f.‘.',i {;l’—."'-IZN—H
’_pé:[‘mn removal CHs

[HID

t @E‘H;CH; + HO )




3.2.2 Wittig reaction

v" An aldehyde/ketone reacts with a phosphonium ylide to

an alkene.

v' An ylideis a cpd that has opposite charges on adjacent cova-

lently bonded atoms with complete octets.

v" The ylide can also be written in the double-bonded form b/c

hosphorus can have more than eight valence electrons.

(CgHs);P—CH,  «— (CgHs):P=CH,
a phosphonium ylide

Georg Friedrich Karl Wittig Chem. 2042, By Dale Abdissa,JU 160
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Wittig tio

v' The rxn of an aldehyde/a ketone with a phosphonium yligg\o

form an alkene is called a Wittig reaction.

v" The overall rxn amounts to interchanging the double-bonded
oxygen of the carbonyl cpd & the double-bonded C group
the phosphonium ylide.

H,yC H,C

\ \
;:.‘=D + (CgHs,P=CHCH; — }'.'=CHCH3 +  (CgHs ) P=0
HyC a phosphonium ylide H.:{-f tnphenglr;:ssphme

H, fH.s
a >= _ /N )
( 0 + (CHshP=C — C + (CHskP=0
| \CH; \ )= \CH; |
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Wittig tio

v’ the Wittig rxn is a concerted [2+2] cycloaddition rxn, wit
nucleophilic carbon of the ylide attacking the electrophilic

the carbonyl cpd.

v Elimination of tri-phenylphosphine oxide forms the alken

- 4
product. tl‘.ll " llﬂlzf_'ﬁH_q]; 0 ;1|1(L‘;1H51;, 0 =P(C,H.),
_Cs— —iCH, —~ R—C-'CH, — +
R | R
R N
a[2+2] ;—:{—HE
coycloaddition R
reaction

-+
CHyCH, CHyCH, Li

_ - AT t _ o,
(CeHs )il + CHyCH,—Br — (CgH )P —CH,CH, + (CgHs )y P—CHCH,
Q triphenylphosphine B a phosphonium ylide
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Application of Wittig reaction

v' The Wittig rxn is a very powerful way to make an alke /C

the rxn is completely regioselective the double bond will

only one place.
GD + (CHs)P=CH, —— GCHE + (CeHs1,P=0

methylenecyclohexane

v' The rxn also is tne pest way 10 make a terminal alkene suc
as methylene-cyclohexane b/c other methods would form
terminal alkene only as a minor product.

CH, -
<:><H | - Q_EHH" ’ <:>:EH2
r

minor

‘Q{'Hzﬂr _Ho , <:>—CH3DH + <:>=+I:H3
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3.2.3 Ester hydrolysis and formation

v Esters do not react with halide ions/with carboxylate io C

the Nu are much weaker bases than the RO- LG of the est

v An ester reacts with water to form a carboxylic acid & an

alcohol. This is an example of a hydrolysis rxn.
i |

HCI

_ f{. ~ + H-O _ ﬂ{.‘ﬁh + CH-OH
CH- (O H; CH; OH
methyl acetate acetic acid

v An ester reacts with an alcohol to form a new ester & a ne

alcohol. This is an ex-ample of an alcoholysis rxn.
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Ester hydrolysis and for lon

v' This particular alcoholysis rxn is also called a S

esterification rxn b/c one ester Is converted to another este

a transesterification reaction

) i ] HCI
C + CH;CH,OH —/mm

I . ~ i " - -
U OCH, ﬂ %]/ T OCH-CH,
= o

methyl benzoate ethyl benzoate

)
I

+ CH;OH

v' Both the hydrolysis & the alcoholysis of an ester are very
slow rxns b/c water & alcohols are poor nucleophiles & este

have very basic leaving groups.

rolysis & alcoholysis of an ester can be catalyzed b
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Ester hydrolysis and for lon

v’ Esters also react with amines to form amides.

v A rxn with an amine that converts one cpd into two cp

called aminolysis.

an aminolysis reaction

0 O
CH;CH;~ T~OCH,CH; CH;CH;  T“NHCH;
ethyl propionate N-methylpropionamide

v' The aminolysis of an ester can be driven to completion b

using excess amine/by distilling off the alcohol as it is forme

i |
C + CH4(CHy);NH, C

- L - Lo _ ot CH;0H
CH; OCH, excess CH, NH(CH,),CH,
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Acid-Catalyzed Ester Hydrolysis

v’ Esters hydrolyze slowly b/c water is a poor Nu & esters e

very basic LG.
v The rate of hydrolysis can be increased by either acid or ~OH.

v In an acid-catalyzed rxn, all organic intermediates & product
are +vely charged or neutral; -vely charged organic

Intermediates & products are not formed in acidic solutions.

v The first step in the mechanism for acid-catalyzed est

hydrolysis is protonation of the carbonyl oxygen by the acid.
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Acid-Catalyzed Ester Hydrolysis

|

H
o~ 0
|| %

CH;” A “OCH; CH;i~ A"‘{}CH_;

more susceptible

less susceptible

to attack by a to attack by a
nudeophile nucleophile
:OH

| ..

~"+OH
M

H-"

B

tetrahedral intermediate |

H
-{l-_lj. ,6.—-’
[ [
CH;  TOCH, CH;  ~OCH,
protonation of P _ r,,,I-l
the carbonyl (o] S Y {5
group g H—B"* -{|_|:
T T T T
CH; {EH; CH..; 'EK:H_'; + H.]{-.}:
h I
A
formation of
a tetrahedral
intermediate
removal of a
proton from
the carbonyl group
Sy v
.+ - B
{ﬁ' HEB+ {ﬁ}f _
C — C + CH;O0H
CH;  TOH CH:  TOH

]
—

+«!‘_'j]II-l i

equilibration of the
three tetrahedral
intermediates

CH;—{lf—DCH;

:OH

:0OH
e | 2

CH,;—{lz‘—gf:HJ

:OH

/L

= H-—B+
tetrahedral intermediate Il

elimination of
the weaker base

tetrahed ral intermediate Il

Ve e O "

pg®™ W



Acid-Catalyzed Ester Hyd SIS

v' Blc H,0 & CH,OH have approx. the same basicity, it
as likely for tetrahedral intermediate | to collapse to re
the ester as it will for tetrahedral intermediate Il to collaps

form the carboxylic acid.
1

)
i + H,0 HCl {l_l
i)
CH;  ~OCH, ) CHS TOH
A M
both ester and carboxylic acid will be
present in approximately equal amounts

when the reaction has reached equilibrium

+ CH;0OH

0 0 0

” i ! v L o
C + H0 — C + CH;OH WV ' 3
CH;’H H{}CH; S— {‘Hl{f “OH | CH;,; HDCH; {’H_f “OH excess
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Acid-Catalyzed Ester Hyd SIS
v Esters with tertiary alkyl groups undergo hydrolysis
more rapidly than do other esters b/c they hydrolyze

completely d/t mechanism one that does not Invo

formation of a tetrahedral intermediate.
& /
_~H-B B HB'
,, - ~;H Pf
0~ CH 07 CH OH CH, H CH; CH,
ﬂ {|d —CH, Ltl J CH, il L| + ﬂ CH H£|)JL| —CH 0 {! CH
= — — =Ch; — - = HO—(—CH;
)| ¢ 0] 0 /] H0" l1
LH; CH, | CH, CH; CH;

departure of the
leaving group to form reaction of

a tertiary carbocation the carbocation
‘ with a nucleophile

NN : :
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Base-Catalyzed Ester Hyd

v The rate of hydrolysis of an ester can be increas
carrying out the rxn in a basic solution.

v Like an acid, hydroxide ion (-OH) increases the rates of b
slow steps of the rxn .

v -OH increases the rate of formation of the tetrahedr
iIntermediate b/c -OH is a better nucleophile than H,O.

mechanism for hydroxide-ion-promoted hydrolysis of an ester

SIS
y

- o o
C + HOT =—— CH;—C—0OCH, —— C + CH;0:
- e g A | = L] ) - e ey
CHy; % OCH, - - CH5 OH
R Sy (OH ' -
Ho-||n,0 |
‘O H tl“l:r
CH;—C—OCH C + CH,0OH
CH;  HE
A oM | B

the more basic the solution,
the lower its concentration




3.2.5 Rxns of acid chlorides, acid anhydrides & a

1) Reactions of Acyl Halides

v Acyl halides react with carboxylate ions to form anhydri
with alcohols to form esters, with water to form carbox
acids, & with amines to form amides b/c in each case the
iIncoming Nu: Is a stronger base than the departing halide ion

0 0 0 0
Sy
C + C : : +
- - - S : et T
cH; ~a  cH] o cH; "0~ TCH,
acetyl chloride acetic anhydride

mechanism for the conversion of an acyl chloride into an acid anhydride

e + C CHy—C—Cl - C C + Cl
. 3 [ ) - B
CH; » Tl CcH; O & cH; 07 TCH,
e . o - o I H
C=0

I
CH;
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Reactions of Acyl

i i

C . + CH;OH — C._ + H' + Cl
S Y oo
benzoyl chloride methyl benzoate

O
I

i
C + @—01—1 — C + HY + Cl
CH-.CHs  Cl CH.CH: O
propionyl chloride \Q

phenyl propionate

e ™ \"

)i )i
f{:mﬂ. + H,O —— f{:‘a + H™ + CIl
CHCH-CH- Cl CHCH-CH- OH
butyryl chloride butyric acid
O O

_ + 2CH;yNH, —— O
e e

cyclohexanecarbonyl N-methylcyclo hexanecarboxamide
chloride

+
-+ CH_‘;HH_‘; l

N



Reactions of Acyl

v In the conversion of an acyl chloride into an este
nucleophilic alcohol attacks the carbonyl C of the
chloride.

v B/c the protonated ether group is a strong acid, the
tetrahedral intermediate loses a proton.

v' Cl- is expelled from the deprotonated tetrahedral intermediat
b/c Cl- Is a weaker base than the alkoxide ion.

S)

e
|

mechanism for the conversion of an acyl chloride into an ester

,.rt"} 0 :i’|fi:x, IL”}
T+ CHOH = CH—C—Cl = (Hi—(—C — + 0l
AN - " » TN
cu 4 ; il cu O GcH,
T\ . +OCH; ‘OCH, I
- H, B HB'

o

W — s —m——— —rrmrin —m = f— — ] e mr— s rm —ie ey~ —



Reactions of Acyl es

v The rxn of an acyl chloride with NH; or with 1° or 2° e
forms an amide & HCI.

v The acid generated in the rxn will protonate unreacted NH;
unreacted amine; b/c they are not Nu, the protonated amines
cannot react with the acyl chloride.

0 0
J' NH 1.1|'| HOL —93. Ny, cf
+ 3 B i . + - | 4w
CHY I CH{  ~NH,
0 0
| _ I _ CHsNH,  +
C_ 4+ CHNH, — C__ + HCl CH;NH; C
CH,CH;” I CHCH;”~ ““NHCH,
|;|':. 0
C. + 2CH;NH — + CHyNH,Cl

|_
P Al
Cl "H. |
i | J {.-1H 7 E J :T{_ H - {.1H 7
~ ~ CH;




Rxns of acid anhydrides
v' Acid anhydrides do not react with NaCl or NaBr b/c

e

Incoming halide ion Is a weaker base than the depa

carboxylate ion.

0 0
I I
C C +

CH; 07 TCH;

Cl

—— N0 reaction

CH;

,n:”:r u:lzn :E‘l:'n:-_l .;|'|;.
C_ C :Clf = CH,C—0—CCH,
i %0 CH, |

— - ~C1

v B/c the incoming halide ion is the weaker base, it will be th

substituent expelled from the tetrahedral intermediate.

v An acid anhydride reacts with an alcohol to form an ester &

carboxylic acid.

v

27 April 2020

r to form two equivalents of a carboxylic acid, & wit

Ine to form an amide & a carboxylate ion.
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Rxns of acid anh es

1] | |
C C + CH,CH,OH — C + f"H
CHY "0~ “CH, CH{ “OCH,CH,  CH; ~OH
acetic anhydride ethyl acetate acetic add
0 0 0
i TRy
; + H) — 2 ;
S - e
OO
benzoic anhydride benzoic acid
10 | |
C C + 2CH;NH, — C + C .
CHCHY Y07 CH,CH; CHCH; NHCH;  CH,CH, 0" HyNCH;
propionic anhydride N-methylpropionamide
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Rxns of acid anh es

v All the above rxns follow the general mechanism. r
example, the ff mechanism for conversion of an
anhydride into an ester with the mechanism for conversion of
an acyl chloride into an ester.

mechanism for the conversion of an acid anhydride into an ester (and a carboxylic acid)

P o oy b
L ame ¥ & : ﬂ
1 ‘ T ‘; —_ ‘ — ‘,_J ‘ S— 1 T 1
. . I R A N I A T ARNT S,
VNSV HO—C—0" CH,  HC—=C—=0" CH, CH OCH, 0 i,
— | OCH OCH, )

t
( i_h HB )
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v Amides are very unreactive cpds, which is comforting,

Rxns of amides

proteins are composed of amino acids linked together

amide bonds.

v' Amides do not react with halide ions, carboxylate ion

alcohols, or water b/c, the incoming Nu: is a weaker base

than the LG of the amide.

¢

O
|_|
i ,,-*{'1a ) i i i
CH;j NHCH,CH,CH,; + Cl * no reaction
N-propylacetamide
0 0
|| |
C C

CH;CH;” “N(CH;), + CHi 0 — no reaction
N,N-dimethylpropionamide

+ CH;OH —— no reaction

0
1
P
Lj “NHCH;
e

N-methylbenzamide
0
|_|
C + H,O0 —— no reaction
CH,CHY NHCH,CH,

N-ethylpropanamide

=\ T

w AN A AL CTTCTTT,

7 w, UATY 7T VWSROI, U =T 7




Acid-Catalyzed Hydrolysis of Amides

v When an amide is hydrolyzed under acidic condition
acid protonates the carbonyl oxygen, Iincreasing
susceptibility of the carbonyl C to nucleophilic attack.

e

v Nucleophilic attack by water on the carbonyl C leads to

tetrahedral intermediate.

v Amides do react with water & alcohols if the rxn mixture is

heated in the presence of an acid.

f_i) l.’_l

L i HCI 1

) O ) ) + HA A e —

CH; T~NHCH,CH, : ~"Hj;
n-ethylacetamide

)
I

i, i, _ HCI
C + CH;CH-OH -
fﬁw e = - - ' ﬁ'ﬂf& i - -
[ NHCH, | H‘T OCH>CH;
Hﬁ ‘Wf

MN-methylbenzamide N
- - —— ~




Acid-Catalyzed Hydrolysis of Amides

v" An acid catalyst increases the reactivity of a carbonyl gr

mechanism for acid-catalyzed hydrolysis of an amide
.- + .-
O [\ ~0O—H *OH
be HoH, 1 H-Q: —— CH;—C—NH
. . + > _: e >
CHy~  ~NH, CH; ™TN 1
H\-\""'\- ___,.:-"'F - :DH [}Hj

]

H_.H-"

tetrahedral intermediate | g

:OH
CH,—C —wa. 4
:OH H-

tetrahedral intermediate 11

H

i 'y S
.l + | -
C + NH, «——0 C_ + NH; =——= CH,; —4:_LH—NH1j

. }
O CH - OH I
. :QH
tetrahedral intermediate 11
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3.3 Enolization-Ketonization reactions

v A ketone exists in equilibrium with its enol tautomer.
v’ tautomers are isomers that are in rapid equilibrium.

v' Keto-enol tautomers differ in the location of a double bond &

H. u:|‘} OH
. | |
O OH CH;—C—CH; — CH,=C—CH;
. I.l, . . _|_ = 99.9% < 0.1%
ROCH> C—k —— RKCH C—R keto tautomer enol tautomer
keto tautomer enol tautomer

v' For most ketones, the enol tautomer is much less stable th

the keto tautomer. e.g. an agueous soln of acetone exists a
an.equilibrium mixture of more than 99.9% keto tautomer an
0.1% enol tautomer.

27 April 2020 Chem. 2042, By Dale Abdissa,JU 182



v The fraction of the enol tautomer in an aq. soln is great

Enolization-Ketonization re

nsS

r

f — diketone a b/c the enol tautomer is stabilized

intramolecular H-bonding & by conjugation of the C-C double

bond with the second carbonyl group.

) )
| I

C C
H,C -~ R{-.HE “~CH .

B85 %
keto tautomer

a hydrogen bond

\ﬁ\ ;H 5
7
| [
H_;'f:'-f H{:.-;:’f KLCH_;
H
15%
enol tautomer

—
Ap—

OH O

enol tautomer keto tautomer

v Phenol is unusual in that its enol tautomer is more stabl
t i

eto tautomer b/ct he enol tautomer is aromatic, b
automer is not.
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Enolization-Ketonization re ns

v A H on a C adjacent to a carbonyl C is somewhat acidi

we can understand why keto & enol tautomers interconver

v Keto—enol interconversion is also called keto—enol tautomer-

Ization or enolization.

v' The interconversion of the tautomers can be catalyzed by

either acids or bases.

electron-rich a-carbon

R y on
RCH=C—R «— RCH—C—R
Ly

resonance contributors of an enol
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Enolization-Ketonization re
v In a basic soln,-OH removes H from the of the keto taut

base-catalyzed keto—enol interconversion

nsS
I.

s
protonation of oxygen H:—[}
removal of a proton - . N L 1-|| ..
from the a-carbon (): Ifl{}: 0= :OH
I -l | |
%{TH—{T—R —— R{L‘;H T{T—H — RCH=(C—R — RCH=C—R + HO
HO: . H B
 keto tautomer enolate ion enol tautomer

v In an acidic soln, the carbonyl O of the keto tautomer is
protonated & water removes H from the forming the enol.

acid-catalyzed keto—enol interconversion

F s o
protonation rd - |
of oxygen ;>-. H_[|}_H .

O H - OH :OH
RCH- —{lll‘.—}{ RCH }—_{I_l—l{ —— RCH =é‘.—}¢ + H30O'
' H
Q keto tautomer Jr.I \ enol tautomer
N HL0: - * [removal of a proton 185

from the c-carbon




3.3 Halogenation of the a-C of Aldehydes & Ketonée
3.3.1 Acid-Catalyzed Halogenation

 When Br,Cl, or I, iIs added to an acidic soln of 4

aldehyde/ketone, a halogen replaces one of the a-H of the

carbonyl cpd.
O O

Cl
. H; 0" .
+ Cl, » + HCI

0 O
I |

CCH,CH, CCHCH,

»LH: HyO* | .
. + I » 1 + HI
%‘* 27 April 2020 Chem. 2042, By Dale Abdissa,JU 186




3.3 Halogenation of the a-C of Aldehydes & Keton
3.3.1 Acid-Catalyzed Halogenation

v" In the first step of rxn, the carbonyl oxygen is protonated.

v' Water is the base that removes a proton from the forming an
enol that reacts with an electrophilic halogen. /

acid-catalyzed halogenation

|

/~H-O0—H .
/ H,0:

” v(’l}H DH +OH

CH;— \ ,} — {_Ha— 4<_> — LH:.—L — {_Ha—{_4<_> '
Hr HrJ" Br
‘e .I
Hy0:/ + H;0" H

3
{_Hg_{_ '\ F . H_:':.T
| 4

Br



=
3.3 Halogenation of the a-C of Aldehydes & Ketone

3.3.1 Base-Promoted Halogenation \
. . (-
v When excess Br,,Cl, or |, is added to an basic soln oiNgR

aldehyde/ketone, a halogen replaces all of the a-H.

() Br O
_ | HO I
R—CH,—C—R + Br, —— R—(C—C—R + 2Br
BXCe5S |
Br

base-promoted halogenation

0 -0 40 0  |repeatfist] g @

_ || - || - | | || two steps | |_|
R{.l'.H—{_'.—H — RCH 7{_.—}{ « RCH=(C—R — R{|.'-H—{_'.—l~{ , H{|.T_{.f_l"{
r |

A Br—Br<" Br Br

.I | ¥
I|
+ Br

it — = s — = —— o rm —e— > = - -




Alkylation of the a-C of Carbonyl Cpds

« Alkylation is carried out by first removing H from the

with strong base such as LDA & then adding the alkyl hali

« LDA is a strong base but a poor Nu, so it removes a-H much

faster than it attacks a carbonyl C.

« LDA is easily prepared by adding butyllithium to di
isopropylamine (DIA) in THF at -78°C.

CH,; CH; CHy CH;
vy A LI T Y . : THF | I v e ey
CH,CHNHCHCH; + CH,CH,CH,CH,Li —T8c {_‘.H;{_‘.HHE‘.H{_‘.H_; + CH,CH,CH,CH,
Li
diisopropylamine butyllithium lithium diisopropylamide butane

pK, = 35 LDA pK, - 50
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Alkylation of the «a-C of Carbonyl

« B/c the alkylation is an SN2 rxn, it works best with
halides & primary alkyl halide.

0O O :{“_:-:;| O

« Ketones, esters, & nitriles can be alkylated at the a-C in thi
way. Aldehydes, give poor yields of a-alkylated products

o 0
I 1. LDA/THF 0
H,COCH; ——p @—{T‘H{J{}{JH;
CH;

‘ e 1. LDA/THF = e
< CH:CH,CH,C=N CHaCHCHC==N

2. CH3CH,l |
CH-CH,
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Alkylation of the a-C of Carbonyl

 Two d/t products can be formed when the ketone |
symmetrical, b/c either a-C can be alkylated.

 e.g. methylation of 2-methylcyclohexanone with o

equivalent of CH;l forms both 2,6-dimethylcyclohexanone &
2,2-dimethylcyclohexanone.

O

i CH;

2-methylcyclohexanone

w 2/ April 2020

C@’

EH3—I

@ .rﬁ:‘r

CH;—I

0
H,C CH; CH,
CH,

2,6-dimethylcydohexanone  2,2-dimethylcyclohexanone

Chem. 204<, By Dale Abdissa,JU
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Halogenation of the a-C of Aldehydes & K
3.3.2 Halo form Reaction of Methyl Ketones

es

v In the presence of excess base & excess halogen, a me

ketone is first converted into a trihalo-substituted ketone.

v' Then OH ion attacks the carbonyl C of the trihalo-substitute
ketone.

v B/c the trihalomethyl ion is a weaker base than OH ion.

v The conversion of a methyl ketone to a carboxylic acid is
called haloform rxn b/c one of the products is haloform i

chloroform/CHCI; bromoform/CHBr; or CHl,
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Halogenation of the a-C of Aldehydes & K

3.3.2 Halo form Reaction of Methyl Ketones

« The presence of a methyl ketone was Iindicated by
formation of iodoform, a bright yellow compound.

es

the haloform reaction
" :i'+~~ Wor 0 0 0 \
H eK(ess v || | _1
R—C—CH; - R-L-L’I — R-L'l.-t'[; — R=(=0H + (l; = R—(-=0" + (H,
eule;; a trihalo- {‘)Hﬂ
substituted
ketone
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Halogenation of the a-C of Aldehydes & K es

Assignment #4)

How could you prepare 4-methyl-3-hexanone from a ket

containing no more than six carbon atoms?

M
CH-CH 24.':4.:|'1r14r: H-CH 5
CH

A4-methyl-3-hexanone

Hint: Use the ff. starting materials with LDA

| 1

{:H_;{‘:HE{:{:H 3{_1]._.'3{_1]._.' 3 + {:H;H r oar '[1]._.' ;{1H3{_1{:1H3{_1H 3 + {:H.}l{:H EH r
3-hexanone 3-pentanone
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3.3.3 Aldol & Related Condensation rxn

v When H is removed from the a — C of an aldehyde

ketone, the resulting anion is a Nu & reacts with E+.

v An aldol addition is a rxn in which both of these activities are
observed: One molecule of a carbonyl cpd after H is remov
from an a — C reacts as a Nu and attacks the electrophili

carbonyl C of a second molecule of the carbonyl cpd.

i o
RCHCR RCH-CR
A~ \

a nucleophile | an electrophile
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Aldol & Related Condensation

v" An aldol addition is a rxn b/n two molecules of an aldeh
two molecules of a ketone .

or

v When the reactant is an aldehyde, the addition produc
B —hydroxyaldehyde which is why the rxn is called an aldo

addition (“ald” for aldehyde, “ol ” for alcohol).

v When the reactant is a ketone, the addition product is
f —hydroxyketone.

> CH L]
g M HO~ e | [
2 CHCH-CH CH 2 C H-CH —{?H CH
CH
a F-hydroxyalde hyde

C» COH {ﬁl

I
{;-'H _:":;I-' _E H EEE H |
CH,

a S-hydroxyketone
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Aldol & Related Condensation

v In the 1st step of an aldol addition, a base removes an H

from the carbonyl cpd, creating an enolate.

v The enolate adds to the carbonyl C of a second molecule of
the carbonyl cpd, & the resulting -vely charged oxygen

protonated by the solvent.

mechanism for the aldol addition

+0
0 0 - 0 0 OH 0
oo Mt L W0
b )

a .Li-hydrnwaldehyd&)

\“
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Aldol & Related Condensation

v Ketones are less susceptible than aldehydes to attack

so aldol additions occur more slowly with ketones.

u,

v The relatively high reactivity of aldehydes in competing aldol

addition rxns is what causes them to give low yields of «

alkylation products.

=0
0 0 - || 0 0 OH O
S PR ¢ R Y « o 'R AN DN | ¢ RN B
CH,(CH; == CH,(CH; =——— L‘.H_;{T’.—L‘.H ,CCH; ? L’.H_;L".—L‘.HEL‘.{_‘.H;
o CH, CH,
a f-hydroxyketone

% 27 April 2020
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Aldol & Related Condensation

v If the product of an aldol addition is dehydrated, the all

rxn Is called an aldol condensation.

v A condensation rxn is a rxn that combines two molecules

while removing a small molecule (water or an alcohol).

v Conjugation increases the stability of the product.

0 OH 0 0
o ow | oo
2 CH,CH,CH === CH,CH,CH —{_|‘.H{_'H 3 CH,CH,CH ={_|‘.{_'H + H,0
CH; CH_T.
a -hydroxyaldehyde an «, f-unsaturated aldehyde
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Aldol & Related Condensation

v' B -Hydroxyaldehyde & S -Hydroxyketone can al
dehydrated under basic conditions, so heating the
addition product in either acid or base leads to dehydratio

v The product of dehydration is called an enone.

0 OH O O
o Ho~ | I HO" _ I
CH, CH;
a F-hydroxyketone an o, S-unsaturated ketone

adfl enoanea

v Dehydration may occurs without additional heating.
OO — Ot

' + H,0
NN : :
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Aldol & Related Condensation
The Claisen Condensation:

v" When two molecules of an ester undergo a condensatio
the rxn is called a Claisen condensation.

v The product of a Claisen condensation is a 8 —keto ester.

i 19
I 1.CHyCH,0~ . | o
2 CHCH,COCH,CH; Hcf : CH;CH,C—CHCOCH,CH; + CH;CH,OH
HI
a 3-keto ester

mechanism for the Claisen condensation

O - D €£3: O
4 B
I CH3O: J!‘ CH3 EH; EDEH 1 - |- |
{_‘.H_;{T‘.H{_‘.[}{_‘.H . = CHyCHCOCH 4 {_‘.H_;{_‘.Hzﬁl_‘.—{l_‘.H COCH;,
L:f_"' L
H CHOm CH,0” CH;
s [
] O

I I
CH _:{:HEET—{-TTH{:[}{:H; + CH _T.[}
CH:

\? e e e ety e e g T 201
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A
Chapter 4

4.0xidation-reduction rxn

: &
~—
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Unit 4. Oxidation-reduction reactio

~ In an oxidation—reduction rxn (Redox rxn) one cpd S

electrons (e-s) & one cpd gains e-s.

- The cpd that loses e-s Is oxidized, & the one that gains e-s Is

reduced.

~ Use the ff in order to remember “LEO the lion says GER™:
Loss of Electrons is Oxidation; Gain of Electrons i
Reduction.

~ E.g. oxidation—reduction rxn involving inorganic reagents:

Cut + Fe’t —— Cu?" + Fe?'

s of an e-, so Cu* is oxidized, Fe3* gains an e-, s

1S reduced.
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oXidation—=reducti

v cpd that is oxidized (Cu+) is called the reducing agen

loses the e-s that are used to reduce the other cpd (Fe®*)

v cpd that is reduced (Fe3*) is called the oxidizing agent b/c
gains the e-s given up by the other cpd (Cu+) when it |

oxidized.

v It is easy to tell whether an organic cpd has been oxidized o
reduced simply by looking at the change in the structure

of the cpd .

= looking at rxns where oxidation or reduction h

n place on carbon.
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oxidation—-reductio n

v If the rxn increases the no of C-H bonds or decreases
no of C-O, C-N or C-x bonds (where X denotes a haloge

the cpd has been reduced.

v’ If the rxn decreases the no of C-H bonds or increases the
no of C-O, C-N or C-x bonds (where X denotes a halogen),

the cpd has been oxidized.

v’ the oxidation state of a carbon atom equals the total no of its

C-0O, C-N and C-x bonds.

Chem. 2042, By Dale Abdissa,JU 205




oxidation-reductio

n

OXIDATION STATE
number of C—2Z bonds
(Z=0, N, or halogen)

o7 Apri.m&w

0

CH,

ST —

1 2 3 4
0 0
CH;OH Hfl_‘|fH H(%H 0=C=0
0 0 0
CH;OCH, CH3(|'IJCH3 CH3t|’|JOCH3 CHEO(IJJDCH3
NCH; 0 0
CH;,[“ZCH; CH3(”3NH3 CH;,O{“,‘NHCH}
OCH; 0 0
CH,CCH,(H) CH3(”2C1 c1{":c1
(f|}CH3

206

N




oxidation-reductio
*- Example : alkene, aldehyde, ketone are reduced.

* H,, sodium borohydride & hydrazine are the reducing ag

O O

I 1. NaBH, | H,NNH, H,
RfoH 2. 0,0 ~ RCH;OH RfoR no »~ RCH:R|| RCH=CHR T RCH,CH;R
an aldehyde a ketone an alkene

@ Reduction at C increases the no of C-H bonds o
decreases the no of C-O,C-N or C-X bonds.

* Oxidation at C decreases the no of C-H bonds o
increases the no of C-O,C-N or C-X bonds.

OH 0 ‘ﬁ - (l-? Br Br
R(llHR ﬂ Hw f,CK —— !,CH Bry L
AN R™ “H R~ “ou|| RCH=CHR —— RCHCHR
an alcohol R™ "R 1 on aldehyde an alkene

& chromic acid (H,CrO,) are the oxidizing agents.S
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4.1 Reduction reaction N\

<*- An organic cpd is reduced when H is added to it.

*= A molecule of H, Iis thought as being composed of (1) tw

atoms, (2) two e-s & two protons, or (3) hydride ion & protonj

components of H:H

H- -H -~ H" -~ Hf H:- H'

two hydrogen atoms two electrons and two protons a hydride ion and a proton

Reduction by Addition of Two Hydrogen Atoms

*- H can be added to C-C double & triple bonds in the presen
of a metal catalyst (catalytic hydrogenations).

Pt, Pd, or Ni

1-butene butane
‘ CH;CH,CH,C=CH + 2H, —wPd.orNi_  CH,CH,CH,CH
1-pendlArril 2020 Chem. 2042, By Dale AbdissaJU  ontane 208
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Reduction rea N

Catalytic Hydrogenation:

\

v Catalytic hydrogenation can also be used to reduce carb

nitrogen double & triple bonds. The rxn products are amines. }

Pd/(C
CHH(HHWCHZI\CH; T Hg — (;H1CH}CH1NHCH;
methylpropylamine

PalC
CH;CH}CH*]CEN T 2[‘[} — CH}CHWCH}(HWNHﬁ
butylamine

v carbonyl group of ketones & aldehydes can be reduced by

catalytic hydrogenation, with Raney nickel as metal catalyst.

v Aldehydes are reduced to primary alcohols, and ketones are

to secondary alcohols.
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Reduction rea%\n
A\ \

0 0 OH
H H, H H, |
N W CH;CHECHECHEOH CK m‘ CH;CHECHCH;
CH;CH,CH;  °H a primary alcohol CH_;CH{H CH; y a secondary alcohol
an aldehyde a ketone

v' The reduction of an acyl chloride can be stopped at a
aldehyde if a partially deactivated catalyst is used.

v This reaction is known as the Rosenmund reduction.

O O
I w ]
CH;CH,~ ~ClI partially  cH,CH,” TH
' - : deactivated ; -
an acyl chloride Pd an aldehyde

\
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Reduction reac\]

v carbonyl groups of carboxylic acids, esters, & amide
less reactive, so they are harder to reduce than the carb

groups of aldehydes & ketones.

v' They cannot be reduced by catalytic hydrogenation (except

under extreme conditions.

0 0
{|% 2, no reaction JJ: H, X
j — MO reaction
CH,CH;  ~oH RaneyN CH;CH; MOCH, RaneyNi
a carboxylic acid an ester

0
{Ll H
4 CH;CH;  “NHCH, RaneyNi

§ an amide
27 April 2020 Chem. 2042, By Dale Abdissa,JU 211
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Reduction react\n
Reduction by Addition of an Electron, a Proto n

Electron, and a Proton

v" When a cpd is reduced using Na in liquid NH;, Na dona

an e- to the cpd & NH; donates a proton.
v' so the overall rxn adds two e-s & two protons to the cpd.
v Such a reaction is known as a dissolving-metal reduction.

dissolving-metal reduction that converts alkyne to trans alkene.

H_;CH H
M Li
CH:C=CCH; — > C=C
NHs3 (lig) / \
2-butyne H CH-

trans-2-butene
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Reduction rea N

v Na (or Li) in liquid NH; cannot reduce a C-C double bo

v This makes it a useful reagent for reducing a triple bond

cpd that also contains a double bond.
H\ KC.H_;
CH- CH-> ;’C:C

| Na or Li l

AN
CH;C—CHCH-,C=CCH; CH;C—CHCH, H

NH;3 (liq)

Reduction by Addition of a Hydride lon and a Proton

v Carbonyl groups are easily reduced by metal hydrides su
as NaBH, or LIAIH,.

v

al reducing agent in metal-hydride reductions |
ide ion %H').
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Reduction rea

v' H- adds to the carbonyl C, & the alkoxide ion that is f
IS subsequently protonated.

n
ed

) — '® - OH
N H,,,.J':H_ . L HO -
- i |
Aldehyd s, ketones,& acyl halides can be reduced by NaBH,.
II 1. NaBH
_C_ S o CH3;CH,CH>CH,OH
CH,;CH,CH; H s R a primary alcohol
an aldehyde
i o
P W it ﬁ?;'_"“ . CH:CH-CH-CHCH-
CH;CH>CH> CH; _ a secondary alcohol
a ketone
i
1. NaBH
_C__ O CH;CH,CH,CH,OH
CH-;CH-CH 5 Cl1 a primary alcohol
an acyl chloride

214
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carboxylic acids, esters, & amides that cannot be reduced

by the milder reagent.

v" LiAIH, is a stronger reducing agent than NaBH,.

O
| 1. LIAIH
/C\ > Hlo,4 > CH;CH:CH:CHQ_OH - g Hzo
CH;3;CH,CHj3; OH SR a primary alcohol
a carboxylic acid
0
1. LIAIH
C - H' 5~ CH;CH,CH,OH + CH;OH
i CH;CH5~ TOCHs; o a primary alcohol
an ester
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Reduction rea n

A chemoselective reactionis is a rxn in which a reagent rQa&ts

with one functional group in preference to another.

e.g. NaBH, in isopropyl alcohol reduces aldehydes faster than

It reduces ketones.

O O O
;fﬂ“xx”“wﬁfﬂ“x . gfﬂ“xxfhwgfﬁ“x
H isopropyl alcohol OH
0 O OH 0
1. NaBH,4
2. H;,0 .
OCH; ? OCH;
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4.2 Oxidation of Alcohols

v' Oxidation is the reverse of reduction.

v e.g. ketone is reduced to a secondary alcohol & the rev
rxn is the oxidation of a secondary alcohol to a ketone.

reduction
ketone —— —— secondary alcohol
oxidation

v A reagent that is often used to oxidize alcohols is chromic
acid (H,CO,) w/c is formed when chromium trioxide (CrO,)

or sodium dichromate (Na,Cr,0O-) is dissolved in aqg. acid.

OH 0 OH
| r0, ” Na;Cr;05
i CH}CHECHCH1 W CH}CHECCHq H,S0,4
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Oxidation of Alc IS

v" 1°alcohols are initially oxidized to aldehydes.

v The C bearing the OH group in a tertiary alcohol is
bonded to H , so the OH group cannot be oxidized to a

carbonyl group.

O
H,CrO | further |
CH:CH,CH,CH,0H —*— [CH3CH3CH3CH — 7 CH;CH,CH,COH
a primary alcohol an aldehyde a carboxylic acid

mechanism for alcohol oxidation by chromic acid

A .
0 {*H Y 0 0 0 an E2 reaction
| |1 | ol

HO—Ci—(H = HO- ~CrrOH — RCHy- o Cr—0H == RCH—0~Cr—OH — RCH=0 + H,Cr0,

|- /‘l\ b H A
0 j (, —H 0«
t RCH_QH H,0: a chromate ester '
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Oxidatio
FExercise . Propose a mechanism for the chromic acid oxi

n
Lon
of 1-propanol to propanal.

Oxidation of Aldehydes and Ketones

v Aldehydes are oxidized to carboxylic acids. B/c aldehyde

are generally easier to oxidize than primary alcohols.

O O
Il NEIICI'ZCI'? ~ ”
CH-CHS5 H CH-CH; OH
i T
HECrD4
C > _
< TH —OH

\
t\ . )
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Oxidatio n

v" Silver oxide (Ag,0) is a mild oxidizing agent. A dilute solu of

Ag,0 in aq. ammonia (Tollens reagent) will oxidize an aldehy

(\fﬁ 1. AQa0, NHy ” .
7Ny 2K N ¥
CH4CH; 3 CHCH “OH  petaliic

silver

v' The oxidizing agent in Tollens reagent is which is reduced t

metallic silver.

v The Tollens test is based on this rxn: If Tollens reagent is add

a small amount of an aldehyde in a test tube, the inside of th

tube becomes coated with a shiny mirror of metallic silver.
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| Oxidatio
- Ketones do not react with most of the reagents u

oxidize aldehydes.

= However, both aldehydes and ketones can be oxidized
peroxyacid to carboxylic acids & ketones to est
respectively.

N
to

Baeyer-Villiger oxidations

/

+ C — C + C
CH:CH,CH;” “H R” “OOH CH,CH,CH;” SOH R~ ™OH

an aldehyde  a peroxyacid a carboxylic acid

0 0 0 0

S )
) —_—

CHiCH;” “CH,CH; R “OOH CH:CH;” “SOCH,CH; R~ “OH
a ketone a peroxyacid an ester
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oxidatio

- A peroxyacid contains one more oxygen than a carbog§Ac

acid, & it is this oxygen that is inserted b/n the carbo
carbon & the H of an aldehyde or the R of a ketone. (

= The reaction is called a Baeyer-Villiger oxidation.

mechanism of the Baeyer-Villiger oxidation

| < |I |
C , + CHCOOH = R—C—R" = R C-R  — C_ + CHCO
t 'R y | [ R "OR
- - »HO—OCCH, *0—0CCH,

o -
0 0
i an unstable |

intermediate
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Biological Oxidation-Reduction Reaction

v' oxidation & reduction rxns are important in living system

v’ e.g. oxidation rxn that takes place in animal cells is
oxidation of ethanol to acetaldehyde, a rxn catalyzed by the

enzyme alcohol dehydrogenase.

v" Ingestion of a moderate amount of ethanol lowers inhibitions
& causes light-headed feeling, but the physiological effects

of acetaldehyde are not as pleasant.

v Acetaldehyde is responsible for the feeling known as a

I.
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Biological Oxidation-Reduction Reaction
v' The enzyme cannot oxidize ethanol to acetaldehyde u

an oxidizing agent is present.

alcohol {|:|}

CH,CH,OH + NAD+ _dehydrogenase = .~y | NADH + H
ethanol acetaldehyde

v NAD+ (nicotinamide adenine dinucleotide), the most
common oxidizing agent available in living systems is used

by cells to oxidize alcohols to aldehydes.

v NAD+ is reduced to NADH (reduced nicotinamide adenin

tide) when it oxidizes a compound.
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Biological Oxidation—Reduction Reactions
*- NAD+ oxidizes a cpd by accepting a hydride ion from it

\

— O H H O

u Ma I CH I
5~ - CNH, 3N + CNH,
CH; *DH + | ~ < — fC=DH + | | =
e L) .
H 6 1I~|~Jf2 1 ITJ
th |
e ano R R
NAD™ CH“\ NADH
C=—0 + HY
4

acetaldehyde

*- NADH reduces a cpd by donating a hydride ion from the 4-
position of the six-membered ring.

H
H O O

O
|
I\)j—CNHﬁ R—(I:—R o S~ —CNH,
R"'J HH““R 5 | =

[ )

OH

I
R—C—R
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Biological Oxidation—Reduction Rea
Assignment #2)

*- The damage done to a human fetus when the mother dri

alcohol (ethanol) during her pregnancy is known as feta
alcohol syndrome. Explain this using biological oxidation

reduction reactions, use chemical equations if possible.

Assignment #3)

*- Why ingestion of methanol is more fatal to human body tha

ethanol, use chemical equation and give brief descriptio

b espect to its physiological effects.

S
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Chapter 5

Introduction to Chemistry of
Biomolecules
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1 rpril 2020 Chem. 2042, By Dale Abdissa,JU 227




Unit 5 . Biological molecules

N

i NHz -
| a 5 sl H adenine
- ‘ h
| : /p osphate H
] L o] by el H2 ' o > purine bases
___.I" -~ ~
S H s
/ N ] guanine
5w leEy i b NH2 _J
NH2 =%
F ‘ cytosine
s
A ! o s pyrimidine
il e - (o) bases
3 . HO OH ~H
: i ribose (in RNA) | thymine
M- Al L, nona)
- O N o —
" Hf\N’ H <5
N/Lo J
H H
uracil (in RNA) b 9 H
3’ end © 2015 Encyclopaedia Britannica, Inc.

RMNA g DINA
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Unit 5 . Biological molecules

5.1. An introduction to carbohydrate chemistry

- Bloorganic compounds are organic cpds found in biolog

systems.

- There Is great similarity b/n the organic rxns chemists car
out in the laboratory & those performed by nature inside the

living cell.

~ ploorganic rxns can be thought of as organic rxns that ta

place in tiny flasks called cells.
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Carbohydrates che

v’ Carbohydrates are important constituents of all

organisms and have a variety of different functions.

v Some are important structural components of cells; other

act as recognition sites on cell surfaces.

v e.g. the first event in all our lives was a sperm recognizing

carbohydrate on the surface of an egg’'s wall.
v Others serve as a major source of metabolic energy.

v e.g., the leaves, fruits, seeds, stems, & roots of plan

arbohydrates that plants use for their own metaboli

S.
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Carbohydrates che ry

v' Carbohydrates are polyhydroxy aldehydes such as D-gl e,

polyhydroxy ketones such as D-fructose.

HC=0 HC=0 t‘fHEDH (IJHEOH
H-{T_‘-DH H——OH C=0 C=0 ‘
HO—C—=H HO——H Ho-rfl: —H HO——H /
HF{E*DH H——OH H""{'T‘--DH H——O0OH
H=C—=0OH H——OH H=C—=0H H——0OH

CH,OH CH,OH CH,OH CH,OH
wedge-and-dash Fischer projection wedge-and-dash Fischer projection
structure structure
p-glucose p-fructose
a polyhydroxy aldehyde a polyhydroxy ketone

v' The most abundant carbohydrate in nature is D-glucose.

v ells oxidize D-glucose in the first of a series o
esses that provide them with energy.
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Carbohydrates che ry

v When animals have more D-glucose than they nee r
energy, they convert excess D-glucose into a polymer ca
glycogen.

v When an animal needs energy, glycogen is broken dow

Into individual D-glucose molecules.

v' Plants convert excess D-glucose into a polymer known as

starch.

v Cellulose is the major structural component of plants |

gRoibexpolymer of D-glucose.

S
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Carbohydrates che

=~ Animals obtain glucose from food such as plant

contains glucose. Plants produce glucose by photosynthesi

During photosynthesis, plants take up water through thel

roots & use CO, from the air to synthesize glucose & oxygen.

oxidation

CeH1p0g + 60; -
glucose

— 6C0O, + 6H,O + energy
photosynthesis

+ Plants obtain the energy they need for photosynthesis fro
sunlight, captured by chlorophyll molecules in green plants.

=~ Photosynthesis uses the that animals exhale as waste an

es the CO, that animals inhale to sustain life.
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Carbohydrates cherNIRyry
5.1a) Classification of Carbohydrates \

v There are two classes of carbohydrates: simple & com
carbohydrates.

X

v Simple carbohydrates are monosaccharaides (single sugars),
whereas complex carbohydrates contain two or more sug

subunits linked together.
v" Disaccharides have 2 sugar subunits linked together.

v" oligosaccharides have 3 to 10 sugar subunits (oligos is Gre

for “few”) linked together.

v harides have more than 10 sugar subunits linke
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Carbohydrates che

v" Disaccharides, oligosaccharides, & polysaccharides ¢

broken down to monosaccharide subunits by hydrolysis.

a sugar subunit /
4 hydrolys
M—M—M—M—M—M—M—M—M yerowyse x M

polysaccharide monosaccharide

v' E.g. Sucrose common table sugar is a disaccharide that
yields one molecule of glucose and one of fructose on
hydrolysis.

Sucrose (C,,H-,0,,) + H,O — glucose (C,H,,0,) + fructose (C;H,,0)

v Palysaccharides are hydrolyzed to more than 1

osaccharide units.
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Carbohydrates che

v' Monosaccharides that are polyhydroxy aldehydes are

aldoses; those that are polyhydroxy ketones are ketoses.
v  Based on the no C they contain Monosaccharides ar

classified as:

I |
Number of
carbon atoms Aldose Ketose
Four Aldotetrose Ketotetrose
Five Aldopentose Ketopentose
Six Aldohexose Ketohexose
Seven Aldoheptose Ketoheptose
Eight Aldooctose Ketooctose

v A six-carbon polyhydroxy aldehyde such as D-glucose is a

aldohexose, whereas a six-carbon polyhydroxy ketone suc

-fructose Is a ketohexose.
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Carbohydrates chemi

v A monosaccharide can be a polyhydroxy aldehyde s
as D-glucose or a polyhydroxy ketone such as D-fructose.

v Polyhydroxy aldehydes are called aldoses (“ald” is for
alde-hyde; “ose” Is the suffix for a sugar), whereas

polyhydroxy ketones are called ketoses.

Assignment #1) Explain the causes of Diabetes with respect to the
blood glucose levels. Use the chemical equation to describe

reacn. And predict the solution for this complication in diabetics.
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5.2 The D and L Notation

v The notations D and L are used to describe

e

configurations of carbohydrates and amino acids

v" A carbon to which four different groups are attached is an

asymmetric carbon.

v' The smallest aldose, and the only one whose name does

not end in “ose, " Is glyceraldehyde, an aldotriose.

v B/c glyceraldehyde has an asymmetric carbon, it can exi

as a pair of enantiomers.
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v Galactose has 4 asymmetric carbons (C-2, C-3, C-4, &

v If the OH group attached to the bottom most asymmetric

on the right, then the cpd is a D-sugatr.
v If the OH group is on the left, then the cpd is an L-sugar.
v Almost all sugars found in nature are D-sugars.

v' the mirror image of a D -sugar is an L-sugar.

HC=—0 HC=—0
H——0OH HO—7FH
HO—+—H H—7F0H
HO—+—H H—+—0OH
H—/—O0OH HO——H

CH>OH | the OH group CH>OH
‘ p-galactose is on the right L-galactose

mirror ima%% of p-galactose
!
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5.3 Configurations of Aldoses

v Aldotetroses have two asymmetric carbons and thergge

four stereoisomers.

v' Two of the stereoisomers are D-sugars & two are L-sugars.

HC=0 HC=0 HC=0 HC=0
H——OH HO H HO——H H——OH
H——OH HO H H——0OH HO——H

CH,OH CH,OH CH,OH CH,OH
p-erythrose L-erythrose p-threose L.-threose

Assignment #2) For aldohexoses and ketohexose draw th

stereoisomers (D-aldose and D-ketoses, pairs of enantiomers)

a he epimers carbons.
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Configurations of Al
v Diastereomers that differ in configuration at only

asymmetric carbon are called epimers. e.qg.

v D-ribose & D-arabinose are C-2 epimers (they differ in

configuration only at C-2), & D-idose & D-talose are C-

epimers.

HC=0 HC=0

H—"F—0H HO—F—H H—F—0OH HO—FH

H—7F0OH H—F1—0OH HO—H HO—F—H
H—F—0OH H—F——0OH H—F—0OH H—F—0OH

CH-OH CH-OH CH-OH CH-OH
p-ribose p-arabinose p-idose p-talose
C-2 epimers C-3 epimers

As 3) Are D-glucose and D—galactose enantiomers or diastereomers?

ereomers, show why?
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5.4 Configurations of Ketoses

v Naturally occurring ketoses have the ketone group in tl
position.

v A ketose has one fewer asymmetric C than does an aldos&

with the same number of C atoms.

CH,OH

p-xylulose
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Reading Assignment

v' Read the Chemistry of;

v Lipids F ol .

. Wit Wi e ':’L‘fﬁ(‘;{]’
v Proteins e SIS W EE
MR FINGERSERUB BRI i
e NaOHQUARZLT s
EALTHTOILETSNEEZEGERMS, , 2555
BACTERIUMINFECTIONS i = E0ESTROY
BEWASH=
WASTE
IMPORTANT = S Vints S35
WASHINGRUB = WC = 5¢"
SANITIZERE T 3 3 WATER
g —
SCERMSC ==

vWash Your hands with SOAP &
our best against COVID-19%!

v Nucleic acid

2]

27 April 2020 Chem. 2042, By Dale Abdissa,JU 243



244

Chem. 2042, By Dale Abdissa,JU

27 April 2020




